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FOREWORD

In pursuant to Article 28 of the Convention on International Civil Aviation each contracting
State undertakes to provide in its territory, air navigation facilities to facilitate air navigation and
also adopt and put into operation the appropriate standard systems for communication
procedures, codes, marking, signals etc., in accordance with standard which may be recommended
or established from time to time, pursuant to the convention. International Civil Aviation
Organization adapts and amends from time to time, as may be necessary, international standards
and recommended practices and procedures for Aeronautical Telecommunications — Radio
Navigation Aids in Annex 10 Volume I.

In exercise of the powers conferred by Section 5(A) (c) of the Myanmar Aircraft Act 1934
and the delegated powers from the Ministry of Transport and Communications as per Notification
No. 118/2009 dated 9 Oct 2009, the requirements for the Part-5, Air Navigation Services, Section-9,
Volume ( | ): Aeronautical Telecommunications — Radio Navigation Aids is issued and shall take
effect immediately.

Bt~

MIN LWIN
DIRECTOR GENERAL
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RECORD OF AMENDMENTS AND CORRIGENDA

Amendments and Corrigenda to Myanmar Civil Aviation Requirements, Part-5, Air Navigation
Services, Section-9, Volume ( | ) is issued by the Director General of Department of Civil Aviation,
Myanmar. The space below is provided to keep records of such amendments. The amendment
number and effective date are printed on each revised (replacement) or additional page(s).

Amendment Corrigenda
No. | Date Date Entered No. | Date Date Entered
applicable | Entered by applicable | Entered by
1 18 Nov 12 Jul Amd-85
2010 2010
2 17 Nov 18 Jul Amd-86
2011 2011
3 15 Nov 16 Jul Amd-87
2012 2012
4 13 Nov 14 Jul Amd-88~
2014 2014 Amd-89
5 10 Nov 11 Jul Amd-90
2016 2016
6 8 Nov 16 Jul Amd-91
2018 2018
7 5 Nov 20 Jul Amd-92
2020 2020
8 2 Nov 31 Jul Amd-93
2023 2023
9 27 Nov 28 Oct Amd-94
2025 2025
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CHAPTER 1
DEFINITIONS

Note 1.— All references to “Radio Regulations” are to the Radio Regulations published by the
International Telecommunication Union (ITU). Radio Regulations are amended from time to time by
the decisions embodied in the Final Acts of World Radio communication Conferences held normally
every two to three years. Further information on the ITU processes as they relate to aeronautical
radio system frequency use is contained in the Handbook on Radio Frequency Spectrum
Requirements for Civil Aviation including statement of approved ICAO policies (Doc 9718).

Note 2.— Annex 10, Volume | includes Standards and Recommended Practices for certain forms of
equipment for air navigation aids. While the Contracting State will determine the necessity for
specific installations in accordance with the conditions prescribed in the relevant Standard or
Recommended Practice, review of the need for specific installation and the formulation of ICAO
opinion and recommendations to Contracting States concerned is carried out periodically by Council,
ordinarily on the basis of recommendations of Regional Air Navigation Meetings (Doc 8144 —
Directives to Regional Air Navigation Meetings and Rules of Procedure for their Conduct).

Note 3.— The terminology used in this Annex to refer to instrument approach operations is based on
a previous version of the Annex 6 classification of instrument approach and landing operations. It can
be mapped to the Annex 6 definitions as

follows:

Perfrmance requirements i suppert of insmoument approach operations

Annex § method — Approach

Annex 10 system performance .
: operation category

Moo-precizion approach (WPA) JD-Type A"
Approach with vertical poidance (AP iD-Type A®
Category I, DH equal to or greater than | 30-Type A®

Precizion approach (P4)

75 m (250 )

Category I, DH egual to or greater than
60 m (200 i) and less than 75 m (250 )

I0-Type B — CATIV

Category O

ID-Type B — CATT

Category T

I0-Type B — CATII

(1) Without vertical guidance.
(2) With barometric or 3BAS vertcal guidance.
(3) With ILS, ML5, GBAS or SBAS vertical goidance.

When the following terms are used in this Civil Aviation Requirement, they have the following
meanings.

Altitude. The vertical distance of a level, a point or an object considered as a point, measured from
mean sea level (MSL).
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Area navigation (RNAV). A method of navigation which permits aircraft operation on any desired
flight path within the coverage of ground- or space-based navigation aids or within the limits of
the capability of self-contained aids, or a combination of these.

Note.— Area navigation includes performance-based navigation as well as other operations that
do not meet the definition of performance-based navigation.

Effective acceptance bandwidth. The range of frequencies with respect to the assigned frequency
for which reception is assured when all receiver tolerances have been taken into account.

Effective adjacent channel rejection. The rejection that is obtained at the appropriate adjacent
channel frequency when all relevant receiver tolerances have been taken into account.

Elevation. The vertical distance of a point or a level, on or affixed to the surface of the earth,
measured from mean sea level.

Essential radio navigation service. A radio navigation service whose disruption has a significant
impact on operations in the affected airspace or aerodrome.

Fan marker beacon. A type of radio beacon, the emissions of which radiate in a vertical fan-shaped
pattern.

Height. The vertical distance of a level, a point or an object considered as a point, measured from a
specified datum.

Human Factors principles. Principles which apply to design, certification, training, operations and
maintenance and which seek safe interface between the human and other system components by
proper consideration to human performance.

Mean power (of a radio transmitter). The average power supplied to the antenna transmission line
by a transmitter during an interval of time sufficiently long compared with the lowest frequency
encountered in the modulation taken under normal operating conditions.

Note.— A time of 1/10 second during which the mean power is greatest will be selected normally.

Navigation specification. A set of aircraft and flight crew requirements needed to support
performance-based navigation operations within a defined airspace. There are two kinds of
navigation specifications:

Required navigation performance (RNP) specification. A navigation specification based on area
navigation that includes the requirement for performance monitoring and alerting, designated by
the prefix RNP, e.g. RNP 4, RNP APCH. Area navigation (RNAV) specification. A navigation
specification based on area navigation that does not include the requirement for performance
monitoring and alerting, designated by the prefix RNAV, e.g. RNAV 5, RNAV 1.

Note.1— The Performance-based Navigation (PBN) Manual (Doc 9613), Volume Il, contains detailed
guidance on navigation specifications.

Note 2.— The term RNP, previously defined as “a statement of the navigation performance necessary
for operation within a defined airspace”, has been removed from this Annex as the concept of RNP
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has been overtaken by the concept of PBN. The term RNP in this Annex is now solely used in the
context of navigation specifications that require performance monitoring and alerting, e.g. RNP 4
refers to the aircraft and operating requirements, including a 4 NM lateral performance with on-
board performance monitoring and alerting that are detailed in Doc 9613.

Performance-based navigation (PBN). Area navigation based on performance requirements for
aircraft operating along an ATS route, on an instrument approach procedure or in a designated
airspace.

Note.— Performance requirements are expressed in navigation specifications (RNA specification, RNP
specification) in terms of accuracy, integrity, continuity, availability and functionality needed for the
proposed operation in the context of a particular airspace concept.

Pressure-altitude. An atmospheric pressure expressed in terms of altitude which corresponds to
that pressure in the Standard Atmosphere.

Protected service volume. A part of the facility coverage where the facility provides a particular
service in accordance with relevant SARPs and within which the facility is afforded frequency

protection.

Radio navigation service. A service providing guidance information or position data for the
efficient and safe operation of aircraft supported by one or more radio navigation aids.

Touchdown. The point where the nominal glide path intercepts the runway.

Note.— “Touchdown” as defined above is only a datum and is not necessarily the actual point at
which the aircraft will touch the runway.

Z marker beacon. A type of radio beacon, the emissions of which radiate in a vertical cone-shaped
pattern.
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CHAPTER 2
GENERAL PROVISION FOR NAVIGATION AIDS
2.1 Standard radio navigation aids
2.1.1 The standard radio navigation aids shall be:
a) the instrument landing system (ILS) conforming to the Standards contained in Chapter 3, 3.1;
b) the microwave landing system (MLS) conforming to the Standards contained in Chapter 3, 3.11;

c) the global navigation satellite system (GNSS) conforming to the Standards contained in Chapter
3,3.7,

d) the VHF omnidirectional radio range (VOR) conforming to the Standards contained in Chapter 3,
3.3;

e) the non-directional radio beacon (NDB) conforming to the Standards contained in Chapter 3,3.4;

f) the distance measuring equipment (DME) conforming to the Standards contained in Chapter
3,3.5; and

g) the en-route VHF marker beacon conforming to the Standards contained in Chapter 3,3.6.

Note 1.— Since visual reference is essential for the final stages of approach and landing, the
installation of a radio navigation aid does not obviate the need for visual aids to approach and
landing in conditions of low visibility.

Note 2— It is intended that introduction and application of radio navigation aids to support
precision approach and landing operations will be in accordance with the strategy shown in
Attachment B. It is intended that rationalization of conventional radio navigation aids and evolution
toward supporting performance-based navigation will be in accordance with the strategy shown in
Attachment H.

Note 3.— Categories of precision approach and landing operations are classified in Annex 6, Part |,
Chapter 1.

Note 4.— Information on operational objectives associated with ILS facility performance categories is
given in Attachment C, 2.1 and 2.14

Note 5.— Information on operational objectives associated with MLS facility performance is given in
Attachment G, 11.

2.1.2 Differences in radio navigation aids in any respect from the Standards of Chapter 3 shall be
published in an Aeronautical Information Publication (AIP).

2.1.3 Wherever there is installed a non-visual aid that is neither an ILS nor an MLS, but which may
be used in whole or in part with aircraft equipment designed for use with the ILS or MLS, full
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details of parts that may be so used shall be published in an Aeronautical Information Publication
(AIP).

Note: This provision is to establish requirement for promulgation of relevant information rather than
to authorize such installation.

2.1.4 GNSS-specific provisions

2.1.4.1 It shall be permissible to terminate a GNSS satellite service provided by one of its elements
on the basis of at least a six-year advance notice by a service provider.

2.1.4.2 Recommendation.— A State that approves GNSS-based operations should
ensure that GNSS data relevant to those operations are recorded.

Note 1.— These recorded data can support accident and incident investigations. They may also
support periodic analysis to verify the GNSS performance parameters detailed in the relevant
Standards in this Annex.

Note 2.— Guidance material on the recording of GNSS parameters and on GNSS performance
assessment is contained in Attachment D, 11 and 12.

2.1.4.3 Recommendation.— Recordings should be retained for a period of at least 14 days. When
the recordings are pertinent to accident and incident investigations, they should be retained for
longer periods until it is evident that they will no longer be required.

2.1.5 Precision approach radar

2.1.5.1 A precision approach radar (PAR) system, where installed and operated as a radio
navigation aid together with for two-way communication with aircraft and facilities for the efficient
coordination of these elements with air traffic control, shall conform to the Standards contained in
Chapter 3, 3.2.

Note 1.— The precision approach radar (PAR) element of the precision approach radar system may
be installed and operated without the surveillance radar element (SRE), when it is determined that
the SRE is not necessary to meet the requirements of air traffic control for the handling of aircratft.

Note 2.— Although SRE is not considered, in any circumstances, a satisfactory alternative to the
precision approach radar system, the SRE may be installed and operated without the PAR for the
assistance of air traffic control in handling aircraft intending to use a radio navigation aid, or for
surveillance radar approaches and departures.

2.1.6 Recommendation.— When a radio navigation aid is provided to support precision approach
and landing, it should be supplemented, as necessary, by a source or sources of guidance
information which, when used in conjunction with appropriate procedures, will provide effective
guidance to, and efficient coupling (manual or automatic) with, the desired reference path.

Note.- DME, GNSS, NDB, VOR and aircraft navigation systems have been used for such purposes.
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2.2 Ground and flight testing

2.2.1 Radio navigation aids of the types covered by the specifications in Chapter 3 and available for
use by aircraft engaged in international air navigation shall be the subject of periodic ground and
flight tests.

Note.— Guidance on the ground and flight testing of ICAO standard facilities, including the
periodicity of the testing, is contained in Attachment C and in the Manual on Testing of Radio
Navigation Aids (Doc 8071).

2.3 Provision of information on the operational status of radio navigation services

2.3.1 Aerodrome control towers and units providing approach control service shall be provided
with information on the operational status of radio navigation services essential for approach,
landing and take-off at the aerodrome(s) with which they are concerned, on a timely basis

consistent with the use of the service(s) involved.

Note.— Guidance material on the application of this Standard in the case of PBN-based operations
supported by GNSS is contained in the Performance-based Navigation (PBN) Manual (Doc 9613).

2.4 Power supply for radio navigation aids and communication systems
2.4.1 Radio navigation aids and ground elements of communication systems of the types specified

in Annex 10 shall be provided with suitable power supplies and means to ensure continuity of
service consistent with the use of the service(s)involved.

Note.— Guidance material on power supply switch-over is contained in Attachment C, 8.
2.5 Human Factors considerations

2.5.1 Recommendation. — Human Factors principles should be observed in the design and
certification of radio navigation aids.

Note.— Guidance material on Human Factors principles can be found in the Human Factors Training
Manual (Doc 9683) and Circular 249 (Human Factors Digest No. 11 — Human Factors in CNS/ATM
Systems).

DEPARTMENT OF CIVIL AVIATION, MYANMAR 6



MCAR, PART-5, ANS SECTION-9, VOLUME |

CHAPTER 3
SPECIFICATIONS FOR RADIO NAVIGATION AIDS
Note.— Specifications concerning the siting and construction of equipment and installations on
operational areas aimed at reducing the hazard to aircraft to a minimum are contained in Annex 14,
Chapter 8.
3.1 Specification for ILS
3.1.1 Definitions

Angular displacement sensitivity. The ratio of measured DDM to the corresponding angular
displacement from the appropriate reference line.

Back course sector. The course sector which is situated on the opposite side of the localizer from
the runway.

Course line. The locus of points nearest to the runway centre line in any horizontal plane at which
the DDM is zero.

Course sector. A sector in a horizontal plane containing the course line and limited by the loci of
points nearest to the course line at which the DDM is 0.155.

DDM — Difference in depth of modulation. The percentage modulation depth of the larger signal
minus the percentage modulation depth of the smaller signal, divided by 100.

Displacement sensitivity (localizer). The ratio of measured DDM to the corresponding lateral
displacement from the appropriate reference line.

Facility Performance Category | — ILS.  An ILS which provides guidance information from the
coverage limit of the ILS to the point at which the localizer course line intersects the ILS glide path
at a height of 30 m (100 ft) or less above the horizontal plane containing the threshold.

Note.— The lower limit is set to 30 m (100 ft) below the minimum Category | decision height (DH).
Facility Performance Category Il — ILS. An ILS which provides guidance information from the
coverage limit of the ILS to the point at which the localizer course line intersects the ILS glide path
at a height of 15 m (50 ft) or less above the horizontal plane containing the threshold.

Note.— The lower limit is set to 15 m (50 ft) below the minimum Category Il decision height (DH).
Facility Performance Category Ill — ILS. An ILS which, with the aid of ancillary equipment where
necessary, provides guidance information from the coverage limit of the facility to, and along, the

surface of the runway.

Front course sector. The course sector which is situated on the same side of the localizer as the
runway.
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Half course sector. The sector, in a horizontal plane containing the course line and limited by the
loci of points nearest to the course line at which the DDM is 0.0775.

Half ILS glide path sector. The sector in the vertical plane containing the ILS glide path and
limited by the loci of points nearest to the glide path at which the DDM is 0.0875.

ILS continuity of service.  That quality which relates to the rarity of radiated signal interruptions.
The level of continuity of service of the localizer or the glide path is expressed in terms of the
probability of not losing the radiated guidance signals.

ILS glide path. That locus of points in the vertical plane containing the runway centre line at which
the DDM is zero, which, of all such loci, is the closest to the horizontal plane.

ILS glide path angle. The angle between a straight line which represents the mean of the ILS glide
path and the horizontal.

ILS glide path sector. The sector in the vertical plane containing the ILS glide path and limited by
the loci of points nearest to the glide path at which the DDM is 0.175.

Note.— The ILS glide path sector is located in the vertical plane containing the runway centre line,
and is divided by the radiated glide path in two parts called upper sector and lower sector, referring
respectively to the sectors above and below the glide path.

ILS integrity. That quality which relates to the trust which can be placed in the correctness of the
information supplied by the facility. The level of integrity of the localizer or the glide path is
expressed in terms of the probability of not radiating false guidance signals.

ILS Point "A”. A point on the ILS glide path measured along the extended runway centre line in
the approach direction a distance of 7.5 km (4 NM) from the threshold.

ILS Point "B". A point on the ILS glide path measured along the extended runway centre line in
the approach direction a distance of 1050 m (3500 ft) from the threshold.

ILS Point "C". A point through which the downward extended straight portion of the nominal ILS
glide path passes at a height of 30 m (100 ft) above the horizontal plane containing the threshold.

ILS Point "D". A point 4 m (12 ft) above the runway centre line and 900 m (3000ft) from the
threshold in the direction of the localizer.

ILS Point "E". A point 4 m (12 ft) above the runway centre line and 600 m (2000ft) from the stop
end of the runway in the direction of the threshold.

Note.— See Attachment C, Figure C-1.
ILS reference datum (Point “T"). A point at a specified height located above the intersection of the

runway centre line and the threshold and through which the downward extended straight portion
of the ILS glide path passes.
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Two-freqgency glide path system. An ILS glide path in which coverage is achieved by the use of
two independent radiation field patterns spaced on separate carrier frequencies within the
particular glide path channel.

Two-frequency localizer system. A localizer system in which coverage is achieved by the use of
two independent radiation field patterns spaced on separate carrier frequencies within the
particular localizer VHF channel.

3.1.2 Basic Requirements
3.1.2.1 The ILS shall comprise the following basic components:

a) VHF localizer equipment, associated monitor system, remote control and indicator
equipment;

b) UHF glide path equipment, associated monitor system, remote control and indicator
equipment;

c) an appropriate means to enable glide path verification checks.

Note.— The Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS) (Doc 8168)
provide guidance on the conduct of glide path verification checks.

3.1.2.1.1 Recommendation.— Distance to threshold information to enable glide path verification
checks should be provided by either VHF marker beacons or distance measuring equipment
(DME), together with associated monitor systems and remote control and indicator equipment.

3.1.2.1.2 If one or more VHF marker beacons are used to provide distance to threshold information,
the equipment shall conform to the specifications in 3.1.7. If DME is used in lieu of marker beacons,
the equipment shall conform to the specifications in 3.1.7.6.5.

Note.— Guidance material relative to the use of DME and/or other standard radio navigation aids as
an alternative to the marker beacon is contained in Attachment C, 2.71.

3.1.2.1.3 Facility Performance Categories |, Il and lll — ILS shall provide indications at designated
remote control points of the operational status of all ILS ground system components, as follows:

a) for all Facility Performance Category Il and Category Il ILS, the air traffic services unit
involved in the control of aircraft on the final approach shall be one of the designated
remote ontrol points and shall receive information on the operational status of the ILS, with
a delay commensurate with the requirements of the operational environment;

b) for a Facility Performance Category | ILS, if that ILS provides an essential radio navigation
service, the air traffic services unit involved in the control of aircraft on the final approach
shall be one of the designated remote ontrol points and shall receive information on the
operational status of the ILS, with a delay commensurate with the requirements of the
operational environment.
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Note.— The indications required by this Standard are intended as a tool to support air traffic
management functions, and the applicable timeliness requirements are sized accordingly
(consistently with 2.3.1).

3.1.2.2 The ILS shall be constructed and adjusted so that, at a specified distance from the threshold,
similar instrumental indications in the aircraft represent similar displacements from the course line

or ILS glide path as appropriate, irrespective of the particular ground installation in use.

3.1.2.3 The localizer and glide path components specified in 3.1.2.1 a) and b) which form part of a

Facility Performance Category | — ILS shall comply at least with the Standards in 3.1.3 and 3.1.5
respectively, excepting those in which application to Facility Performance Category Il — ILS is
prescribed.

3.1.2.4 The localizer and glide path components specified in 3.1.2.1 a) and b) which form part of a

Facility Performance Category Il — ILS shall comply with the Standards applicable to these
components in a Facility Performance Category | —ILS, as supplemented or amended by the
Standards in 3.1.3 and 3.1.5 in which application to Facility Performance Category Il— ILS is
prescribed.

3.1.2.5 The localizer and glide path components and other ancillary equipment specified in
3.1.2.1.3, which form part of a Facility Performance Category Ill — ILS, shall otherwise comply with
the Standards applicable to these components in Facility Performance Categories | and Il — ILS,
except as supplemented by the Standards in 3.1.3 and 3.1.5 in which application to Facility
Performance Category Ill — ILS is prescribed.

3.1.2.6 To ensure an adequate level of safety, the ILS shall be so designed and maintained that the
probability of operation within the performance requirements specified is of a high value,
consistent with the category of operational performance concerned.

3.1.2.6.1 For Facility Performance Category Il and Il localizers and glide paths, the level of integrity
and continuity of service shall be at least Level 3, as defined in 3.1.3.12.4 (localizer) and 3.1.5.8.4
(glide path)

Note.— The specifications for Facility Performance Categories Il and Ill — ILS are intended to achieve
the highest degree of system integrity, reliability and stability of operation under the most adverse
environmental conditions to be encountered. Guidance material to achieve this objective is given in
2.8 of Attachment C.

3.1.2.7 At those locations where two separate ILS facilities serve opposite ends of a single runway,
and operationally harmful interference would be present if both facilities were transmitting, an
interlock shall ensure that only the localizer serving the approach direction in use shall radiate.

Note 1.— While a low height overflight of a transmitting localizer may generate interference within
airborne ILS receivers, this interference may only be considered as operationally harmful when it
occurs in specific conditions, e.g. without visual cues of the runway, or when the autopilot is engaged.
Additional guidance material is contained in 2.1.8 and 2.13 of Attachment C.
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Note 2.— Interference may also be caused by transmissions from other localizers not serving the
opposite end of the same runway (i.e. crossing, parallel or adjacent runways). In such cases, use of
interlock to prevent the interference can also be considered.

Note 3.— An interlock can be provided through hardware, software or an equivalent procedural
means.

3.1.2.7.1 At locations where ILS facilities serving opposite ends of the same runway or different
runways at the same airport use the same paired frequencies, an interlock shall ensure that only
one facility shall radiate from one ILS facility to another, radiation from both shall be suppressed
for not less than 20 seconds.

Note.— Additional guidance material on the operation of localizers on the same frequency channel is
contained in Volume V, Chapter 4.

3.1.2.8 At those locations where an ILS facility and a GBAS facility serve opposite approach
directions to the same runway, when the approach direction in use is not the direction served by
the ILS, the localizer shall not radiate when GBAS low visibility operations that require GAST D are
being conducted, except where it can be demonstrated that the localizer signal supports
compliance with the requirements in Appendix B, 3.6.8.2.2.5 and 3.6.8.2.2.6 defining the desired to
undesired signal ratios and the maximum adjacent channel power tolerable by the GBAS VDB
receiver.

Note.— If the localizer is radiating there is a possibility of interference to the GBAS VDB signals in the
region where the aircraft overflies the localizer. A means to ensure that the localizer does not radiate
can be provided through either hardware or software interlock or a procedural mitigation. Additional
guidance material is contained in Attachment C, 2.1.8.1 and Attachment D, 7.2.3.3.

3.1.3 VHF Localizer and Associated Monitor

Introduction. The specifications in this section cover ILS localizers providing either positive
guidance information over 360 degrees of azimuth, or providing such guidance only within a
specified portion of the front coverage (see 3.1.3.7.4). Where ILS localizers providing positive
guidance information in a limited sector are installed, information from some suitably located
navigation aid, together with appropriate procedures, will generally be required to ensure that any
misleading guidance information outside the sector is not operationally significant.

3.1.3.1 General

3.1.3.1.1 The radiation from the localizer antenna system shall produce a composite field pattern
which is amplitude by a 90 Hz and a 150 Hz tone. The radiation field pattern shall produce a course
sector with one tone predominating on one side of the course and with the other tone
predominating on the opposite side.

3.1.3.1.2 When an observer faces the localizer from the approach end of a runway, the depth of
modulation of the radio frequency carrier due to the 150 Hz tone shall predominate on the
observer's right hand and that due to the 90 Hz tone shall predominate on the observer's left
hand.
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3.1.3.1.3 All horizontal angles employed in specifying the localizer field patterns shall originate
from the centre of the localizer antenna system which provides the signals used in the front course
sector.

3.1.3.2 Radio frequency

3.1.3.2.1 The localizer shall operate in the band 108 MHz to 111.975 MHz. Where a single radio
frequency is used, the frequency tolerance shall not exceed plus or minus 0.005 per cent. Where
two radio frequency carriers are used, the frequency tolerance shall not exceed 0.002 per cent and
the nominal band occupied by the carriers shall be symmetrical about the assigned frequency.
With all tolerances applied, the frequency separation between the carriers shall not be less than 5
kHz nor more than 14 kHz.

3.1.3.2.2 The emission from the localizer shall be horizontally polarized. The vertically polarized
component of the radiation on the course line shall not exceed that which corresponds to a DDM
error of 0.016 when an aircraft is positioned on the course line and is in a roll attitude of 20
degrees from the horizontal.

3.1.3.2.2.1 For Facility Performance Category Il localizers, the vertically polarized component of the
radiation on the course line shall not exceed that which corresponds to a DDM error of 0.008 when
an aircraft is positioned on the course line and is in a roll attitude of 20 degrees from the
horizontal.

3.1.3.2.2.2 For Facility Performance Category Il localizers, the vertically polarized component of the
radiation within a sector bounded by 0.02 DDM either side of the course line shall not exceed that
which corresponds to a DDM error of 0.005 when an aircraft is in a roll attitude of 20 degrees from
the horizontal.

3.1.3.2.3 For Facility Performance Category lll localizers, signals emanating from the transmitter
shall contain no components which result in an apparent course line fluctuation of more than
0.005 DDM peak to peak in the frequency band 0.01 Hz to 10 Hz.

3.1.33 Coverage

Note.— Guidance material on localizer coverage is given in Attachment C, 2.1.10 and Figures C-7A,
C-7B, C-8A and C-8B.

3.1.3.3.1 The localizer shall provide signals sufficient to allow satisfactory operation of a typical
aircraft installation within the localizer and glide path coverage sectors. The localizer coverage
sector shall extend from the centre of the localizer antenna system to distances of:

46.3 km (25 NM) within plus or minus 10 degrees from the front course line;

31.5 km (17 NM) between 10 degrees and 35 degrees from the front course line;

18.5 km (10 NM) outside of plus or minus 35 degrees from the front course line if coverage is
provided;

except that, where topographical features dictate or operational requirements permit, the limits
may be reduced down to 33.3 km(18 NM) within the plus or minus 10-degree sector and 18.5 km
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(10 NM) within the remainder of the coverage when alternative navigational means provide
satisfactory coverage within the intermediate approach area. The localizer signals shall be
receivable at the distances specified at and above a height of 600 m (2 000 ft) above the elevation
of the threshold, or 300 m (1 000 ft) above the elevation of the highest point within the
intermediate and final approach areas, whichever is the higher, except that, where needed to
protect ILS performance and if operational requirements permit, the lower limit of coverage at
angles beyond 15 degrees from the front course line shall be raised linearly from its height at 15
degrees to as high as 1 350 m (4 500 ft) above the elevation of the threshold at 35 degrees from
the front course line. Such signals shall be receivable, to the distances specified, up to a surface
extending outward from the localizer antenna and inclined at 7 degrees above the horizontal.

Note.— Where intervening obstacles penetrate the lower surface, it is intended that guidance need
not be provided at less than line-of-sight heights.

3.1.3.3.2 In all parts of the coverage volume specified in 3.1.3.3.1, other than as specified in
3.1.3.3.2.1, 3.1.3.3.2.2 and 3.1.3.3.2.3, the field strength shall be not less than 40 microvolts per
metre (minus 114 dBW/m2).

Note.— This minimum field strength is required to permit satisfactory operational usage of ILS
localizer facilities.

3.1.3.3.2.1 For Facility Performance Category | localizers, the minimum field strength on the ILS
glide path and within the localizer course sector from a distance of 18.5 km (10 NM) to a height of
30 m (100 ft) above the horizontal plane containing the threshold shall be not less than 90
microvolts per metre (minus 107 dBW/m?2).

3.1.3.3.2.2 For Facility Performance Category Il localizers, the minimum field strength on the ILS
glide path and within the localizer course sector shall be not less than 100 microvolts per metre
(minus 106 dBW/m?2) at a distance of 18.5 km (10 NM) increasing to not less than 200 microvolts
per metre (minus 100 dBW/m2) at a height of 15 m (50 ft) above the horizontal plane containing
the threshold.

3.1.3.3.2.3 For Facility Performance Category Ill localizers, the minimum field strength on the ILS
glide path and within the localizer course sector shall be not less than 100 microvolts per metre
(minus 106 dBW/m2) at a distance of 18.5 km (10 NM), increasing to not less than 200 microvolts
per metre (minus 100 dBW/m?2) at 6 m (20 ft) above the horizontal plane containing the threshold.
From this point to a further point 4 m (12 ft) above the runway centre line, and 300 m (1 000 ft)
from the threshold in the direction of the localizer, and thereafter at a height of 4 m (12 ft) along
the length of the runway in the direction of the localizer, the field strength shall be not less than
100 microvolts per metre (minus 106 dBW/m2).

Note.— The field strengths given in 3.1.3.3.2.2 and 3.1.3.3.2.3 are necessary to provide the signal-to-
noise ratio required for improved integrity.

3.1.3.3.3 Recommendation.— Above 7 degrees, the signals should be reduced to as low a
value as practicable.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 13



MCAR, PART-5, ANS SECTION-9, VOLUME |

Note 1.— The requirements in 3.1.3.3.1, 3.1.3.3.2.1, 3.1.3.3.2.2 and 3.1.3.3.2.3 are based on the
assumption that the aircraft is heading directly toward the facility.

Note 2.— Guidance material on significant airborne receiver parameters is given in 2.2.2 of
Attachment C.

3.1.3.3.4 When coverage is achieved by a localizer using two radio frequency carriers, one carrier
providing a radiation field pattern in the front course sector and the other providing a radiation
field pattern outside that sector, the ratio of the two carrier signal strengths in space within the

front course sector to the coverage limits specified at Para: 3.1.3.3.1 shall not be less than 10 dB.

Note.— Guidance material on localizers achieving coverage with two radio frequency carriers is
given in the Note to 3.1.3.11.2 and in 2.7 of Attachment C.

3.1.3.3.5 Recommendation.— For Facility Performance Category Il localizers, the ratio of the two
carrier signal strengths in space within the front course sector should not be less than 16 dB.

3.1.3.4 Course Structure
3.1.3.4.1 For Facility Performance Category | localizers, bends in the course line shall not have

amplitudes which exceed the following:

Amplitude (DDM)

Zone (95% Probability)
Outer limit of coverage to
ILS point “A" 0.031
ILS point “A" to 0.031 at ILS point "A”
ILS point "B" decreasing at a linear rate to

0.015 at ILS point “B”

ILS point “B" to
ILS point “C” 0.015

3.1.3.4.2 For Facility Performance Categories Il and Il localizers, bends in the course line shall not
have amplitudes which exceed the following:

Amplitude (DDM)

Zone (95% probability)
Outer limit of coverage to
ILS Point “A” 0.031
ILS Point "A" to 0.031 at ILS Point "A"
ILS Point “B” decreasing at a linear rate to

0.005 at ILS Point “B”
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ILS Point “B” to the
ILS reference datum 0.005

and, for Facility Performance Category Il only:

ILS reference datum to

ILS Point “D" 0.005
ILS Point “D" to 0.005 at ILS Point “D”
ILS Point "E" increasing at a linear rate to

0.010 at ILS Point “E”

Note 1.— The amplitudes referred to in 3.1.3.4.1 and 3.1.3.4.2 are the DDMs due to bends as realized
on the mean course line, when correctly adjusted.

Note 2.— Guidance material relevant to the localizer course structure is given in 2.1.3, 2.1.5, 2.1.6
and 2.1.9 of Attachment C.

3.1.35 Carrier Modulation

3.1.3.5.1 The nominal depth of modulation of the radio frequency carrier due to each of the 90 Hz
and 150 Hz tones shall be 20 percent along the course line.

3.1.3.5.2 The depth of modulation of the radio frequency carrier due to each of the 90 Hz and 150
Hz tones shall be within the limits of 18 and 22 percent.

3.1.3.5.3 The following tolerances shall be applied to the frequencies of the modulating tones:
a) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 2.5 per cent;

b) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1.5 per cent for
Facility Performance Category Il installations

¢) the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1 per cent for Facility
Performance Category Il installations;

d) the total harmonic content of the 90 Hz tone shall not exceed 10 per cent; additionally, for
Facility Performance Category Il localizers, the second harmonic of the 90 Hz tone shall not
exceed 5 per cent;

e) the total harmonic content of the 150 Hz tone shall not exceed 10 per cent.

3.1.3.5.3.1 Recommendation.— For Facility Performance Category | — ILS, the modulating tones
should be 90 Hz and 150 Hz within plus or minus 1.5 per cent where practicable.

3.1.3.5.3.2 For Facility Performance Category Il localizers, the depth of amplitude modulation of
the radio frequency carrier at the power supply frequency or its harmonics, or by other unwanted
components, shall not exceed 0.5 percent. Harmonics of the supply, or other unwanted noise
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components that may intermodulate with the 90 Hz and 150 Hz navigation tones or their
harmonics to produce fluctuations in the course line, shall not exceed 0.05 percent modulation
depth of the radio frequency carrier.

3.1.3.5.3.3 The modulation tones shall be phase-locked so that within the half course sector, the
demodulated 90 Hz and 150 Hz wave forms pass through zero in the same direction within:

a) for Facility Performance Categories | and Il localizers: 20 degrees; and
b) for Facility Performance Category Il localizers: 10 degrees,

of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz
wave form.

Note 1.— The definition of phase relationship in this manner is not intended to imply a requirement
to measure the phase within the half course sector.

Note 2.— Guidance material relative to such measurement is given at Figure C-6 of Attachment C.

3.1.3.5.3.4 With two-frequency localizer systems, 3.1.3.5.3.3 shall apply to each carrier. In addition,
the 90 Hz modulating tone of one carrier shall be phase-locked to the 90 Hz modulating tone of
the other carrier so that the demodulated wave forms pass through zero in the same direction
within:

a) for Facility Performance Categories | and Il localizers: 20 degrees; and
b) for Facility Performance Category lll localizers: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two carriers shall be phase-locked so
that the demodulated wave forms pass through zero in the same direction within:

1) for Categories | and Il localizers: 20 degrees; and

2) for Category Il localizers: 10 degrees of phase relative to 150 Hz.
of phase relative to 150 Hz.
3.1.3.5.3.5 Alternative two-frequency localizer systems that employ audio phasing different from
the normal in-phase conditions described in 3.1.3.5.3.4 shall be permitted. In this alternative
system, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz phasing shall be adjusted to their

nominal values to within limits equivalent to those stated in 3.1.3.5.3.4.

Note.— This is to ensure correct airborne receiver operation in the region away from the course line
where the two carrier signal strengths are approximately equal.

3.1.3.5.3.6 Recommendation. — The sum of the modulation depths of the radio frequency carrier
due to the 90 Hz and 150 Hz tones should not exceed 60 percent or be less than 30 percent
within the required coverage.
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3.1.3.5.3.6.1 For equipment first installed after 1 January 2000, the sum of the modulation depths of

the radio frequency carrier due to the 90 Hz and 150 Hz tones shall not exceed 60 percent or be
less than 30 percent within the require coverage.

Note 1.— If the sum of the modulation depths is greater than 60 per cent for Facility Performance
Category | localizers, the nominal displacement sensitivity may be adjusted as provided for in
3.1.3.7.1 to achieve the above modulation limit.

Note 2.— For two-frequency systems, the standard for maximum sum of modulation depths does not
apply at or near azimuths where the course and clearance carrier signal levels are equal in amplitude
(ie. at azimuths where both transmitting systems have a significant contribution to the total
modulation depth).

Note 3.— The standard for minimum sum of modulation depths is based on the malfunctioning
alarm level being set as high as 30 per cent as stated in 2.3.3 of Attachment C. When utilizing a
localizer for radiotelephone communications, the sum of the modulation depths of the radio
frequency carrier due to the 90 Hz and 150 Hz tones shall not exceed 65 percent within 10 degrees of
the course line and shall not exceed 78 percent at any other point around the localizer.

3.1.3.5.3.7 Recommendation. — Undesired frequency and phase modulation on ILS localizer radio
frequency carriers that can affect the displayed DDM values in localizer receivers should be
minimized to the extent practical.

3.1.3.5.4 Recommendation. — Undesired frequency and phase modulation on ILS localizer radio
frequency carriers that can affect the displayed DDM values in localizer receivers should be
minimized to the extent practical.

Note. — Relevant guidance material is given in 2.15 of Attachment C.

3.1.3.6 Course Alignment Accuracy

3.1.3.6.1 The mean course line shall be adjusted and maintained within limits equivalent to the
following displacements from the runway centre line at the ILS reference datum:

a) for Facility Performance Category | localizers: plus or minus 10.5 m (35 ft), or the
linear equivalent of 0.015 DDM, whichever is less;

b) for Facility Performance Category Il localizers: plus or minus 7.5 m (25 ft);
c) for Facility Performance Category Il localizers: plus or minus 3 m (10 ft).

3.1.3.6.2 Recommendation. — For Facility Performance Category Il localizers, the mean course
line should be adjusted and maintained within limits equivalent to plus or minus 4.5 m (15 ft)
displacement from runway centre line at the ILS reference datum.

Note 1.— It is intended that Facility Performance Categories Il and Ill installations be adjusted and
maintained so that the limits specified in 3.1.3.6.1 and 3.1.3.6.2 are reached on very rare occasions. It
is further intended that design and operation of the total ILS ground system be of sufficient integrity
to accomplish this aim.
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Note 2.— It is intended that new Facility Performance Category Il installations are to meet the
requirements of 3.1.3.6.2.

Note 3.— Guidance material on measurement of localizer course alignment is given in 2.1.3 of
Attachment C. Guidance material on protecting localizer course alignment is given in 2.1.9 of
Attachment C.

3.1.37 Displacement Sensitivity

3.1.3.7.1 The nominal displacement sensitivity within the half course sector at the ILS reference
datum shall be 0.00145 DDM/m (0.00044 DDM/ft) except that for Facility Performance Category |
localizers, where the specified nominal displacement sensitivity cannot be met, the displacement
sensitivity shall be adjusted as near as possible to that value. For Facility Performance Category |
localizers on runway codes 1 and 2, the nominal displacement sensitivity shall be achieved at the
ILS Point “B". The maximum course sector angle shall not exceed six degrees.

Note.— Runway codes 1 and 2 are defined in Annex 14.

3.1.3.7.2 The lateral displacement sensitivity shall be adjusted and maintained within the limits of
plus or minus:

a) 17 per cent of the nominal value for Facility Performance Categories | and II;
b) 10 per cent of the nominal value for Facility Performance Category IIl.

3.1.3.7.3 Recommendation. — For Facility Performance Category Il — ILS, displacement sensitivity
should be adjusted and maintained within the limits of plus or minus 10 per cent where
practicable.

Note 1.— The figures given in 3.1.3.7.1, 3.1.3.7.2 and 3.1.3.7.3 are based upon a nominal sector width
of 210 m (700 ft)at the appropriate point, ie. ILS Point "B” on runway codes 1 and 2, and the ILS
reference datum on other runways.

Note 2— Guidance material on the alignment and displacement sensitivity of localizers using two
radio frequency carriers is given in 2.7 of Attachment C.

Note 3.— Guidance material on measurement of localizer displacement sensitivity is given in 2.9 of
Attachment C.

3.1.3.7.4 The increase of DDM shall be substantially linear with respect to angular displacement
from the front course line (where DDM is zero) up to an angle on either side of the front course
line where the DDM is 0.180. From that angle to plus or minus 10 degrees, the DDM shall not be
less than 0.180. From plus or minus 10 degrees to plus or minus 35 degrees, the DDM shall not be
less than 0.155. Where coverage is required outside of the plus or minus 35 degrees sector, the
DDM in the area of the coverage, except in the back course sector, shall not be less than 0.155.

Note 1.— The linearity of change of DDM with respect to angular displacement is particularly
important in the neighbourhood of the course line.
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Note 2.— The above DDM in the 10-35 degree sector is to be considered a minimum requirement for
the use of ILS as a landing aid. Wherever practicable, a higher DDM, e.g. 0.180, is advantageous to
assist high speed aircraft to execute large angle intercepts at operationally desirable distances
provided that limits on modulation percentage given in 3.1.3.5.3.6 are met.

Note 3.— Wherever practicable, the localizer capture level of automatic flight control systems is to be
set at or below 0.175 DDM in order to prevent false localizer captures.

3.1.3.8 Voice

3.1.3.8.1 Facility Performance Categories | and Il localizers may provide a ground-to-air
radiotelephone communication channel to be operated simultaneously with the navigation and
identification signals, provided that such operation shall not interfere in any way with the basic
localizer function.

3.1.3.8.2 Facility Performance Category Il localizers shall not provide such a channel, except where
extreme care has been taken in the design and operation of the facility to ensure that there is no
possibility of interference with the navigational guidance.

3.1.3.8.3 If the channel is provided, it shall conform with the following Standards:

3.1.3.8.3.1 The channel shall be on the same radio frequency carrier or carriers as used for the
localizer function and the radiation shall be horizontally polarized. Where two carriers are
modulated with speech, the relative phases of the modulations on the two carriers shall be such as
to avoid the occurrence of nulls within the coverage of the localizer.

3.1.3.8.3.2 The peak modulation depth of the carrier or carriers due to the radiotelephone
communications shall not exceed 50 percent but shall be adjusted so that:

a) the ratio of peak modulation depth due to the radiotelephone communications to
that due to the identification signal is approximately 9:1;

b) the sum of modulation components due to use of the radiotelephone channel,
navigation signals and identification signals shall not exceed 95 percent.

3.1.3.8.3.3 The audio frequency characteristics of the radiotelephone channel shall be flat to within
3 dB relative to the level at 1 000 Hz over the range 300 Hz to 3 000 Hz.

3.1.3.9 |dentification

3.1.3.9.1 The localizer shall provide for the simultaneous transmission of an identification signal,
specific to the runway and approach direction, on the same radio frequency carrier or carriers as
used for the localizer function. The transmission of the identification signal shall not interfere in
any way with the basic localizer function.

3.1.3.9.2  The identification signal shall be produced by Class A2A modulation of the radio
frequency carrier or carriers using a modulation tone of 1 020 Hz within plus or minus 50 Hz. The
depth of modulation shall be between the limits of 5 and 15 percent except that, where a
radiotelephone communication channel is provided, the depth of modulation shall be adjusted so
that the ratio of peak modulation depth due to radiotelephone communications to that due to the
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identification signal modulation is approximately 9:1 (see 3.1.3.8.3.2). The emissions carrying the
identification signal shall be horizontally polarized. Where two carriers are modulated with
identification signals, the relative phase of the modulations shall be such as to avoid the
occurrence of nulls within the coverage of the localizer.

3.1.3.9.3 The identification signal shall employ the International Morse Code and consist of two or
three letters. It may be preceded by the International Morse Code signal of the letter “I”, followed
by a short pause where it is necessary to distinguish the ILS facility from other navigational
facilities in the immediate area.

3.1.3.94 The identification signal shall be transmitted by dots and dashes at a speed
corresponding to approximately seven words per minute, and shall be repeated at approximately
equal intervals, not less than six times per minute, at all times during which the localizer is available
for operational use. When the transmissions of the localizer are not available for operational use,
as, for example, after removal of navigation components, or during maintenance or test
transmissions, the identification signal shall be suppressed. The dots shall have duration of 0.1
second to 0.160 second. The dash duration shall be typically three times the duration of a dot. The
interval between dots and/or dashes shall be equal to that of one dot plus or minus 10 percent.
The interval between letters shall not be less than the duration of three dots.

3.1.3.10  Siting

Note. — Guidance material relevant to siting localizer antennas in the runway and taxiway
environment is given in 2.1.9 of Attachment C.

3.1.3.10.1  For Facility Performance Categories Il and lll, The localizer antenna system shall be
located on the extension on the centre line of the runway at the stop end, and the equipment shall
be adjusted so that the course lines will be in a vertical plane containing the centre line of the
runway served. The antenna height and location shall be consistent with safe obstruction clearance
practices.

3.1.3.10.2  For Facility Performance Category |, the localizer antenna system shall be located and
adjusted as in 3.1.3.10.1, unless site constraints dictate that the antenna be offset from the centre
line of the runway.

3.1.3.10.2.1 The offset localizer system shall be located and adjusted in accordance with the offset
ILS provisions of the Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS)
(Doc 8168), Volume II, and the localizer standards shall be referenced to the associated fictitious
threshold point.

3.1.3.11  Monitoring

3.1.3.11.1 The automatic monitor system shall provide a warning to the designated control points
and cause one of the following to occur, within the period specified in 3.1.3.11.3.1, if any of the
conditions stated in 3.1.3.11.2 persist:

a) radiation to cease; and

b) removal of the navigation and identification components from the carrier.
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3.1.3.11.2 The conditions requiring initiation of monitor action shall be the following:

a) for Facility Performance Category | localizers, a shift of the mean course line from the runway
centre line equivalent to more than 10.5 m (35 ft), or the linear equivalent to 0.015 DDM,
whichever is less, at the ILS reference datum;

b) for Facility Performance Category Il localizers, a shift of the mean course line from the runway
centre line equivalent to more than 7.5 m (25 ft) at the ILS reference datum;

c) for Facility Performance Category Il localizers, a shift of the mean course line from the runway
centre line equivalent to more than 6 m (20 ft) at the ILS reference datum;

d) in the case of localizers in which the basic functions are provided by the use of a single-
frequency system, a reduction of power output to a level such that any of the requirements of
3.1.3.3, 3.1.3.4 or 3.1.3.5 are no longer satisfied, or to a level that is less than 50 per cent of the
normal level (whichever occurs first);

e) in the case of localizers in which the basic functions are provided by the use of a two-frequency
system, a reduction of power output for either carrier to less than 80 percent of normal, except
that a greater reduction to between 80 percent and 50 percent of normal may be permitted,
provided the localizer continues to meet the requirements of 3.1.3.3, 3.1.3.4 and 3.1.3.5;

Note.— It is important to recognize that a frequency change resulting in a loss of the frequency
difference specified in 3.1.3.2.1 may produce a hazardous condition. This problem is of greater
operational significance for Facility Performance Categories Il and Il installations. As necessary, this
problem can be dealt with through special monitoring provisions or highly reliable circuitry.

f) change of displacement sensitivity to a value differing by more than 17 percent from the
nominal value for the localizer facility.

Note.— In selecting the power reduction figure to be employed in monitoring referred to in 3.1.3.11.2
e), particular attention is directed to vertical and horizontal lobe structure (vertical lobing due to
different antenna heights) of the combined radiation systems when two carriers are employed. Large
changes in the power ratio between carriers may result in low clearance areas and false courses in
the off-course areas to the limits of the vertical coverage requirements specified in 3.1.3.3.1.

3.1.3.11.2.1 Recommendation.— In the case of localizers in which the basic functions are provided
by the use of a two-frequency system, the conditions requiring initiation of monitor action
should include the case when the DDM in the required coverage beyond plus or minus 10
degrees from the front course line, except in the back course sector, decreases below 0.155

3.1.3.11.3 The total period of radiation, including period(s) of zero radiation, outside the
performance limits specified in a), b), ¢), d), e) and f) of 3.1.3.11.2 shall be as short as practicable,
consistent with the need for avoiding interruptions of the navigation service provided by the
localizer.

3.1.3.11.3.1 The total period referred to under 3.1.3.11.3 shall not exceed under any circumstances:
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10 seconds for Facility Performance Category | localizers;
5 seconds for Facility Performance Category Il localizers;
2 seconds for Facility Performance Category Il localizers.

Note 1.— The total time periods specified are never-to-be-exceeded limits and are intended to
protect aircraft in the final stages of approach against prolonged or repeated periods of localizer
guidance outside the monitor limits. For this reason, they include not only the initial period of outside
tolerance operation but also the total of any or all periods of outside tolerance radiation including
period(s) of zero radiation and time required to remove the navigation and identification components
from the carrier, which might occur during action to restore service, for example, in the course of
consecutive monitor functioning and consequent changeover(s) to localizer equipment or elements
thereof.

Note 2.— From an operational point of view, the intention is that no guidance outside the monitor
limits be radiated after the time periods given, and that no further attempts be made to restore
service until a period in the order of 20 seconds has elapsed.

3.1.3.11.3.2 Recommendation.— Where practicable, the total period under 3.1.3.11.3.1 should be
reduced so as not to exceed two seconds for Facility Performance Category Il localizers and one
second for Facility Performance Category lll localizers.

3.1.3.11.4 Design and operation of the monitor system shall be consistent with the requirement
that navigation guidance and identification will be removed and a warning provided at the
designated remotecontrol points in the event of failure of the monitor system itself.

Note.— Guidance material on the design and operation of monitor systems is given in Attachment C,
2.1.7.

3.1.3.12 Integrity and Continuity of Service levels and Requirements

3.1.3.12.1 A localizer shall be assigned a level of integrity and continuity of service as given in
3.1.3.12.2 t0 3.1.3.12.5.

Note.— Levels are used to provide the necessary information for the determination of the category of
operation and associated minima, which are a function of the Facility Performance Category, the
(separate) integrity and continuity of service level, and a number of operational factors (e.g. aircraft
and crew qualification, meteorological conditions, and runway features). If a localizer does not meet
its required integrity and continuity of service level, some operational use may still be possible, as
stated in the Manual of All-Weather Operations (Doc 9365), Appendix C on ILS facility classification
and downgrading. Similarly, if a localizer exceeds the minimum integrity and continuity of service
level, more demanding operations may be possible.

_3.1.3.12.2 The localizer level shall be Level 1 if either:
a) the localizer's integrity of service or its continuity of service, or both, are not demonstrated; or

b) the localizer's integrity of service and its continuity of service are both demonstrated, but at
least one of them does not meet the requirements of Level 2.
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3.1.3.12.2.1 Recommendation.— The probability of not radiating false guidance signals should not
be less than 1 - 1.0 x 107 in any one landing for Level 1 localizers.

3.1.3.12.2.2 Recommendation.— The probability of not losing the radiated guidance signal should
exceed 1 —4 x 10-6 in any period of 15 seconds for Level 1 localizers (equivalent to 1 000 hours
mean time between outages).

Note.— A localizer that meets both Recommended Practices 3.1.3.12.2.1 and 3.1.3.12.2.2 also meets
Standard 3.1.3.12.3 (Level 2 performance) and is therefore to be identified as Level 2.

3.1.3.12.2.3 Recommendation.— In the event that the integrity value for a Level 1 localizer is not
available or cannot be readily calculated, a detailed analysis should be performed to assure proper
monitor fail-safe operation.

3.1.3.12.3 The localizer level shall be Level 2 if:

a) the probability of not radiating false guidance signals is not less than 1 — 1.0 x 10-7
in any one landing; and

b) the probability of not losing the radiated guidance is greater than 1 — 4 x 10-6 in
any period of 15 seconds (equivalent to 1 000 hours mean time between outages).

3.1.3.12.4 The localizer level shall be Level 3 if:

a) the probability of not radiating false guidance signals is not less than 1 — 0.5 x 10-9
in any one landing; and

b) the probability of not losing the radiated guidance is greater than 1 -2 x 10-6 in
any period of 15 seconds (equivalent to 2 000 hours mean time between outages).

3.1.3.12.5 The localizer level shall be Level 4 if:

a) the probability of not radiating false guidance signals is not less than 1 — 0.5 x 10-9
in any one landing; and

b) the probability of not losing the radiated guidance is greater than 1 -2 x 10-6 in
any period of 30 seconds (equivalent to 4 000 hours mean time between outages).

Note— Guidance material on ways to achieve integrity and continuity of service is given in
Attachment C, 2.8.
3.14 Interference Immunity Performance for ILS Localizer Receiving Systems

3.1.4.1 The ILS localizer receiving system shall provide adequate immunity to interference from
two-signal, third-order inter-modulation products caused by VHF FM broadcast signals having
levels in accordance with the following:

2N1 + N, + 72 <0
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for VHF FM sound broadcasting signals in the range 107.7-108.0 MHz and
2N1+N2+3 [ 24 - 20 log Af/0.4] <0
for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting signals produce, within the receiver,
a two-signal, third-order intermodulation product on the desired ILS localizer frequency.

N; and N; are the levels (dBm) of the two VHF FM sound broadcasting signals at the ILS localizer
receiver input. Neither level shall exceed the desensitization criteria set forth in 3.1.4.2.

Af = 108.1 — 1, where f1 is the frequency of N1, the VHF FM sound broadcasting signal
closer to 108.1 MHz.

3.1.4.2 The ILS localizer receiving system shall not be desensitized in the presence of VHF FM
broadcast signals having levels in accordance with the following table:

Maximum level of unwanted

frequency signal at receiver input
(MHz) (dBm)

88-102 +15

104 + 10

106 + 5

107.9 -10

Note 1.— The relationship is linear between adjacent points designated by the above frequencies.

Note 2.— Guidance material on immunity criteria to be used for the performance quoted in 3.1.4.1
and 3.1.4.2 is contained in Attachment C, 2.2.2.

3.15 UHF Glide Path Equipment and Associated Monitor

Note.— 0 is used in this paragraph to denote the nominal glide path angle.
3.1.5.1 General

3.1.5.1.1 The radiation from the UHF glide path antenna system shall produce a composite field
pattern which is amplitude modulated by a 90 Hz and a 150 Hz tone. The pattern shall be arranged
to provide a straightline descent path in the vertical plane containing the centre line of the runway,
with the 150 Hz tone predominating below the path and the 90 Hz tone predominating above the
path to at least an angle equal to 1.75 6.

3.1.5.1.2 Recommendation.— The ILS glide path angle should be 3 degrees. ILS glide path angles
in excess of 3 degrees should not be used except where alternative means of satisfying obstruction
clearance requirements are impracticable.
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3.1.5.1.2.1 The glide path angle shall be adjusted and maintained within:
a) 0.075 6 from O for Facility Performance Categories | and Il — ILS glide paths;
b) 0.04 6 from B for Facility Performance Category Ill — ILS glide paths.

Note 1.— Guidance material on adjustment and maintenance of glide path angles is given in 2.4 of
Attachment C.

Note 2.— Guidance material on ILS glide path curvature, alignment and siting, relevant to the
selection of the height of the ILS reference datum is given in 2.4 of Attachment C and Figure C-5.

Note 3.— Guidance material relevant to protecting the ILS glide path course structure is given in
2.1.9 of Attachment C.

3.1.5.1.3 The downward extended straight portion of the ILS glide path shall pass through the ILS
reference datum at a height ensuring safe guidance over obstructions and also safe and efficient
use of the runway served.

3.1.5.1.4 The height of the ILS reference datum for Facility Performance Categories Il and Il — ILS
shall be 15 m (50 ft). A tolerance of plus 3 m (10 ft) is permitted.

3.1.5.1.5 Recommendation.— The height of the ILS reference datum for Facility Performance
Category | — ILS should be 15 m (50 ft). A tolerance of plus 3 m (10 ft) is permitted.

Note 1.— In arriving at the above height values for the ILS reference datum, a maximum vertical
distance of 5.8 m (19 ft) between the path of the aircraft glide path antenna and the path of the
lowest part of the wheels at the threshold was assumed. For aircraft exceeding this criterion,
appropriate steps may have to be taken either to maintain adequate clearance at threshold or to
adjust the permitted operating minima.

Note 2.— Appropriate guidance material is given in 2.4 of Attachment C.

3.1.5.1.6 Recommendation.— The height of the ILS reference datum for Facility Performance
Category | — ILS used on short precision approach runway codes 1 and 2 should be 12 m (40 ft). A
tolerance of plus 6 m (20 ft) is permitted.

3.1.5.2 Radio Frequency

3.1.5.2.1 The glide path equipment shall operate in the band 328.6 MHz to 335.4 MHz. Where a
single radio frequency carrier is used, the frequency tolerance shall not exceed 0.005 percent.
Where two carrier glide path systems are used, the frequency tolerance shall not exceed 0.002
percent and the nominal band occupied by the carriers shall be symmetrical about the assigned
frequency. With all tolerances applied, the frequency separation between the carriers shall not be
less than 4 kHz nor more than 32 kHz.
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3.1.5.2.2 The emission from the glide path equipment shall be horizontally polarized.

3.1.5.2.3 For Facility Performance Category Il — ILS glide path equipment, signals emanating from
the transmitter shall contain no components which result in apparent glide path fluctuations of
more than 0.02 DDM peak to peak in the frequency band 0.01 Hz to 10 Hz.

3.1.5.3 Coverage

3.1.5.3.1 The glide path equipment shall provide signals sufficient to allow satisfactory operation of
a typical aircraft installation in sectors of 8 degrees in azimuth on each side of the centre line of the
ILS glide path, to a distance of at least 18.5 km (10 NM) up to 1.75 6 and down to 0.45 6 above the
horizontal or to such lower angle, down to 0.30 6, as required to safeguard the promulgated glide
path intercept procedure.

3.1.5.3.2 In order to provide the coverage for glide path performance specified in 3.1.5.3.1, the
minimum field strength within this coverage sector shall be 400 micro volts per meter (minus 95
dBW/m2). For Facility performance Category | glide paths, this field strength shall be provided
down to a height of 30 m (100 ft) above the horizontal plane containing the threshold. For Facility
Performance Categories Il and Ill glide paths, this field strength shall be provided down to a height
of 15 m (50 ft) above the horizontal plane containing the threshold.

Note 1.— The requirements in the foregoing paragraphs are based on the assumption that the
aircraft is heading directly toward the facility.

Note 2.— Guidance material on significant airborne receiver parameters is given in 2.2 of
Attachment C.

Note 3.— Material concerning reduction in coverage outside 8 degrees on each side of the centre
line of the ILS glide path appears in 2.4 of Attachment C.

3.1.54 ILS glide path structure

3.1.5.4.1 For Facility Performance Category | — ILS glide paths, bends in the glide path shall not
have amplitudes which exceed the following:

Amplitude (DDA
Zone (95% probabilin:

Chater limat of coverage to
IS Point “°C” 0.035

3.1.5.4.2 For Facility Performance Categories Il and Ill — ILS glide paths, bends in the glide path
shall not have amplitudes which exceed the following:
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Amplitude (DDA}
Zone {953% probability)

Oater himat of coverage to

IS Point “A7 0.035
LS Point “A™ to 0.035 at ILS Point “A™
IS Point “B” decreasmg at a linear rate to

0.023 at ILS Pomt “B~™

LS Point “B” to the
ILS reference datunn 0.023

Note 1.— The amplitudes referred to in 3.1.5.4.1 and 3.1.5.4.2 are the DDMs due to bends as realized
on the mean ILS glide path correctly adjusted.

Note 2.— In regions of the approach where ILS glide path curvature is significant, bend amplitudes
are calculated from the mean curved path, and not the downward extended straight line.

Note 3.— Guidance material relevant to the ILS glide path course structure is given in 2.1.4 of
Attachment C. Guidance material relevant to protecting the ILS glide path course structure is given in
2.1.9 of Attachment C.

3.1.55 Carrier Modulation

3.1.5.5.1 The nominal depth of modulation of the radio frequency carrier due to each of the 90 Hz
and 150 Hz tones shall be 40 percent along the ILS glide path. The depth of modulation shall not
deviate outside the limits of 37.5 percent to 42.5 percent.

3.1.5.5.2 The following tolerances shall be applied to the frequencies of the modulating tones:
a) the modulating tones shall be 90 Hz and 150 Hz within 2.5 percent for Facility

Performance Category | — ILS;

b) the modulating tones shall be 90 Hz and 150 Hz within 1.5 percent for Facility
Performance Category Il — ILS;

c) the modulating tones shall be 90 Hz and 150 Hz within 1 percent for Facility
Performance Category Ill — ILS;

d) the total harmonic content of the 90 Hz tone shall not exceed 10 percent:
additionally, for Facility Performance Category Ill equipment, the second harmonic
of the 90 Hz tone shall not exceed 5 percent;

e) the total harmonic content of the 150 Hz tone shall not exceed 10 percent.

3.1.5.5.2.1 Recommendation.— For Facility Performance Category | — ILS, the modulating tones
should be 90 Hz and 150 Hz within plus or minus 1.5 percent where practicable.

3.1.5.5.2.2 For Facility Performance Category Ill glide path equipment, the depth of amplitude
modulation of the radio frequency carrier at the power supply frequency or harmonics, or at other
noise frequencies, shall not exceed 1 percent.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 27



MCAR, PART-5, ANS SECTION-9, VOLUME |

3.1.5.5.3 The modulation shall be phase-locked so that within the ILS half glide path sector, the
demodulated 90 Hz and 150 Hz wave forms pass through zero in the same direction within:

a) for Facility Performance Categories | and Il — ILS glide paths: 20 degrees;

b) for Facility Performance Category Il — ILS glide paths: 10 degrees, of phase relative
to the 150 Hz component, every half cycle of the combined 90 Hz and 150 Hz
waveform.

Note 1.— The definition of phase relationship in this manner is not intended to imply a requirement
for measurement of phase within the ILS half glide path sector.

Note 2.— Guidance material relating to such measures is given at Figure C-6 of Attachment C.

3.1.5.5.3.1 With two-frequency glide path systems, 3.1.5.5.3 shall apply to each carrier. In addition,
the 90 Hz modulating tone of one carrier shall be phase-locked to the 90 Hz modulating tone of
the other carrier so that the demodulated wave forms pass through zero in the same direction
within:

a) for Facility Performance Categories | and Il — ILS glide paths: 20 degrees;

b) for Facility Performance Category Il — ILS glide paths: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two carriers shall be phase-locked so
that the demodulated wave forms pass through zero in the same direction, within:

1) for Facility Performance Categories | and Il — ILS glide paths: 20 degrees;

2) for Facility Performance Category Ill — ILS glide paths: 10 degrees,
3.1.5.5.3.2 Alternative two-frequency glide path systems that employ audio phasing different from
the normal in-phase condition described in 3.1.5.5.3.1 shall be permitted. In these alternative
systems, the 90 Hz to 90 Hz phasing and the 150 Hz to 150 Hz phasing shall be adjusted to their

nominal values to within limits equivalent to those stated in 3.1.5.5.3.1.

Note.— This is to ensure correct airborne receiver operation within the glide path sector where the
two carrier signal strengths are approximately equal.

3.1.5.5.4 Recommendation.— Undesired frequency and phase modulation on ILS glide path radio
frequency carriers that can affect the displayed DDM values in glide path receivers should be
minimized to the extent practical.

Note.— Relevant guidance material is given in 2.15 of Attachment C.
3.1.5.6 Displacement Sensitivity
3.1.5.6.1 For Facility Performance Category | — ILS glide paths, the nominal angular displacement

sensitivity shall correspond to a DDM of 0.0875 at angular displacements above and below the
glide path between 0.07 8 and 0.14 6.
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Note.— The above is not intended to preclude glide path systems which inherently have
asymmetrical upper and lower sectors.

3.1.5.6.2 Recommendation.—For Facility Performance Category | — ILS glide paths, the nominal
angular displacement sensitivity should correspond to a DDM of 0.0875 at an angular
displacement below the glide path of 0.12 6 with a tolerance of plus or minus 0.02 6. The upper
and lower sectors should be as symmetrical as practicable within the limits specified in 3.1.5.6.1.

3.1.5.6.3 For Facility Performance Category Il — ILS glide paths, the angular displacement
sensitivity shall be as symmetrical as practicable. The nominal angular displacement sensitivity shall
correspond to a DDM of 0.0875 at an angular displacement of:

a) 0.12 6 below path with a tolerance of plus or minus 0.02 6;
b) 0.12 6 above path with a tolerance of plus 0.02 6 and minus 0.05 6

3.1.5.6.4 For Facility Performance Category lll — ILS glide paths, the nominal angular displacement
sensitivity shall correspond to a DDM of 0.0875 at angular displacements above and below the
glide path of 0.12 6 with a tolerance of plus or minus 0.02 6.

3.1.5.6.5 The DDM below the ILS glide path shall increase smoothly for decreasing angle until a
value of 0.22 DDM s reached. This value shall be achieved at an angle not less than 0.30 8 above
the horizontal. However, if it is achieved at an angle above 0.45 6, the DDM value shall not be less
than 0.22 at least down to 0.45 6 or to such lower angle, down to 0.30 6, as required to safeguard
the promulgated glide path intercept procedure.

Note.— The limits of glide path equipment adjustment are pictorially represented in Figure C-11 of
Attachment C.

3.1.5.6.6 For Facility Performance Category | — ILS glide paths, the angular displacement sensitivity
shall be adjusted and maintained within plus or minus 25 percent of the nominal value selected.

3.1.5.6.7 For Facility Performance Category Il — ILS glide paths, the angular displacement
sensitivity shall be adjusted and maintained within plus or minus 20 percent of the nominal value
selected.

3.1.5.6.8 For Facility Performance Category Il — ILS glide paths, the angular displacement
sensitivity shall be adjusted and maintained within plus or minus 15 percent of the nominal value
selected.

3.1.5.7 Monitoring

3.1.5.7.1 The automatic monitor system shall provide a warning to the designated control points
and cause radiation to cease within the periods specified in 3.1.5.7.3.1 if any of the following
conditions persist:

a) shift of the mean ILS glide path angle equivalent to more than minus 0.075 6 to plus
0.10 6 from 6;
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b) in the case of ILS glide paths in which the basic functions are provided by the use of a
single-frequency system, a reduction of power output to less than 50 percent of normal,
provided the glide path continues to meet the requirements of 3.1.5.3, 3.1.5.4 and 3.1.5.5;

c) in the case of ILS glide paths in which the basic functions are provided by the use of two-
frequency systems, a reduction of power output for either carrier to less than 80 percent of
normal, except that a greater reduction to between 80 percent and 50 percent of normal
may be permitted, provided the glide path continues to meet the requirements of 3.1.5.3,
3.1.5.4 and 3.1.5.5;

Note.— It is important to recognize that a frequency change resulting in a loss of the frequency
difference specified in 3.1.5.2.1 may produce a hazardous condition. This problem is of greater
operational significance for Facility Performance Categories Il and Il installations. As necessary, this
problem can be dealt with through special monitoring provisions or highly reliable circuitry.

d) for Facility Performance Category | — ILS glide paths, a change of the angle between the
glide path and the line below the glide path (150 Hz predominating) at which a DDM of
0.0875 is realized by more than the greater of:

i) plus or minus 0.0375 6; or

ii) an angle equivalent to a change of displacement sensitivity to a value
differing by 25 per cent from the nominal value;

e) for Facility Performance Categories Il and Ill — ILS glide paths, a change of displacement
sensitivity to a value differing by more than 25 percent from the nominal value;

f) lowering of the line beneath the ILS glide path at which a DDM of 0.0875 is realized to
less than 0.7475 6 from horizontal;

g) a reduction of DDM to less than 0.175 within the specified coverage below the glide
path sector.

Note 1.— The value of 0.7475 6 from horizontal is intended to ensure adequate obstacle clearance.
This value was derived from other parameters of the glide path and monitor specification. Since the
measuring accuracy to four significant figures is not intended, the value of 0.75 6 may be used as a
monitor limit for this purpose. Guidance on obstacle clearance criteria is given in the Procedures for
Air Navigation Services — Aircraft Operations (PANS-OPS) (Doc 8168).

Note 2.— Subparagraphs f) and g) are not intended to establish a requirement for a separate
monitor to protect against deviation of the lower limits of the half-sector below 0.7475 6 from
horizontal.

Note 3.— At glide path facilities where the selected nominal angular displacement sensitivity
corresponds to an angle below the ILS glide path which is close to or at the maximum limits specified
in 3.1.5.6, it may be necessary to adjust the monitor operating limits to protect against sector
deviations below 0.7475 6 from horizontal.
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Note 4— Guidance material relating to the condition described in g) appears in Attachment C,
24.11.

3.1.5.7.2 Recommendation.—Monitoring of the ILS glide path characteristics to smaller tolerances
should be arranged in those cases where operational penalties would otherwise exist.

3.1.5.7.3 The total period of radiation, including period(s) of zero radiation, outside the
performance limits specified in 3.1.5.7.1 a), b), ¢), d), e) and f) shall be as short as practicable,
consistent with the need for avoiding interruptions of the navigation service provided by the ILS
glide path.

3.1.5.7.3.1 The total period referred to under 3.1.5.7.3 shall not exceed under any circumstances:
6 seconds for Facility Performance Category | — ILS glide paths;
2 seconds for Categories Il and Il — ILS glide paths.

Note 1.— The total time periods specified are never-to-be-exceeded limits and are intended to
protect aircraft in the final stages of approach against prolonged or repeated periods of ILS glide path
guidance outside the monitor limits. For this reason, they include not only the initial period of outside
tolerance operation but also the total of any or all periods of outside tolerance radiation, including
periods of zero radiation, which might occur during action to restore service, for example, in the
course of consecutive monitor functioning and consequent changeovers to glide path equipments or
elements thereof.

Note 2.— From an operational point of view, the intention is that no guidance outside the monitor
limits be radiated after the time periods given, and that no further attempts be made to restore
service until a period in the order of 20 seconds has elapsed.

3.1.5.7.3.2 Recommendation.— Where practicable, the total period specified under 3.1.5.7.3.1 for
Facility Performance Categories Il and Ill — ILS glide paths should not exceed 1 second.

3.1.5.7.4 Design and operation of the monitor system shall be consistent with the requirement that
radiation shall cease and a warning shall be provided at the designated remote control points in
the event of failure of the monitor system itself.

Note.— Guidance material on the design and operation of monitor systems is given in 2.1.7 of
Attachment C.

3.1.5.8 Integrity and Continuity of Service levels and Requirements

3.1.5.8.1 A glide path shall be assigned a level of integrity and continuity of service as given in
3.1.5.8.2t0 3.1.5.84.

Note.— Levels are used to provide the necessary information for the determination of the category of
operation and associated minima, which are a function of the Facility Performance Category, the
(separate) integrity and continuity of service level, and a number of operational factors (e.g. aircraft
and crew qualification, meteorological conditions, and runway features). If a glide path does not meet
its required integrity and continuity of service level, some operational use may still be possible, as
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stated in the Manual of All-Weather Operations (Doc 9365), Appendix C on ILS facility classification
and downgrading. Similarly, if a glide path exceeds the minimum integrity and continuity of service
level, more demanding operations may be possible.

3.1.5.8.2 The glide path level shall be Level 1 if either:

a) the glide path’s integrity of service or its continuity of service, or both, are not
demonstrated; or

b) the glide path’s integrity of service and its continuity of service are both
demonstrated, but at least one of them does not meet the requirements of Level 2.

3.1.5.8.2.1 Recommendation.— The probability of not radiating false guidance signals should not
be less than 1 - 1.0 x 10-7 in any one landing for Level 1 glide paths.

3.1.5.8.2.2 Recommendation.— The probability of not losing the radiated guidance signal should
exceed 1 -4 x 10-6 in any period of 15 seconds for Level 1 glide paths (equivalent to 1 000 hours
mean time between outages).

Note.— A glide path that meets both Recommended Practices 3.1.5.8.2.1 and 3.1.5.8.2.2 also meets
Standard 3.1.5.8.3 (Level 2 performance) and is therefore to be identified as Level 2.

3.1.5.8.2.3 Recommendation.— In the event that the integrity value for a Level 1 glide path is not
available or cannot be readily calculated, a detailed analysis should be performed to assure proper

monitor fail-safe operation.

3.1.5.8.3 The glide path level shall be Level 2 if:

a) the probability of not radiating false guidance signals is not less than 1 — 1.0 x 10-7 in any one landing;

and

b) the probability of not losing the radiated guidance is greater 1 — 4 x 10-6 in any period of 15 seconds

(equivalent to1000 hours mean time between outages).

3.1.5.8.4 The glide path level shall be Level 3 or 4 if:

a) the probability of not radiating false guidance signals is not less than 1 — 0.5 x 10-9 in
any one landing; and

b) the probability of not losing the radiated guidance is greater than 1 — 2 x 10-6 in any
period of 15 seconds (equivalent to 2 000 hours mean time between outages).

Note 1.— The requirements for glide path Level 3 and Level 4 are the same. The declaration of the
glide path integrity and continuity of service levels should match the declaration of the localizer (ie.
the glide path is declared as Level 4 if the localizer is meeting Level 4).

Note 2.— Guidance material on ways to achieve integrity and continuity of service is given in 2.8 of
Attachment C.
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3.1.6 Localizer and Glide Path Frequency Pairing

3.1.6.1 The pairing of the runway localizer and glide path transmitter frequencies of an instrument
landing system shall be taken from the following list in accordance with the provisions of Volume
V, Chapter 4, 4.2:

Localizer Glide path Localizer Crlide path
(ALH =) (AL H=) (A H=) (AdLH =)
1081 3347 110.1 3344
10815 334 .55 110.15 33425
1083 3341 110.3 3350
10835 33395 110.35 334 85
1085 3299 110.5 3296
108.55 32975 110.55 32945
108.7 330.5 110.7 3302
10875 33035 110.75 330.05
1089 3293 110.% 3308
10895 32915 110.95 330.65
1091 3314 111.1 331.7
10915 331.25 111.15 331.55
1093 3320 111.3 3323
10935 331.85 111.35 33215
1095 3326 111.5 3329
10955 33245 111.55 332.75
1097 3332 111.7 3335
10975 333.05 111.75 33335
1099 3338 111.9 3311
10995 333.85 111.95 330.95

3.1.7 VHF marker beacons

Note.— Requirements relating to marker beacons apply only when one or more marker beacons are
installed.

3.1.7.1 General

a) There shall be two marker beacons in each installation except where, in the opinion of the
Competent Authority, a single marker beacon is considered to be sufficient. A third marker beacon
may be added whenever, in the opinion of the Competent Authority, an additional beacon is
required because of operational procedures at a particular site.

b) A marker beacon shall conform to the requirements prescribed in 3.1.7. When the installation
comprises only two marker beacons, the requirements applicable to the middle marker and to the
outer marker shall be complied with. When the installation comprises only one marker beacon, the
requirements applicable to either the middle or the outer marker shall be complied with. If marker
beacons are replaced by DME, the requirements of 3.1.7.6.5 shall apply.

¢) The marker beacons shall produce radiation patterns to indicate predetermined distance from
the threshold along the ILS glide path.
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3.1.7.1.1 When a marker beacon is used in conjunction with the back course of a localizer, it shall
conform with the marker beacon characteristics specified in 3.1.7.

3.1.7.1.2 Identification signals of marker beacons used in conjunction with the back course of a
localizer shall be clearly distinguishable from the inner, middle and outer marker beacon
identifications, as prescribed in 3.1.7.5.1.
3.1.7.2 Radio Frequency
3.1.7.2.1 The marker beacons shall operate at 75 MHz with a frequency tolerance of plus or minus
0.005 percent and shall utilize horizontal polarization.
3.1.7.3 Coverage
3.1.7.3.1 The marker beacon system shall be adjusted to provide coverage over the following
distances, measured on the ILS glide path and localizer course line:

a) inner marker: 150 m plus or minus 50 m (500 ft plus or minus 160 ft);

b) middle marker: 300 m plus or minus 100 m (1 000 ft plus or minus 325 ft);

c) outer marker: 600 m plus or minus 200 m (2 000 ft plus or minus 650 ft).

3.1.7.3.2 The field strength at the limits of coverage specified in 3.1.7.3.1 shall be 1.5 millivolts per
meter (minus 82 dBW/m?). In addition, the field strength within the coverage area shall rise to at
least 3.0 millivolts per meter (minus 76 dBW/m?).

Note 1.— In the design of the ground antenna, it is advisable to ensure that an adequate rate of
change of field strength is provided at the edges of coverage. It is also advisable to ensure that
aircraft within the localizer course sector will receive visual indication.

Note 2.— Satisfactory operation of a typical airborne marker installation will be obtained if the
sensitivity is so adjusted that visual indication will be obtained when the field strength is 1.5 millivolts
per metre (minus 82 dBW/m?2).

3.1.74 Modulation

3.1.7.4.1The modulation frequencies shall be as follows:

a) inner marker (when installed): 3000 Hz;
b) middle marker: 1300 Hz;
c) outer marker: 400 Hz.

The frequency tolerance of the above frequencies shall be plus or minus 2.5 percent, and the total
harmonic content of each of the frequencies shall not exceed 15 percent.

3.1.7.4.2 The depth of modulation of the markers shall be 95 percent plus or minus 4 percent.
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3.1.7.5 |dentification

3.1.7.5.1 The carrier energy shall not be interrupted. The audio frequency modulation shall be
keyed as follows:
a) inner marker: 6 dots per second continuously;

b) middle marker: a continuous series of alternate dots and dashes, the dashes keyed at the rate of
2 dashes per second and the dots at the rate of 6 dots per second;

¢) outer marker: 2 dashes per second continuously
These keying rates shall be maintained to within plus or minus 15 per cent.

3.1.7.6 Siting

3.1.7.6.1 The inner marker, when installed, shall be located so as to indicate in low visibility
conditions the imminence of arrival at the runway threshold.

Recommendation.—If the radiation pattern is vertical, the inner marker, when installed, should be
located between 75 m (250 ft) and 450 m (1500 ft) from the threshold and at not more than 30 m
(100 ft) from the extended centre line of the runway.

Note 1.— It is intended that the inner marker pattern should intercept the downward extended
straight portion of the nominal ILS glide path at the lowest decision height applicable in Category Il
operations.

Note 2.— Care must be exercised in siting the inner marker to avoid interference between the inner
and middle markers. Details regarding the siting of inner markers are contained in Attachment C,
2.10.

3.1.7.6.1.2 Recommendation.—If the radiation pattern is other than vertical, the equipment should
be located so as to produce a field within the course sector and ILS glide path sector that is
substantially similar to that produced by an antenna radiating a vertical pattern and located as
prescribed in 3.1.7.6.1.1.

3.1.7.6.2 The middle marker shall be located so as to indicate the imminence, in low visibility
conditions, of visual approach guidance.

3.1.7.6.2.1 Recommendation.—If the radiation pattern is vertical, the middle marker should be
located 1050 m (3500 ft) plus or minus 150 m (500 ft), from the landing threshold at the approach
end of the runway and at not more than 75 m (250 ft) from the extended centre line of the runway.

Note.— See Attachment C, 2.10, regarding the siting of inner and middle marker beacon:s.

3.1.7.6.2.2 Recommendation.—If the radiation pattern is other than vertical, the equipment should
be located so as to produce a field within the course sector and ILS glide path sector that is
substantially similar to that produced by an antenna radiating a vertical pattern and located as
prescribed in 3.1.7.6.2.1.
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3.1.7.6.3 The outer marker shall be located so as to provide height, distance and equipment
functioning checks to aircraft on intermediate and final approach.

3.1.7.6.3.1 Recommendation.—The outer marker should be located 7.2 km (3.9 NM) from the
threshold except that, where for topographical or operational reasons this distance is not
practicable, the outer marker may be located between 6.5 and 11.1 km (3.5 and 6 NM) from the
threshold.

3.1.7.6.4 Recommendation.—If the radiation pattern is vertical, the outer marker should be not
more than 75 m(250 ft) from the extended centre line of the runway. If the radiation pattern is
other than vertical, the equipment should be located so as to produce a field within the course
sector and ILS glide path sector that is substantially similar to that produced by an antenna
radiating a vertical pattern.

3.1.7.6.5 The positions of marker beacons, or where applicable, the equivalent distance(s) indicated
by the DME when used as an alternative to part or all of the marker beacon component of the ILS,
shall be published in accordance with the provisions of Annex 15.

3.1.7.6.5.1 When so used, the DME shall provide distance information operationally equivalent to
that furnished by marker beacon(s).

3.1.7.6.5.2 When used as an alternative for the middle marker, the DME shall be frequency paired
with the ILS localizer and sited so as to minimize the error in distance information.

3.1.7.6.5.3 The DME in 3.1.7.6.5 shall conform to the specification in 3.5.

3.1.7.7 Monitoring

3.1.7.7.1 Suitable equipment shall provide signals for the operation of an automatic monitor. The
monitor shall transmit a warning to a control point if either of the following conditions arise:

a) failure of the modulation or keying;

b) reduction of power output to less than 50 percent of normal.
3.1.7.7.2 Recommendation.— For each marker beacon, suitable monitoring equipment should be
provided which will indicate at the appropriate location a decrease of the modulation depth below

50 per cent.

3.2 [ Reserved]

33 Specification for VHF Omni-Directional Radio Range (VOR)

3.3.1 General

3.3.1.1 The VOR shall be constructed and adjusted so that similar instrumental indications in
[aircraft represent equal clockwise angular deviations (bearings), degree for degree from magnetic
North as measured from the location of the VOR.
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3.3.1.2 The VOR shall radiate a radio frequency carrier with which are associated two separate 30
Hz modulations. One of these modulations shall be such that its phase is independent of the
azimuth of the point of observation (reference phase). The other modulation (variable phase) shall
be such that its phase at the point of observation differs from that of the reference phase by an
angle equal to the bearing of the point of observation with respect to the VOR.

3.3.1.3 The reference and variable phase modulations shall be in phase along the reference
meridian through the station.

Note.— The reference and variable phase modulations are in phase when the maximum value of the
sum of the radio frequency carrier and the sideband energy due to the variable phase modulation
occurs at the same time as the highest instantaneous frequency of the reference phase modulation.

332 Radio Frequency

3.3.2.1 The VOR shall operate in the band 111.975 MHz to 117.975 MHz except that frequencies in
the band 108 MHz to 111.975 MHz may be used when, in accordance with the provisions of
Volume V, Chapter 4, 4.2.1 and 4.2.3.1, the use of such frequencies is acceptable. The highest
assignable frequency shall be 117.950 MHz. The channel separation shall be in increments of 50
kHz referred to the highest assignable frequency. In areas where 100 kHz channel spacing is in
general use, the frequency tolerance of the radio frequency carrier shall be plus or minus 0.005
percent.

3.3.2.2 The frequency tolerance of the radio frequency carrier of all new installations implemented
after 23 May 1974 in areas where 50 kHz channel spacing is in use shall be plus or minus 0.002
percent.

3.3.2.3 In areas where new VOR installations are implemented and are assigned frequencies spaced
at 50 kHz from existing VORs in the same area, priority shall be given to ensuring that the
frequency tolerance of the radio frequency carrier of the existing VORs is reduced to plus or minus
0.002 percent.

3.33 Polarization and Pattern Accuracy

3.3.3.1 The emission from the VOR shall be horizontally polarized. The vertically polarized
component of the radiation shall be as small as possible.

Note.— It is not possible at present to state quantitatively the maximum permissible magnitude of
the vertically polarized component of the radiation from the VOR. (Information is provided in the
Manual on Testing of Radio Navigation Aids (Doc 8071) as to flight checks that can be carried out to
determine the effects of vertical polarization on the bearing accuracy.)

3.3.3.2 The ground station contribution to the error in the bearing information conveyed by the
horizontally polarized radiation from the VOR for all elevation angles between 0 and 40 degrees,
measured from the centre of the VOR antenna system, shall be within plus or minus 2 degrees.

334 Coverage

3.3.4.1 The VOR shall provide signals such as to permit satisfactory operation of a typical aircraft
installation at the levels and distances required for o perational reasons, and up to an elevation
angle of 40 degrees.
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3.3.4.2 Recommendation.—The field strength or power density in space of VOR signals required to
permit satisfactory operation of a typical aircraft installation at the minimum service level at the
maximum specified service radius should be 90 micro volts per meter or minus 107 dBW/m?.

Note.— Typical equivalent isotropically radiated powers (EIRPs) to achieve specified ranges are
contained in 3.1 of Attachment C. The definition of EIRP is contained in 3.5.1.

335 Modulations of Navigation Signals

3.3.5.1 The radio frequency carrier as observed at any point in space shall be amplitude modulated
by two signals as follows:

a) a subcarrier of 9 960 Hz of constant amplitude, frequency modulated at 30 Hz:
1) for the conventional VOR, the 30 Hz component of this FM subcarrier is fixed without
respect to azimuth and is termed the “reference phase” and shall have a deviation ratio of
16 plus or minus 1 (i.e. 15 to 17);

2) for the Doppler VOR, the phase of the 30 Hz component varies with azimuth and is
termed the “variable phase” and shall have a deviation ratio of 16 plus or minus 1 (i.e. 15 to
17) when observed at any angle of elevation up to 5 degrees, with a minimum deviation
ratio of 11 when observed at any angle of elevation above 5 degrees and up to 40 degrees;

b) a 30 Hz amplitude modulation component:

1) for the conventional VOR, this component results from a rotating field pattern, the phase
of which varies with azimuth, and is termed the “variable phase”;

2) for the Doppler VOR, this component, of constant phase with relation to azimuth and
constant amplitude, is radiated omnidirectionally and is termed the “reference phase”.

3.3.5.2 The depth of modulation of the radio frequency carrier due to the subcarrier of 9960 Hz
shall be within the limits of 28 percent and 32 percent.

Note.— This requirement applies to the transmitted signal observed in the absence of multipath.

3.3.5.3 The depth of modulation of the radio frequency carrier due to the 30 Hz signal, as observed
at any angle of elevation up to 5 degrees, shall be within the limits of 25 to 35 per cent. The depth
of modulation of the radio frequency carrier due to the 9 960 Hz signal, as observed at any angle
of elevation up to 5 degrees, shall be within the limits of 20 to 55 per cent on facilities without
voice modulation, and within the limits of 20 to 35 per cent on facilities with voice modulation.

3.3.5.4 The variable and reference phase modulation frequencies shall be 30 Hz within plus or
minus 1 percent.
3.3.5.5 The subcarrier modulation mid-frequency shall be 9 960 Hz within plus or minus 1 percent.
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3.3.5.6

a) For the conventional VOR, the percentage of amplitude modulation of the 9960 Hz
subcarrier shall not exceed 5 percent.

b) For the Doppler VOR, the percentage of amplitude modulation of the 9960 Hz  subcarrier
shall not exceed 40 percent when measured at a point at least 300 m (1000 ft) from the VOR.

3.3.5.7 Where 50 kHz VOR channel spacing is implemented, the sideband level of the harmonics of
the 9960 Hz component in the radiated signal shall not exceed the following levels referred to the
level of the 9960 Hz sideband:

Subcarrier Level
9960 Hz 0 dB reference
2nd harmonic -30dB
3rd harmonic -50 dB
4th harmonic and above —-60 dB
336 Voice and Identification

3.3.6.1 If the VOR provides a simultaneous communication channel ground-to-air, it shall be on the
same radio frequency carrier as used for the navigational function. The radiation on this channel
shall be horizontally polarized.

3.3.6.2 The peak modulation depth of the carrier on the communication channel shall not be
greater than 30 percent.

3.3.6.3 The audio frequency characteristics of the speech channel shall be within 3 dB relative to
the level at 1000 Hz over the range 300 Hz to 3000 Hz.

3.3.6.4 The VOR shall provide for the simultaneous transmission of a signal of identification on the
same radio frequency carrier as that used for the navigational function. The identification signal
radiation shall be horizontally polarized.

3.3.6.5 The identification signal shall employ the International Morse Code and consist of two or
three letters. It shall be sent at a speed corresponding to approximately 7 words per minute. The
signal shall be repeated at least once every 30 seconds and the modulation tone shall be 1020 Hz
within plus or minus 50 Hz.

3.3.6.5.1 Recommendation.—The identification signal should be transmitted at least three times
each 30 seconds, spaced equally within that time period. One of these identification signals may
take the form of a voice identification.

Note.— Where a VOR and DME are associated in accordance with 3.5.2.5, the identification
provisions of 3.5.3.6.4 influence the VOR identification.

3.3.6.6 The depth to which the radio frequency carrier is modulated by the code identification
signal shall be close to, but not in excess of 10 percent except that, where a communication
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channel is not provided, it shall be permissible to increase the modulation by the code
identification signal to a value not exceeding 20 percent.

3.3.6.6.1 Recommendation.— If the VOR provides a simultaneous communication channel ground-
to-air, the modulation depth of the code identification signal should be 5 plus or minus 1 percent
in order to provide a satisfactory voice quality.

3.3.6.7 The transmission of speech shall not interfere in any way with the basic navigational
function. When speech is being radiated, the code identification shall not be suppressed.

3.3.6.8 The VOR receiving function shall permit positive identification of the wanted signal under
the signal conditions encountered within the specified coverage limits, and with the modulation
parameters specified at 3.3.6.5, 3.3.6.6 and 3.3.6.7.

3.3.7 Monitoring

3.3.7.1 Suitable equipment located in the radiation field shall provide signals for the operation of
an automatic monitor. The monitor shall transmit a warning to a control point, and either remove
the identification and navigation components from the carrier or cause radiation to cease if any
one or a combination of the following deviations from established conditions arises:

a) a change in excess of 1 degree at the monitor site of the bearing information
transmitted by the VOR;

b) a reduction of 15 percent in the modulation components of the radio
frequency signals voltage level at the monitor of either the subcarrier, or 30
Hz amplitude modulation signals, or both.

3.3.7.2 Failure of the monitor itself shall transmit a warning to a control point and either:
a) remove the identification and navigation components from the carrier; or

b) cause radiation to cease.
Note.— Guidance material on VOR appears in Attachment C, 3, and Attachment E.
3.38 Interference Immunity Performance for VOR Receiving Systems
3.3.8.1 The VOR receiving system shall provide adequate immunity to interference from two signal,
third-order inter-modulation products caused by VHF FM broadcast signals having levels in

accordance with the following:

2Ni+N,+72<0

for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz and

2 N71+N 2+ 3 {24 - 20 log Af/04} <0

for VHF FM sound broadcasting signals below 107.7 MHz,
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where the frequencies of the two VHF FM sound broadcasting signals produce, within the receiver,
a two-signal, third-order intermodulation product on the desired VOR frequency.
N; and N; are the levels (dBm) of the two VHF FM sound broadcasting signals at the
VOR receiver input. Neither level shall exceed the desensitization criteria set forth in
3.3.8.2

Af = 108.1 — f1, where, f1 is the frequency of N1, the VHF FM sound
broadcasting signal  closer to 108.1 MHz.

3.3.8.2 The VOR receiving system shall not be desensitized in the presence of VHF FM broadcast
signals having levels in accordance with the following table:

Maximum level of

Frequency unwanted signal at
(MHz) receiver input (dBm)

88-102 +15

104 +10

106 +5

107.9 -10

Note 1.— The relationship is linear between adjacent points designated by the above frequencies.
Note 2.— Guidance material on immunity criteria to be used for the performance quoted in 3.3.8.1
and 3.3.8.2 is contained in Attachment C, 3.6.5.

34 Specification for Non-Directional Radio Beacon (NDB)

3.4.1 Definitions

Note.— In Attachment C, guidance is given on the meaning and application of rated coverage and
effective coverage and on coverage of NDBs.

Average radius of rated coverage. The radius of a circle having the same area as the rated coverage.

Effective coverage. The area surrounding an NDB within which bearings can be obtained with an
accuracy sufficient for the nature of the operation concerned.

Locator. An LF/MF NDB used as an aid to final approach.

Note.— A locator usually has an average radius of rated coverage of between 18.5 and 46.3 km (10
and 25 NM).

Rated coverage. The area surrounding an NDB within which the strength of the vertical field of the
ground wave exceeds the minimum value specified for the geographical area in which the radio
beacon is situated.
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Note.— The above definition is intended to establish a method of rating radio beacons on the
normal coverage to be expected in the absence of sky wave transmission and/or anomalous
propagation from the radio beacon concerned or interference from other LF/MF facilities, but
taking into account the atmospheric noise in the geographical area concerned.

34.2 Coverage

3.4.2.1 Recommendation.— The minimum value of field strength in the rated coverage of an NDB
should be 70°micro volts per meter.

Note 1.— Guidance on the field strengths required particularly in the latitudes between 30°N and
30°S is given in 6.1 of Attachment C, and the relevant ITU provisions are given in Chapter VIlI, Article
35, Section IV, Part B of the Radio Regulations.

Note 2.— The selection of locations and times at which the field strength is measured is important in
order to avoid abnormal results for the locality concerned; locations on air routes in the area around
the beacon are operationally most significant.

3.4.2.2 All notifications or promulgations of NDBs shall be based upon the average radius of the
rated coverage.

Note 1.— In classifying radio beacons in areas where substantial variations in rated coverage may
occur diurnally and seasonally, such variations should be taken into account.

Note 2.— Beacons having an average radius of rated coverage of between 46.3 and 278 km (25 and
150 NM) may be designated by the nearest multiple of 46.3 km (25 NM) to the average radius of
rated coverage, and beacons of rated coverage over 278 km (150 NM) to the nearest multiple of 92.7
km (50 NM).

3.4.2.3 Recommendation.— Where the rated coverage of an NDB is materially different in various
operationally significant sectors, its classification should be expressed in terms of the average
radius of rated coverage and the angular limits of each sector as follows:

Radius of coverage of sector/angular limits of sector expressed as magnetic bearing clockwise
from the beacon. Where it is desirable to classify an NDB in such a manner, the number of sectors
should be kept to a minimum and preferably should not exceed two.

Note.— The average radius of a given sector of the rated coverage is equal to the radius of the
corresponding circle-sector of the same area. Example:

150/210° - 30°
100/30° - 210"

343 Limitations in Radiated Power
The power radiated from an NDB shall not exceed by more than 2 dB that necessary to achieve its

agreed rated coverage, except that this power may be increased if coordinated regionally or if no
harmful interference to other facilities will result.
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344 Radio Frequencies

3.4.4.1 The radio frequencies assigned to NDBs shall be selected from those available in that
portion of the spectrum between 190 kHz and 1750 kHz.

3.4.4.2 The frequency tolerance applicable to NDBs shall be 0.01 percent except that, for NDBs of
antenna power above 200 W using frequencies of 1606.5 kHz and above, the tolerance shall be
0.005 percent.

3.4.4.3 Recommendation.— Where two locators are used as supplements to an ILS, the frequency
separation between the carriers of the two should be not less than 15 kHz to ensure correct
operation of the radio compass, and preferably not more than 25 kHz in order to permit a quick
tuning shift in cases where an aircraft has only one radio compass.

3.4.4.4 Where locators associated with ILS facilities serving opposite ends of a single runway are
assigned a common frequency, provision shall be made to ensure that the facility not in
operational use cannot radiate.

Note.— Additional guidance on the operation of locator beacons on common frequency channels is
contained in Volume V, Chapter 3, 3.2.2.

345 Identification

3.4.5.1 Each NDB shall be individually identified by a two- or three-letter International Morse Code
group transmitted at a rate corresponding to approximately 7 words per minute.

3.4.5.2 The complete identification shall be transmitted at least once every 30 seconds, except
where the beacon identification is effected by on/off keying of the carrier. In this latter case, the
identification shall be at approximately 1-minute intervals, except that a shorter interval may be
used at particular NDB stations where this is found to be operationally desirable.

3.4.5.2.1 Recommendation.— Except for those cases where the beacon identification is effected by
on/off keying of the carrier, the identification signal should be transmitted at least three times each
30 seconds, spaced equally within that time period.

3.4.5.3 For NDBs with an average radius of rated coverage of 92.7 km (50 NM) or less that are
primarily approach and holding aids in the vicinity of an aerodrome, the identification shall be
transmitted at least three times each 30 seconds, spaced equally within that time period.

3.4.5.4 The frequency of the modulating tone used for identification shall be 1 020 Hz plus or
minus 50 Hz or 400 Hz plus or minus 25 Hz.

Note.— Determination of the figure to be used would be made regionally, in the light of the
considerations contained in Attachment C, 6.5.

3.4.6 Characteristics of Emissions
Note.— The following specifications are not intended to preclude employment of modulations or

types of modulations that may be utilized in NDBs in addition to those specified for identification,
including simultaneous identification and voice modulation, provided that these additional
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modulations do not materially affect the operational performance of the NDBs in conjunction with
currently used airborne direction finders, and provided their use does not cause harmful interference
to other NDB services.

3.4.6.1 Except as provided in 3.4.6.1.1, all NDBs shall radiate an uninterrupted carrier and be
identified by on/off keying of an amplitude modulating tone (NON/A2A).

3.4.6.1.1 NDBs other than those wholly or partly serving as holding, approach and landing aids, or
those having an average radius of rated coverage of less than 92.7 km (50 NM), may be identified
by on/off keying of the unmodulated carrier (NON/A1A) if they are in areas of high beacon density
and/or where the required rated coverage is not practicable of achievement because of:

a) radio interference from radio stations;
b) high atmospheric noise;
c) local conditions.

Note.— In selecting the types of emission, the possibility of confusion, arising from an aircraft tuning
from a NON/AZ2A facility to a NON/ATA facility without changing the radio compass from "MCW" to
“CW" operation, will need to be kept in mind.

3.4.6.2 For each NDB identified by on/off keying of an audio modulating tone, the depth of
modulation shall be maintained as near to 95 percent as practicable.

3.4.6.3 For each NDB identified by on/off keying of an audio modulating tone, the characteristics of
emission during identification shall be such as to ensure satisfactory identification at the limit of its
rated coverage.

Note 1.— The foregoing requirement necessitates as high a percentage modulation as practicable,
together with maintenance of an adequate radiated carrier power during identification.

Note 2.— With a direction-finder pass band of plus or minus 3 kHz about the carrier, a signal to
noise ratio of 6 dB at the limit of rated coverage will, in general, meet the foregoing requirement.

Note 3.— Some considerations with respect to modulation depth are contained in Attachment C, 6.4.

3.4.6.4 Recommendation.— The carrier power of an NDB with NON/A2A emissions should not fall
when the identity signal is being radiated except that, in the case of an NDB having an average
radius of rated coverage exceeding 92.7 km (50 NM), a fall of not more than 1.5 dB may be
accepted.

3.4.6.5 Unwanted audio frequency modulations shall total less than 5 percent of the amplitude of
the carrier.

Note.— Reliable performance of airborne automatic direction-finding equipment (ADF) may be
seriously prejudiced if the beacon emission contains modulation by an audio frequency equal or close
to the loop switching frequency or its second harmonic. The loop switching frequencies in currently
used equipment lie between 30 Hz and 120 Hz.

3.4.6.6 The bandwidth of emissions and the level of spurious emissions shall be kept at the lowest
value that the state of technique and the nature of the service permit.
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Note.— Article S3 of the ITU Radio Regulations contains the general provisions with respect to
technical characteristics of equipment and emissions. The Radio Regulations contain specific
provisions relating to necessary bandwidth, frequency  tolerance, spurious emissions and
classification of emissions (see Appendices APS1, APS2 and APS3).

3.4.7 Siting of Locators

3.4.7.1 Recommendation.— Where locators are used as a supplement to the ILS, they should be
located at the sites of the outer and middle marker beacons. Where only one locator is used as a
supplement to the ILS, preference should be given to location at the site of the outer marker
beacon. Where locators are employed as an aid to final approach in the absence of an ILS,
equivalent locations to those applying when an ILS is installed should be selected, taking into
account the relevant obstacle clearance provisions of ICAO Doc 8168

3.4.7.2 Recommendation.— Where locators are installed at both the middle and outer marker
positions, they should be located, where practicable, on the same side of the extended centre line
of the runway in order to provide a track between the locators which will be more nearly parallel to
the centre line of the runway.

3.4.8 Monitoring

3.4.8.1 For each NDB, suitable means shall be provided to enable detection of any of the following
conditions at an appropriate location:

a) adecrease in radiated carrier power of more than 50 percent below that required
for the rated coverage;

b) failure to transmit the identification signal;
c) malfunctioning or failure of the means of monitoring itself.

3.4.8.2 Recommendation.— When an NDB is operated from a power source having a frequency
which is close to airborne ADF equipment switching frequencies, and where the design of the NDB
is such that the power supply frequency is likely to appear as a modulation product on the
emission, the means of monitoring should be capable of detecting such power supply modulation
on the carrier in excess of 5 percent.

3.4.8.3 During the hours of service of a locator, the means of monitoring shall provide for a
continuous check on the functioning of the locator as prescribed in 3.4.8.1 a), b) and ¢).

3.4.8.4 Recommendation.— During the hours of service of an NDB other than a locator, the means
of monitoring should provide for a continuous check on the functioning of the NDB as prescribed

in 3.4.8.1 a), b) and ¢).

Note.— Guidance material on the testing of NDBs is contained in 6.6 of Attachment C.
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3.5 Specification for UHF Distance Measuring Equipment (DME)

Note.— In the following section, provision is made for two types of DME facility: DME/N for general
application, and DME/P as outlined in 3.11.3.

3.5.1 Definitions
Control motion noise (CMN). That portion of the guidance signal error which causes control
surface, wheel and column motion and could affect aircraft attitude angle during coupled flight,

but does not cause aircraft displacement from the desired course and/or glide path. (See 3.11.)

DME dead time. A period immediately following the decoding of a valid interrogation during
which a received interrogation will not cause a reply to be generated.

Note.— Dead time is intended to prevent the transponder from replying to echoes resulting from
multipath effects.

DME/N. Distance measuring equipment, primarily serving operational needs of en-route or TMA
navigation, where the “N" stands for narrow spectrum characteristics.

DME/P. The distance measuring element of the MLS, where the “P" stands for precise distance
measurement. The spectrum characteristics are those of DME/N.

Equivalent isotropically radiated power (EIRP) The product of the power supplied to the antenna
and the antenna gain in a given direction relative to an isotropic antenna (absolute or isotropic

gain).

Final approach (FA) mode. The condition of DME/P operation which supports flight operations in
the final approach and runway regions.

Initial approach (IA) mode. The condition of DME/P operation which supports those flight
operations outside the final approach region and which is interoperable with DME/N.

Key down time. The time during which a dot or dash of a Morse character is being transmitted.

MLS approach reference datum. A point on the minimum glide path at a specified height above
the threshold. (See 3.11.)

MLS datum point. The point on the runway centre line closest to the phase centre of the
approach elevation antenna. (See 3.11.)

Mode W, X, Y, Z. A method of coding the DME transmissions by time spacing pulses of a pulse
pair, so that each frequency can be used more than once.

Partial rise time.  The time as measured between the 5 and 30 percent amplitude points on the
leading edge of the pulse envelope, i.e. between points h and i on Figures 3-1 and 3-2.

Path following error (PFE).  That portion of the guidance signal error which could cause aircraft
displacement from the desired course and/or glide path. (See 3.11.)
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Pulse amplitude. The maximum voltage of the pulse envelope, i.e. A in (Fig: 3-1).

Pulse decay time. The time as measured between the 90 and 10 percent amplitude points on the
trailing edge of the pulse envelope, i.e. between points e and g on Figure 3-1.

Pulse code. The method of differentiating between W, X, Y and Z modes and between FA and IA
modes.

Pulse duration. The time interval between the 50 percent amplitude point on leading and trailing
edges of the pulse envelope, i.e. between points b and f on Figure 3-1.

Pulse rise time. The time as measured between the 10 and 90 percent amplitude points on the
leading edge of the pulse envelope, i.e. between points a and c on Figure 3-1.

Reply efficiency. The ratio of replies transmitted by the transponder to the total of received valid
interrogations.

Search. The condition which exists when the DME interrogator is attempting to acquire and lock
onto the response to its own interrogations from the selected transponder.

System efficiency. The ratio of valid replies processed by the interrogator to the total of its own
interrogations.

Track. The condition which exists when the DME interrogator has locked onto replies in response
to its own interrogations, and is continuously providing a distance measurement.

Transmission rate. The average number of pulse pairs transmitted from the transponder per
second.

Virtual origin. The point at which the straight line through the 30 percent and 5 percent amplitude
points on the pulse leading edge intersects the 0 percent amplitude axis (see Figure 3-2).

3.5.2 General

3.5.2.1 The DME system shall provide for continuous and accurate indication in the cockpit of the
slant range distance of an equipped aircraft from an equipped ground reference point.

3.5.2.2 The system shall comprise two basic components, one fitted in the aircraft, the other
installed on the ground. The aircraft component shall be referred to as the interrogator and the
ground component as the transponder.

3.5.2.3 In operation, interrogators shall interrogate transponders which shall, in turn, transmit to
the interrogator replies synchronized with the interrogations, thus providing means for accurate

measurement of distance.

3.5.2.4 DME/P shall have two operating modes, IA and FA.
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3.5.2.5 When a DME is associated with an ILS, MLS or VOR for the purpose of constituting a single
facility, they shall:

a) be operated on a standard frequency pairing in accordance with 3.5.3.3.4;
b) be collocated within the limits prescribed for associated facilities in 3.5.2.6; and
c) comply with the identification provisions of 3.5.3.6.4.
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3.5.2.6 Collocation limits for a DME facility associated with an ILS, MLS or VOR facility

3.5.2.6.1 Associated VOR and DME facilities shall be collocated in accordance with the following:

a) for those facilities used in terminal areas for approach purposes or other procedures
where the highest position fixing accuracy of system capability is required, the separation
of the VOR and DME antennas does not exceed 80 m (260 ft);

b) for purposes other than those indicated in a), the separation of the VOR and DME
antennas does not exceed 600 m (2 000 ft).

3.5.2.6.2 Association of DME with ILS
Note.— Attachment C, 2.11 gives guidance on the association of DME with ILS.
3.5.2.6.3 Association of DME with MLS

3.5.2.6.3.1 Recommendation.—If a DME/P is used to provide ranging information, it should be
sited as close as possible to the MLS azimuth facility.

Note.— Attachment G, 5 and Attachment C, 7.1.6 give guidance on siting of DME with MLS. This
guidance sets forth, in particular, appropriate steps to be taken to prevent different zero range
indication if DME/P associated with MLS and DME/N associated with ILS serve the same runway.

3.5.2.7 The Standards in 3.5.3, 3.5.4 and 3.5.5 denoted by # shall apply only to DME equipment first
installed after 1 January 1989.

3.53 System Characteristics

3.5.3.1 Performance

3.5.3.1.1 Range. The system shall provide a means of measurement of slant range distance from an
aircraft to a selected transponder to the limit of coverage prescribed by the operational
requirements for the selected transponder.

3.5.3.1.2 Coverage
3.5.3.1.2.1 The DME/N shall provide signals such as to permit satisfactory operation of a typical
aircraft installation at the levels and distances required for operational reasons, and up to an

elevation angle of at least 40 degrees.

Note.— Guidance to support performance-based navigation as described in the Performance-based
Navigation (PBN) Manual (Doc 9613) is provided in Attachment C, 7.2.1.3.

3.5.3.1.2.2 When associated with a VOR, DME/N coverage shall be at least that of the VOR to the
extent practicable.

3.5.3.1.2.3 When associated with either an ILS, DME/N coverage shall be at least that
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of the ILS localizer coverage sector within plus or minus 10 degrees, as defined in Chapter
3,3.1.3.3.1.

Note.— Guidance relating to ILS-associated DME/N is provided in Attachment C, 7.1.6.3.

3.5.3.1.2.4 DME/P coverage or DME/N coverage when associated with an MLS shall be at least that
provided by the MLS azimuth angle guidance coverage sectors.

Note.— This is not intended to specify the operational range and coverage to which the system may
be used; spacing of facilities already installed may limit the range in certain areas.

3.5.3.1.3 Accuracy

3.5.3.1.3.1 System accuracy. The accuracy standards specified in 3.5.3.1.4, 3.5.4.5 and 3.5.5.4 shall be
met on a 95 per cent probability basis.

35314 DME/P Accuracy

Note 1.— In the following, two accuracy standards, 1 and 2, are stated for the DME/P to
accommodate a variety of applications.

Note 2.— Guidance on accuracy standards is given in Attachment C, 7.3.2.

3.5.3.1.4.1 Error components. The path following error (PFE) shall be comprised of those frequency
components of the DME/P error at the output of the interrogator which lie below 1.5 rad/s. The
control motion noise (CMN) shall be comprised of those frequency components of the DME/P
error at the output of the interrogator which lie between 0.5 rad/s and 10 rad/s.

Note.— Specified error limits at a point are to be applied over a flight path that includes that point.
Information on the interpretation of DME/P errors and the measurement of those errors over an
interval appropriate for flight inspection is provided in Attachment C, 7.3.6.1.

3.5.3.1.4.2 Errors on the extended runway centre line shall not exceed the values given in Table B at
the end of this chapter.

3.5.3.1.4.3 In the approach sector, away from the extended runway centre line, the allowable PFE
for both standard 1 and standard 2 shall be permitted to increase linearly with angle up to plus or
minus 40 degrees MLS azimuth angle where the permitted error is 1.5 times that on the extended
runway centre line at the same distance. The allowable CMN shall not increase with angle. There
shall be no degradation of either PFE or CMN with elevation angle.

3.5.3.2 Radio frequencies and polarization. The system shall operate with vertical polarization in
the frequency band 960 MHz to 1 215 MHz. The interrogation and reply frequencies shall be
assigned with TMHz spacing between channels.

3.53.3 Channeling

3.5.3.3.1 DME operating channels shall be formed by pairing interrogation and reply frequencies
and coding on the paired frequencies.
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3.5.3.3.2 Pulse coding. DME/P channels shall have two different interrogation pulse codes as
shown in the table in 3.5.4.4.1. One shall be used in the initial approach (IA) mode; the other shall
be used in the final approach (FA) mode.

3.5.3.3.3 DME operating channels shall be chosen from Table A (located at the end of this chapter),
of 352 channels in which the channel numbers, frequencies, and pulse codes are assigned.

3.5.3.3.4 Channel pairing. When a DME transponder is intended to operate in association with a
single VHF navigation facility in the 108 MHz to 117.95 MHz frequency band and/or an MLS angle
facility in the 5 031.0 MHz to 5 090.7 MHz frequency band, the DME operating channel shall be
paired with the VHF channel and/or MLS angle frequency as given in Table A.

Note.— There may be instances when a DME channel will be paired with both the ILS frequency and
an MLS channel (see Volume V, Chapter 4, 4.3).

3534 Interrogation Pulse Repetition Frequency

Note.— If the interrogator operates on more than one channel in one second, the following
specifications apply to the sum of interrogations on all channels

3.5.3.4.1 DME/N. The interrogator average pulse repetition frequency (PRF) shall not exceed 30
pairs of pulses per second, based on the assumption that at least 95 percent of the time is

occupied for tracking.

3.5.3.4.2 DME/N. If it is desired to decrease the time of search, the PRF may be increased during
search but shall not exceed 150 pairs of pulses per second.

3.5.3.4.3 DME/N. Recommendation.—After 15000 pairs of pulses have been transmitted without
acquiring indication of distance, the PRF should not exceed 60 pairs of pulses per second

thereafter, until a change in operating channel is made or successful search is completed.

3.5.3.4.4 DME/N. When, after a time period of 30 seconds, tracking has not been established, the
pulse pair repetition frequency shall not exceed 30 pulse pairs per second thereafter.

3.5.3.4.5 DME/P. The interrogator pulse repetition frequency shall not exceed the following number
of pulse pairs per second:

a) search 40

b) aircraft on the ground 5

Q) initial approach mode track 16
d) final approach mode track 40

Note 1.— A pulse repetition frequency (PRF) of 5 pulse pairs per second for aircraft on the ground
may be exceeded if the aircraft requires accurate range information.

Note 2.— It is intended that all PRF changes be achieved by automatic mean
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3.535 Aircraft Handling Capacity of the System

3.5.3.5.1 The aircraft handling capacity of transponders in an area shall be adequate for the peak
traffic of the area or 100 aircraft, whichever is the lesser.

3.5.3.5.2 Recommendation—Where the peak traffic in an area exceeds 100 aircraft, the
transponder should be capable of handling that peak traffic.

Note.— Guidance material on aircraft handling capacity will be found in Attachment C, 7.1.5.

3.53.6 Transponder Identification

3.5.3.6.1 All transponders shall transmit an identification signal in one of the following forms as
required by 3.5.3.6.5:

a) an “independent” identification consisting of coded (International Morse Code)
identity pulses which can be used with all transponders;

b) an "associated” signal which can be used for transponders specifically associated
with a VHF navigation or an MLS angle guidance facility which itself transmits an
identification signal.

Note.— An MLS angle guidance facility provides its identification as a digital word transmitted on the
data channel into the approach and back azimuth coverage regions as specified in 3.11.4.6.2.

3.5.3.6.2 Both systems of identification shall use signals, which shall consist of the transmission for
an appropriate period of a series of paired pulses transmitted at a repetition rate of 1 350 pulse
pairs per second, and shall temporarily replace all reply pulses that would normally occur at that
time except as in 3.5.3.6.2.2. These pulses shall have similar characteristics to the other pulses of
the reply signals.

3.5.3.6.2.1 DME/N. Reply pulses shall be transmitted between key down times.

3.5.3.6.2.2 DME/N. Recommendation.— If it is desired to preserve a constant duty cycle, an
equalizing pair of pulses, having the same characteristics as the identification pulse pairs, should
be transmitted 100 microseconds plus or minus 10 microseconds after each identity pair.

3.5.3.6.2.3 DME/P.  Reply pulses shall be transmitted between key down times.

3.5.3.6.2.4 For the DME/P transponder, reply pulse pairs to valid FA mode interrogations shall also
be transmitted during key down times and have priority over identification pulse pairs.

3.5.3.6.2.5 The DME/P transponder shall not employ the equalizing pair of pulses of 3.5.3.6.2.2.
The characteristics of the “independent” identification signal shall be as follows:
a) the identity signal shall consist of the transmission of the beacon code in the form of dots

and dashes (International Morse Code) of identity pulses at least once every 40 seconds, at
a rate of at least 6 words per minute; and
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b) the identification code characteristic and letter rate for the DME transponder shall conform
to the following to ensure that the maximum total key down time does not exceed 5
seconds per identification code group. The dots shall be a time duration of 0.1 second to
0.160 second. The dashes shall be typically 3 times the duration of the dots. The duration
between dots and/or dashes shall be equal to that of one dot plus or minus 10 percent. The
time duration between letters or numerals shall not be less than three dots. The total
period for transmission of an identification code group shall not exceed 10 seconds.

Note.— The tone identification signal is transmitted at a repetition rate of 1 350 pps. This frequency
may be used directly in the airborne equipment as an aural output for the pilot, or other frequencies
may be generated at the option of the interrogator designer (see 3.5.3.6.2)

3.5.3.6.4 The characteristics of the “associated” signal shall be as follows:

a) when associated with a VHF or an MLS angle facility, the identification shall be
transmitted in the form of dots and dashes (International Morse Code) as in
3.5.3.6.3 and shall be synchronized with the VHF facility identification code;

b) each 40-second interval shall be divided into four or more equal periods, with the
transponder identification transmitted during one period only and the associated
VHF and MLS angle facility identification, where these are provided, transmitted
during the remaining periods;

c) for a DME transponder associated with an MLS, the identification shall be the last
three letters of the MLS angle facility identification specified in 3.11.4.6.2.1.

3.53.6.5 Identification Implementation

3.5.3.6.5.1 The “independent” identification code shall be employed wherever a transponder is not
specifically associated with a VHF navigational facility or an MLS facility.

3.5.3.6.5.2 Wherever a transponder is specifically associated with a VHF navigational facility or an
MLS facility, identification shall be provided by the “associated” code.

3.5.3.6.5.3 When voice communications are being radiated on an associated VHF navigational
facility, an “associated” signal from the transponder shall not be suppressed.

3.5.3.7 DME/P mode Transition

3.5.3.7.1 The DME/P interrogator for standard 1 accuracy shall change from IA mode track to FA
mode track at 13 km(7 NM) from the transponder when approaching the transponder, or any other
situation when within 13 km (7 NM).

3.5.3.7.2 For standard 1 accuracy, the transition from IA mode to FA mode track operation may be
initiated within14.8 m (8 NM) from the transponder. Outside 14.8 km (8 NM), the interrogator shall
not interrogate in the FA mode.

Note.— Paragraph 3.5.3.7.1 does not apply if the transponder is a DME/N or if the DME/P
transponder FA mode is inoperative.
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3.5.3.8 System efficiency. The DME/P system accuracy of 3.5.3.1.3.4 shall be achieved with a system
efficiency of 50 percent or more.

354 Detailed Technical Characteristics of Transponder and Associated Monitor
3.541 Transmitter

3.5.4.1.1Frequency of operation. The transponder shall transmit on the reply frequency appropriate
to the assigned DME channel (see 3.5.3.3.3).

3.5.4.1.2 Frequency stability. The radio frequency of operation shall not vary more than plus or
minus 0.002 percent from the assigned frequency.
3.54.1.3 Pulse shape and spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.
1) DME/N. Pulse rise time shall not exceed 3 microseconds.

2) DME/P. Pulse rise time shall not exceed 1.6 microseconds. For the FA mode, the pulse
shall have a partial rise time of 0.25 plus or minus 0.05 microsecond. With respect to the
FA mode and accuracy standard 1, the slope of the pulse in the partial rise time shall
not vary by more than plus or minus 20 per cent. For accuracy standard 2, the slope
shall not vary by more than plus or minus 10 per cent.

3) DME/P. Recommendation. — Pulse rise time should not exceed 1.2 microseconds.
b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.

c) Pulse decay time shall nominally be 2.5 microseconds but shall not exceed 3.5
microseconds.

d) The instantaneous amplitude of the pulse shall not, at any instant between the point of
the leading edge which is 95 percent of maximum amplitude and the point of the
trailing edge which is 95 per cent of the maximum amplitude, fall below a value which is
95 per cent of the maximum voltage amplitude of the pulse.

e) For DME/N and DME/P: the spectrum of the pulse modulated signal shall be such that
during the pulse the EIRP contained in a 0.5 MHz band centred on frequencies 0.8 MHz
above and 0.8 MHz below the nominal channel frequency in each case shall not exceed
200 mW, and the EIRP contained in a 0.5 MHz band centred on frequencies2 MHz above
and 2 MHz below the nominal channel frequency in each case shall not exceed 2 mW.
The EIRP contained within any 0.5 MHz band shall decrease monotonically as the band
centre frequency moves away from the nominal channel frequency.

Note.— Guidance material relating to the pulse spectrum measurement is provided in Document
EUROCAE ED-57 (including Amendment No. 1).

f) To ensure proper operation of the thresholding techniques, the instantaneous magnitude
of any pulse turn-on transients which occur in time prior to the virtual origin shall be less
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than one per cent of the pulse peak amplitude. Initiation of the turn-on process shall not
commence sooner than 1 microsecond prior to the virtual origin.

Note 1.— The time “during the pulse” encompasses the total interval from the beginning of pulse
transmission to its end. For practical reasons, this interval may be measured between the 5 per cent
points on the leading and trailing edges of the pulse envelope.

Note 2.— The power contained in the frequency bands specified in 3.5.4.1.3 e) is the average power
during the pulse. Average power in a given frequency band is the energy contained in this frequency
band divided by the time of pulse transmission according to Note 1.

3.54.14 Pulse Spacing

3.5.4.1.4.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as given in the
table in 3.5.4.4.1.

3.5.4.1.4.2 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.25 microsecond.

3.5.4.1.4.3 DME/N. Recommendation.— The tolerance on the DME/N pulse spacing should be plus
or minus 0.10 microsecond.

3.5.4.1.4.4 DME/P. The tolerance on the pulse spacing shall be plus or minus 0.10 microsecond.

3.5.4.1.4.5 The pulse spacings shall be measured between the half voltage points on the leading
edges of the pulses.

3.54.1.5 Peak Power Output

3.5.4.1.5.1 DME/N. Recommendation.— The peak EIRP should not be less than that required to
ensure a peak pulse power density of approximately minus 83 dBW/m2 at the maximum specified
service

range and level

3.5.4.1.5.2 DME/N. The peak equivalent isotropically radiated power shall not be less than that
required to ensure a peak pulse power density of minus 89 dBW/m? under all operational weather
conditions at any point within coverage specified in 3.5.3.1.2.

Note.— Although the Standard in 3.5.4.1.5.2 implies an improved interrogator receiver sensitivity, it
(s intended that the power density specified in 3.5.4.1.5.1 be available at the maximum specified
service range and level.

3.5.4.1.5.3 DME/P. The peak equivalent isotropically radiated power shall not be less than that
required to ensure the following peak pulse power densities under all operational weather
conditions:

a) minus 89 dBW/m? at any point within the coverage specified in 3.5.3.1.2 at
ranges greater than 13 km (7 NM) from the transponder antenna;
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b) minus 75 dBW/m? at any point within the coverage specified in 3.5.3.1.2 at
ranges less than 13 km (7 NM) from the transponder antenna;

¢) minus 70 dBW/m? at the MLS approach reference datum;

d) minus 79 dBW/m? at 2.5 m (8 ft) above the runway surface, at the MLS datum
point, or at the farthest point on the runway centre line which is in line of sight of
the DME transponder antenna.

Note.— Guidance material relating to the EIRP may be found in Attachment C, 7.2.1 and 7.3.8.

3.54.1.54 The peak power of the constituent pulses of any pair of pulses shall not differ by more
than 1 dB.

3.5.4.1.5.5 Recommendation.— The reply capability of the transmitter should be such that the
transponder should be capable of continuous operation at a transmission rate of 2700 plus or
minus 90 pulse pairs per second (if 100 aircraft are to be served).

Note.— Guidance on the relationship between number of aircraft and transmission rate is given in
Attachment C, 7.1.5.

3.54.1.5.6 The transmitter shall operate at a transmission rate, including randomly distributed
pulse pairs and distance reply pulse pairs, of not less than 700 pulse pairs per second except
during identity. The minimum transmission rate shall be as close as practicable to 700 pulse pairs
per second. For DME/P, in no case shall it exceed 1200 pulse pairs per second.

Note.— Operating DME transponders with quiescent transmission rates close to 700 pulse pairs per
second will minimize the effects of pulse interference, particularly to other aviation services such as
GNSS.

3.5.4.1.6 Spurious radiation. During intervals between transmission of individual pulses, the
spurious power received and measured in a receiver having the same characteristics as a
transponder receiver, but tuned to any DME interrogation or reply frequency, shall be more than
50 dB below the peak pulse power received and measured in the same receiver tuned to the reply
frequency in use during the transmission of the required pulses. This provision refers to all
spurious transmissions, including modulator and electrical interference.

3.5.4.1.6.1 DME/N. The spurious power level specified in 3.5.4.1.6 shall be more than 80 dB below
the peak pulse power level.

3.5.4.1.6.2 DME/P. The spurious power level specified in 3.5.4.1.6 shall be more than 80 dB below
the peak pulse power level.

3.5.4.1.6.3 Out-of-band spurious radiation. At all frequencies from 10 to 1800 MHz, but excluding
the band of frequencies from 960 to 1215 MHz, the spurious output of the DME transponder
transmitter shall not exceed minus 40 dBm in any one kHz of receiver bandwidth.

3.5.4.1.6.4 The equivalent isotropically radiated power of any CW harmonic of the carrier frequency
on any DME operating channel shall not exceed minus 10 dBm.
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3542 Receiver
3.54.2.1 Frequency of operation. The receiver centre frequency shall be the interrogation

frequency appropriate to the assigned DME operating channel (see 3.5.3.3.3).

3.5.4.2.2 Frequency stability. The centre frequency of the receiver shall not vary more than plus or
minus 0.002 percent from the assigned frequency.

3.54.23 Transponder Sensitivity

3.5.4.2.3.1 In the absence of all interrogation pulse pairs, with the exception of those necessary to
perform the sensitivity measurement, interrogation pulse pairs with the correct spacing and
nominal frequency shall trigger the transponder if the peak power density at the transponder
antenna is at least:

a) minus 103 dBW/m2 for DME/N with coverage range greater than 56 km (30 NM);

b) minus 93 dBW/m2 for DME/N with coverage range not greater than 56 km (30 NM);
¢) minus 86 dBW/m2 for DME/P |A mode;

d) minus 75 dBW/m2 for DME/P FA mode.

3.5.4.2.3.2 The minimum power densities specified in 3.5.4.2.3.1 shall cause the transponder to
reply with an efficiency of at least:

a) 70 percent for DME/N;
b) 70 percent for DME/P |IA mode;
c) 80 percent for DME/P FA mode.

3.5.4.2.3.3 DME/N dynamic range. The performance of the transponder shall be maintained when
the power density of the interrogation signal at the transponder antenna has any value between
the minimum specified in 3.5.4.2.3.1 up to a maximum of minus 22 dBW/m?when installed with ILS
or MLS and minus 35 dBW/m? when installed for other applications.

3.5.4.2.3.4 DME/P dynamic range. The performance of the transponder shall be maintained when
the power density of the interrogation signal at the transponder antenna has any value between
the minimum specified in 3.5.4.2.3.1 up to a maximum of minus 22 dBW/m?.

3.5.4.2.3.5 The transponder sensitivity level shall not vary by more than 1 dB for transponder
loadings between 0 and 90 percent of its maximum transmission rate.

3.5.4.2.3.6 DME/N. When the spacing of an interrogator pulse pair varies from the nominal value by
up to plus or minus 1 microsecond, the receiver sensitivity shall not be reduced by more than 1 dB.

3.5.4.2.3.7 DME/P. When the spacing of an interrogator pulse pair varies from the nominal value by
up to plus or minus 1 microsecond, the receiver sensitivity shall not be reduced by more than 1 dB.
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3.542.4 Load Limiting

3.5.4.2.4.1 DME/N. Recommendation. — When transponder loading exceeds 90 percent of the
maximum transmission rate, the receiver sensitivity should be automatically reduced in order to
limit the transponder replies, so as to ensure that the maximum permissible transmission rate is
not exceeded. (The available range of sensitivity reduction should be at least 50 dB.)

3.5.4.2.4.2 DME/P. To prevent transponder overloading the transponder shall automatically limit its
replies, so as to ensure that the maximum transmission rate is not exceeded. If the receiver
sensitivity reduction is implemented to meet this requirement, it shall be applied to the IA mode
only and shall not affect the FA mode.

3.5.4.2.5 Noise. When the receiver is interrogated at the power densities specified in 3.5.4.2.3.1 to
produce a transmission rate equal to 90 percent of the maximum, the noise generated pulse pairs
shall not exceed 5 percent of the maximum transmission rate.

3.54.2.6 Bandwidth

3.5.4.2.6.1 The minimum permissible bandwidth of the receiver shall be such that the transponder
sensitivity level shall not deteriorate by more than 3 dB when the total receiver drift is added to an
incoming interrogation frequency drift of plus or minus 100 kHz.

3.5.4.2.6.2 DME/N. The receiver bandwidth shall be sufficient to allow compliance with 3.5.3.1.3
when the input signals are those specified in 3.5.5.1.3.

3.5.4.2.6.3 DME/P — IA mode. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified in 3.5.5.1.3. The 12 dB bandwidth shall not
exceed 2 MHz and the 60 dB bandwidth shall not exceed 10 MHz.

3.5.4.2.6.4 DME/P — FA mode. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified in 3.5.5.1.3. The 12 dB bandwidth shall not
exceed 6 MHz and the 60 dB bandwidth shall not exceed 20 MHz.

3.5.4.2.6.5 Signals greater than 900 kHz removed from the desired channel nominal frequency and
having power densities up to the values specified in 3.5.4.2.3.3 for DME/N and 3.5.4.2.3.4 for
DME/P shall not trigger the transponder. Signals arriving at the intermediate frequency shall be
suppressed at least 80 dB. All other spurious response or signals within the 960 MHz to 1 215 MHz
band and image frequencies shall be suppressed at least 75 dB.

3.5.4.2.7 Recovery time. Within 8 microseconds of the reception of a signal between 0 dB and 60
dB above minimum sensitivity level, the minimum sensitivity level of the transponder to a desired
signal shall be within 3 dB of the value obtained in the absence of signals. This requirement shall
be met with echo suppression circuits, if any, rendered inoperative. The 8 microseconds are to be
measured between the half voltage points on the leading edges of the two signals, both of which
conform in shape, with the specifications in 3.5.5.1.3.

3.5.4.2.8 Spurious radiations. Radiation from any part of the receiver or allied circuits shall meet the
requirements stated in 3.5.4.1.6.
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3.54.29 CW and echo suppression

Recommendation- CW and echo suppression should be adequate for the sites at which the
transponders will be used.

Note.— In this connection, echoes mean undesired signals caused by multipath transmission
(reflections, etc.).

3.5.4.2.10 Protection Against Interference

Recommendation.—Protection against interference outside the DME frequency band should be
adequate for the sites at which the transponders will be used.

3543 Decoding

3.5.4.3.1 The transponder shall include a decoding circuit such that the transponder can be
triggered only by pairs of received pulses having pulse duration and pulse spacings appropriate to
interrogator signals as described in 3.5.5.1.3 and 3.5.5.1.4.

3.5.4.3.2 The decoding circuit performance shall not be affected by signals arriving before,
between, or after, the constituent pulses of a pair of the correct spacing.

3.5.4.3.3 DME/N — Decoder rejection. An interrogation pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to the value specified
in 3.5.4.2.3.3 shall be rejected such that the transmission rate does not exceed the value obtained
when interrogations are absent.

3.5.4.3.4 DME/P — Decoder rejection. An interrogation pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to the value specified
in 3.5.4.2.3.4 shall be rejected such that the transmission rate does not exceed the value obtained
when interrogations are absent.

3544 Time Delay

3.5.4.4.1 When a DME is associated only with a VHF facility, the time delay shall be the interval
from the half voltage point on the leading edge of the second constituent pulse of the
interrogation pair and the half voltage point on the leading edge of the second constituent pulse
of the reply transmission. This delay shall be consistent with the following table, when it is desired
that aircraft interrogators are to indicate distance from the transponder site.

Pulse pair

spacing (us) Time delay (us)

Channe Operatin 1st pulse  2nd pulse
g

Interrogation  Reply

suffix mode timing timing
X DME/N 12 12 50 50
DME/P IAM 12 12 50 -
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DME/P FAM 18 12 56 -
Y DME/N 36 30 56 50
DME/P IAM 36 30 56 -
DME/P FAM 42 30 62 -
W DME/N - - - -
DME/P IA M 24 24 50 -
DME/P FAM 30 24 56 -
Z DME/N - - - -
DME/P IA M 21 15 56 -
DME/P FAM 27 15 62 -

Note 1.— W and X are multiplexed on the same frequency.
Note 2— Z and Y are multiplexed on the same frequency.

3.5.4.4.2 When a DME is associated with an MLS angle facility, the time delay shall be the interval
from the half voltage point on the leading edge of the first constituent pulse of the interrogation
pair and the half voltage point on the leading edge of the first constituent pulse of the reply
transmission. This delay shall be 50 microseconds for mode X channels and 56 microseconds for
mode Y channels, when it is desired that aircraft interrogators are to indicate distance from the
transponder site.

3.5.4.4.2.1 For DME/P transponders, no time delay adjustment shall be permitted.

3.5.4.4.3 Recommendation.— For the DME/N the transponder time delay should be capable of
being set to an appropriate value between the nominal value of the time delay minus 15
microseconds and the nominal value of the time delay, to permit aircraft interrogators to indicate
zero distance at a specific point remote from the transponder site.

Note.— Modes not allowing for the full 15 microseconds range of adjustment in transponder time
delay may only be adjustable to the limits given by the transponder circuit delay and recovery time.

3.5.4.4.3.1 DME/N. The time delay shall be the interval from the half voltage point on the leading
edge of the first constituent pulse of the interrogation pair and the half voltage point on the
leading edge of the first constituent pulse of the reply transmission.

3.5.4.4.3.2 DME/P — IA mode. The time delay shall be the interval from the half voltage point on
the leading edge of the first constituent pulse of the interrogation pulse pair to the half voltage
point on the leading edge of the first constituent pulse of the reply pulse pair.

3.5.44.3.3 DME/P — FA mode. The time delay shall be the interval from the virtual origin of the
first constituent pulse of the interrogation pulse pair to the virtual origin of the first constituent
pulse of the reply pulse pair. The time of arrival measurement points shall be within the partial rise
time of the first constituent pulse of the pulse pair in each case.
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3.5.4.4.4 DME/N. Recommendation.— Transponders should be sited as near to the point at which
zero indication is required as is practicable.

Note 1.— It is desirable that the radius of the sphere at the surface of which zero indication is given
be kept as small as possible in order to keep the zone of ambiguity to a minimum.

Note 2.— Guidance material on siting DME with MLS is provided in 7.1.6 of Attachment C and 5 of
Attachment G. This guidance material sets forth, in particular, appropriate steps to be taken to
prevent different zero range indication if DME/P associated with MLS and DME/N associated with ILS
serve the same runway.

3.545 Accuracy

3.5.4.5.1 DME/N. The transponder shall not contribute more than plus or minus 1 microsecond
(150 m (500 ft)) to the overall system error.

3.5.4.5.1.1 DME/N. Recommendation.— The contribution to the total system error due to the
combination of the transponder errors, transponder location coordinate errors, propagation effects
and random pulse interference effects should be not greater than plus or minus 340 m (0.183 NM)
plus 1.25 per cent of distance measure.

Note.— This error contribution limit includes errors from all causes except the airborne equipment,
and assumes that the airborne equipment measures time delay based on the first constituent pulse of
a pulse pair.

3.5.4.5.1.2 DME/N. The combination of the transponder errors, transponder location coordinate
errors, propagation effects and random pulse interference effects shall not contribute more than
plus or minus 185 m (0.1 NM) to the overall system error.

Note.— This error contribution limit includes errors from all causes except the airborne equipment,
and assumes that the airborne equipment measures time delay based on the first constituent pulse of
a pulse pair.

3.5.4.5.2 DME/N. A transponder associated with a landing aid shall not contribute more than plus
or minus 0.5 microsecond (75 m (250 ft)) to the overall system error.

3.5453 DME/P — FA mode

3.5.4.5.3.1 Accuracy standard 1. The transponder shall not contribute more than plus or minus 10
m (plus or minus 33 ft) PFE and plus or minus 8 m (plus or minus 26 ft) CMN to the overall system
error.

3.5.4.5.3.2 Accuracy standard 2. The transponder shall not contribute more than plus or minus 5 m
(plus or minus 16 ft) PFE and plus or minus 5 m (plus or minus 16 ft) CMN to the overall system
error.
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3.5.4.5.4 DME/P — IA mode. The transponder shall not contribute more than plus or minus 15 m
(plus or minus 50 ft) PFE and plus or minus 10 m (plus or minus 33 ft) CMN to the overall system
error.

3.5.4.5.5 When a DME is associated with an MLS angle facility, the above accuracy should include
the error introduced by the first pulse detection due to the pulse spacing tolerances.
3.54.6 Efficiency

3.5.4.6.1 The transponder reply efficiency shall be at least 70 percent for DME/N and DME/P (IA
mode) and 80 percent for DME/P (FA mode) at all values of transponder loading up to the loading
corresponding to 3.5.3.5 and at the minimum sensitivity level specified in 3.5.4.2.3.1 and 3.5.4.2.3.5.

Note.— When considering the transponder reply efficiency value, account is to be taken of the DME
dead time and of the loading introduced by the monitoring function.

3.5.4.6.2 Transponder dead time. The transponder shall be rendered inoperative for a period
normally not to exceed 60 microseconds after a valid interrogation decode has occurred. In
extreme cases when the geographical site of the transponder is such as to produce undesirable
reflection problems, the dead time may be increased but only by the minimum amount necessary
to allow the suppression of echoes for DME/N and DME/P |A mode.

3.5.4.6.2.1 In DME/P the IA mode dead time shall not blank the FA mode channel and vice versa.

3.54.7 Monitoring and Control

3.5.4.7.1 Means shall be provided at each transponder site for the automatic monitoring and
control of the transponder in use.

3.5.47.2 DME/N Monitoring Action

3.5.4.7.2.1 In the event that any of the conditions specified in 3.5.4.7.2.2 occur, the monitor shall

cause the following action to take place:

a) a suitable indication shall be given at a control point;

b) the operating transponder shall be automatically switched off; and
c) the standby transponder, if provided, shall be automatically placed in
operation.
3.5.4.7.2.2 The monitor shall cause the actions specified in 3.5.4.7.2.1 if:
a) the transponder delay differs from the assigned value by 1 microsecond 150m (500
ft)) or more;

b) in the case of a DME/N associated with a landing aid, the transponder delay
differs from the assigned value by 0.5 microsecond (75 m (250 ft)) or more.
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3.5.4.7.2.3 The monitor should cause the actions specified in 3.5.4.7.2.1 if the spacing between the
first and second pulse of the transponder pulse pair differs from the nominal value specified in the
table following 3.5.4.4.1 by 1 microsecond or more.

3.5.4.7.2.4 Recommendation.— The monitor should also cause a suitable indication to be given at a
control point if any of the following conditions arise:

a) a fall of 3 dB or more in transponder transmitted power output;

b) a fall of 6 dB or more in the minimum transponder receiver sensitivity (provided that
this is not due to the action of the receiver automatic gain reduction circuits);

c) the spacing between the first and second pulse of the transponder reply pulse pair
differs from the normal value specified in 3.5.4.1.4 by 1 microsecond or more;

d) variation of the transponder receiver and transmitter frequencies beyond the
control range of the reference circuits (if the operating frequencies are not directly
crystal controlled).

3.5.4.7.2.5 Means shall be provided so that any of the conditions and malfunctioning enumerated
in 3.5.4.7.2.2,3.5.4.7.2.3 and 3.5.4.7.2.4 which are monitored can persist for a certain period before
the monitor takes action. This period shall be as low as practicable, but shall not exceed 10
seconds, consistent with the need for avoiding interruption, due to transient effects, of the service
provided by the transponder.

3.5.4.7.2.6 The transponder shall not be triggered more than 120 times per second for either
monitoring or automatic frequency control purposes, or both.

3.5.4.7.3 DME/P Monitoring Action

3.5.4.7.3.1 The monitor system shall cause the transponder radiation to cease and provide a
warning at a control point if any of the following conditions persist for longer than the period
specified:

a) there is a change in transponder PFE that exceeds the limits specified in either
3.5.4.5.3 or 3.5.4.5.4 for more than one second. If the FA mode limit is exceeded, but
the IA mode limit is maintained, the IA mode may remain operative;

b) there is a reduction in the effective radiated power to less than that necessary  to
satisfy the requirements specified in 3.5.4.1.5.3 for a period of more than one
second;

c) thereis a reduction of 3 dB or more in the transponder sensitivity necessary to
satisfy the requirements specified in 3.5.4.2.3 for a period of more than five seconds
in FA mode and ten seconds in IA mode (provided that this is not due to the action
of the receiver automatic sensitivity reduction circuits);

d) the spacing between the first and second pulse of the transponder reply pulse pair
differs from the value specified in the table in 3.5.4.4.1 by 0.25 microsecond or more
for a period of more than one second.
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3.5.4.7.3.2 Recommendation.—The monitor should cause a suitable indication to be given at a
control point if there is an increase above 0.3 microseconds or a decrease below 0.2 microseconds
of the reply pulse partial rise time which persists for more than one second.

3.5.4.7.3.3 The period during which erroneous guidance information is radiated shall not exceed
the periods specified in 3.5.4.7.3.1. Attempts to clear a fault by resetting the primary ground
equipment or by switching to standby ground equipment, if fitted, shall be completed within this
time. If the fault is not cleared within the time allowed, the radiation shall cease. After shutdown,
no attempt shall be made to restore service until a period of 20 seconds has elapsed.

3.5.4.7.3.4 The transponder shall not be triggered for monitoring purposes more than 120 times
per second in the IA mode and 150 times per second in the FA mode.

3.5.4.7.3.5 DME/N and DME/P monitor failure. Failure of any part of the monitor itself shall
automatically produce the same results as the malfunctioning of the element being monitored.

3.5.5 Technical characteristics of interrogator

Note.— The following subparagraphs specify only those interrogator parameters which must be
defined to ensure that the interrogator:

a) does not jeopardize the effective operation of the DME system, e.g. by increasing
transponder loading abnormally; and

b) is capable of giving accurate distance readings.
3.5.5.1 Transmitter

3.5.5.1.1 Frequency of operation. The interrogator shall transmit on the interrogation frequency
appropriate to the assigned DME channel (see 3.5.3.3.3).

Note.— This specification does not preclude the use of airborne interrogators having less than the
total number of operating channels.

3.5.5.1.2 Frequency stability. The radio frequency of operation shall not vary more than plus or
minus 100 kHz from the assigned value.

3.5.5.1.3 Pulse shape and spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.

1) DME/N. Pulse rise time shall not exceed 3 microseconds.

2) DME/P. Pulse rise time shall not exceed 1.6 microseconds. For the FA mode, the
pulse shall have a partial rise time of 0.25 plus or minus 0.05 microsecond. With
respect to the FA mode and accuracy standard 1, the slope of the pulse in the
partial rise time shall not vary by more than plus or minus 20 percent. For accuracy
standard 2 the slope shall not vary by more than plus or minus 10 percent.
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3) DME/P. Recommendation.— Pulse rise time should not exceed 1.2
microseconds.

b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.

c) Pulse decay time shall nominally be 2.5 microseconds, but shall not exceed 3.5
microseconds.

d) The instantaneous amplitude of the pulse shall not, at any instant between the point
of the leading edge which is 95 percent of maximum amplitude and the point of the
trailing edge which is 95 percent of the maximum amplitude, fall below a value which is
95 percent of the maximum voltage amplitude of the pulse.

e) The spectrum of the pulse modulated signal shall be such that at least 90 percent
of the energy in each pulse shall be within 0.5 MHz in a band centred on the
nominal channel frequency.

f) To ensure proper operation of the thresholding techniques, the instantaneous
magnitude of any pulse turn-on transients which occur in time prior to the virtual
origin shall be less than one percent of the pulse peak amplitude. Initiation of the
turn-on process shall not commence sooner than 1 microsecond prior to the virtual
origin.

Note 1.— The lower limit of pulse rise time (see 3.5.5.1.3 a)) and decay time (see 3.5.5.1.3 ¢)) are
governed by the spectrum requirements in 3.5.5.1.3 e).

Note 2.— While 3.5.5.1.3 e) calls for a practically attainable spectrum, it is desirable to strive for the
following spectrum control characteristics: the spectrum of the pulse modulated signal is such that
the power contained in a 0.5 MHz band centred on frequencies 0.8 MHz above and 0.8 MHz below
the nominal channel frequency is, in each case, at least 23 dB below the power contained in a 0.5
MHz band centred on the nominal channel frequency. The power contained in a 0.5 MHz band
centred on frequencies 2 MHz above and 2 MHz below the nominal channel frequency is, in each
case, at least 38 dB below the power contained in a 0.5 MHz band centred on the nominal channel
frequency. Any additional lobe of the spectrum is of less amplitude than the adjacent lobe nearer the
nominal channel frequency.

3.5.5.1.4  Pulse Spacing

3.5.5.1.4.1 The spacing of the constituent pulses of transmitted pulse pairs shall be as given in the
table in 3.5.4.4.1.

3.5.5.1.4.2 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.5 microsecond.

3.5.5.1.4.3 DME/N. Recommendation.— The tolerance on the pulse spacing should be plus or
minus 0.25 microsecond.

3.5.5.1.4.4 DME/P. The tolerance on the pulse spacing shall be plus or minus 0.25 microsecond.
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3.5.5.1.4.5 The pulse spacing shall be measured between the half voltage points on the leading
edges of the pulses.

3.5.5.1.5  Pulse Repetition Frequency
3.5.5.1.5.1 The pulse repetition frequency shall be as specified in 3.5.3.4.

3.5.5.1.5.2 The variation in time between successive pairs of interrogation pulses shall be sufficient
to prevent false lock-on.

3.5.5.1.5.3 DME/P. In order to achieve the system accuracy specified in 3.5.3.1.4 the variation in
time between successive pairs of interrogation pulses shall be sufficiently random to decorrelate
high frequency multipath errors.

Note.— Guidance on DME/P multipath effects is given in Attachment C, 7.3.7.

3.5.5.1.6 Spurious radiation. During intervals between transmission of individual pulses, the
spurious pulse power received and measured in a receiver having the same characteristics of a
DME transponder receiver, but tuned to any DME interrogation or reply frequency, shall be more
than 50 dB below the peak pulse power received and measured in the same receiver tuned to the
interrogation frequency in use during the transmission of the required pulses. This provision shall
apply to all spurious pulse transmissions. The spurious CW power radiated from the interrogator
on any DME interrogation or reply frequency shall not exceed 20 microwatts (minus 47 dBW).

Note.— Although spurious CW radiation between pulses is limited to levels not exceeding minus 47
dBW, States are cautioned that where DME interrogators and secondary surveillance radar
transponders are employed in the same aircraft, it may be necessary to provide protection to airborne
SSR in the band 1 015 MHz to 1 045 MHz. This protection may be provided by limiting conducted
and radiated CW to a level of the order of minus 77 dBW. Where this level cannot be achieved, the
required degree of protection may be provided in planning the relative location of the SSR and DME
aircraft antennas. It is to be noted that only a few of these frequencies are utilized in the VHF/DME
pairing plan.

3.5.5.1.7 Recommendation.— The spurious pulse power received and measured under the
conditions stated in 3.5.5.1.6 should be 80 dB below the required peak pulse power received.

Note.— Reference 3.5.5.1.6 and 3.5.5.1.7 — although limitation of spurious CW radiation between
pulses to levels not exceeding 80 dB below the peak pulse power received is recommended, States are
cautioned that where users employ airborne secondary surveillance radar transponders in the same
aircraft, it may be necessary to limit direct and radiated CW to not more than 0.02 microwatt in the
frequency band 1 015 MHz to 1 045 MHz. It is to be noted that only a few of these frequencies are
utilized in the VHF/DME pairing plan.

3.5.5.1.8 DME/P. The peak effective radiated power (ERP) shall not be less than that required to
ensure the power densities in 3.5.4.2.3.1 under all operational weather conditions.

3.55.2 Time Delay
3.5.5.2.1  The time delay shall be consistent with the table in 3.5.4.4.1.
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3.5.5.2.2 DME/N. The time delay shall be the interval between the time of the half voltage point on
the leading edge of the second constituent interrogation pulse and the time at which the distance
circuits reach the condition corresponding to zero distance indication.

3.5.5.2.3 DME/N. The time delay shall be the interval between the time of the half voltage point on
the leading edge of the first constituent interrogation pulse and the time at which the distance
circuits reach the condition corresponding to zero distance indication.

3.5.5.2.4 DME/P — IA mode. The time delay shall be the interval between the time of the half
voltage point on the leading edge of the first constituent interrogation pulse and the time at which
the distance circuits reach the condition corresponding to zero distance indication.

3.5.5.2.5 DME/P — FA mode. The time delay shall be the interval between the virtual origin of the
leading edge of the first constituent interrogation pulse and the time at which the distance circuits
reach the condition corresponding to zero distance indication. The time of arrival shall be
measured within the partial rise time of the pulse.

3.553 Receiver

3.5.5.3.1 Frequency of operation. The receiver centre frequency shall be the transponder frequency
appropriate to the assigned DME operating channel (see 3.5.3.3.3).

3.5.5.3.2 Receiver Sensitivity

3.5.5.3.2.1 DME/N. The airborne equipment sensitivity shall be sufficient to acquire and provide
distance information to the accuracy specified in 3.5.5.4 for the signal power density specified in
3.54.1.5.2.

Note.— Although the Standard in 3.5.5.3.2.1 is for DME/N interrogators, the receiver sensitivity is
better than that necessary in order to operate with the power density of DME/N transponders given
in 3.5.4.1.5.1 in order to assure interoperability with the IA mode of DME/P transponders.

3.5.5.3.2.2 DME/P. The airborne equipment sensitivity shall be sufficient to acquire and provide
distance information to the accuracy specified in 3.5.5.4.2 and 3.5.5.4.3 for the signal power
densities specified in 3.5.4.1.5.3.

3.5.5.3.2.3 DME/N. The performance of the interrogator shall be maintained when the power
density of the transponder signal at the interrogator antenna is between the minimum values
given in 3.5.4.1.5 and a maximum of minus 18 dBW/ m?,

3.5.5.3.2.4 DME/P. The performance of the interrogator shall be maintained when the power
density of the transponder signal at the interrogator antenna is between the minimum values
given in 3.5.4.1.5 and a maximum of minus 18 dBW/ m?,

3.5.5.3.3 Bandwidth

3.5.5.3.3.1 DME/N. The receiver bandwidth shall be sufficient to allow compliance with 3.5.3.1.3,
when the input signals are those specified in 3.5.4.1.3.
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3.5.5.3.3.2 DME/P — IA mode. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified in 3.5.4.1.3. The 12-dB bandwidth shall not
exceed 2 MHz and the 60-dB bandwidth shall not exceed 10 MHz.

3.5.5.3.3.3 DME/P — FA mode. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified in 3.5.5.1.3. The 12-dB bandwidth shall not
exceed 6 MHz and the 60-dB bandwidth shall not exceed 20 MHz.

3.5.5.34 Interference Rejection

3.5.5.3.4.1 When there is a ratio of desired to undesired co-channel DME signals of at least 8 dB at
the input terminals of the airborne receiver, the interrogator shall display distance information and
provide unambiguous identification from the stronger signal.

Note.— Co-channel refers to those reply signals that utilize the same frequency and the same pulse
pair spacing.

3.5.5.3.4.2 DME/N. DME signals greater than 900 kHz removed from the desired channel nominal
frequency and having amplitudes up to 42 dB above the threshold sensitivity shall be rejected.

3.5.5.3.4.3 DME/P. DME signals greater than 900 kHz removed from the desired channel nominal
frequency and having amplitudes up to 42 dB above the threshold sensitivity shall be rejected.

3.5.53.5 Decoding

3.5.5.3.5.1 The interrogator shall include a decoding circuit such that the receiver can be triggered
only by pairs of received pulses having pulse duration and pulse spacings appropriate to
transponder signals as described in 3.5.4.1.4.

3.5.5.3.5.2 DME/N — Decoder rejection. A reply pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to 42 dB above the
receiver sensitivity shall be rejected.

3.5.5.3.5.3 DME/P — Decoder rejection. A reply pulse pair with a spacing of plus or minus 2
microseconds, or more, from the nominal value and with any signal level up to 42 dB above the
receiver sensitivity shall be rejected.

3554 Accuracy

3.5.5.4.1 DME/N. The interrogator shall not contribute more than plus or minus 315 m (plus or
minus 0.17 NM) or 0.25 per cent of indicated range, whichever is greater, to the overall system
error.

3.5.5.4.2 DME/P — IA mode. The interrogator shall not contribute more than plus or minus 30 m
(plus or minus 100 ft) to the overall system PFE and not more than plus or minus 15 m (plus or

minus 50 ft) to the overall system CMN.

35543 DME/P — FA mode
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3.5.5.4.3.1 Accuracy standard 1. The interrogator shall not contribute more than plus or minus 15 m
(plus or minus 50 ft) to the overall system PFE and not more than plus or minus 10 m (plus or
minus 33 ft) to the overall system CMN.

3.5.5.4.3.2 Accuracy standard 2. The interrogator shall not contribute more than plus or minus 7 m
(plus or minus 23 ft) to the overall system PFE and not more than plus or minus 7 m (plus or minus
23 ft) to the overall system CMN.

Note.— Guidance material on filters to assist in achieving this accuracy is given in Attachment C,
7.34.

3.5.5.4.4 DME/P. The interrogator shall achieve the accuracy specified in 3.5.3.1.4 with a system
efficiency of 50 percent or more.

Note.— Guidance material on system efficiency is given in Attachment C, 7.1.1.
3.6 [Reserved]

3.7 Requirements for the Global Navigation Satellite System (GNSS)

3.7.1 Definitions

Advanced receiver autonomous integrity monitoring (ARAIM). An ABAS function making use of
ISD.

Aircraft-based augmentation system (ABAS). An augmentation system that augments and/or
integrates the information obtained from the other GNSS elements with information available on
board the aircraft.

Alert. An indication provided to other aircraft systems or annunciation to the pilot to identify that
an operating parameter of a navigation system is out of tolerance.

Alert limit. For a given parameter measurement, the error tolerance not to be exceeded without
issuing an alert.

Antenna port. A point where the received signal power is specified. For an active antenna, the
antenna port is a fictitious point between the antenna elements and the antenna pre-amplifier. For
a passive antenna, the antenna port is the output of the antenna itself.

Axial ratio. The ratio, expressed in decibels, between the maximum output power and the
minimum output power of an antenna to an incident linearly polarized wave as the polarization
orientation is varied over all directions perpendicular to the direction of propagation.

BeiDou Navigation Satellite System (BDS). The satellite navigation system operated by the People’s
Republic of China.

BDS Open Service (BDS OS). The specified level of positioning, velocity and timing accuracy that is
available to any BDS user on a continuous, worldwide basis.
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Channel of standard accuracy (CSA). The specified level of positioning, velocity and timing
accuracy that is available to any GLONASS user on a continuous, worldwide basis.

Core satellite constellation(s). The core satellite constellations are GPS, GLONASS, Galileo and BDS.

Galileo. The satellite navigation system operated by the European Union and its Member States.

Galileo Open Service (Galileo OS). The specified level of positioning, velocity and timing accuracy
that is available to any Galileo user on a continuous, worldwide basis.

Global navigation satellite system (GNSS). A worldwide position and time determination system
that includes one or more satellite constellations, aircraft receivers and system integrity
monitoring, augmented as necessary to support the required navigation performance for the
intended operation.

Global navigation satellite system (GLONASS). The satellite navigation system operated by the
Russian Federation.

Global positioning system (GPS). The satellite navigation system operated by the United States.

GNSS position error. The difference between the true position and the position determined by the
GNSS receiver.

Ground-based augmentation system (GBAS). An augmentation system in which the user receives
augmentation information directly from a ground-based transmitter.

Ground-based regional augmentation system (GRAS). An augmentation system in which the user
receives augmentation information directly from one of a group of ground-based transmitters
covering a region.

Integrity. A measure of the trust that can be placed in the correctness of the information supplied
by the total system. Integrity includes the ability of a system to provide timely and valid warnings
to the user (alerts).

Integrity support data (ISD). A set of parameters that characterize the signal-in-space (SIS) integrity
performance for each specific core satellite constellation and ARAIM service type.

Integrity support message (ISM). A dedicated core satellite constellation broadcast navigation
message that contains ISD parameters which may improve ARAIM performance compared to the
default ISD values.

Note.— The broadcast ISD may be contained in one or more ISMs.
lonosphere-free pseudo-range. A pseudo-range in which the first order ionosphere effect on signal
propagation has been removed by a linear combination of pseudo-range measurements from

signals on two distinct frequencies from the same satellite.

ISM generator (ISMG). Entity which determines the values of the ISD parameters transmitted in the
ISM for ARAIM for a given core satellite constellation.
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Pseudo-range. The difference between the time of transmission by a satellite and reception by a
GNSS receiver multiplied by the speed of light in a vacuum, including bias due to the difference
between a GNSS receiver and satellite time reference.

Satellite-based augmentation system (SBAS). A wide coverage augmentation system in which the
user receives augmentation information from a satellite-based transmitter.

Standard positioning service (SPS). The specified level of positioning, velocity and timing accuracy
that is available to any global positioning system (GPS) user on a continuous, worldwide basis.

Time-to-alert. The maximum allowable time elapsed from the onset of the navigation system
being out of tolerance until the equipment enunciates the alert.

3.7.2 General
3.7.2.1 Functions

3.7.2.1.1  The GNSS shall provide position and time data to the aircraft.

Note.— These data are derived from pseudo-range measurements between an aircraft equipped
with a GNSS receiver andvarious signal sources on satellites or on the ground.

3.7.2.2 GNSS Elements

The GNSS navigation service shall be provided using various combinations of the following
elements installed on the ground, on satellites and/or on board the aircraft:

a) Global Positioning System (GPS) that provides the Standard Positioning Service (SPS) as
defined in 3.7.3.1.1;

b) Global Navigation Satellite System (GLONASS) that provides the Channel of Standard
Accuracy (CSA) as defined in 3.7.3.1.2;
c) Galileo that provides a single- and dual-frequency Open Service (OS) as defined in

3.7.3.1.3;

¢) BeiDou Navigation Satellite System (BDS) that provides the BDS Open Service (BDS OS)
as defined in 3.7.3.1.4;

d) aircraft-based augmentation system (ABAS) as defined in 3.7.3.3;
e) satellite-based augmentation system (SBAS) as defined in 3.7.3.4;
f) ground-based augmentation system (GBAS) as defined in 3.7.3.5;
g) ground-based regional augmentation system (GRAS) as defined in 3.7.3.5; and

i) aircraft GNSS receiver as defined in 3.7.3.6.
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Note.— In order to provide system integrity monitoring, the use of an augmentation as specified in
3.7.2.2.1e), f), g) or h) is required to meet the performance requirements of 3.7.2.4.

3.7.23 Space and Time Reference

3.7.2.3.1 Space reference. The position information provided by the GNSS to the user shall be
expressed in terms of the World Geodetic System — 1984 (WGS-84) geodetic reference datum.

Note 1.— SARPs for WGS-84 are contained in Annex 4, Chapter 2, Annex 11, Chapter 2, Annex 14,
Volumes | and Il, Chapter 1 and Annex 15, Chapter 1.

Note 2.— If GNSS elements using other than WGS-84 coordinates are employed, appropriate
conversion parameters are to be applied. If the difference between a GNSS geodetic reference and
WGS-84 is negligible for aviation (e.g. of the order of a few centimetres) and a bounding of the
maximum difference is specified, then no conversion parameters need to be applied.

3.7.2.3.2 Time reference. The time data provided by the GNSS to the user shall be expressed in a
time scale that takes the Coordinated Universal Time (UTC) as reference.

3.7.2.4 Signal-in-space performance

3.7.2.4.1 The combination of GNSS elements and a fault-free GNSS user receiver shall meet the
signal-in-space requirements defined in Table 3.7.2.4-1 (located at the end of 3.7).

Note 1.— The concept of a fault-free user receiver is applied only as a means of defining the
performance of combinations of different GNSS elements. The fault-free receiver is assumed to be a
receiver with nominal accuracy and time-to-alert performance. Such a receiver is assumed to have
no failures that affect the integrity, availability and continuity performance.

Note 2.— For GBAS approach service (as defined in Attachment D, 7.1.2.1) intended to support
approach and landing operations using Category Ill minima, performance requirements are defined
that apply in addition to the signal-in-space requirements defined in Table 3.7.2.4-1.

3.73 GNSS Elements Specifications

3.7.3.1 Core constellations
3.7.3.1.1  GPS Standard Positioning Service (SPS) (L1, L5)

Note.— Unless otherwise specified, the performance standards in 3.7.3.1.1.1 to 3.7.3.1.1.7 below
apply to single-frequency ranging, using the L1 coarse acquisition (C/A) code signal or the L5 signal
(I5 code or Q5 code), and to dual-frequency ranging using the combination of L1 and L5 signals. In
addition, they only apply to current and consistent ephemeris and clock data within the respective
curve fit intervals.
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3.7.3.1.1.1 Space and control segment accuracy

Note.— The following accuracy standards apply only for healthy GPS SPS signal-in-space (SIS),
during normal operations as described in Attachment D, 4.1.1.9, and do not include atmospheric or
receiver errors as described in Attachment D, 4.1.1.2. GPS SPS SIS health conditions can be found in
the United States Department of Defense, Global Positioning System — Standard Positioning Service —
Performance Standard, 5th Edition, April 2020 (hereinafter referred to as “GPS SPS PS”), 2.3.2.

3.7.3.1.1.1.1 Positioning accuracy. The single-frequency L1 C/A code position errors shall not
exceed the following limits:

Global average Worst site

95% the time 95% of the time
Horizontal position error 8m 15m
Vertical position error 13 m 33m

3.7.3.1.1.1.2 Time transfer accuracy. The GPS SPS time transfer errors shall not exceed 30
nanoseconds 95 per cent of the time.

3.7.3.1.1.1.3 Range domain accuracy. The range domain error shall not exceed the following limits
during normal operations over all ages of data:
a) range error of any satellite — 30 m (100 ft) with reliability specified in 3.7.3.1.3;

b) 95th percentile range rate error of any satellite — 0.006 m (0.02 ft) per second
(global average);

) 95th percentile range acceleration error of any satellite — 0.002 m (0.0206ft)
per second- squared (global average);

d) 95th percentile range error for any satellites 7.0m (global average), and

e) 95th percentile range error across all satellites occupying defined slots in the constellation — 2.0
m (global average).

3.7.3.1.1.2 Availability. The availability for single-frequency L1 C/A code users shall be as follows:

>=99 percent horizontal service availability, average location (15 m 95 percent threshold)
>=99 percent vertical service availability, average location (33 m 95 percent threshold)
>=90 percent horizontal service availability, worst-case location (15 m 95 percent threshold)
>=90 percent vertical service availability, worst-case location (33 m 95 percent threshold)
3.7.3.1.1.3 Reliability. The GPS SPS reliability relative to the 30 m user range error (URE) statistic in
3.7.3.1.1.1.3 a) shall be within the following limits:

a) reliability — at least 99.94 percent (global average); and

b) reliability — at least 99.79 percent (worst single point average).
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3.7.3.1.1.4 Probability of major service failure.

Note.— The different alert indications are described in the GPS SPS PS, Section 2.3.4.

3.7.3.1.1.4.1 Satellite major service failure onset rate (Rsat). The probability that the instantaneous
user range error (URE) of any satellite will exceed 4.42 times the relevant integrity assured user
range accuracy (IAURA) value broadcast by that satellite without an alert received at the user
receiver antenna within 10 seconds shall not exceed 1x10-5 per hour.

3.7.3.1.1.4.2 Probability of a satellite major service failure condition (Psat). The probability at any
given instant that the instantaneous URE of any satellite will exceed 4.42 times the relevant IAURA
value broadcast by that satellite without an alert received at the user receiver antenna within 10
seconds shall not exceed 1x10-5.

3.7.3.1.1.4.3 Probability of a common-cause major service failure condition (Pconst). The probability
at any given instant that the instantaneous URE of two or more satellites will exceed 4.42 times the
relevant IAURA broadcast by each satellite due to a common fault without an alert received at the
user receiver antenna within 10 seconds shall not exceed 1x10-8.

3.7.3.1.1.5 Continuity. The probability of losing L1 C/A SIS availability from a slot of the 24-slot
constellation due to unscheduled interruption shall not exceed 2x10-4 per hour.

3.7.3.1.1.6 Coverage. The GPS SPS shall cover the surface of the earth up to an altitude of 3 000
kilometres.

Note.— Guidance material on GPS accuracy, availability, reliability , major service failure, continuity
and coverage is given in Attachment D, 4.1.1. Additional information is given in the GPS SPS PS.

3.7.3.1.1.7 Constellation availability. The probability that 21 or more of the 24 slots will be occupied
by either a satellite broadcasting a trackable and healthy L1 C/A signal in the baseline slot
configuration or by a pair of satellites each broadcasting a trackable and healthy L1 C/A signal in
the expanded slot configurations, shall be at least 0.98. The probability that 20 or more of the 24
slots will be occupied by either a satellite broadcasting a trackable and healthy L1 C/A signal in the
baseline slot configuration or by a pair of satellites each broadcasting a trackable and healthy L1
C/A signal in the expanded slot configurations, shall be at least 0.99999.

Note-- There is currently no corresponding standard for the L5 signal or for the combined L1 C/A and
L5 signals since older satellites in the constellation do not have the capability to broadcast an L5
signal.

3.7.3.1.1.8 Radio frequency (RF) characteristics

Note.— Detailed RF characteristics are specified in NAVSTAR GPS Space Segment/Navigation User
Segment Interfaces, IS No. IS-GPS-200, Rev K (hereinafter referred to as “IS-GPS-200K") for L1 and
NAVSTAR GPS Space Segment/User Segment L5 Interfaces, IS No. IS-GPS-705, Rev F (hereinafter
referred to as “IS-GPS-705F"); selected characteristics are specified in Appendix B, 3.1.1.1.7 for L1 and
Appendix B, 3.1.1.1.4 for L5.
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3.7.3.1.1.8.1 L1 carrier frequency. Each GPS satellite shall broadcast an SPS ranging signal at the
carrier frequency of 1 575.42 MHz (GPS L1) using code division multiple access (CDMA).

3.7.3.1.1.8.2 L5 carrier frequency. Some GPS satellites shall, in addition, broadcast an SPS ranging
signal at the carrier frequency of 1 176.45 MHz (GPS L5) using CDMA.

3.7.3.1.1.8.3 Signal spectrum. The L1 and L5 signal power shall be contained within a £12 MHz
band 1 563.42 — 1 587.42 MHz for L1 and 1164.45-1188.45 for L5.

3.7.3.1.1.8.4 Polarization. The transmitted L1 and L5 RF signals shall be right-hand circularly
polarized.

3.7.3.1.1.8.5 Signal structure. The L1 C/A signal shall consist of one carrier component. The L5 signal
shall consist of two carrier components: an in-phase component (I5) and a quadrature component
lagging the in-phase component by 90 degrees (Q5).

3.7.3.1.1.8.6 Signal power level. Each GPS satellite shall broadcast SPS navigation signals with
sufficient power such that, at all unobstructed locations near the ground from which the satellite is
observed at an elevation angle of5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearly-polarized antenna is within the following ranges for all antenna
orientations orthogonal to the direction of propagation: —158.5 dBW to —-153 dBW for L1 C/A and -
157.9 dBW to —150 dBW for each of the I5 and Q5 channels on L5.

3.7.3.1.1.8.7 Modulation. Each SPS L1 and L5 signal shall be bipolar phase shift key (BPSK)
modulated with a pseudo random noise (PRN) code. The C/A code on L1 shall have a rate of 1.023
megachips per second. The codes on I5 and Q5 shall have a rate of 10.23 megachip3.11s per
second.

3.7.3.1.1.8.7.1 The C/A, 15, and Q5 code sequences shall be repeated each millisecond.

3.7.3.1.1.8.7.2 The transmitted code sequence on L1 shall be the Modulo-2 addition of a 50-bit-
per-second legacy navigation (LNAV) message and the C/A code.

3.7.3.1.1.8.7.3 The transmitted code sequence on I5 shall be the Modulo-2 addition of a 50-bit-per-
second civil navigation (CNAV) message (rate 1/2 convolution encoded into a 100 symbol per
second stream), a 10-bit Neuman-Hofman overlay code clocked at 1 kbps, and the 15 code. The
transmitted code sequence on Q5 shall be the Modulo-2 addition of a 20-bit Neuman-Hofman
overlay code clocked at 1 kbps and the Q5 code.

Note.— The Q5 signal is not modulated with navigation data.

3.7.3.1.1.8.7.4 Signal coherence. All transmitted signals for any satellite shall be coherently derived
from the same onboard frequency standard. On the L5 channel, the chip transitions of the two
modulating signals, 15 and Q5, shall be such that the average time difference between them does
not exceed 10 nanoseconds.

3.7.3.1.1.9 GPS time. GPS time shall be referenced to UTC (as maintained by the U.S. Naval
Observatory).
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3.7.3.1.1.10 Coordinate system. The GPS coordinate system shall be WGS-84.

3.7.3.1.1.11 Navigation information. The navigation data transmitted by the satellites on L1 and L5
shall include the necessary information to determine

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) propagation delay effects;

f) time transfer to UTC; and

g) constellation status.

Note.— Structure and contents of data are specified in Appendix B, 3.1.1.1.2 and 3.1.1.1.3, for L1, and
3.1.1.1.5and 3.1.1.1.6 for L5.

3.7.3.1.2  GLONASS Channel of Standard Accuracy (CSA) (L1/L3)

Note.— The GLONASS signals for CSA are broadcast in two frequency bands identified as L1 and L3.
In the L1 band, two types of signals are broadcast: L1OF with frequency division multiple access
(FDMA) and L10C with code division multiple access (CDMA). In the L3 band, only CDMA signals
(L30C) are broadcast. , Except where otherwise specified, the term GLONASS refers to all satellites in
the constellation transmitting either FDMA or CDMA signals.

3.7.3.1.2.1 Space and control segment accuracy
Note.— The single-frequency accuracy Standards do not include atmospheric or receiver errors;

ionosphere errors are included for dual-frequency combinations, as described in Attachment D,
4122

3.7.3.1.2.1.1 Positioning accuracy. The GLONASS CSA position errors shall not exceed the following
limits:

Lipnals L10OF L1CC L30C L1CF - L1oC -
L30C L30C

Global average

95% of the dme:

Homzontal position ermor Sm 5m Sm 5m 5m

Wertical position erTor 9m Om Om Om 9m

Worst site

05% of the dme:

Homzontal position ermor 12m 12m 12m 12m 12m

Wertical position erTor 25 25m 25 25m 25m
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3.7.3.1.2.1.2 Time transfer accuracy. The GLONASS CSA time transfer errors shall not exceed the
following 95 per cent of the time:

Sizmals LI1OF LioC LioC L10OF - L1OdC -
LioC L30C
40 ns 4 ns 40 ms 40 ns

3.7.3.1.2.1.3 Range domain accuracy. The range domain error shall not exceed the following limits:

Sigmals L10OF LioC L3oC L1OF - L10C -
L30oC L30T
Fange emor of any satellite 12m 12m 18m 18m 12m
with relishility specified in
37311213
0%th percentile range ermor of 117m 11.7m 11.7m 11.7m 11.7m
any satellite
05th percentle range eITOr OVEr 78m 78m 78m TA8m T8m
all zatellites
0%th percenfile range rate emor 0014 m's 0.014m's 0.014m's 0014 m's 0014 m's
of amy satellite
05th percentile range 0.005 mv's* 0.005 m's* 0.005 m's* 0,005 mis? 0005 m's*
acceleration emror of amy
satellite
3.7.3.1.2.2 Availability. The GLONASS CSA availability shall be as follows:
Signals L1OF LIOC L3DC L10OF - LIOC -
L30C L3oC
Average location:
Horizontal service DoRg, L1 D, D, Lots,
availability (12 m D5% (12 m 95% {12 m 5% {12 m 05% (12 m B5%
threshold) threshold) threshiold) threshald) threshold)
Vertical service DoRg, L1 D, D, Lots,
availability (25 m 5% (25 m 5% {25 m 5% {25 m D5% (25 m B5%
threshold) threshold) threshiold) threshald) threshold)
Wiorst-case location:
Horizontal service o0t L1 S, S, S0%e,
availability (12 m D5% (12 m 5% {12 m 5% {12 m 05% (12 m B5%
threshold) threshold) threshaold) threshold) threshold)
Vemical service DOoa, o0oa, D, D, L0R,
availability 25 mo5% (25 m 95% {25 m85% {25 m 85% (25 mB5%
threshold threshald thrashold threshold threshold

3.7.3.1.2.3 Reliability. The GLONASS CSA reliability shall be within the following limits:
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Sismalz L1OF L1CHC L0 L1OF - L1 -
L30C L30C

(zlobal averags Q9 370 Q99378 0037 oD 3T 90378

Worst single point sverage 09.14% 09 14% 90.14% 90, 14% 09.14%

3.7.3.1.2.4 Probability of major service failure. The probability that the user range error (URE) of any
satellite will exceed the following tolerance without an alert received at the user receiver antenna
within 10 seconds shall not exceed the following probability:

Sigmals LI1CF L1CHC L30T L1OF - L10C—
1L30C L30C
Single satellite failure (Pu) 1107, 1107, 1=107, 1107, 110,
(70 m (70 m (70m (70 m (70 m
threchold) threshold) threshold) threshold) threchold)

3.7.3.1.2.5 Probability of constellation fault. The probability that the user range error (URE) of more
than one satellite will exceed the following tolerance simultaneously without an alert received at
the user receiver antenna within 10 seconds shall not exceed the following probability:

Signals L1OF L10C L30C L1OF - L10C -
L3OC L30C
Constellation fault (P 11074, 1107, 110+, 1107, 110,
(T0m (70m (T0m (T0m (70 m

threzhold) threshold) threshold) threshold) thrashold)

3.7.3.1.2.6 Continuity. The probability of losing GLONASS CSA healthy signal availability from a slot
of the nominal 24-slot constellation due to unscheduled interruption shall not exceed the
following limit:

Sigmals L1OF L10C L3i0C L10F - L10C -
L30C L30T
Sigmal contimaity =10 2=107° 2=107 2=10r" 2=107*

3.7.3.1.2.7 Coverage. The GLONASS CSA shall cover the surface of the earth up to an altitude of 2
000 km.

Note.— Guidance material on GLONASS accuracy, availablility, reliability and coverage is given in
Attachment D, 4.1.2.

3.7.3.1.2.8 L1OF RF characteristics

Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.1.
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3.7.3.1.2.8.1 Carrier frequency. Each GLONASS satellite shall broadcast CSA navigation signal at its
own carrier frequency in the L1 (1.6 GHz) frequency band using frequency division multiple access
(FDMA).

Note 1.— GLONASS satellites may have the same carrier frequency but in this case they are located
in antipodal slots of the same orbital plane.

Note 2.— GLONASS-M satellites will broadcast an additional ranging code at carrier frequencies in
the L2 (1.2 GHz) frequency band using FDMA.

3.7.3.1.2.8.2 Signal spectrum. GLONASS CSA signal power shall be contained within a £5.75 MHz
band centred on each GLONASS carrier frequency.

3.7.3.1.2.8.3 Polarization. The transmitted RF signal shall be right-hand circularly polarized.

3.7.3.1.2.8.4 Signal power level. Each GLONASS satellite shall broadcast CSA navigation signals with
sufficient power such that, at all unobstructed locations near the ground from which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearly polarized antenna is within the range of -161 dBW to —155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

Note 1.— The power limit of 155.2 dBW is based on the predetermined characteristics of a user
antenna, atmospheric losses of 0.5 dB and an error of an angular position of a satellite that does not
exceed one degree (in the direction causing the signal level to increase).

Note 2.— GLONASS-M satellites will also broadcast a ranging code on L2 with sufficient power such
that, at all unobstructed locations near the ground from which the satellite is observed at an
elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port of a 3
dBi linearly polarized antenna is not less then —167 dBW for all antenna orientations orthogonal to
the direction of propagation.

3.7.3.1.2.8.5 Modulation

3.7.3.1.2.8.5.1 Each GLONASS satellite shall transmit at its carrier frequency the navigation RF signal
using a BPSK modulated binary train. The phase shift keying of the carrier shall be performed at --
radians with the maximum error £0.2 radian. The pseudo-random code sequence shall be repeated

each millisecond.

3.7.3.1.2.8.5.2 The modulating navigation signal shall be generated by the Modulo-2 addition of
the following three binary signals:

a) ranging code transmitted at 511 kbits/s;
b) navigation message transmitted at 50 bits/s; and
¢) 100 Hz auxiliary meander sequence.

3.7.3.1.2.9 L30OC RF characteristics

Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.
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3.7.3.1.2.9.1 Carrier frequency. GLONASS L30OC navigation signals shall be broadcast at the carrier
frequency of 1202.025 MHz using code division multiple access (CDMA).

3.7.3.1.2.9.2 Signal spectrum. GLONASS CSA L30C signal power shall be contained within the 1
190.35 -1 212.23 MHz band.

3.7.3.1.2.9.3 Polarization. The transmitted L30C signal shall be right-hand circularly polarized.

3.7.3.1.294  Signal power level. GLONASS L30OC navigation signals shall be broadcast with
sufficient power such that, at all unobstructed locations near the ground from which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearly polarized antenna is within the range of -158.5 dBW to —-155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

Note.— The power limit of 155.2 dBW is based on the predetermined characteristics of a user
antenna, atmospheric losses of 0.5 dB and an error of an angular position of a satellite that does not
exceed one degree (in the direction causing the signal level to increase).

3.7.3.1.2.9.5 Modulation

Note.— Additional information concerning the modulation is given in the GLONASS CDMA ICD
Open Service Navigation Signal in L3 frequency band (Edition 1.0), dated 2016 (hereinafter referred
to as “GLONASS CDMA ICD L3 band").

3.7.3.1.2.9.5.1 GLONASS L30C navigation signals shall contain two components using the same
BPSK (10)-modulated binary train: an in-phase data component and a quadrature-phase pilot
component identified as L30Cd and L30OCp, respectively. The pilot component leads the data
component by p/2 radians.

3.7.3.1.2.9.5.2 The L30Cd signal component shall be generated by the Modulo-2 addition of the
following three binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz;

b) 100 bits/s navigation message encoded using a convolutional encoder with constraint length 7
and code rate 1/2 to yield 200 symbols per second; and

¢) overlay code "00010" with period T=5 ms.

3.7.3.1.2.9.5.3 The L30Cp signal component shall be generated by the Modulo-2 addition of the
following two binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz; and
b) overlay code “0000110101" with period T=10 ms.

3.7.3.1.2.10 L1OC RF characteristics

Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.

3.7.3.1.2.10.1 Carrier frequency. GLONASS L10C navigation signals shall be broadcast at the carrier
frequency of 1600.995 MHz using code division multiple access (CDMA).
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3.7.3.1.2.10.2 Signal spectrum. GLONASS CSA L10C signal power shall be contained within the 1
592.9 - 1 610 MHz band.

3.7.3.1.2.10.3 Polarization. The transmitted L10C signal shall be right-hand circularly polarized.

3.7.3.1.2.10.4 Signal power level. GLONASS L10C navigation signals shall be broadcast with
sufficient power such that, at all unobstructed locations near the ground from which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
antenna port of a 3 dBi linearly polarized antenna is within the range of -158.5 dBW to —155.2 dBW
for all antenna orientations orthogonal to the direction of propagation.

Note.— The power limit of 155.2 dBW is based on the predetermined characteristics of a user
antenna, atmospheric losses of 0.5 dB and an error of an angular position of a satellite that does not
exceed one degree (in the direction causing the signal level to increase).

3.7.3.1.2.10.5 Modulation

Note.— Additional information concerning the modulation is given in the GLONASS CDMA ICD
Open Service Navigation Signal in L1 frequency band (Edition 1.0), dated 2016 (hereinafter referred
to as "GLONASS CDMA ICD L1 band").

3.7.3.1.2.10.5.1 GLONASS L10C navigation signals shall contain two components: a data
component and a pilot component identified as L10Cd and L10Cp, respectively. Both components
shall be at one phase quadrature using time-division multiplexing. L10Cd shall be modulated
using binary phase-shift keying BPSK(1), while L1OCp shall be modulated by binary offset carrier
BOC(1,1) modulation.

3.7.3.1.2.10.5.2 The L10Cd signal component shall be generated by the Modulo-2 addition of the
following three binary signals:

a) ranging code with length N=1023, period T=2 ms, clock rate 0.5115 MHz;

b) 125 bits/s navigation message encoded using a convolutional encoder with constraint length 7
and code rate 1/2 to yield 250 symbols per second; and

c) overlay code “01” with period T=4 ms.

3.7.3.1.2.10.5.3 The L10Cp signal component shall be generated by the Modulo-2 addition of the
following two binary signals:

a) ranging code with length N=4092, period T=8 ms, clock rate 0.5115 MHz; and
b) meander sequence “0101" with clock rate 2.046 MHz.

3.7.3.1.2.11 GLONASS time. GLONASS time shall be referenced to UTC(SU) (as maintained by the
National Time Service of Russia).

3.7.3.1.2.12 Coordinate system. The GLONASS coordinate system shall be PZ-90.

Note.— Conversion from the PZ-90 coordinate system used by GLONASS to the WGS-84
coordinates is defined in Appendix B, 3.1.2.5.2.
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3.7.3.1.2.13 Navigation information. The navigation data transmitted by the satellite shall include
the necessary information to determine:

a) satellite time of transmission;

b) satellite position;

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC;

f) constellation status;

g) ionospheric delay effects (L10C, L30OC only); and
h) satellite orientation in umbra (L10C, L30C only).

Note.— Structure and contents of data are specified in Appendix B, 3.1.2.1.2 and 3.1.2.1.3,
respectively.

3.7.3.1.3 Galileo Open Service (Galileo OS) (E1, E5)

Note 1.— The Galileo signals for Galileo OS are broadcast in two frequency bands identified as E1
and E5. In the E5 band, two types of signals are broadcast with code division multiple access (CDMA):
E5a and E5b. For aviation purposes, the Galileo single-frequency OS is based on either ET1 or E5a
signals; and the Galileo dual-frequency OS is based on a combination of E1 and E5a signals.

Note 2.— The E5b signal component is described in this Annex since it is a subset of the overall
Galileo signal modulated on the E5 frequency carrier. However, there is currently no intention that
the E5b signal be used by aviation receivers.

Note 3.— The following performance standards only apply if "healthy” signals-in-space are used (see
Appendix B, 3.1.3.1.3.4).

Note 4.— The following performance standards do not include atmospheric or receiver errors such as
ionosphere, troposphere, interference, receiver noise or multipath.

Note 5— Guidance material on Galileo OS accuracy, availability, continuity, probability of
satellite/constellation failure and coverage, is given in Attachment D, 4.1.3.
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3.7.3.1.3.1 Positioning accuracy. The Galileo position errors shall not exceed the following limits:

_Sigmals El Eja El-E3a

zlobal average 95% of the fime:

Honzontal position ervor over a measwrement period of 30 days  5m  im Sm

Vertical position error over a measurement peniod of 30 days Em Sm Em

Worst site 95% of the fume:
Honzontal position error over a measuwrement period of 30 days 10m 10m 10m

Vertical position error over a measurement period of 30 days Ifm 16m 16m

3.7.3.1.3.2 Time determination accuracy. The Galileo UTC time determination error shall not exceed
30 nanoseconds, 95 per cent of the time.

3.7.3.1.3.3 Range domain accuracy. The Galileo range domain error shall not exceed the following

limits:
S1gmals El E3a El-E3a
99 9th percentils range arror of any satellite (worst-caze location) 20m 20m Mm
99 9th percentile range arror of any satellite (global average) 10m 10m 10 m
95th percentile range ervor of any satellite {global averagze) Tm 7T m Tm
95th percentils range svor over all satellites (global averaze) 2m 2m 2m
95th percenfile range rate ervor of any satellifte (global averaze) Smm’s 5mm's 35 mmis

Note 1.— The ranging accuracy considers only healthy Galileo OS SIS above a minimum elevation
angle of 5 degrees.

Note 2.— Single-frequency (ET or E5a) ranging accuracy includes broadcast group delay (BGD)
errors. BGD definition is specified in Attachment D, 4.1.3.3.2.
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3.7.3.1.3.4 Availability. The Galileo OS availability shall be as follows

Sigmals El Esa El-E3a
Average location:
Honzontzl service availability over a 99%% 99% 99%
meazurement pertod of 30 days (10 m 95% threshold) (10 m 95% {10 m 95%
threshold) threzhald)
WVertical service availability over a 99%% 99% 99%
measurement period of 30 days (16 m 95% threshold) (16 m 5% (16 m ¥5%
threshold) threshold)
Worst-case location:
Honzontal service availability over a 0% Q0% Q0%
meazurement pertod of 30 days (10 m 95% threshold) (10 m 95% {10 m 95%
threshold) threzhald)
Vertical service availlability over a S0%% S0%% 0%
measurement period of 30 days (16 m 95% threshold) (16 m 5% (16 m 95%
threshold) threshald)

3.7.3.1.3.5 Galileo integrity support data

Note.— Galileo integrity support data is specified for measurements derived from Galileo signals
received above a 5-degree elevation angle.

3.7.3.1.3.5.1 Probability of satellite failure (Psat). The probability that one satellite of Galileo
operational core constellation provides an instantaneous SIS range error higher than k times the
Galileo user range accuracy (Galileo URA) and no notification is given to the user, shall not exceed
3x10-5.

Note 1.— A change in the SIS health status is notified through the flags contained in the navigation
message. The mapping between Galileo SIS status and flags contained in the navigation data
message is specified in Appendix B, 3.1.3.1.3.4.

Note 2.— Galileo URA corresponds either to odURA,DF for dual-frequency users or to aURA,SF for
single-frequency users, as specified in 3.7.1.3.5.3 and 3.7.1.3.5.4.

Note 3.— Psat definition is further specified in Attachment D, 4.1.3.6.1.

3.7.3.1.3.5.2 Probability of constellation failure (Pconst). The probability that, due to a common
cause, any subset of two or more satellites within Galileo operational constellation provides an
instantaneous SIS range error higher than k times the Galileo URA and no notification is given to
the user, shall not exceed 2x10-4.

Note 1.— A change in the SIS health status is notified through the flags contained in the navigation
message. The mapping between Galileo SIS status and flags contained in the navigation data

message s specified in Appendix B, 3.1.3.1.3.4.

Note 2.— Galileo URA corresponds either to oURA,DF for dual-frequency users or to cURA,SF for
single-frequency users, as specified in 3.7.1.3.5.3 and 3.7.1.3.5.4.

Note 3.— Pconst definition is further specified in Attachment D, 4.1.3.6.2.
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3.7.3.1.3.5.3 Galileo URA for dual-frequency (cURA,DF). Galileo dURA,DF shall not exceed 6 m.
Note 1.— oURA,DF applies to a dual-frequency ET1-E5a signal combination.
Note 2.— oURA,DF is defined in Attachment D, 4.1.3.6.3.

3.7.3.1.3.5.4 Galileo URA for single-frequency (cURA,SF). Galileo dURA,SF shall not exceed 6.5 m for
E1 and 7.5 m for E5a.

Note .— oURA,SF is defined in Attachment D, 4.1.3.6.4.
3.7.3.1.3.5.5 Galileo oBGD. Galileo oBGD shall not exceed 2.5 m for both E1 and E5a.
Note.— Galileo gBGD is defined in Attachment D, 4.1.3.6.5.

3.7.3.1.3.5.6 Galileo fault rates Rsat and Rconst. Galileo Rsat shall not exceed 2x10-5/h and Galileo
Rconst shall not exceed 1x10-4/h.

Note.— Fault rates are defined in Appendix B, 3.4.1.

3.7.3.1.3.6 Continuity. The probability of losing Galileo OS SIS availability from a slot of the nominal
24-slot constellation due to unscheduled interruption, shall not exceed the following limit:

Sizmals El E5a El-EZa

Continmity 4= 10 per hour 4= 10 per hour 4= 10 per hour

3.7.3.1.3.7 Coverage. The Galileo OS shall cover the surface of the earth up to an altitude of 30.48
km.

3.7.3.1.3.8 Radio frequency (RF) characteristics. All Galileo satellites shall broadcast Galileo OS
signals E1, E5a and E5b.

Note 1.— E5a and E5b signals are multiplexed together through an AltBOC scheme and transmitted
at the E5 carrier frequency centred at 1191.795 MHz. AltBOC modulation allows E5a signal
components and E5b signal components to be recovered separately by using a QPSK receiver centred
on the individual E5a and E5b frequencies.

Note 2.— AltBOC modulation is specified in Appendix B, 3.1.3.1.1.3.13.

Note 3.— Detailed Galileo signals RF characteristics are specified in Appendix B, 3.1.3.1.1.

3.7.3.1.3.8.1 ET radio frequency (RF) characteristics

3.7.3.1.3.8.1.1 ET carrier frequency. Each Galileo satellite shall broadcast E1 signal at the carrier
frequency of 1575.420 MHz using CDMA.
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3.7.3.1.3.8.1.2 E1 signal spectrum. The Galileo signal power on E1 shall be contained within a 24.552
MHz band centred on the E1 frequency.

3.7.3.1.3.8.1.3 ET signal polarization. The transmitted E1 RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.8.1.4 ET1 minimum signal power level. Each Galileo satellite shall broadcast an E1 navigation
signal with sufficient power such that, at all unobstructed locations near the ground from which
the satellite is observed at an elevation angle of 5 degrees or higher, the level of the received RF
signal at the antenna port of a 3 dBi linearly-polarized antenna shall not be less than -157.9 dBW
for all antenna orientations orthogonal to the direction of propagation.

3.7.3.1.3.8.1.5 ET maximum signal power level Each Galileo satellite shall broadcast an E1
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi
linearly-polarized antenna shall not exceed —151.45 dBW.

3.7.3.1.3.8.1.6 E1 signal modulation. The E1 signal shall be a composite binary offset carrier (CBOC)
generated by multiplexing a wideband binary offset carrier (BOC) signal BOC(6,1) with a
narrowband signal BOC(1,1) in such a way that 1/11 of the power is allocated, in average, to the
high frequency component.

Note. — CBOC modulation is specified in Appendix B, 3.1.3.1.1.2.7.

3.7.3.1.3.8.2 E5a radio frequency (RF) characteristics

Note.— Additional information concerning the overall E5 signal modulation is given in the European
GNSS (Galileo) Open Service Signal-In-Space Interface Control Document (Issue 2.0), dated January
2021 (hereindfter referred to as “Galileo OS SIS ICD").

3.7.3.1.3.8.2.1 E5a carrier frequency. Each Galileo satellite shall broadcast E5a signal at the carrier
frequency of 1 176.45 MHz using CDMA.

3.7.3.1.3.8.2.2 E5a signal spectrum. The Galileo signal power on E5a shall be contained within a
20.460 MHz band centred on the E5a frequency.

3.7.3.1.3.8.2.3 E5a signal polarization. The transmitted E5a RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.8.24 E5a minimum signal power level. Each Galileo satellite shall broadcast an E5a
navigation signal with sufficient power such that, at all unobstructed locations near the ground
from which the satellite is observed at an elevation angle of 5 degrees or higher, the level of the
received RF signal at the antenna port of a 3 dBi linearly-polarized antenna shall not be less than —
155.90 dBW for all antenna orientations orthogonal to the direction of propagation.

3.7.3.1.3.8.2.5 E5a maximum signal power level. Each Galileo satellite shall broadcast an E5a
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi
linearly-polarized antenna shall not exceed —149.45 dBW.
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3.7.3.1.3.8.2.6 E5a signal modulation. The E5a signal shall be generated from Modulo-2 addition of
the E5a navigation data stream with the 10.23 megachips per second E5a data channel ranging
code (E5a-I), and the 10.23 megachips per second E5a pilot channel ranging code (E5a-Q).

3.7.3.1.3.8.3 E5b radio frequency (RF) characteristics

Note.— Additional information concerning the overall E5 signal modulation is given in Galileo OS SIS
ICD.

3.7.3.1.3.8.3.1 E5b carrier frequency. Each Galileo satellite shall broadcast E5b signal at the carrier
frequency of 1207.14 MHz using CDMA.

3.7.3.1.3.8.3.2 E5b signal spectrum. The Galileo signal power on E5b shall be contained within a
20.460 MHz band centred on the E5b frequency.

3.7.3.1.3.8.3.3 E5b signal polarization. The transmitted E5b RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.8.3.4 E5b minimum signal power level Each Galileo satellite shall broadcast an E5b
navigation signal with sufficient power such that, at all unobstructed locations near the ground
from which the satellite is observed at an elevation angle of 5 degrees or higher, the level of the
received RF signal at the antenna port of a 3 dBi linearly-polarized antenna shall not be less than —
155.90 dBW for all antenna orientations orthogonal to the direction of propagation.

3.7.3.1.3.8.3.5 E5b maximum signal power level Each Galileo satellite shall broadcast an E5b
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi
linearly-polarized antenna shall not exceed —149.45 dBW.

3.7.3.1.3.8.3.6 E5b signal modulation. The E5b signal shall be generated from Modulo-2 addition of
the E5b navigation data stream with the 10.23 megachips per second E5b data channel ranging
code (E5b-I), and the 10.23 megachips per second E5b pilot channel ranging code (E5b-Q).

3.7.3.1.3.9 Galileo system time. Galileo system time (GST) shall be referenced to UTC BIPM (UTC as
coordinated by the International Bureau of Weights and Measures).

Note.— Further details on GST are specified in Appendix B, 3.1.3.4.1.

3.7.3.1.3.10 Coordinate system. The Galileo coordinate system shall be Galileo Terrestrial Reference
Frame (GTRF).

Note.— GTRF details are specified in Appendix B, 3.1.3.5.2.

3.7.3.1.3.11 Navigation information. The navigation data transmitted by the satellites shall include
the necessary information to determine:

a) satellite time of transmission;
b) satellite position;

) satellite health;

d) satellite clock correction;
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e) ionospheric delay effects;
f) time transfer to UTC; and
g) constellation status.

Note.— Structure and contents of data are specified in Appendix B, 3.1.3.1.2 and 3.1.3.1.2,
respectively

3.7.3.1.4 BDS Open Service (BDS OS) (B1l, B1C, B2a)

Note 1.— The BDS OS signals are broadcast in three frequency bands identified as B1l, B1C and BZ2a.
The single-frequency BDS OS is based on any one of the B1l, B1C or B2a signals. The dual-frequency
BDS OS is based on a combination of the B1C and B2a signals.

Note 2— BDS OS signals B1l, B1C and B2a are broadcast by all BDS-3 (BDS third-phase) medium
earth orbit (MEQ) and inclined geosynchronous orbit (IGSO) satellites.

Note 3.— All requirements specified in this section are based on the BDS-3 constellation
configuration of 24 MEO and 3 IGSO satellites.

3.7.3.1.4.1 Space and control segment accuracy
Note.— The following accuracy standards do not include atmospheric or receiver errors as described

in Attachment D, 4.1.4.2. They only apply under the condition that the aircraft receiver uses healthy
satellites.

3.7.3.1.4.1.1 Positioning accuracy. The BDS position errors shall not exceed the following limits:

Signals BI1I BI1C Bla B1C-Bla
Global average 95%: threshold:

Horizontal position over a Sm Sm Om Om
messurement period of 7 days

Verical posifon emor over a 15m 15m 15m 15m
measurement peniod of 7 days

Worst site 95% threshold:

Horizontal position eImor over a 15m 15m 15m 15m
measurement period of 7 days

Vertical posiion emor over 3 2m 2m 22m 22m
measurement period of T days

3.7.3.1.4.1.2 Time transfer accuracy. The BDS OS time transfer error shall not exceed 50
nanoseconds, 95 per cent of the time.

3.7.3.1.4.1.3 Range domain accuracy. The BDS range domain error shall not exceed the following
limits:
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mezsuremant period of
T days

Vertical semvice
availability over a
mezsuremant period of
T days

Worst-case location:

Horizontal service
availability over a
mezsuremant period of
T days

Vertical semvice
availability over a
mezsuremant period of
T days

= 90% (22 m 95%
threshold)

= 90% (15 m95%
threshold)

= 90% (22 m 95%
threshold)

= 00% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m95%
threshold)

= 00% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 00% (22 m 95%
threshold)

Sigmals BI1I BIC Bla B1C-Ela

Fiange emor of amy saellite with 15m 15m 15m 15m

reliabilify specified in 3.7.3.1.4.3

05th percentile emmor of any 46m 46m 46m 446m

satallite over 3 measursment

period of 7 days (global averaze)

05ih percenile range rate smor of 0,02 m per 0.02 m par 0.02 m per 0.02 m per

amy satellite (Zlolal averaze) second second sacond second

25th percentle range acceleration 0305 m per 0008 m per 0.008 m per 0308 m per

error of any satellite (global second second second second

Average) suearad squarad gquaTesd sguarsd
3.7.3.1.4.2 Availability. The BDS OS availability shall be as follows:

Sigmals BlI BIC Bla BIC-Bla

Araraze location:

Horizonal semvice = 00% (15 m 95% S00%(15me5% =00%(15mo5% = 00%(15m05%

availability overa threchold) threcshold) threshold) threshold)

== 09% (12 m 03%
thrashold)

= 0% (15 m 93%
thrashold)

= 0% (22 m 03%
thrashold)

Note. — Availability applies under the condition that the aiveraft receiver wes healthy satellitss.

3.7.3.1.4.3 Reliability. The BDS OS reliability relative to the 15 m range error requirement in

3.7.3.1.4.2 shall be within the following limits:
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a) reliability — at least 99.94 per cent (global average); and
b) reliability — at least 99.79 per cent (worst single point average).

Note. — Reliability applies under the condition that the satellite is broadcasting a healthy
indication.

3.7.3.1.4.4 Probability of major service failure

Note.— The standards apply under the condition that the satellite is broadcasting a healthy
indication.

3.7.3.1.4.4.1 Probability of a satellite major service failure condition (Psat). The probability that the
BDS OS SIS user range error of any satellite will exceed the not-to-exceed (NTE) tolerance without
an alert received at the user receiver antenna within 300 seconds, shall not exceed 1x10-5.

3.7.3.1.4.4.2 Probability of a common-cause major service failure condition (Pconst). The probability
that the BDS OS SIS user range error of two or more satellites will exceed the NTE tolerance due to
a common fault without an alert received at the user receiver antenna within 300 seconds, shall not
exceed 6x10-5.

Note 1.— For B1l signals, the NTE tolerance is defined to be 4.42 times the upper bound of the URA
range corresponding to the URA index (URAI) value being broadcast in D1 navigation messages, as
described in Appendix B, section 3.1.4.1.3.1.2.

Note 2.— For B1C and B2a signals, the NTE tolerance is defined to be 4.42 times the signal-in-space
accuracy (SISA) value calculated as described in Appendix B, section 3.1.4.2.5.

Note 3.— The mapping between BDS B1l SIS status and BDS B1l flags contained in the navigation
data message (s specified in Appendix B, 3.1.4.1.3.1.3. The mapping between BDS B1C and B2a SIS
status and BDS B1C and BZ2a flags contained in the navigation data message is specified in Appendix
B 3.14.13.27.2

3.7.3.1.4.5 Continuity. The probability of losing BDS OS SIS availability from a slot of the nominal
27-slot constellation due to unscheduled interruption, shall not exceed the following limits:

Signals BlI B1C Bla
MEOQ 2210~ per hour 22107 par hour 2107 per hour
IGS0 52107 per hour 22107 par howr 2107 per hour

Note — Conninuity applies under the condition that the satellite iz broadeazting a healthy indication.

3.7.3.1.4.6 Coverage. BDS OS shall cover the surface of the earth up to an altitude of 1 000 km.
3.7.3.1.4.7 Radio frequency (RF) characteristics

Note.— Detailed BDS OS signals RF characteristics are specified in Appendix B, 3.1.4.1.1.
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3.7.3.1.4.8 BTl radio frequency (RF) characteristics

3.7.3.1.4.8.1 B1I carrier frequency. Each BDS-3 MEO or IGSO satellite shall broadcast a BDS B1l OS
signal at the carrier frequency of 1 561.098 MHz using code division multiple access (CDMA).

3.7.3.1.4.8.2 B1l signal spectrum. The BDS OS B1l signal power shall be contained within a +2.046
MHz band (1 559.052 — 1 563.144 MHz) centred on the 1 561.098 MHz frequency.

3.7.3.1.4.8.3 Bl signal polarization. The transmitted B1l RF signal shall be right-hand circularly
polarized.

3.7.3.1.4.8.4 B1l signal power levels

3.7.3.1.4.8.4.1 Each BDS-3 MEO satellite shall broadcast a B1l navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of -163 dBW to —154.8 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.8.4.2 Each BDS-3 IGSO satellite shall broadcast a B1l navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of —-163 dBW to —-156.5 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.8.5 B1I signal modulation. The BDS OS B1l signal shall be binary phase shift key (BPSK)
modulated.

3.7.3.1.4.9 B1C radio frequency (RF) characteristics

3.7.3.1.4.9.1 B1C carrier frequency. Each BDS-3 MEO or IGSO satellite shall broadcast a BDS OS B1C
signal at the carrier frequency of 1 575.42 MHz using CDMA.

3.7.3.1.4.9.2 BIC signal spectrum. The BDS OS signal power on B1C shall be contained within a
32.736 MHz band centred on the B1C frequency.

3.7.3.1.4.9.3 BI1C signal polarization. The transmitted B1C RF signal shall be right-hand circularly
polarized.

3.7.3.1.4.9.4 B1C signal power levels

3.7.3.1.4.9.4.1 Each BDS-3 MEO satellite shall broadcast a B1C navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of —-159 dBW to —152.5 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.9.4.2 Each BDS-3 IGSO satellite shall broadcast a B1C navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
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at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of -161 dBW to —153.5 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.9.5 B1C signal modulation. The B1C signal shall comprise two components, known as B1C
data component and B1C pilot component. The B1C data component shall be sine-phased binary
offset carrier (BOC) modulated with the Modulo-2 addition of the ranging code and the navigation
data. The B1C pilot component shall be quadrature multiplexed BOC (QMBOC) modulated with the
ranging code. Ranging codes on B1C data component and B1C pilot component shall have the
same chipping rate of 1.023 megachips per second.

Note.— Additional information concerning B1C modulation is given in the BeiDou Navigation
Satellite System Signal In Space Interface Control Document Open Service Signal B1C (Version 1.0),
dated December 2017 (hereinafter referred to as “BDS OS B1C ICD"), section 4.2.

3.7.3.1.4.10 B2a radio frequency (RF) characteristics
3.7.3.1.4.10.1 B2a carrier frequency. Each BDS-3 MEO and IGSO satellite shall broadcast a BDS OS
B2a signal at the carrier frequency of 1 176.45 MHz using CDMA.

3.7.3.1.4.10.2 B2a signal spectrum. The BDS OS signal power on B2a shall be contained within a
20.46 MHz band centred on the B2a frequency.

3.7.3.1.4.10.3 B2a signal polarization. The transmitted B2a RF signal shall be right-hand circularly
polarized.

3.7.3.1.4.10.4 B2a signal power levels

3.7.3.1.4.10.4.1 Each BDS-3 MEO satellite shall broadcast a B2a navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of —-156 dBW to —148.5 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.10.4.2 Each BDS-3 IGSO satellite shall broadcast a B2a navigation signal with sufficient
power such that, at all unobstructed locations near the ground from which the satellite is observed
at an elevation angle of 5 degrees or higher, the level of the received RF signal at the antenna port
of a 3 dBi linearly-polarized antenna is within the range of 158 dBW to —150.5 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.4.10.5 B2a signal modulation. The B2a signal shall comprise two components, known as B2a
data component and B2a pilot component. The B2a data component shall be BPSK modulated
with the Modulo-2 addition of the ranging code and the navigation data. The B2a pilot component
shall be BPSK modulated with the ranging code. Ranging codes on B2a data component and B2a
pilot component shall have the same chipping rate of 10.23 megachips per second.

Note.— Additional information concerning B2a modulation is given in the BeiDou Navigation
Satellite System Signal In Space Interface Control Document Open Service Signal B2a (Version 1.0),
dated December 2017 (hereinafter referred to as “BDS OS B2a ICD"), section 4.2.
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3.7.3.1.4.11 BDS time. BDS time (BDT) shall be referenced to UTC as maintained by the National
Time Service Center (NTSC), Chinese Academy of Sciences.

Note.— BDT details are specified in Appendix B, section 3.1.4.4.

3.7.3.1.4.12 Coordinate system. The BDS coordinate system shall be BeiDou Coordinate System
(BDCS).

Note.— BDCS details are specified in Appendix B, section 3.1.4.5.

3.7.3.1.4.13 Navigation information. The navigation data transmitted by the satellites shall include
the necessary information to determine:

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.

3.7.3.2 Reserved

3.733 Aircraft-Based Augmentation System (ABAS)

3.7.3.3.1 Performance. The ABAS function combined with one or more of the core satellite
Constellations and both a fault-free GNSS receiver and fault-free aircraft system used for the ABAS
function shall meet the requirements for accuracy, integrity, continuity and availability as stated in
3.7.2.4 for the intended operation.

Note— For GNSS receivers supporting the ABAS function, the requirements to be resistant to
interference, as specified in 3.7.4, apply.

3.7.3.3.2 Advanced receiver autonomous integrity monitoring (ARAIM). If the ABAS function
implements ARAIM using integrity support data (ISD), the function shall meet the requirements in
Appendix B, 3.4.1.

3734 Satellite-Based Augmentation System (SBAS)

Note.— All SBAS have to fulfil the requirements introduced in this section and in Appendix B, 3.5
except when a specific condition is mentioned in the requirement such as the provision of optional
functions.

3.7.3.4.1 Performance. SBAS combined with one or more of the other GNSS elements and a fault-
free receiver shall meet the requirements for system accuracy, integrity, continuity and availability
for the intended operation as stated in 3.7.2.4, throughout the corresponding service area (see
3.7.34.4).
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Note.— SBAS complements the core satellite constellation(s) by increasing accuracy, integrity,
continuity and availability of navigation provided within a service area, typically including multiple
aerodromes.

3.7.3.4.1.1 SBAS combined with one or more of the other GNSS elements and a fault-free receiver
shall meet the requirements for signal-in-space integrity as stated in 3.7.2.4, throughout the SBAS
coverage area.

Note.— For L1 SBAS, message Types 27 or 28 s used to comply with the integrity requirements in
the coverage area. See Appendix B, 3.5.7.4.7. Additional guidance on the rationale and interpretation
of this requirement is provided in Attachment D, 3.3 and 6.2.3.

3.7.3.4.2 Functions. SBAS shall perform one or more of the following functions:

a) L1 SBAS ranging: provide an additional L1 ranging signal with an accuracy indicator from an
SBAS satellite ( 3.7.3.4.3 and Appendix B, 3.5.7.2);

b) L1 SBAS GNSS satellite status: determine and transmit the GNSS satellite health status
(Appendix B, 3.5.7.3);

c) L1 SBAS basic differential correction: provide GNSS satellite ephemeris and clock corrections
(fast and long-term) to be applied to the L1 pseudo-range measurements from satellites (Appendix
B, 3.5.7.4);

d) L1 SBAS precise differential correction: determine and transmit the L1 ionospheric corrections
and associated integrity data (Appendix B, 3.5.7.5);.

e) dual-frequency, multi-constellation (DFMC) SBAS ranging: provide additional ionosphere-free
ranging capability using L1 and L5 signals from SBAS satellites (Appendix B, 3.5.14.2); and

f) DEMC SBAS ionosphere-free differential correction: determine and transmit GNSS satellite health
status, satellite ephemeris and clock corrections to be applied to the ionosphere-free pseudo-
range measurements from satellites (Appendix B, 3.5.14.3) and associated integrity data.

Note 1.— For single-frequency users, if functions b) and c) are provided, SBAS in combination with
core satellite constellation(s) can support departure, en-route, terminal and non-precision approach
operations, and if function d) is provided in addition to b) and c), then SBAS can also support
precision approach operations including Category I. The level of performance that can be achieved
depends upon the infrastructure incorporated into SBAS and the ionospheric conditions in the
geographic area of interest.

Note 2.— For dual-frequency users, if function f) is provided, SBAS in combination with core satellite
constellation(s) can support departure, en-route, terminal, non-precision approach operations and
precision approach operations including Category I.

Note 3.— In order to provide function e), SBAS needs to broadcast an L1 signal that meets the
requirements for ionosphere-free ranging using L1 and L5 pseudo-range measurements.
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Note 4.— The ionospheric corrections are only broadcast on L1. Dual-frequency users will use an
ionosphere-free pseudo-range measurement and not require ionospheric corrections. lonosphere-free
pseudo-range combination for DFMC SBAS s further defined in Appendix B, 3.5.15.1.

.3.7.3.4.3 Ranging. When SBAS is providing a ranging service, the following Standards shall apply:

3.7.3.4.3.1 Excluding atmospheric effects, the range error for the ranging signal from SBAS satellites
shall not exceed 25 m (82 ft) (95 per cent).

3.7.3.4.3.2 The probability that the SBAS L1 range error exceeds 150 m (490 ft) in any hour shall not
exceed 10-5.

3.7.3.4.3.3 The probability of unscheduled outages of the ranging function from an SBAS satellite in
any hour shall not exceed 10-3.

3.7.3.4.3.4 The range rate error shall not exceed 2 m (6.6 ft) per second.

3.7.3.4.3.5 The range acceleration error shall not exceed 0.019 m (0.06 ft) per second-squared.

3.7.3.4.4 Service area. An SBAS service area for any approved type of operation shall be a declared
area within the SBAS coverage area where SBAS meets the corresponding requirements of 3.7.2.4.

Note 1.— An SBAS system can have different service areas corresponding to different types of
operation (e.g. APV-I, Category |, etc.).

Note 2.— The coverage area is that area within which the SBAS broadcast can be received (ie. the
union of SBAS satellites footprints).

Note 3.— SBAS coverage and service areas are discussed in Attachment D, 6.2.
3.7.3.4.5 RF characteristics for the SBAS L1 signal

Note 4 .— Detailed RF characteristics are specified in Appendix B, 3.5.2 for L1.
3.7.3.4.5.1 L1 carrier frequency. The L1 carrier frequency shall be 1 575.42 MHz.

3.7.3.4.5.2 L1 signal spectrum. At least 95 per cent of the L1 broadcast power shall be contained
within a £12 MHz band centred on the L1 frequency. The bandwidth of the L1 signal transmitted
by an SBAS satellite shall be at least 2.2 MHz.

Note.— The SBAS L1 RF link needs to provide a higher transmission bandwidth to support the SBAS
ranging accuracy figure in Appendix B, 3.5.15.4.1, for DFMC SBAS ranging service. A higher
transmission bandwidth will improve the performance of the L1 SBAS ranging service. See
Attachment D, 6.4.6.

3.7.3.4.5.3 L7 SBAS satellite signal power level
3.7.3.4.5.3.1 Each SBAS satellite placed in orbit before 1 January 2014 shall broadcast navigation

signals on L1 with sufficient power such that, at all unobstructed locations near the ground from
which the satellite is observed at an elevation angle of 5 degrees or higher, the level of the
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received RF signal at the antenna port of a 3 dBi linearly polarized antenna is within the range of —
161 dBW to —153 dBW for all antenna orientations orthogonal to the direction of propagation.

3.7.3.4.5.3.2 Each SBAS satellite broadcasting an SBAS L1 signal placed in orbit after 31 December
2013 shall comply with the following requirements:

a) The satellite shall broadcast navigation signals on L1 with sufficient power such that, at all
unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable geostationary orbit (GEO) satellite signal needs to
be provided, the level of the received RF signal at the antenna port of the antenna specified in
Appendix B, Table B-88A, is at least —164.0 dBW.

b) The minimum elevation angle used to determine GEO coverage shall not be less than 5 degrees
for a user near the ground.

c) The level of a received SBAS RF signal on L1 at the antenna port of a 0 dBic antenna located near
the ground shall not exceed —152.5 dBW.

d) The ellipticity of the broadcast L1 signal shall be no worse than 2 dB for the angular range of
+9.1° from boresight.

3.7.3.4.5.4 Polarization. The broadcast signal on L1 shall be right-hand circularly polarized.

3.7.3.4.5.5 Modulation. The transmitted sequence on L1 shall be the Modulo-2 addition of the
navigation message at a rate of 500 symbols per second and the 1 023 bit pseudo-random noise
code. It shall then be BPSK modulated onto the carrier at a rate of 1.023 megachips per second.

3.7.3.4.6 RF characteristics for the SBAS L5 signal

Note.— Detailed RF characteristics are specified in Appendix B, 3.5.9 for L5.

3.7.3.4.6.1 L5 carrier frequency. The L5 carrier frequency shall be 1 176.45 MHz.

3.7.3.4.6.2 L5 signal spectrum. At least 95 per cent of the L5 broadcast power shall be contained
within a bandwidth centred on the L5 frequency and between 20 MHz and 24 MHz.

3.7.3.4.6.3 L5 signal power level. Each SBAS satellite broadcasting an SBAS L5 signal shall comply
with the following additional requirements:

a) The satellite shall broadcast navigation signals on L5 with sufficient power such that, at all
unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable signal needs to be provided, the level of the
received RF signal at the output of a 3 dBi linearly polarized antenna shall be at least —158 dBW for
all antenna orientations orthogonal to the direction of propagation.

b) The minimum elevation angle used to determine SBAS satellite coverage shall not be less than 5
degrees for a user near the ground.
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c) The level of a received SBAS RF signal on L5 at the output of a 0 dBic right-hand circularly
polarized antenna located near the ground shall not exceed —150.5 dBW.

d) The ellipticity of the broadcast L5 signal shall be no worse than 2 dB for the angular range of
+9.1° from boresight.

Note.— The received signal levels, from a) and c), are measured within a +10 MHz frequency band
centred on the L5 frequency.

3.7.3.4.6.4 Polarization. The broadcast signal on L5 shall be right-hand circularly polarized.
3.7.3.4.6.5 Modulation. The transmitted sequence on L5 in-phase shall be the result of the 250-bits
of the navigation message with forward error correction (FEC) applied for 500 symbols per second
that is then bi-binary encoded and finally combined with the 10 230 bit pseudo-random noise
code using Modulo-2 addition. The resulting sequence shall then be BPSK-modulated onto the
carrier at a rate of 10.23 megachips per second.

Note.— Detailed L5 modulation characteristics for L5 are specified in Appendix B, 3.5.9.

3.7.3.4.7 Timing

3.7.3.4.7.1 SBAS network time (SNT) for L1 SBAS. The difference between SNT of the SBAS
corrections on L1 and GPS time shall not exceed 50 nanoseconds.

3.7.3.4.7.2 SBAS network time (SNT) for DFMC SBAS. The difference between SNT of the SBAS
corrections broadcast on L5 and the reference time of the core constellation designated as

reference constellation (see the time reference identifier parameter in Appendix B, 3.5.11.4
broadcast by DFMC SBAS) shall not exceed 1 microsecond.

3.7.3.4.8 L1 SBAS navigation information. The navigation data transmitted by the an SBAS satellites
on L1 shall include the necessary information to support L1 SBAS services to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

¢) corrected satellite time for all satellites;

d) corrected satellite position for all satellites;
e) ionospheric propagation delay effects;

f) user position integrity;

g) time transfer to UTC (optional); and

h) service level status.

Note.— Structure and contents of data are specified in Appendix B, 3.5.3 and 3.5.4, respectively.
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3.7.3.4.9 DFMC SBAS navigation information. The navigation data transmitted by an SBAS satellite
on L5 shall include the necessary information to support DFMC SBAS services to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

¢) corrected satellite time for all monitored satellites;

d) corrected satellite position for all monitored satellites;

e) user position integrity; and

f) time transfer to UTC (optional).

Note.— Structure and contents of data are specified in Appendix B, 3.5.10 and 3.5.11, respectively.

3.7.3.5 Ground-based augmentation system (GBAS) and ground-based regional augmentation
system (GRAS)

Note.— Except where specifically annotated, GBAS Standards and Recommended Practices apply to GBAS
and GRAS.

3.7.3.5.1 Performance. GBAS combined with one or more of the other GNSS elements and a fault-
free GNSS receiver shall meet the requirements for system accuracy, continuity, availability and
integrity for the intended operation as stated in 3.7.2.4 within the service volume for the service
used to support the operation as defined in 3.7.3.5.3.

Note.— GBAS is intended to support all types of approach, landing, guided take-off, departure and
surface operations and may support en-route and terminal operations. GRAS is intended to support
en-route, terminal, non-precision approach, departure, and approach with vertical guidance. The
following SARPs are developed to support all categories of precision approach, approach with vertical
guidance, and a GBAS positioning service.

3.7.3.5.2 Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-range corrections;

b) provide GBAS-related data;

Q) provide final approach segment data when supporting precision approach;
d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.

3.7.3.5.3 Service volume

3.7.3.5.3.1 General requirement for approach services. The minimum GBAS approach service volume
shall be as follows, except where topographical features dictate and operational requirements
permit:
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a) laterally, beginning at 140 m (450 ft) each side of the landing threshold point/fictitious threshold
point (LTP/FTP) and projecting out +35 degrees either side of the final approach path to 28 km (15
NM) and =10 degrees either side of the final approach path to 37 km (20 NM); and

b) vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated glide
path angle (GPA) above the horizontal with an origin at the glide path interception point (GPIP) to
an upper bound of 3 000 m (10 000 ft)height above threshold (HAT) and 0.45 GPA above the
horizontal or to such lower angle, down to 0.30 GPA, as required, to safeguard the promulgated
glide path intercept procedure. The lower bound is half the lowest decisionheight supported or 3.7
m (12 ft), whichever is larger .

Note 1.— LTP/FTP and GPIP are defined in Appendix B, 3.6.4.5.1.

Note.2 — Guidance material concerning the approach service volume is provided in Attachment D,
7.3.

3.7.3.5.3.2 Approach services supporting autoland and guided take-off. The minimum additional
GBAS service volume to support approach operations that include automatic landing and roll-out,
including during guided take-off, shall be as follows, except where operational requirements
permit:

a) Horizontally, within a sector spanning the width of the runway beginning at the stop end of the
runway and extending parallel with the runway centre line towards the LTP to join the minimum
service volume as described in 3.7.3.5.3.1.

b) Vertically, between two horizontal surfaces one at 3.7 m (12 ft) and the other at 30 m (100 ft)
above the runway centreline to join the minimum service volume as described in 3.7.3.5.3.1.

Note.— Guidance material concerning the approach service volume is provided in Attachment D, 7.3.

3.7.3.5.3.3 GBAS positioning service. The service volume for the GBAS positioning service shall be
where the data broadcast can be received and the positioning service meets the requirements of
3.7.2.4 and supports the corresponding approved operations.

Note.— Guidance material concerning the positioning service volume is provided in Attachment D,
7.3.

3.7.3.5.4 Data broadcast characteristics
Note.— RF characteristics are specified in Appendix B, 3.6.2.

3.7.3.5.4.1 Carrier frequency. The data broadcast radio frequencies used shall be selected from the
radio frequencies in the band 108 to 117.975 MHz. The lowest assignable frequency shall be
108.025 MHz and the highest assignable frequency shall be 117.950 MHz. The separation between
assignable frequencies (channel spacing) shall be 25 kHz.

Note — Guidance material on ILS/VOR/GBAS frequency assignments and geographical separation
criteria is given in the Handbook on Radio Frequency Spectrum Requirements for
Civil Aviation (Doc 9718, Volume Il).
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3.7.3.5.4.2 Access technique. A time division multiple access (TDMA) technique shall be used with a
fixed frame structure. The data broadcast shall be assigned one to eight slots.

Note.— Two slots is the nominal assignment. Some GBAS facilities that use multiple VHF data
broadcast (VDB) transmit antennas to improve VDB coverage may require assignment of more than
two time slots. Guidance on the use of multiple antennas is given in Attachment D, 7.12.4;, some
GBAS broadcast stations in a GRAS may use one time slot.

3.7.3.5.4.3 Modulation. GBAS data shall be transmitted as 3-bit symbols, modulating the data
broadcast carrier byD8PSK, at a rate of 10 500 symbols per second.

3.7.3.5.4.4 Data broadcast RF field strength and polarization

Note 1.— GBAS can provide a VHF data broadcast with either horizontal (GBAS/H) or elliptical
(GBAS/E) polarization that employs both horizontal polarization (HPOL) and vertical polarization
(VPOL) components. Aircraft using a VPOL component will not be able to conduct operations with
GBAS/H equipment. Relevant guidance material is provided in Attachment D, 7.1.

Note 2.— The minimum and maximum field strengths are consistent with a minimum distance of 80
m (263 ft) from the transmitter antenna for a range of 43 km (23 NM).

Note 3.— When supporting approach services at airports with challenging VDB transmitter siting
constraints, it is acceptable to adjust the service volume when operational requirements permit (as
stated in the service volume definition in 3.7.3.5.3.1 and 3.7.3.5.3.2). Such adjustments of the service
volume may be operationally acceptable when they have no impact on the GBAS service outside a
radius of 80 m (263 ft) from the VDB antenna, assuming a nominal effective isotropically radiated
power of 47dBm (Attachment D, Table D-6).

3.73.5441 GBAS/H
3.7.3.5.4.4.1.1 A horizontally polarized signal shall be broadcast.

3.7.3.5.4.4.1.2 The effective isotropically radiated power (ERP) shall provide for a horizontally
polarized signal with a minimum field strength of 215 micro volts per meter (-99 dBW/m? and a
maximum field strength of 0.879 volts per meter (-27 dBW/m?) within the GBAS service volume as
specified in 3.7.3.5.3.1. The field strength shall be measured as an average over the period of the
synchronization and ambiguity resolution field of the burst. Within the additional GBAS service
volume, as specified in 3.7.3.5.3.2, the effective isotropically radiated power (EIRP) shall provide for
a horizontally polarized signal with a minimum field strength of 215 microvolts per meter(-99
dBW/m2) below 36 ft and down to 12 ft above the runway surface and 650 microvolts per meter (-
89.5 dBW/m?2) at 36 ft or more above the runway surface.

Note.— Guidance material concerning the approach service volume is provided in Attachment D, 7.3.
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3.7.3.544.2 GBAS/E

3.7.3.5.4.4.2.1 Recommendation.—An elliptically polarized signal should be broadcast whenever
practical.

3.7.3.54422 When an elliptically polarized signal is broadcast, the horizontally polarized
component shall meet the requirements in 3.7.3.5.4.4.1.2, and the effective isotropically radiated
power (EIRP) shall provide for a vertically polarized signal with a minimum field strength of 136
microvolts per metre (-103 dBW/m2) and a maximum field strength of 0.555 volts per metre (-31
dBW/m2) within the GBAS service volume. The field strength shall be measured as an average over
the period of the synchronization and ambiguity resolution field of the burst.

3.7.3.54.5 Power transmitted in adjacent channels. The amount of power during transmission
under all operating conditions when measured over a 25 kHz bandwidth centred on the ith
adjacent channel shall not exceed the values shown in Table 3.7.3.5-1 (located at the end of section
3.7).

3.7.3.54.6 Unwanted emissions. Unwanted emissions, including spurious and out-of-band
emissions, shall be compliant with the levels shown in Table 3.7.3.5-2 (located at the end of section
3.7). The total power in any VDB harmonic or discrete signal shall not be greater than -53 dBm.

3.7.3.5.5 Navigation information. The navigation data transmitted by GBAS shall include the
following information:

a) pseudo-range corrections, reference time and integrity data;

b) GBAS-related data;

Q) final approach segment data when supporting precision approach; and

d) predicted ranging source availability data.

Note.— Structure and contents of data are specified in Appendix B, 3.6.3.
3.7.3.6 Aircraft GNSS Receiver

3.7.3.6.1 The aircraft GNSS receiver shall process the signals of those GNSS elements that it intends
to use as specified in Appendix B, 3.1.1 (for GPS), Appendix B, 3.1.2 (for GLONASS), Appendix B,
3.1.3 (for Galileo), Appendix B, 3.1.4 (for BDS), Appendix B 3.3 (for combined core satellite
constellations), Appendix B, 3.4 (for ABAS), Appendix B, 3.5 (for SBAS)and Appendix B, 3.6 (for
GBAS and GRAS).

3.74 Resistance to Interference

3.7.4.1 GNSS shall comply with performance requirements defined in 3.7.2.4 and Appendix B, 3.7 in
the presence of the interference environment defined in Appendix B, 3.7.

Note.— GNSS elements operating within the frequency bands 1 164 — 1215 MHz and 1 559 — 1 610
MHz are classified by the ITU as operating in the radionavigation-satellite service (RNSS). Those
frequency bands also include global allocations to the and aeronautical radionavigation service
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(ARNS). Both aeronautical uses of those services are considered “safety services” and are afforded
special spectrum protection status in the ITU radio regulations. In order to achieve the performance
objectives for precision approach guidance to be supported by the GNSS and its augmentations,
RNSS/ARNS is intended to remain the only global allocation in the 1 164 — 1215 MHz and 1 559 — 1
610 MHz band and emissions from systems in this and adjacent frequency bands are intended to be
tightly controlled by national and/or international regulation.

3.75 Database
3.7.5.1 Aircraft GNSS equipment that uses a database shall provide a means to:
a) update the electronic navigation database; and
b) determine the Aeronautical Information Regulation and Control (AIRAC) effective

dates of the aeronautical database.

Note.— Guidance material on the need for a current navigation database in aircraft GNSS
equipment is provided in Attachment D, 11.

Table 3.72.4-1 Sigmal-in-:pace performance requirements
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Table 3.7.35-1. GBAS broadcast power fransmitted in adjacent channels

Charme] Felative powsr Mo power
15t adjacent —4 dBc 12 dBm

2nd adjacent —65 dBc -13 dBm

4th adjzcent -74 dBc -212 dBm

£th adjacent —88.5 dBc —36.5 dBm
14th adjacent -101.5 dBc —44 5 dBm
32nd adjzcent -105 dBc —-53 dBm
G4th adjacent -113 dBc —51 dBm

Téth adjzcent and beyond -115 dBc —53 dBm
NOTES—

1. The maxnmm power apphes i the sotonized ransmiter power excesds 150 W
2. The relafionzkip is Imsar betwesn sinzle adiacent peints desiznaied by the adjacent charmals idemitfisd above
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Table 3.7.3.5-2, GBAS broadeast unwanted emizzsions

Belative umwanted Maxinmun umwanted
ennizzion level emission level
Frequency {Mote 2) (Hote 1)
9kHz to 130 kH= -93 dBe -55 dBm'l kHz
(Hote 3) (Hote 3)
150 kHz to 30 MH=z -103 dBe =35 dBm/10 kHz
(MNote 3) (Mate 3}

30 MHz to 106.125 MHz -115 dBe 37 dBm/100 kHz
106.425 MH=z -113 dBe =35 dBm 100 kHz
107.225 MH= -105 dBe —47 dBm/100 kHz
107.625 MH=z -101.5 dBe =535 dBm/10 kHz
107.825 MH= -£8.5 dBe 405 dBm/10 kHz
107.925 MH=z -74 dBe -36 dBm'] kHz
107 9625 MH= -71 dBe -313 dBm'] kHz
107.975 MHz —63 dBe -27 dBm/l kHz
115.000 MH= 65 dBe -27 dBm'] kHz
118.0125 MH= -71 dBe -33 dBm/'l kHz
118.050 MH= -74 dBe -36 dBm’l kHz
118.150 MH= -£3.5 dBe -40.5 dBm/10kH=
118.350 MH= -101.5 dBe -53.5 dBm/10 kHz
118.750 MH= -105 dBe —47 dBm/100 kHz
119550 MH=z -113 dBe =35 dBm/100 kH=

119850 MHz to 1 GH= -115dBe =37 dBm/100 kHz
1 GHzto 1.7 GH= -115dBe —47 dBm/1 MHz
NOTES—
1 g;ﬁtﬁ.ﬂm unwanted emiszion level (absolate power) applies if the mithorized Temsmitter power exceeds

2. The relative umwanted enussion level 1= to be computed nsme the same handwidth for desired and umwanted sizmals.
Thiz may require conversion of the measurement for uwwanted signals done nsing the bandwidth indicated in the
i unwanted emission level colunm of this table

. This value 15 doven by measmement linntations. Actal perfommance is expectad to be better,

4. The relationship is linear between single adjacent points designated by the adjacent channels identifed sbove.

bt

3.8 [Reserved]

3.9 System Characteristics of Airborne ADF Receiving Systems

3.91 Accuracy of Bearing Indication

3.9.1.1 The bearing given by the ADF system shall not be in error by more than plus or minus 5
degrees with a radio signal from any direction having a field strength of 70 microvolts per metre or
more radiated from an LF/MF NDB or locator operating within the tolerances permitted by this
Annex and in the presence also of an unwanted signal from a direction 90 degrees from the
wanted signal and:

DEPARTMENT OF CIVIL AVIATION, MYANMAR 105



MCAR, PART-5, ANS SECTION-9, VOLUME |

a) on the same frequency and 15 dB weaker; or
b) plus or minus 2 kHz away and 4 dB weaker; or
¢) plus or minus 6 kHz or more away and 55 dB stronger.

Note.— The above bearing error is exclusive of aircraft magnetic compass error.

3.10 [Reserved]

3.11 [Reserved]
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APPENDIX A. INTENTIONALLY LEFT BLANK
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APPENDIX B. TECHNICAL SPECIFICATIONS FOR THE GLOBAL NAVIGATION SATELLITE SYSTEM
(GNSS)

1. DEFINITIONS

GBAS/E. A ground-based augmentation system transmitting an elliptically-polarized VHF data
broadcast.

GBAS/H. A ground-based augmentation system transmitting a horizontally-polarized VHF data
broadcast.

Receiver. A subsystem that receives GNSS signals and includes one or more sensors.

Reserved (bits/words/fields). Bits/words/field that are not allocated, but which are reserved for a
particular GNSS application.

Smax. Maximum desired VHF data broadcast signal power at the VHF data broadcast receiver
input. This power at the receiver input is computed from the maximum RF field strength defined in
Chapter 3, 3.7.3.5.4.4 for the desired VHF data broadcast signal as received by an ideal isotropic
antenna minus the minimum aircraft implementation loss. It is used to determine the VHF data
broadcast interference immunity to adjacent channel signals (3.6.8.2.2.6) and to signals from
sources outside the 108.000 — 117.975 MHz band (3.6.8.2.2.8).

Spare (bits/words/fields). Bits/words/fields that are not allocated or reserved, and which are
available for future allocation.

Note.— All spare bits are set to zero.

2. GENERAL

Note.— The following technical specifications supplement the provisions of Chapter 3, 3.7.

3. GNSS ELEMENTS

3.1 Core constellations

3.1.1 Global Positioning System (GPS)

Standard Positioning Service (SPS) (L1 and L5)

3.1.1.1 NON-AIRCRAFT ELEMENTS

3.1.1.1.1 L1 COARSE ACQUISITION (C/A) SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS
3.1.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated
L1carrier shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth is able to

track the carrier to an accuracy of 0.1 radian (1 sigma).

3.1.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 40 dB below the
unmodulated L1 carrier over the allocated channel bandwidth.
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3.1.1.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections in the L1
C/A signal modulation and waveform distortion shall not exceed 0.6 dB for all GPS-II satellite
generations and 0.3 dB for all GPS-Ill satellite generations.

Note.— The loss in signal power is the difference between the broadcast power in an allocated
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and the same bandwidth.

3.1.1.1.1.4 L1 (C/A) code generation and timing. Each C/A code pattern Gi(t) shall be formed by the
Modulo-2 sum of two 1 023-bit linear patterns, G1 and G2i. The G2i sequence shall be formed by
effectively delaying the G2 sequence by an integer number of chips. The G1 and G2 sequences
shall be generated by 10-stage shift registers having the following polynomials as referred to in
the shift register input:

a) G1: X10 + X3 + 1; and
b) G2: X10 + X9 + X8 + X6 + X3 + X2 + 1.

The initialization vector for the G1 and G2 sequences shall be “1111111111". The G1 and G2
registers shall be clocked at a 1.023 MHz rate. Timing relationships related to the C/A code shall be
as shown in Figure B-1.*

Note. — Additional information on code phase assignments is given in IS-GPS-200K.

3.1.1.1.2 L1 data structure. The legacy navigation (LNAV) message shall be formatted as shown in
Figure B-2. Each page, as shown in Figure B-6, shall utilize a basic format of a 1 500-bit-long frame
with up to 5 subframes, each of 300 bits in length. All words shall be transmitted most significant
bit (MSB) first.

Note.— The bit allocations depicted for subframes 4 and 5 in Figure B-6 apply only to satellites
broadcasting PRN codes 1 — 32. See IS-GPS-200K for the bit allocations of subframes 4 and 5 for
satellites broadcasting PRN codes 33 — 63.

3.1.1.1.2.1 Subframe structure. Each subframe and/or page of a subframe shall start with a
telemetry (TLM) word followed by a handover word (HOW). The HOW shall be followed by 8 data
words. Each word in each frame shall contain 6 parity bits. The TLM word and HOW formats shall
be as shown in Figures B-3 and B-4, respectively.

3.1.1.1.2.2 End/start of week. At the end/start of week:

a) the cyclic paging of subframes 1 through 5 shall restart with subframe 1 regardless of which
subframe was lasttransmitted prior to the end/start of week; and

b) the cycling of 25 pages of subframes 4 and 5 shall restart with page 1 of each of the subframes,
regardless of which page was transmitted prior to the end/start of week. All upload and page
cutovers shall occur on frame boundaries (i.e. Modulo 30 seconds relative to the end/start of
week).
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Note.— New data in subframes 4 and 5 may start to be transmitted with any of the 25 pages of
these subframes.

3.1.1.1.2.3 Data parity. Words 1 through 10 of subframes 1 through 5 shall each contain 6 parity
bits as their least significant bits (LSBs). In addition, two non-information bearing bits shall be
provided as bits 23 and 24 of words 2 and 10 for parity computation purposes.

3.1.1.1.2.4 Telemetry (TLM) word. Each TLM word shall be 30 bits long, occur every 6 seconds in the
data frame and be the first word in each subframe. The TLM format shall be as shown in Figure B-
3. Each TLM word shall begin with a preamble, followed by 16 reserved bits and 6 parity bits.

3.1.1.1.2.5 Handover word (HOW). The HOW shall be 30 bits long and shall be the second word in
each subframe/page, immediately following the TLM word. A HOW shall occur every 6 seconds in
the data frame. The HOW format and content shall be as shown in Figure B-4. The full time-of-
week (TOW) count shall consist of the 19 LSBs of the 29-bit Z-count (3.1.1.2.6). The HOW shall
begin with the 17 MSBs of the TOW count. These 17 bits shall correspond to the TOW count at the
1.5-second epoch that occurs at the start (leading edge) of the next following subframe.

3.1.1.1.2.5.1 Bit 18. On satellites designed by configuration code 001, bit 18 shall be an "alert” flag.
When this flag is raised (bit 18 is a “1"), it shall indicate to the user that the satellite user range
accuracy (URA) may be worse than indicated in subframe 1 and that use of the satellite is at the
user’s risk.

3.1.1.1.2.5.2 Bit 19. Bit 19 shall be reserved.
3.1.1.1.2.5.3 Bits 20, 21 and 22. Bits 20, 21 and 22 of the HOW shall provide the identification (ID) of

the subframe in which that particular HOW is the second word. The ID code shall be as defined
below:

010
011
LiuQ
121

o e

LA

3.1.1.1.2.6 Satellite Z-count. Each satellite shall internally derive a 1.5-second epoch that shall
contain a convenient unit for precisely counting and communicating time. Time stated in this
manner shall be referred to as a Z-count. The Z-count shall be provided to the user as a 29-bit
binary number consisting of two parts as follows.

3.1.1.1.2.6.1 Time-of-week (TOW) count. The binary number represented by the 19 LSBs of the Z-
count shall be referred to as the TOW count and is defined as being equal to the number of 1.5-
second epochs that have occurred since the transition from the previous week. The count shall be
short-cycled such that the range of the TOW count is from 0 to 403 199 1.5-second epochs
(equalling one week) and shall be reset to zero at the end of each week. The TOW count's zero
state shall be the 1.5-second epoch that is coincident with the start of the present week. A
truncated version of the TOW count, consisting of its 17 MSBs, shall be contained in the HOW of
the L1 downlink data stream. The relationship between the actual TOW count and its truncated
HOW version shall be as indicated in Figure B-5.
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Note.— The above-mentioned epoch occurs at (approximately) midnight Saturday night/Sunday
morning, where midnight is defined as 0000 hours on the UTC scale which is nominally referenced to
the Greenwich Meridian.

3.1.1.1.2.6.2 Week count. The 10 MSBs of the Z-count shall be a binary representation of the
sequential number assigned to the present GPS week (Modulo 1024). The range of this count shall
be from 0 to 1 023. Its zero state shall be that week which starts with the 1.5-second epoch
occurring at (approximately) the UTC zero time point (3.1.4). At the expiration of GPS week number
1 023, the GPS week number shall roll over to zero. The previous 1 024 weeks in conversions from
GPS time to a calendar date shall be accounted for by the user.

3.1.1.1.3 L1 DATA CONTENT

3.1.1.1.3.1 Subframe 1 — satellite clock and health data. The content of words 3 through 10 of
subframe 1 shall contain the clock parameters and other data as indicated in Table B-2. The
parameters in a data set shall be valid during the interval of time in which they are transmitted and
shall remain valid for an additional period of time after transmission of the next data set has
started.

3.1.1.1.3.1.1 Week number. The 10 MSBs of word 3 shall contain the 10 MSBs of the 29-bit Z-count
and shall represent the number of the current GPS week at the start of the data set transmission
interval with all zeros indicating week “zero.” The GPS week number shall increment at each
end/start of week epoch.

3.1.1.1.3.1.2 User range accuracy (URA). Bits 13 through 16 of word 3 shall provide a URA index,
which prescribes the predicted satellite URA as shown in Table B-3. The integrity assured URA
(IAURA) shall be the upper bound URA value corresponding to the URA index, as shown in the last
column of Table B-2.

Note 1.— The URA does not include error estimates due to inaccuracies of the single-frequency
ionospheric delay model.

Note 2.— The URA s a statistical indicator of the contribution of the apparent clock and ephemeris
prediction accuracies to the ranging accuracies obtainable with a specific satellite based on historical
data.

Note 3.— The nominal URA value for each URA index is also shown in Table B-3. The nominal URA is
suitable for use as a prediction of the RMS signal-in-space pseudo-range errors for accuracy-related
purposes.
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Table B-1. Suobframe 1 parameters
Number Scale facror Effective
FParameter af itz +# (LR} ramgetEE Units
Week oumber 10 1 waeks
Satellite aoouracy 4
Satellite health ] 1 discretes
Tan g 24 seconds
IODC 10
i 14 ¥ G0 T84 seconds
Az g F o seconds/second”
an 14= F. seconds/second
8 xae 24 seconds
*  Parameter so indicated are tare”s comoplamest, with thae sign bit (* or -} occupyng the MEE.
¢ S Figume B-8 for complets bt allocaticn.
#o% Unkss ctbsrwise mdicated in thiz colurs, afecthve moge i Se caxinsem mngs.
Table B-2. User ramge accuracy
Corrgsponding
LRA mdex LRA (merresi Nomupal URA L4URA
] 000 <URA <240 Im 240m
1 240 =URA =340 28m 340m
2 340 <TUBRA < 485 4m 485m
3 485 <TUBRA < 685 57Tm 685m
4 6.85 < UURA < D65 Em 245m
5 9465 < URA = 13,65 113m 13.65m
] 13.65 <URA <2400 16 m 2400m
7 24.00 < URA < 4800 2m 43.00m
g 45.00 < URA < 96.00 G4 m 95.00 m
] 94.00 < URA < 19200 128m 19200 m
10 19200 < UF.A < 384.00 156m 38400 m
11 384.00 < UF.A < 748.00 512m THE.00 m
12 THB.00 < URA < 1 535.00 1024m 1 536.00 m
13 1536.00 <=URA < 3 072,00 204 m 307200 m
14 307200 <URA < 6 14400 4086 m i 144.00 m
15 G 14400 < URA Mo accuracy prediction 1= available — HiA
{or Do acouracy prediction is 5P5 uzers are advized to use the 5V
available — SPS usars are advized o ar their own risk
nze the 5V at their own Hzk)
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3.1.1.1.3.1.3 Health. The transmitting satellite 6-bit health indication shall be provided by bits 17
through 22 of word 3. The MSB shall indicate a summary of the health of the navigation data,
where:

a) 0 = all navigation data are valid; and
b) 1 = some of the navigation data are not valid.

The 5 LSBs shall indicate the health of the signal components in accordance with Table B-X. The
health indication shall be provided relative to the capabilities of each satellite as designated by the
configuration code provided in page 25 of subframe 4 . Any satellite that does not have a certain
capability shall be indicated as "healthy” if the lack of this capability is inherent in its design or it
has been configured into a mode which is normal from a receiver standpoint and does not require
that capability. Additional health data shall be given in subframes 4 and 5.

Note.— The data given in subframe 1 may differ from that shown in subframes 4 and/or 5 of other
satellites since the latter may be updated at a different time.

Table B-3. Codes for health of satellife signal components

MR L5E Indication

1] ] ] 0 1] ATT SIGHMALS O

1 1 1 i L SATELLITE IS TEMPORARTLY OUT — dio not use this satellite duning
CUITENE pass

1 1 1 0 1 SATEILITE WILL BE TEMPORARILY OUT — use with caution

1 1 1 1 1] OME OF. MOERE SIGNALS ARE DEFORMED* HOWEVER THE

BEEILEVANT URA PARAMETERS ARE VALID

1 1 1 1 1 MULTIPLE AMNOMATIES FRESENT (other than those anomalies or
condifions that would result in either of the two satellite temporary ontages
as codified above )

All other combinations SATELLITE EXPERIENCTNG CODE MODULATION ANDVOER

SIGHAL POWEE LEVEL TERANSMISSION PROBLEMS. The user may
et be able to acquoire the satellite or may expenience mieTmittent racking
problems if saellite is acquired.

*Daforred peans coe or mom sipzals do not meet the mquirements in I5-CPE-200E, Secton 3.

3.1.1.1.3.1.4 Issue of data, clock (IODC). Bits 23 and 24 of word 3 in subframe 1 shall be the 2 MSBs
of the 10-bit IODC term. Bits 1 through 8 of word 8 in subframe 1 shall contain the 8 LSBs of the
IODC. The IODC shall indicate the issue number of data set. The transmitted IODC shall be different
from any value transmitted by the satellite during the preceding 6 hours.

Note.— The relationship between the IODC and the Issue of Data, Ephemeris (IODE) terms is defined
in3.1.1.1322.

3.1.1.1.3.1.5 Estimated group delay differential. Bits 17 through 24 of word 7 shall contain the
correction term, TGD, to account for the effect of satellite group delay differential.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 113



MCAR, PART-5, ANS SECTION-9, VOLUME |

Note.— TGD does not include any C/A to P(Y) code relative group delay error.

3.1.1.1.3.1.6 Satellite clock correction parameters. Bits 9 through 24 of word 8, bits 1 through 24 of
word 9, and bits 1 through 22 of word 10 shall contain the parameters needed by the users for
apparent satellite clock correction (toc, af2, af1 and af0).

3.1.1.1.3.1.7 Reserved data fields. Reserved data fields shall be as indicated in Table B-4. All reserved
data fields shall support valid parity within their respective words.

3.1.1.1.3.2 Subframes 2 and 3 — satellite ephemeris data. Subframes 2 and 3 shall contain the
ephemeris representation of the transmitting satellite.

3.1.1.1.3.2.1 Ephemeris parameters. The ephemeris parameters shall be as indicated in Table B-5.
For each parameter in subframe 2 and 3, the number of bits, the scale factor of the LSB, the range,
and the units shall be as specified in Table B-6.

3.1.1.1.3.2.2 Issue of data, ephemeris (IODE). The IODE shall be an 8-bit number equal to the 8 LSBs
of the 10-bit IODC of the same data set. The IODE shall be provided in both subframes 2 and 3 for
the purpose of comparison with the 8 LSBs of the IODC term in subframe 1. Whenever these three
terms do not match, as a result of a data set cutover, new data shall be collected. The transmitted
IODE shall be different from any value transmitted by the satellite during the preceding six hours
(Note T1). Any change in the subframe 2 and 3 data shall be accomplished in concert with a change
in both IODE words. Change to new data sets shall occur only on hour boundaries except for the
first data set of a new upload. Additionally, the toe value, for at least the first data set transmitted
by a satellite after an upload, shall have a small negative offset relative to the nominal location on
an hour boundary (midpoint of the curve fit interval) (Note 2).

Takle B-4. Subframe 1 reserved data fields

Word Bit
3 11 -12
4 1-24
3 1-24
] 1-24

|
(=]

|
et
[
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Table B-5. Ephemeris data

M,

VA

OMEGA,

in

OMEGADOT
iDOT

[y
-'!!.J:"F.

Mean anomaly at refarence tme

Mean motion difference from computed value

Eccenfricity

Somare root of the semi-major axis

Longimde of ascending node of orbit plane at weekly epoch

Inclination angles at reference dme

Argumen: of pariges

Fiate of rizht ascension

Faate of inclination angle

Amplimde of the cosine harmonic comecton term fo the arzmment of latnde
Amplimde of the sine harmonic comeciion term to the argument of Latinde
Amplimde of the cosine harmonic cormection term fo the orbif radins
Amplimde of the sine harmonic comecion term fo the orbit radis
Amplimde of the cosine harmonic cormection term fo the angle of nclnation
Amplimde of the sine harmonic comeciion term to the angle of mclination
Feference ime ephemerns

Izsue of data, ephermernis
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Table B-6. Ephemeris parameters

Number Scale factor Effectae
Paramerer of iz %% (L5E) FANEEEEE Unis
IODE ]
T 15* 2+ meafTes
An 16* 2 serm-circles ‘second
Bl 32 P sarmi-cincles
Cu 15* 2 radisns
a 32 2 0.03 dimensignless
Cs 1G* 2 radisns
vA 32 24 253010 8 102 metres =
- 14 .o 604 784 seconds
Ci 1G* 2 radisns
OMEGAs 32 2 semni-circles
Cs 16* 2 radisns
i k¥ 24 sarmi-cincles
o 15* 2= mafTes
w 32e 2 sermi-cincles
OMEGADOT 4= 2-4 —6.33 = 10"t 0 semi-circles ‘second
iDOT 14* 2 sem-cincles ‘second

Parametems 5o indicaied are tae’s complemant, with the sim bit (+ or —) oocupymng the MEE.
5o Figurs B-£ for complete bdt allocation in subframa.
* Tnless otharwdise mdicated in this colums afecthoe nngs is ®ie moxirvem mnge sttainshle with the indicated bit allocation and scale Sctor

Note 1.— The IODE/IODC terms provide the receiver with a means for detecting any changes in the
ephemeris/clock representation parameters.

Note 2.— The first data set may change (3.1.1.1.2.2) at any time during the hour and therefore may
be transmitted by the satellite for less than 1 hour.

3.1.1.1.3.2.3 Curve fit intervals. Bit 17 in word 10 of subframe 2 shall be a "fit interval” flag which
indicates the curve-fit interval used in determining the ephemeris parameters, as follows:

0 = 4 hours,
1 = greater than 4 hours.

A fit interval flag of zero (0) shall indicate the satellite is undergoing normal operations. A fit
interval flag of one (1) shall indicate the satellite is undergoing short- or long-term extended
operations.

3.1.1.1.3.3 Subframes 4 and 5 — support data. Both subframes 4 and 5 shall be subcommutated 25
times each. With the possible exception of “reserved” pages and explicit repeats, each page shall

contain different data in words 3 through 10. Subframes 4 and 5 shall contain the data listed in Table B-
7.
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Note.— Subframes 4 and 5 from satellites broadcasting PRN codes 1 — 32 contain almanac and
health data for 32 satellites. Subframes 4 and 5 from satellites broadcasting PRN codes 33 — 63
contain almanac and health data for only 31 satellites. See 1S-GPS-200K for full details on the
content and bit allocations of the data in subframes 4 and 5.

Table B-7. Subframe: 4 and 5 data

Subframe Page(s) Data
4 1,611, 1§ and 21 Pacervad
2,3,4,5 7,8 9and10* Almsnac data
12, 19, 20, 22 73 and 24 Peserved
13 HMCT**
14 and 15 Flesarved for system use
17 Special messages*®
18 Tonosphesic and UTC data
25 A-S flags'SV confipurations and 5V bealth
5 1 through 24 Almanac data
25 5V health daty
Page 10 of mbframs 4 is only st from satellites broadcasting PR codes | — 32 (and will comtain admanas data for PEN 32); it 45 not nsed by
satal e broadcasting PR codas 33 - 63.
*  Page not mended for aviation nse

3.1.1.1.4 L5 SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS

3.1.1.1.4.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated L5
carrier shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth can track the
carrier to an accuracy of 0.1 radians RMS

3.1.1.1.4.2 Spurious emissions. In-band spurious emissions shall be at least 40 dB below the
unmodulated L5 carrier over the allocated channel bandwidth.

3.1.1.1.4.3 Correlation loss. The loss in the recovered signal power due to imperfections in the L5
signal modulation and waveform distortion shall not exceed 0.6 dB.

Note.— The loss in signal power is the difference between the broadcast power in an allocated
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and the same bandwidth.

3.1.1.1.4.4 L5 carrier components. L5 shall have two carrier components modulated by separate bit
trains: the 15-code and the Q5-code (see Table B-L5-1).

3.1.1.1.4.41 The I5 and Q5 carriers shall be in phase quadrature (within £100 milliradians) and the
Q5 carrier shall be lagging the I5 carrier by 90 degrees.
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Table B-8. Composite LS transmifted signal phaze®*

Noming composite LF signal phase® Code state
I5 Q5
1 0 a
80" 0
+a0- 0 1
1807 1
Eelathve to 0, O code shte with poaitive angles kading and negathee angles Iagzing.
Bawed on the composite of two LI camier componsat af the syme powsr.

3.1.1.1.4.5 Code generation. The 15 and Q5 code patterns 15i(t) and Q5i(t) shall each be formed by
the Modulo-2 sum of two extended bit patterns clocked at a 10.23 MHz rate, XA(t) and XBli(nli, t)
or XA(t) and XBQi(nQj, t), where nli and nQi are the initial states of XBli and XBQi for satellite i.

3.1.1.1.4.5.1 The XA code shall be a code of length 8 190 with initial condition of all “ones” that is
short-cycled 1 chip before its natural ending and restarted to run over a period of 1 millisecond
(synchronized with the L1 frequency C/A code) for a total of 10 230 chips.

3.1.1.1.4.5.2 The XBIi and XBQi codes shall be codes of length 8 191 with initial conditions that are
specified in IS-GPS-705F, Tables 3-la and Ib. The XBIli and XBQi codes shall not be short-cycled and
shall be restarted to run over a period of 1 millisecond for a total of 10 230 chips.

3.1.1.1.4.5.3 The generating polynomials for the XA and XBIi and XBQi codes shall be:
a) XA: X13 + X12 + X10 + X9 + 1; and
b) XBli and XBQi: X13 + X12 +X8 + X7 + X6 + X4 + X3 + X + 1.

Note. — Additional details on code phase assignments are specified in the GPS Interface
Specification, IS-GPS-705F.

3.1.1.1.4.6 Navigation data modulation. The L5 navigation data (CNAV) bit train shall be encoded at
a rate of 2 symbols per bit using a convolution code with a constraint length of 7 to yield 100
symbols per second (sps). The 100 sps symbols shall then be modulated (Modulo-2 addition) with
the 10-bit Neuman-Hofman code “0000110101" clocked at 1 kHz. The resulting symbol sequence
shall be Modulo-2 added with the I5 PRN code and used to modulate the L5 in-phase carrier.
3.1.1.1.4.7 Signal timing. The XA code shall be synchronized with the L1 frequency C/A code. The
XBli and XBQi codes shall be synchronized with the XA code.

3.1.1.1.4.8 Group delay differential. The absolute value of the mean differential delay between the
radiated L1 and L5 signals shall not exceed 30.0 nanoseconds. The total variation about the mean
(random plus non-random variations) shall not exceed 3.0 nanoseconds (95 per cent probability).

Note.— Inter-signal corrections (ISCs) are provided in the navigation data, to correct for the bias
component of the differential delay.
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3.1.1.1.5 L5 DATA STRUCTURE

3.1.1.1.5.1 Forward error correction. The L5 CNAV bit train shall be rate 1/2 convolution encoded
with a forward error correction (FEC) code of constraint length 7.

3.1.1.1.5.2 Navigation data structure. The L5 CNAV data shall be provided in a set of six-second
300-bit long messages.

3.1.1.1.5.2.1 Each message shall contain a cyclic redundancy check (CRC) parity block of 24 bits
protecting the entire 300-bit message.

3.1.1.1.5.2.2 Each message shall be composed of the following ordered fields: an 8-bit preamble
("10001011"), the 6-bit PRN number of the transmitting satellite, a 6-bit message type ID (range 0
to 63), the 17-bit message time-of-week (TOW) count, a 1-bit alert flag (bit 38), the data field (238
bits), and the 24-bit CRC parity block.

3.1.1.1.5.2.3 The TOW count multiplied by 6 shall provide the satellite time in seconds at the start
of the next 6-second message.

3.1.1.1.5.2.4 Bit 38 shall be an "alert flag” where the value "1” indicates that the signal URA
components may be worse than indicated in the associated message types and that use of the
signal is at the user’s risk.

3.1.1.1.6 L5 (CNAV) DATA CONTENT

3.1.1.1.6.1 CNAV message types. The CNAV data broadcasted on L5 shall contain the message
types listed in Table B-9.

Note.—See IS-GPS-705F for details on the content and application of the data contained in each
message type.

Table B-8. CNAV message fypes

Meszage Hype Comtant
0 Diefault message (empity)
10 Ephemeris. accuracy, health parameters
11 Ephemeris. accuracy, health parameters
30 SW Clock, acouracy, ionosphere, sroup delay
3l SV Clock, acouracy, almanac
32 EW Clock, accuracy, earth orientation parsmsaers
33 5W Clock, acouracy, UTC parameters
34 SW Clock, acouracy, differentia] correction parameters
35 SV Clock, acouracy, GPS/GHSS tme offeet
36 EW Clock, acouracy, text messages
37 SW Clock, acouracy, mudi almanac
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3.1.1.1.6.2 Message Type 10 shall contain the elevation-dependent (ED) component of the user
range accuracy (URAED) index corresponding to the maximum elevation-dependent error
expected for the current ephemeris curve fit for the worst-case location within the satellite
footprint.

Note.— At the best location within the satellite footprint (i.e. nominally directly below the satellite
along its nadir vector), the corresponding URAED is zero (see Table B-10).

3.1.1.1.6.3 Message Types 30 to 37 shall contain the non-elevation-dependent (NED) URA
component indices: URANEDO index, URANED1 index, and URANED?2 index, respectively, for the
transmitting satellite.

The URANEDO value shall be related to the URANEDO index according to Table B-11.

The URANED1 value shall be related to the URANED1 index as:

URAygm = a;.i-.
wherne
M =14+ U Az index
The UB Aprrn: valae chall be related to the U 4 pre index as:
URAwgns = Ei"
whese
W =128 + URAnrr: index

Note — URden, URdwere, URAwen; and UR4 e, ave woed fo compure the infeeriy assumed UR4 (T4URA )

DEPARTMENT OF CIVIL AVIATION, MYANMAR 120



MCAR, PART-5, ANS SECTION-9, VOLUME |

Table B-10. Elevation-dependent nier range accaracy TR A

URAgn index URA g )
15 6 14400 = UPAg, (acouracy prediction not available)
14 307200 = UBAgn = § 144.00
13 1 536.00 = UBAgn = 3 072.00
12 T68.00 = UPAsn= 1 536.00
11 384.00 = UBRAgy = T68.00
10 192 00 < UB Apy < 384.00
o 06,00 < UBApn < 192.00
g 4800 < UB g = 96.00
7 2400 = UP.Agn = 48.00
<] 13.65 < UBAgn = 24.00
URA g inde DR grs ()
5 9.65 < UPAsm < 13.65
4 6.85 < URAgp < 9.65
3 4.85 <« URAg < §.85
2 340 < URAm < 4.85
2.40 < URAgp < 3.40
0 1.70 = URApp = 2 40
-1 1.20 < URAen < 1.T0
-2 0.85 < URAgm = 120
-3 0.60 < URAg < 085
-4 0.43 = URAgp < 060
-5 0.30 < URAgm = 043
-6 0.21 = URAgp = 030
-7 0.15 < URAem = 0.21
-B 0.11 <UPAen < 0.15
-8 0.08 < URAgm < 011
-10 0.0 < UBAgp = 0.08
-11 0.04 <= URAz < 006
-12 0.03 < UB g = 0:04
-13 0.02 < URAgp < 0:03
-14 0.01 < URAgp < 0.02
- 15 UP e, = 0.01
- 16 Apouracy prediction not available
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Table B-11. Non-elevation-dependent mier range accuracy TR Axine

LR e Tl DR A (m)
15 & 144010 <= UB Az (accuracy prediction not available)
14 F072.00 < URAysn = 6 144.00
13 1 536,00 = U fyeme = 3 072.00
12 T6E.00 < TR Awgme < 1 536.00
11 38400 = UB A ymma =2 THE.00
10 192 00 = TP Awers = 384.00
o 96.00 < UPR-Axems = 192.00
B 4800 < UBAyena = 1600
UR A index URdsrre ()
7 2400 = UE Ayrrs = 48.00
i 13.65 = UBAyeno = 24.00
5 965 < U Apene = 13,65
4 6.85 < U Ayeng = 965
3 4.85 < U Ayeno = §.83
2 340 <UF ApEne = 4.85
240 = UE Awera = 3.40
0 L.70 = UR Ay = 2.40
-1 1.20 < URAszra < 1.70
-2 0.85 < U Ayerg = 1.20
-3 0,60 = U Ayerg = 083
-4 0.43 = UE Aygrs = 0.60
-5 030 = UE Ay = 0.43
- 0.21 < U Ayerg = 030
-7 0.15 = UEAyprs = 0.21
-8 0.11 = UEAyps = 0.15
-8 0.08 = U Ayen = 0.11
- 10 0.0 = UF Aper = 008
-11 0.4 = UB Ayerg = 006
-12 0.03 = UE Ay = 0.04
- 13 0.02 = UE Ay = 0.03
-14 0.01 = U Ayeng = 0,02
- 15 TR Ao = 0.01
- 14 Aooaracy prediction not avatlahbla
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3.1.1.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted, but are used by either or both non-
aircraft and aircraft elements, and that define terms applied to determine the navigation solution
and its integrity.

Table B-12. Parity encoding alzorithms

D = d|$D-<_

D_l = {i._'$D-<_

Iy = dc$D-<_

Dy = du®Dw

Diys = Duedededa®d:dd®di®d Bd:BdSduy Sdir® dig B den B day
Dy = Duyedededlk®ddded ®d:Bd:Bd.Sds Sdg®d; Bdy B dy
Dis = Duedededdke®d:dheddkaed:®d;BdsBd:;BdcSdi®dy o de
D = Duyedhed®d:®d:ddhed®d:;®d.Bd;Bd:BdrSdn®dy P ds
Dy = DuBded®da®ddded Sdo® disBd;s B dic® diy B dep ® dyy B dee S dy
Dy = DB EFhEFdkEdhEdEdEd, @d:Pdis® d Edey B s B s
whers:

Dy, D, Dy, ... D, Dy are the bits transmitted by the satellite;

Dhas, .. Dhss are the computed parity bits;

dy, ds, . dss are the source dats bits;

& Iz the Moedulo-2 or “Exclusive-Or™ operation; and

* iz msed to identify the last two bits of the previous word of the subframs.

3.1.1.2.1 GPS PROTOCOLS FOR SINGLE-FREQUENCY L1 USERS

3.1.1.2.1.1 Parity algorithm. GPS parity algorithms are defined as indicated in Table B-14.
3.1.1.2.1.2 Satellite clock correction parameters. GPS system time t is defined as:

t = tsv — (Atsv)L1

where

t = GPS system time (corrected for beginning and end-of-week crossovers);

tsv = effective satellite PRN code phase time at transmission of the message;

(Atsv)L1 = the satellite PRN code phase offset for the L1 C/A signal;

(Atsv)L1 = Atsv — TGD
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Where

Atsv = af0 + af1(t — toc) + af2(t — toc)2+ Atr;

TGD is contained in subframe 1

af0, af1 and af2 and toc, are contained in subframe 1; and
Atr = the relativistic correction term (seconds)

Atr = Fe VA sin Ek

Where

e and A are contained in subframes 2 and 3;
Ek is defined in Table B-15; and
=2 (u)*

F= " =—4.442807633(10)™"? s/m"
2

Where

K = WGS-84 universal gravitational parameter (3.986005 x 1014 m3/s2)
¢ = the speed of light in a vacuum (2.99792458 x 108 m/s)

Note.— The value of t is intended to account for the beginning or end-of-week crossovers. That is, if
the quantity t-toc is greater than 302 400 seconds, subtract 604 800 seconds from t. If the quantity t-
toc is less than —302 400 seconds, add 604 800 seconds to t.

3.1.1.2.1.3 Satellite position. The current satellite position (Xk, Yk, Zk) is defined as shown in Table
B-13.

3.1.1.2.1.4 lonospheric correction. The ionospheric correction (TionoL1) is defined as:
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:\.A'
TIIIII_|.|= = |:5Ef_"ﬂﬂd5:l
Fxi(50x10™") Jx| =157

:.1
Fx [E.m-:m-“ + AMP {1-:+ jl] Jx] <157

whera

T gmsh, AMPz0

.FlHP:i
ifAMP < 0, AMP=10

] {seconds)

Zan-50 400 .
x= FER (radians}

3 " -
PER:[ Eu-|:| Pu®=  PER=72000 }-'Secundzl
ifPER <2 72 000, PER = 72 000

F=10+16.000.53 — E}
o and f. are the satellite mansmitted data words witho=0, 1, 2 and 3
d, =0+ 0.6 cos (- 1.617) (semi-circles)

_WsinaA
cosdy

L =l (zemi~circles)

ﬁ:_ =+ ycos A (semi-circles)
o,=5, if |3 |=0.416

©,= {¢=+0.416if ¢, > 04186, ; (semi-circles)
©=-0416if p < -0.416

LiLIE R

EHL11

—0.022 (semi-circles)
t = 43210+ GPS time (seconds) where 0 < t <= 86 400,

therefore: if t = 56 404 seconds. sabiract 86 400 seconds; and
if t < 0 seconds, add 86 400 seconds

E = zatellite elevation angls

3.1.1.2.1.4.1 The terms used in computation of ionospheric delay are as follows:
a) Satellite transmitted terms

an = the coefficients of a cubic equation representing the amplitude of the vertical delay (4
coefficients = 8 bits each) obtained from page 18 of subframe 4

Bn = the coefficients of a cubic equation representing the period of the model (4 coefficients = 8
bits each) obtained from page 18 of subframe 4
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bl Feceiver generated terms

E
A

'
b
ZP% time

¢} Conputed terms

- -

elevation angle berween the user and saellite (semi-circles)

azinmith angle between the user and satellite, messured clockwise positive Som the true Morth
{zemi-cincles)

wsar geadetic latinede (semi-circles) WiES-24

wser geadetic longrmede (semi-circles) WiES-84

Teceiver computed system tme

phase (radians)

obliquity factor (dimensionless)

local tme (seconds)

peomaznetic lagmde of the earth projection of the ionespheric intersection point {mesn ionospheric
haight ssapmed 350 km) (semi-circlas)

seomagmetic longinude of the earth projecion of the ionospheric mtersection point (semi-circles)
peomaznetic latimde of the earth projecton of the ionosphenic intersection point (semi-circles)
earth’s central anzle beryesn nser position and earth projecdon of ionospheric intersection point
{semu-circles)

DEPARTMENT OF CIVIL AVIATION, MYANMAR 126



MCAR, PART-5, ANS SECTION-9, VOLUME |

Table B-13. Elements of coordinate systems

A= l[\'rﬁ]:

_ =
%= x
ty =1—t
n=mn;+An
My =M+ ok

:;.‘I;._=E1—E'5iﬂ.zi

Sl -mia)or axis

Computed mean mofion

Time from ephemeris reference epoch”
Comected mean moton
Mfean anomaly

Keplar's eguation for eccentric anomaly (may be solved by iteration)

sim v,
W, = tan 1f E =
Loos
L fe+oosy
:E'l = s -{—I'l
1 +ecosw)
=% + o

iy = Co 5im 2y + Cor oS 2
&z, = C 5in 2y, + Coosin 2y
bip = C cos 2y +C, 5im 24y
g = iy + by

I =A(l —ecos BEy) + b

i =iy + Bl +H{IDOTH

XS 008 “:‘1

Fp-heanm

O =0 + (-0 - Dt
%=Xy cos 0y — ¥ cos i sin £y
¥, =x), sinfl, — v, cos cos HL}

k

k
B=y, sinj

__{'-. 1—e“sinE, /(1 —ecos B

¢ True anomaly

(cos By —e)f(l—ecosE) )

Eccentric anomaly

Argument of latimds

Second Harmonic Perturbations
Argument of latiteds comection
Fadins cormection

Inclination coTrec ion

Corrected srmurnent of latmds
Comected radius

Comected inclination

Positions in orbital plane

Corrected longitude of ascending node

Earth-cenmed sarth-fixed coordinates

t s (GPS sysiwm time at time of treasmission e GPE tizw comected Sor tansit time (Tange/speed of Lghf). Furthermoms, t: is the actml total
tinw difference betawen the tinw t and the epoch timw t.. and must acooent for begmming or end-of-wesk orossovers. That is, B & is eaber
tham 302 400 secomds, subiract §04 B seconds from t,. 't 35 less than 302 3 seconds, add S04 800 secomds o .

3.1.1.2.2 GPS PROTOCOLS FOR SINGLE-FREQUENCY (L5) AND DUAL-FREQUENCY (L1/L5) USERS

3.1.1.2.2.1 Parity algorithm. The CNAV CRC word shall be calculated in the forward direction using
a seed of 0. The sequence of 24 bits (p1, p2,... p24) shall be generated from the sequence of
information bits (m1, m2,.., m276) using the following generating polynomial:

24

a(x) =Z§*"“

where gi =
0 otherwise.

i=0

1for0,1,3,4,56,7 10,11, 14,17, 18, 23, 24, and
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Note.— See IS-GPS-705F for full details on the CNAV parity algorithm.
3.1.1.2.2.2 Satellite clock correction. GPS system time t shall be as follows:
t = tsv — Atsv

where Atsv is computed using the equations defined in 3.1.1.2.1.2 and parameters from CNAV
message Types 10 and 11 (for the relativistic correction term) and 30 through 37.

Note.—Additional terms apply to the satellite clock correction for single-frequency L5 users. Section
3.1.1.2.2.5 shows the satellite PRN code phase offset for the single frequency L5 I5 and L5 Q5 users,
and t = tsv — (Atsv)L5/5 or t = tsv — (Atsv)L5Q5 .

3.1.1.2.2.3 Satellite position. The current satellite position (Xk, Yk, Zk) shall be calculated as shown
in Table B-14.

Note.— The ephemeris parameters: toe, AA, A, AnO, An 0, MO-n, en, wn, Q0-n, AQ, i0-n, i0-r ,Cis-n,
Cic-n, Crs-n, Crc-n, Cus-n, and Cuc-n, are provided in CNAV message Types 10 and 11.

3.1.1.2.2.4 Integrity assured user range accuracy (IAURA)

3.1.1.2.2.4.1 Composite IAURA. The composite IAURA value shall be the RSS of an elevation-
dependent (ED) component and a non-elevation-dependent (NED) component.

| . - %
TAUURA = '-.I (adjusted TAURAgp )* + TAUR Ajpep

3.1.1.2.2.4.2 Elevation-dependent (ED) accuracy estimate. An adjusted ED IAURA value (in metres)
shall be computed from the upper bound value of the URAED obtained from message Type 10,
Table B-10, and the equation:

adjusted IAURAED = URAED (sin(E+90))

where

E is the satellite elevation angle in degrees (E > 0)

3.1.1.2.2.4.3 Non-elevation-dependent (NED) accuracy estimate. The non-elevation-dependent
IAURA value (in metres) shall be computed using the upper bound value of URANEDO and the
equation:

IAURANED = URANEDO + URANED1x(t — top + 604,800x(WN — WNop)

when t — top + 604,800x(WN — WNop) < 93,600 seconds

and

IAURANED = URANEDO + URANED1x(t — top + 604,800x(WN — WNop)

DEPARTMENT OF CIVIL AVIATION, MYANMAR 128



MCAR, PART-5, ANS SECTION-9, VOLUME |

+ URANED2x(t — top + 604,800+(WN — WNop) - 93,600)2

when t - t, + 604 B00=TWH — W) = 93 600 seconds
whers
t= PS5 system time

WHN, WN.. tn, URAwne, URAwmn, URfugr: are obtained from message Types 10, 30 to 37, and
Table B-11.

3.11.225 Esmmated L group delay differential for single-frequency users.

Note.— Inter-signal Bases for LILY dugl-frequency users are corrected via the lonosphere-free preude-range described
m3i122F

3.11.2251 Forthe single-frequency L5 I5 usar, the satellite clock tme, comected for the L1/LS inter-signal bias, shall
be as follows:

(Atgy)pags = Atgy —Top +ISC s

3.1.1.2252 Forthe single-frequency L5 Q5 usar, the satallite clock fime comrected for the LTS inper-signal bias, shall
be as follows:

(Atgy)ysgs = Aty —Tiop + I5C1ags
Note.— Tap, I5Cyqs and I5C; a5 are pronaded in CNAV message Tipe 0.

3112246 Ionospheric comection. For L5, the single-frequency ionospheric comection defined in 3.1.1.2.1.4 shall be
mualtiplied by Vs, (Timals= YosTamo1), Where yis = (/8 )" = (1 575421 176.45)° = (154113

3.11.227 LLALS ionocpheric correction for dual-frequency users.

3112271 Theionosphere-free psendo-ranze for the dusl-Fequency (L1 /A and L5 I5) user shall be as follows:

PR = {PRf.h.n'h - ]"u.FRL:lE_-'..l::l + El::'irscl'.bl'b — ¥ =--rscj.1£."..|::| _

T,
1-¥s o
whers
PR = pesundo-range cormected for ionospheric effecs,
PRi = pseudo-range messured on the channel indicated by the subscopt,
I5Ci = ioter-sizmal commection for the chaonel indicated by the sabscrpt, provided o CHAYV message Type 30,
Tan = L1 B(Y) and L2 I{Y) inter-zignal commection, provided in CHAV meszage Type 30,
c = speed of light, and
Yis = (/) =(1 5754271 176.45)° = (154115

3112272 Theionosphere-free psendo-range for the duzl-Sequency (L1 /A and L5 QF) user chall be as follows:

{P'Rl'.hl.'lb - }I15FRL:I-E_I'.A::I + El::fscl'.bl.'lb . h'r"';cl:l{,l'..l]l

PR = el T

—figp
whera

PE_ PRi, I5CI, Top, ¢ and ¥y s are as defined above.
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Table B-14. Elements of coordinate systems for LS CNAV data

e =TT

Ag = Agpr T AA

"!lH :.lflu +.‘i.I.TH
_ e

M—JE

L'I.'l:l". = fl.'l:l.u +T:__L'I.'|-'I|:|t||

Times from sphemeriz reference spoch’
Sermi-major axis at referencs fime™
Serni-mAjor axis

Computed mean motion

Mean motion diference fom computed valie

By = Cusan 5im 20y + Cocn 005 2y
& = Cren 50 260 + Craa 50 26
i = Cis-n 5in 29 + Cic-n 005 2
Uk = e+ Sk

T = Al —enos Bi) + G

iy = i + ip_nty + iy

¥ = rkmsu"}
Vi = Tysinuy

ﬂ:ﬂREF+ﬂ.ﬂ

O = Qg o + (20 )t - Dt
Hp = :{"kmiﬂ:k— }"'kmsihﬂ'nﬂk

Vi = X sinfly - ¥ cosigeos

7y = ¥y sin iy

& Aper =26 559 T10 meires.
o (o = —2 6 x 107 weei-cimles'second

ng, =n, +an, Cormected mean motion
M, =M, +n.ty Mean snomaly
M, =E, —e,sinE, Eepler's equation for eccentric anomaly (may be solved by iteraton)
sin v, Vv1—e%inE, /(1 - ecosE)
x'lztan'[ ]:t.a.ﬁl Trme anomaly
005 W), (cosE, —e)f(1—ecosE,)
[ e+oosw,
E - y————— Eccentric anomaly
l+ecosy
dr="c+w Arpument of latitnde

Second Harmomic Perturbations
Arpument of ladmde commection

Badius comection

Inclination comection

Cormected argument of Latimde
Cormected radin:

Comected inclination

Positions m orbital plane

Fate of right ascension”

Comected longimde of ascending node

Earth-Centred, Earth-Fixed coordinatss

*  ti P sysiem time at time of trameesission, 1e GRS tme comected for tansit ties: (ange'spesd of Heht). Furthermsom, t; i the actml total
time difference betoeen the tme tand the spoch tme 1., and emst accoent for beginning or end-of-wesk aowsovers. That ix, f 4 is Feater
than 302 400 wecomds, subiract 604 B secends fom tp. It 15 less than -302 400 weconds, add S04 8090 secomds io 1.

3.1.1.3 AIRCRAFT ELEMENTS

3.1.1.3.1 GPS RECEIVER

3.1.1.3.1.1 Reserved.
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3.1.1.3.1.2 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four satellites and generate a position solution based upon those measurements.

3.1.1.3.1.3 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal SPS signal carrier phase and C/A code measurements. The receiver shall compensate
for the Doppler shift that is unique to the anticipated application. For CNAV data, the receiver shall
monitor the toe, toc and top values and shall update ephemeris and clock data based upon a
detected change in any of these values.

3.1.1.3.1.4 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in Chapter 3, 3.7.

3.1.1.3.1.5 Application of clock and ephemeris data. The receiver shall ensure that it is using the
correct ephemeris and clock data before providing any position solution. For LNAV data, the
receiver shall monitor the IODC and IODE values, and shall update ephemeris and clock databased
upon a detected change in one or both of these values.

3.1.1.4 TIME

GPS time shall be referenced to a UTC (as maintained by the U.S. Naval Observatory) zero time-
point defined as midnight on the night of 5 January 1980/morning of 6 January 1980. The largest
unit used in stating GPS time shall be 1 week, defined as 604 800 seconds. The GPS time scale shall
be maintained to be within 1 microsecond of UTC (Modulo 1 second) after correction for the
integer number of leap seconds difference. The navigation data shall contain the requisite data for
relating GPS time to UTC.

3.1.2 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA) (L1/L3)

Note.— In this section the term GLONASS refers to all satellites in the constellation. Standards
relating only to GLONASS-M satellites are qualified accordingly.

3.1.2.1 NON-AIRCRAFT ELEMENTS
3.1.2.1.1 LTOF (LT OPEN SERVICE FDMA) RF CHARACTERISTICS

Note.— Additional information on the L1OF RF characteristics is given in the GLONASS
Navigational radio signal in bands L1, L2 Interface Control Document (Edition 5.1), dated 2008
(hereinafter referred to as “"GLONASS FDMA ICD").

3.1.2.1.1.1 Carrier frequencies. The nominal values of L1 carrier frequencies shall be as defined by
the following expressions:

fi1 = fin + kAf,
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where
k= -7,...,0,1, ... 6are camer oumbers (frequency channels) of the sipmals transmitted by GLONASS satellites in
the L1 sub-band;
fu = 1602MHz; and
Ay = 0.5625MHz

Camer frequencies shall be coherently denved from a common on-board time/frequency standard. The nomunal value of
frequency, as observed on the zrowund, shall be equal to 5.0 MHz. The camer frequency of 2 GLONASS satellite shall be within
£2 x 107" relative to its nominal value .

Note I.— The nominal values of carrier frequencias for carvier mumberz kare given in Table B-13,

Note 2.— For GLONASS-M sarellites, the L2 charmel of standard accuracy (CLA) navigation signals will secupy the
12420375 -1 251 6873 MH: =0 511 MHz bandwidth as defined by the following expressions:

Jio=fox T kdfs
foo=1240 MHz; A = 04375 MH:.
For any given value of k the ratio of carvier frequencies of L1 and L2 sub-band: will be egual to:

flt]

w0 | =1

Table B-15. L1 carrier freguencies

Nominal value qf

H*, Fregquency in L1 sub-band
Carrisr number see 3. 2.0 3.4 (AdH= |

] 5] 1 6053750
5 5 1 604 8125
4 4 1 G604 2500
3 3 1 803 6875
2 2 1 6031250
1 1 1 6025625
] i 1 SO2 0000

1 31 1 601 4375
-2 30 1 s00.8750
-3 25 1 6003125
-4 28 1 5997500
-5 27 1 599 1875
- & 25 1 598.6250
-7 25 1 598.0625

3.1.2.1.1.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be
such that a phase locked loop of 10 Hz one-sided noise bandwidth provides the accuracy of carrier
phase tracking not worse than 0.1 radian (1 sigma).
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3.1.2.1.1.3 GLONASS pseudo-random code generation. The pseudo-random ranging code shall be a
511-bit sequence that is sampled at the output of the seventh stage of a 9-stage shift register. The
initialisation vector to generate this sequence shall be “111111111". The generating polynomial
that corresponds to the 9-stage shift register shall be:

G(x) =1 + x5 + x9.

3.1.2.1.1.4 Spurious emissions. The power of the transmitted RF signal beyond the GLONASS
allocated bandwidth shall not be more than —40 dB relative to the power of the unmodulated
carrier.

Note 1.— GLONASS satellites launched during 1998 to 2005 and beyond use filters limiting out-of-
band emissions to the harmful interference limit contained in Recommendation ITU-R RA.769 for the
1660 - 1670 MHz band.

Note 2.— GLONASS satellites launched beyond 2005 use filters limiting out-of-band emissions to the
harmful interference limit contained in Recommendation ITU-R RA.769 for the 1 6710.6 — 1 613.8 MHz
and 1660 — 1 670 MHz bands.

3.1.2.1.1.5 Correlation loss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.8 dB.

Note.— The loss in signal power is the difference between the broadcast power in a 1.022 MHz
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and a 1.022 MHz bandwidth.

3.1.2.1.2 L1OF (L1 OPEN SERVICE FDMA) DATA STRUCTURE
Note.— Additional information concerning the data structure is given in the GLONASS FDMA ICD.

3.1.2.1.2.1 General. The navigation message shall be transmitted as a pattern of digital data which
are coded by Hamming code and transformed into relative code. Structurally, the data pattern
shall be generated as continuously repeating superframes. The superframe shall consist of the
frames and the frames shall consist of the strings. The boundaries of strings, frames and
superframes of navigation messages from different GLONASS satellites shall be synchronized
within 2 milliseconds.

3.1.2.1.2.2 Superframe structure. The superframe shall have a 2.5-minute duration and shall consist
of 5 frames. Within each superframe a total content of non-immediate information (almanac for 24
GLONASS satellites) shall be transmitted.

Note.— Superframe structure with indication of frame numbers in the superframe and string
numbers in the frames is shown in Figure B-7.

3.1.2.1.2.3 Frame structure. Each frame shall have a 30-second duration and shall consist of 15
strings. Within each frame the total content of immediate information (ephemeris and time
parameters) for given satellite and a part of nonimmediate information (almanac) shall be
transmitted. The frames 1 through 4 shall contain the part of almanac for 20 satellites (5 satellites
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per frame) and frame 5 shall contain the remainder of almanac for 4 satellites. The almanac for one
satellite shall occupy two strings.

Note.— Frame structures are shown in Figures B-8 and B-9.

3.1.2.1.2.4 String structure. Each string shall have a 2-second duration and shall contain binary chips
of data and time mark. During the last 0.3 second within this 2-second interval (at the end of each
string) the time mark shall be transmitted. The time mark (shortened pseudo-random sequence)
shall consist of 30 chips with a time duration for each chip of 10 milliseconds and having the
following sequence:

111110001101110101000010010110.

During the first 1.7 seconds within this 2-second interval (in the beginning of each string) 85 bits of
data (each data bit of a 20 milliseconds duration) shall be transmitted in bi-binary format. The
numbers of bits in the string shall be increased from right to left. Along with information bits (bit
positions 9 through 84) the check bits of Hamming code (KX) (bit positions 1 through 8) shall be
transmitted. The Hamming code shall have a code length of 4. The data of one string shall be
separated from the data of adjacent strings by time mark (MB). The words of the data shall be
registered by MSB ahead. In each string bit position, 85 shall be an idle chip (“0”) and be
transmitted first.

3.1.2.1.2.4.1 Strings 1 through 4. The information contained in strings 1 through 4 of each frame
shall correspond to the satellite from which it is transmitted. This information shall not be changed
within the superframe.

3.1.2.1.2.4.2 Strings 5 through 15. Strings 5 through 15 of each frame shall contain GLONASS
almanac for 4 or 5 satellites. The information contained in the fifth string shall be repeated in each
frame of the superframe.

Note.— String structure is given in Figure B-10.

3.1.2.1.3 L1OF (L1 OPEN SERVICE FDMA DATA CONTENT

Note.— Additional information concerning the data content is given in the GLONASS FDMA ICD.

3.1.2.1.3.1 Ephemeris and time parameters. The ephemeris and time parameters shall be as follows:
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Talte)

where

£t}

the string mumber wathin the frame;

the time referenced to the beginning of the frame within the cument dav. It 15 calmulated according to the
satellite time scale. The inteper mumber of howrs elapsed since the beginmng of the cwrent dav 15 regrstered
m the 5 MSB:. The mteger number of munutes elapsed smce the begunning of the cwrent hour 15 registered
in the pext 6 bits. The number of 30-second intervals elapsed since the bemnming of the current monute 1=
regzistered m the one LSB. The bemimming of the day according to the satellite tme scale commoides with the
beginming of the recwrent = AL

the time mterval within the cumrent day aceardmg to UTCST) + 03 howrs 00 min. The mmediate data
transoutted within the frame are refarred to the mmddle of ty,. Duration of the tome interval and therefore the
mamnn value of ty, depends on the value of the flag P1;

the relative deviation of predicted camer frequency vahie of n-safellite from the nonmunal value at the mstant
1, 12

fn {th ] _FHn

¥, ()= o

= the forecast frequency of n-satellite clocks at an instant f,;
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ﬂ{n
Tal )

elth), alts), Za(te)
CACYRACYEACY

Koty ), Falty), 2(t)
E," =

B, =

P3 =

Ay =

= the nommal value of frequency of n-satellite clocks;

the comrection to the n-satellife time t, relative to GLOMNASS time t. at an mstant f,

Le. Talty) = t(te) — talta;

the coordinates of n-satellite in PZ-%0 coordmate svstem at an instant ty;
= the velocity vector components of n-satellite m PZ-90 coordinate svstem at an mstant t,;

= the acceleration components of n-satellite in PZ-90 coordinate system at an instant t., whach are
caused by effect of 2 and moon;

an mdication of the “age” of the immediate mfoomation, Le. 2 ime mterval elapsed since the mstant
of its caleulafion (uploading) untl the mstant . for n-satellite;

the health flag. Values greater than 3 mdicate the fact of malfunction of grven satellite;

a flaz mdicating the fime mterval between the cwrent and previous value of the ty parameters m
minutes as shown:

Pl Tme imnterval between adjacent vahies of t, m mimutes
0 i}
1 30
10 45
11 60

2 flag mdicating whether the value of t 15 odd or even. A value of “1" mdicates a 30-mmute mterval
of service mformation tramsout (=1, 3, 3 .}, 2 value of “07 indicates a 60-munute mnterval of
service information transmut (=2, 6, 10 _);

a flag indicating the number of satellites for which an almanac 15 fransmmtted within a given frame.
“17 corresponds to 3 satellifes and “07” comesponds to 4 satellites; and

the time difference between the navigation RBF signal transmitted m L2 sub-band and navigation BEF
sigmal transmtted m L1 sub-band by given satellite:

Ar,=tn—1tn

where tn, tp are the equipment delays in L1 and L2 sub-bands respectively, expressed m umts of time.

3.1.2.1.3.2 Ephemeris and time parameters. The ephemeris and time parameters shall be as
indicated in Table B-16. For the words for which numeric values may be positive or negative, the
MSB shall be the sign bit. The chip “0" shall correspond to the “+" sign and the chip “1" shall
correspond to the

3.1.2.1.3.3 Arrangement of the ephemeris and time parameters. Arrangements of the ephemeris and

uon

sign.

time parameters within a frame shall be as indicated in Table B-17.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 136



MCAR, PART-5, ANS SECTION-9, VOLUME |

3.1.2.1.3.4 Almanac parameters. The almanac parameters shall be as follows:

A = anmdex showing relation of this parameter with the almanac;

M, = zn index of the modification of n*-satellite: 00" indicates GLOMASS satellite, and “017 indicates GLOMNASS-
M zatellite;

T = the GLOMNASS time zeale comrection to UTC{SU) fime. The comection T. 15 given at the mstant of day N5

i = the calendar day pumber within the 4-vear period beginning since the leap vear. The comrechon 1. and other
almanac data {almanac of orbits and almanac of phases) relate to this day number;

n* = the slot mumber ocoupied by n-satellite;

H*, = the channe]l number of a camer frequency of n*-satellite {Table B-15);

At = the longitude of the first (within the N™*-day) ascendmz node of n*-satellite crbit m PZ-90 coordinate system:

s = the time of the first ascending node passage of n*-satellite within M*-dany;

Table B-16. Ephemeriz and time parameters

Number Seale factor Effective

Parameter af bits {LSE} range Limits
o 4 1 dimensionless

5 1 0to23 howrs
e ] 1 0 to 59 mumutes

1 30 Oor30 seconds
t 7 15 151 425 Tumutes
Yeltu} 11 2-40 =23 dimensionless
Taltn) 22 2-30 =29 seconds
Xaltn), ¥alte). Zelin) 27 2 +2. 7 = 10¢ km
e (B, T (te). 2o () 24 20 +1.3 kmisecond
e (En), Fa (te), Za (tn) 5 2-30 +6.2 = 107° km/second®
Ea 5 1 Ota3l days
B. 3 1 Ota T dimensionless
Fl 2 as defailedm 3.1.2.1.3.1
P2 1 1 01 dimensionless
F3 1 1 01 dimensionless
Ar, 5 2-30 +1397 = 10-* seconds
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Table B-17. Arrangement: of the ephemeris and time parameters within the frame

Number String mumber Eit number
Parameter af bits within the frame within the frame

m 4 1..15 Bl-3

t 12 | B3-T6

1y T 2 T0-T6
Yalhe) 11 3 - ]
Tt 22 4 3980
() X7 | §-35
Valts) X7 2 §-35
() 4] 3 §-35
Zo(th) 4 1 41— 64
Faltn) 4 2 41-#4
it 2 3 41-&4
Halty) 5 1 3640
Flty) 5 2 3640
£t 5 3 3640

E: 5 4 4933

B, 3 2 78 - 80

Pl 2 | TT-T8

P2 1 2 71

F3 1 3 80

Ar, 3 4 -3

A", = the comection to the mean value of inclmation of n*-satellite at mstant of t,*, (mean value of mclination 15 equal
to 63 degreas);
ATA, = the comection to the mean vahue of Draconian peniod of the n*-satellite at the mstant of t,*, (mean value of

Diracomian penod T 15 equal to 43 200 seconds);

ATY, = therate of change of Dracoman penod of n*-satellite;

g% = the eccenmcity of n*-satellite at instant of t,4,;

o, = the arrument of penpes of n*-satellite at the instant of 1,

s = the coarse value of n*-satellite fime comection to GLONASS fime at mstant of t.4,;

C% = apgeneralized “unhealthy flag” of n*-satellite at instant of almanac upload almanac of orbits and phases. When

Co =0, fhus mdicates that n-satellifte 15 non-operational. When O, = |, this indicates that n-satellife 15 operational.

3.1.2.1.3.5 Partition and coding of almanac parameters. The GLONASS almanac, transmitted within
the superframe, shall be partitioned over the superframe, as indicated in Table B-21. The numeric
values of almanac parameters shall be positive or negative. The MSB shall be the sign bit, the chip
0" shall correspond to the "+" sign, and the chip “1” shall correspond to the “"-" sign. The almanac

parameters shall be coded as indicated in Table B-18.

uon
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3.1.2.1.3.6 Arrangement of the almanac parameters. Arrangement of the almanac words within the
frame shall be as indicated in Table B-19.

3.1.2.1.4 CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY GLONASS-M SATELLITES IN L1OF
(L1 OPEN SERVICE FDMA)

Note.— Additional information concerning the data content and structure is given in the GLONASS
FDMA ICD.

3.1.2.1.4.1 Letter designation of additional data. In addition to the GLONASS data, GLONASS-M
satellites shall transmit the following additional data as indicated in Table B-20:

n - an mdex of the satellite ransmithnz the grven navigaton signal: it comresponds to a slot number within GLOMNASS
constellation;

la - health flag for n-th satellite: “07 mdicates the n-th satellite 15 healthy, “17 mdicates the malfunchon of the n-th satellite;

Bl - coeffiment to determme AUTL: 1t 15 equal to the difference between UT1 and UTC at the beginming of the day (244,
expressed in seconds;

B! -  cosffiment to deternume AUT 1: 1t 15 equal to the daly change of the difference AUT] (expressed m seconds for a mean
un day).

These coefficients shall be used to transform between UTC(ST) and UT1:
AUT1=UTC(51T) - UT1,
where
UT1 - Unrversal Tume referenced to the Mean Greenwich Mendian (tzking account of Pole motion),
UTC{50) - Coordmated Unrversal Tune of the Fussian Federation State Standard,
AUT1=B1 + B2 = (Nr-H",
EP — notfication of a fortheoming leap second comection of UTC (21 =) a5 shown:

EP UTC second comrachon data

Qa0 Mo UTC comrection at the end of the cuurent quarter
01 UTC correction by plus 1 5 at the end of the curvent quarter
11 UTC commection by mumus 1 5 at the end of the owrent quarter

Note.— GLONASS system timescale corvection is wsually pevformed once a year ar midnight 00 hours 00 minwres 00
seconds in accordance with the early notification of the Internarional Time Burean (BEIH'BIPM) at the end of a quarter:

Jrom 31 December to | January — fivst guarter,
Jrom 31 March to 1 April — second gquarter.
Jrom 30 June ro 1 July — third guarter,

Jrom 30 Seprember ta I October — fourth guarter.
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MNr - cwrent date, calendar mumber of the day within the four-vear interval starting from | January in a leap year;

Note— An example af Ny ranzformation infe the common form of curvent data igformation {dd/mmAy) is presented in
Artachmem I, 4.1.2.7.1.

M, four-year mterval number starting from 1995;
Fr - aparameter that provides the predicted satellite user range acourzcy at fime th. Codng 15 as mdieated i Table B-19;

M - type of satellite hansmiting the navigaton sigmal. 00 refers to a GLOMASS satellite; 01 refers to a GLOMNASS-M
satellife;

P4 - flag to show that updated ephemens parameters ave prezent. “1” mdicates that an updated ephemen= or fraquenceytimea
parameters have been uploaded by the control segment;

Note— Updated ephemeriz or frequency/time information &= transmitted in the next interval after the end of the currem
interval fy.

P - technological parameter of control semment indicating the satellite operation mode in respect of ime parameters:
00 - 1. parameter relaved from control segment, taps parameter relayed from control segment:
0l - 1 parameter relaved from control segment, tops parameter caleulated on-board the GLOMNASS-M =atellite;
10 - 1 parameter calenlated on-board the GLOMNASS-M satellite; trpg parameter relaved from control segment;

1l - = paremeter calculated on-board the GLOMASS-M satellite; tops parameter caleulzted on-board the
GLOMASS-M satellite;

Tzs—  corection to GPS ime relative to GLOMASS time:
Tam— Tiw = AT + 150,
whare
AT 15 the mmtegar part, and tezs 15 the frachonal part of the difference between the system tomescales expressed mn seconds.
Note— The integer part AT iz determined from the GPY navization mezzage by the user receiver.

M"—  type of satellite n*: coding “00" mdicates a GLONASS satellite. coding “01” mdicates a GLONASS-M satellite.

3.1.2.1.4.2 Additional data parameters. Additional data parameters are defined in Tables B-18 to B-
20.

3.1.2.1.4.3 Location of additional data words within GLONASS-M navigation message. The required
location of additional data words within the GLONASS-M navigation message is defined in Table
B-20.
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Table B-15. Additional data parameters

FParameter No. of bitz Secale factor (L5B) Effective range Units

o 5 1 0o 31 Dumensienless

L. 1 1 0:1 Dmensionless
Bl 11 b =08 seconds
B2 10 218 (—4.5t03.5) = 107 s/mean sun day
KEP 2 1 Oto3 Dimensionless
Ny 11 1 0to 1481 days

My 3 1 1o 31 four-vear nterval
Fr 4 See tahle B-19

M 2 1 Oio3 Dumensionless
2 1 1 01 Dumensienless
P 2 1 00,01,10,11 Dimensionless
TGPE n = =19« 10 seconds
M2, 2 1 Otod Dimensionless

Tahble B-19.  Frword coding

Frvalue Prendorange acowracy, 1 sigma (m)

0 l

1 2

2 25

3 4

4 5

5 7

& 10

7 12

g 14

g 16

10 12

11 64

12 128
13 256
14 512
15 Mot used
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Takle B-20. Location of additional data words within the GLONASS-AL navigation message

String number within the
Werd Number of btz superframe EBit number within the siring
n 5 4 19 34 49 64 11-15
L 1 5,7.9 11,13, 15, 20, 9

22,24, 26, 28, 30, 35,
37,39, 41, 43, 45, 50,

52, 54. 56, 58, 60,
65, 67,69, 71,73, 75

3,18, 33,48, 63 65
Bl 11 74 (within the superframe) 70-80
B2 10 74 (within the superframe) 60 — 69
KP ) 74 (within the suparframe) 58359
Nr 11 4,19, 34, 49, 64 16— 26
M. 5 5,20, 35, 50, 65 32-36
Fr 4 4,19, 34,49, 64 30-33
M 2 4,19, 34,49, 64 910

P4 1 4,19, 34,49, 64 34
P ) 3,18, 33, 48, 63 66 — 67
s 22 5,20, 35, 50, 63 10 - 31
M*, 2 6.8.10,12, 14 7879

Table B-21. Almanac partition within the superframe

Frame mumber Satellite numbers, for wiich almanac is
within the superframe fransmitted within given frame
1 lto 3
2 6 to 10
3 11 to 15
4 15 to 20
3 21 to 24
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Table B-II. Almanac parameters coding

Neumber Scale factor

Paramerer o Birz (LS8 Effective range Umizs
M*, 2 1 Oto 3 dimensionless
Te 28 2-27 =1 seconds
o 11 1 1to 1461 days
o 5 1 1to 24 dimnensionless
H* 5 1 Oto 31 dimensionless
e 21 - +1 semi-circles
Ay 21 2 0 to 44 100 seconds
Ai%e 18 2= +0.087 e -rircles
AT A 22 . =36 = 103 secondsrevolution
AT, 7 e +2-8 secondsrevolution®
g'a 15 -0 0 to 003 dimnensicnless
s 16 ol =1 sem-circles
oAy 10 2= =19 = 10° seconds
Cha 1 1 Otol dimnensionless

Table B-13. Arrangement of almanac parameters within the frame

MNermber String nmumber Eir number
Parametear af bits within the frames within the siring

. 2 6, B, 10,12 14 TR —79

Te 28 5 42 — 6%
A 11 5 TO —BOD
o 5 6 B, 10,12 14 T3 -77
H*a 5 7.9 11,13, 15 10 —14
F ™ 21 6 B, 10,12 14 42 52
i A 21 7.9 11,13, 15 44 — 54
Aifa 18 6 B, 10,12 14 24— 41
ATHA, 22 7.9 11,13, 15 22 —43

. 7 7.9 11,13, 15 15 -21
=™ 15 6 B, 10,12 14 923
@ 16 7.9 11,13, 15 65 — BD
ten, 10 6, 8 10,12 14 63 — 72
Chn 1 6 B, 10,12 14 B0

Note.— String mumbars qff the firsr_four frames within superfiaone are stvan.
Thare ame e almuanags paramerers e 14 and I Feh sirimgs o b fframe.
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3.1.2.1.5 L710C, L30C RF CHARACTERISTICS

Note.— Additional information concerning the RF characteristics is given in the GLONASS CDMA ICD
General Description of CDMA Signal System, Edition 1.0, dated 2016 (hereinafter referred to as
“GLONASS CDMA ICD General Description”);, in the GLONASS CDMA ICD L1 band; and in the
GLONASS CDMA ICD L3 band.

3.1.2.1.5.1 The L10C signal shall contain L10Cd data and L10Cp pilot components of equal power
levels. These components shall be obtained by chip-by-chip time-division multiplexing of two
pseudo random noise sequences. The L10C signal shall be in phase quadrature with the L1SC
signal. L10C leads L1SC by n/2 radians as shown in Figure B-11A.

Note.— The L1SC signal is a CDMA secured service navigation signal in the L1 frequency band and is
not used in aviation

3.1.2.1.5.2 The L30OC signal shall contain L30Cd data and L30Cp pilot components of equal power
levels. These components shall occupy phase quadratures | and Q, respectively. L30Cd leads
L30OCp by m/2 radians as shown in Figure B-11A.

3.1.2.1.5.3 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be
such that a phase locked loop of 10 Hz one-sided noise bandwidth shall be able to track the carrier
to accuracy no worse than 0.01 radians rms.

3.1.2.1.5.4 Spurious emissions. The power of the transmitted RF signal beyond the GLONASS
allocated bandwidth shall not be more than —40 dB relative to the power of the unmodulated
carrier.

Note 1.— The GLONASS allocated bandwidths are L1 (1 592.9 -1 610 MHz), L2 (1 237.8 -1 256.8
MHz) and L3 (1 190.35 -1 212.23 MHz).

Note 2.— GLONASS satellites use filters limiting out-of-band emissions to the harmful interference
limit contained inRecommendation ITU-R RA.769 for the 1 610.6 — 1 613.8 MHz and 1 660 — 1 670
MHz bands.

3.1.2.1.5.5 Correlation loss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.6 dB.

Note.— The loss in signal power is the difference between the broadcast power in the specified
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and an RF front-end with the same bandwidth.

3.1.2.1.6 L10C, L30C DATA STRUCTURE

Note.— Additional information concerning the data structure is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band, and in the GLONASS CDMA ICD L3 band.

3.1.2.1.6.1 General. The GLONASS CDMA navigation message shall be transmitted as a variable
sequence of strings. Strings shall comprise service and data fields (separate bits or groups of bits
containing specific parameters).
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Note.— A pseudoframe is a set of strings of immediate and non-immediate data starting with the
three strings of ephemeris and clock data (immediate data). The remaining strings of a pseudoframe
contain non-immediate data.

3.1.2.1.6.2 Service fields. The structure of a service section shall be the same for each type of signal
and include preamble, type of the string, time of the beginning of the string (TS), satellite ID
number, signal parameters and cyclic redundancy check (CRC) bits to check the integrity of the
string data.

3.1.2.1.6.3 Data fields. The structure of data fields shall depend on the string type. Each type of
string shall contain a complete individual block of data with the exception of orbit and clock data,
which occupies three types of strings and shall be transmitted as a continuous packet.

Note.— The message design may evolve together with future evolutions of GLONASS. This evolution
may involve the inclusion of additional new string types, which can either contain new data types or
modify the existing string types.

3.1.2.1.6.4 L10C message characteristics

3.1.2.1.6.4.1 The L10Cd navigation message shall be transmitted at 125 bits/s. The message shall
consist of 250-bit strings of 2-second duration as well as of 125- and 375-bit anomalous strings of
1- and 3-second duration, respectively.

3.1.2.1.6.4.2 L10Cd nominal string structure. Each L10Cd nominal string shall consist of 50-bit
service fields, a 184-bit data field and a 16-bit CRC service field as shown in Figure B-11B.
Transmission of a string shall start with bit 1 (the first bit of the preamble and end with bit 250 (last
bit of CRC)).

3.1.2.1.6.4.3 L10Cd service fields shall be as shown in Table B-24.
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Table B-24. Parameters of L10Cd service fields

Field

Leasr

significant

bir

Falue range

Description

Preamble

1

010111110001

Constant time stamp

Tvpe

1

- 63

Tvpe of 2 corent sting

1

- 63

ID number of a satellite that transomts thas
navigation message. SV ID number “07 1
reserved and can only be enabled upon
terminzafion of combimed use of GLOMASS
CDMA and FDMA signals.

0,1

healthy (“07) or unbealthy (“17) navization
signal

0,1

vahdity (“07) or mvahdity (“17) of the data
transmitted in the cumrent shing

Ground control call. Thas field 15 not used by user recervers.

Atmbute of 5V onentzhion regime: SV 15 Sun-pomhng 07) or performs neon/midnight
twn manoerre {17}

[ 5]

1

00, 01, 10. 11

Indication of the expected UTC{STT)
correction at the end of cwrrent quarter on
GMT. UTC(S1T) eomrechons shall result m
the comresponding comections of L10OCd
time:

00 — po correchon plannad;

01 — day length 15 mereased by 1 5;

10 - correcton decision 15 pending;

11 — dav length 15 reduced by 1 =.

0,1

Indication of the expected L10Cd sigmal
time correction at the end of the next stang:
A =10 - po comrection 15 planned.

A =1 - correchon 15 planned.

The combimation of A=1 and EP=11m
the current shing denotes that the next
sting will be a Type | anomalous sinng of
1 5 duration. The combination of A =1 and
EF =01 mn the current stnng denotes that
the next stnng will be a Type 2 anomalous
sting of 3 s duration.

TS

16

0 -43159

b
i

Time stamp digits expressed m 2-second
intervals within a ewrrent day in L10OCd
tme.

CRC

16

Check bits of the cyclic code

3.1.2.1.6.4.4 L10Cd anomalous strings. Anomalous strings shall be indicated by string Types 1 and
2. Strings of Type 1 shall be used to indicate the leap second corrections of L10Cd signal time
when a day's length is reduced by 1 s. Strings of Type 1 shall consist of 50-bit service fields, a 59-
bit data field and a 16-bit CRC service field as shown in Figure B-11C. Strings of Type 2 shall be
used to indicate the leap second corrections of L10Cd signal time when a day's length is increased
by 1 s. Strings of Type 2 shall consist of 50-bit service fields, a 301-bit data field and a 24-bit CRC

service field as shown in Figure B-11D.
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31216435 L10CA mominal strings CRC. The CR.C (250,234) generator polynormal shall have the following form:
2 = 1+ X+ X'+ I+ I+ X'+ X0+ X0+ X+ X4 X

A 234 bat data block shall be delmvered to the encoder’s input (starting with the 1st bit of the preamble and ending with the
184th bat of the data field). At the encoder’s cutput, a 250-bit encoded block shall be generated by addmg 16 check bit=.

3121646 LI10OCd anomalows siving Type 1 CRC. CR.C (125,109) shall be used in L10Cd Type 1 stangs. It shall be
generated siomlarly to code (250,234 except for the number of bits delivered to the mput (109 mstead of 234).

3121647 LI10Cd anomalous sirings Type 2 CRC. CRC (375.351) shall be used m L10KCd Type 2 sinngs. The CRC
(375,351) generator polynomial shall kave the following form:

g0 = 1+ X+ B+ X+ X0+ X X1+ X0 Y11+ 4+ X0+ Y2+ X

A 351-bat data block shall be delmvered to the encoder’s imput (starimg with the 1=t bit of the preamble and ending with the
301 =t bt of the datz field). At the encoder’s output, a 375-bit encoded block shall be generated by addmg 24 check bats.

31.2165 L30C messape charactenshics

3121651 The L30Cd navigation message shall be transmatted at 100 bits's. The message shall consist of 300-bat
strings of 3-second duwration as well as of 200- and 400-bit anomalons stings of 2- and 4-second duration, respectively.

31.216852 L30Cd strimgs structwre. Each L30Cd nomunal string shall consist of 37-bat service fislds, a 219-nt long

data field and 24-bit long CRC semace field, as shown mn Figure B-12A. Transmission of a sting shall start wath bat 1 (the first
bt of the preamble)} and end with bit 300 (the last ut of CRC).

31216535 L30Cd service fields shall be as shown in Table B-25.
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Table B-25, Parameters of L30T service fields

Leazi
Number | signjficant
Fiald of bits bir Falue range Uit Deseviprion

Preamhble 20 1 (0000100100101001110 - Constant time stamp

Tyvpe & 1 0—-63 - Type of a current sinng

TS 15 1 0 - 28795 s Time stamp digits expressed m
3-second intervals within a cworent day
in L30Cd time.

] & 1 0—63 - ID number of 2 satellite that transmits
thi= navization message. 5V ID mumber
“07 15 resarved, and can only be
enzbled upon fermination of combined
use of GLONASS CDMA and FDMA

signals,

B 1 1 0,1 - healthy (0™} or unhealthy (1)
navigation signal

¥ 1 1 0,1 - vabdity (07} or mvaldity (<17) of the
data transmitted 1 the curvent sting
Pl 4 Ground control eall. This field 1= mot used by user recervers.

P2 1 Atmbute of 5V onenfation regime; SV 15 Sun-pomtng (07 or performs noon/mudmizht hon
manoewTe {17

1 00, 01, 10, 11 - Indication of the expected TTTC{SL)
correction at the end of current quarter
on GMT. UTC(S1T) comections shall
result in the

corresponding correchons of L3I0Cd
tirne:

00 —no comrection planned:;

01 — dav length 1= increaszed by 1 =;

10 — comrection decision 1s pending;

11 —day length 15 reduced by 1 5.

A 1 1 0,1 - Indication of the expected L30OCd
signal ime correction at the end of the
next shing:

A =0 —no comrechon 15 planned.

A =1 — comrection 15 planned.

The combmation of A=1 and EP =11
m the cwrent sting denotes that the
next sting will be a Type 1 anomalous
stnng of 1 s duration. The combinaton
of A =1 and EP = (1 in the cwrent
stmng denotes that the next shing wall
be a Type 2 anomalous sting of 3 =
duration.

&

CRC 24 1 Check buts of the cyvelic code

3.1.2.1.6.5.4 L30Cd anomalous strings. Anomalous strings shall be indicated by strings Types 1 and
2. Strings of Type 1 be used to indicate the leap second corrections of L30Cd signal time when a
day’s length is reduced by 1 s. Strings of Type 1 shall consist of 57-bit service fields, a 119-bit data
field and a 24-bit CRC service field, as shown in Figure B-12B. Strings of Type 2 shall be used to
indicate the leap second corrections of L30Cd signal time when a day’s length is increased by 1 s.
Strings of Type 2 shall consist of 57+20-bit service fields, a 299-bit data field and a 24-bit CRC
service field as shown in Figure B-12C.
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3.1.2.1.6.5.5 L30Cd nominal strings CRC. The CRC (300,276) generator polynomial shall have the
following form:

giX) = 1+ X+ X3+ X4+ X5+ X6+ X7+ X10+ X171+ X174+ X17+ X18+ X23+ X24.

A 276-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of the
preamble and ending with the 219th bit of the data field). At the encoder’s output, a 300-bit
encoded block shall be generated by adding 24 check bits.

3.1.2.1.6.5.6 L30Cd anomalous string Type 1 CRC. CRC (200,176) shall be used in L30Cd Type 1
strings. It shall be generated similarly to code (300,276) except for the number of bits delivered to
the input (176 instead of 276).

3.1.2.1.6.5.7 L30Cd anomalous string Type 2 CRC. CRC (400,376) shall be used in L30Cd Type 2
strings. It shall be generated similarly to code (300,276) except for the number of bits delivered to
the input (376 instead of 276).

3.1.2.1.7 L10C, L30C DATA CONTENT

Note.— Additional information concerning the data content is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band, and in the GLONASS CDMA ICD L3 band.

3.1.2.1.7.1 L10Cd navigation messages shall contain the data in accordance with the list of string
types shown in Table B-26.

Note.— Additional information concerning the data content of the L10Cd service and data fields is
given in the GLONASS CDMA ICD L1 band.

Table B-26. Type: of LIOC string: and their content

String hpe Centant
10,11,12  |Immediate data (ephemeris, e, health flags, Fr Fr)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC{SU} and mternational atomue time
(TAT) offset model parameters.
16 SV athtude parameters during noon madmeht fum manoewrre
31,32 Long-term dynamuc model parameters
30 International Satellite System for Search and Beseue (COSPAS-SARSAT) notices of receipt
&0 Text messages
0 For technological tazks. Mot used by user recervers.
1 Anomalous string used at the moment of leap second comrection (-1 =)

2 Anomalous stnng used at the moment of leap second correction (+1 5)

Note.— Sming Tvpez 10, 1] and 12 compose a data packer; thergfors, string Ivpe 11 abeays follows soring Type 10
and string Dype 12 abways follows string Type 11.
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3.1.2.1.7.2 L30Cd navigation messages shall contain the data in accordance with the list of string
types shown in Table B-27.

Note.— Additional information concerning the data content of the L30Cd service and data fields is
given in the GLONASSCDMA ICD L3 band.

Table B-I7. Type: of L3O stving: and their content

String npe Comtent
10, 11, 12 Immediate data (ephemens, e, health flags, Fr F1)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC(ST) and mternational atomac time
(TAT) offset model parameters.
16 SV attitude parameters during noon/madmpght twn manoeme
31,32 Long-term dynamuc model parameters
&0 Text messages
0 For technological tasks. Mot used by user recervers.
1 Anomzlous string used at the moment of leap second correction (-1 5)

2 Anomalous strng used at the moment of leap second correction (+1 5)

Note — String Types 10, 11 and 12 compose a data package; thergfore, string Tvpe 11 abways follows string
Npe 10 and string Type 12 abvays follows string Type 11

3.1.2.1.7.3 Accuracy factor fields FE, FT. Fields FE and FT shall contain equivalent pseudo-range
errors (o) related to the ephemeris and clock of transmitting satellite. Table B-28 shows values of
FE and FT and the corresponding errors.

Table B-13. Ephemeris and time aceuracy factors

Fg Fr -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4
o, m 001 | 002 | 003 | 004 [ 006 | 008 0.1 0.15 02 0.3 04 0.6
Fg Fr -3 -2 -1 0 1 2 3 4 5 6 7 ]
o, m 0.7 0.8 0ng 1 2 25 4 5 7 10 12 14
Fg Fr g 10 11 12 13 14 15

G, m 16 32 64 128 256 512 not defined

3.1.2.1.7.4 The maximum interval of updating immediate data (string Types 10, 11 and 12) shall be
30 minutes. Considering that various types of non-immediate data are updated at various intervals,
the maximum update interval for all non-immediate data shall be 48 hours.

Note.— Long-term dynamic model parameters enable the usage of immediate data to propagate the
orbit for a 4-hour interval.
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3.1.2.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted, but are used by either or both non-
aircraft and aircraft elements, and that define terms applied to determine the navigation solution
and its integrity.

Table B-19. Parity checking algorithm

b8, bE4, ..., bl0, b9 are the data hats (positon 9 to 85 mn the sting);
EL, B2, .... BE are the check bits of the Hamwning code (positions 1 to § m the sting);

<1, €2, ..., €7, cr are the checkzums= generated using the following:

=B 2 [E biluwm:

i o= 910,12, 13,15, 17,19, 20, 22, 24, 26, 28, 30, 32, 34, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 35, 57, 38,
61, 63, 65, 66, 6870, T2, T4, 76, 78, 80, 82 84

CE=E! $ Flb]lll:d"

1= 911,12, 14,15 18 19, 21,32 25, 26, 29, 30, 33, 34, 36, 37, 40, 41, 44, 45, 48, 49, 52, 53, 36, 57, 60,
61, 64, 65, 67, 68, 71, 72, 75, 76, 79, 80, 83, 84.

=B P [ by Jacaz

k = 10,11,12,16,17, 18,19, 23, 24, 25, 26, 31, 32, 33, 34, 38, 39, 40, 41, 46, 47, 48, 49, 54, 35, 536, 57, 62,
63. 64. 65, 69, 70. 71, T2, 77, 78, 79, 80, 85.

e, =Py B [E lasaz

1 = 13,14,15,16,17, 18,19, 27, 28, 29_ 30, 31, 32, 33,34, 42_ 43 4445 46,47, 48, 49, 58, 59, 60, 61, 62,
63, 64, 63,73, 74,75, 76, 7. 78, 79, 80.

=ﬁ5 $ [I'mbn ]r.un‘_l

m = 20,21,22 23 24 25 26, 27, 28, 29 30, 31, 32, 33, 34, 50, 51, 52, 53, 54, 55, 36, 57, 58, 39, 60, 61, 62,
63, 64, 63, 81, 82, B3, 84, 83,

g = ﬁé & ["l—-nl erlllHl!

n = 33,36 37,3839, 40,41, 42 43 44 45 46 47 48 49 50,51, 52, 53, 54, 53, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65.

c7= 7@ [T bpluwaz
p = 66 67 68 69, T0,71,72 73,74, 75,76, 77, T8, 79, 80, 81, B2, 83, B4, 85,

CE=[EE:|]H|:£2$[EE|]H|HI!
a 1,2,3,4,5.6,7.8

T 9,10, 11, 12,13, 14, 15, 16, 17, 18, 15, 20, 21, 22, 23 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38,39, 40, 41,42, 43, 44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
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3.1.2.2.1 Parity checking algorithm for FDMA data verification. The algorithm shown in Table B-22
and as detailed below is used to detect and correct an error of 1 bit within the string and to detect
an error of 2 or more bits within a string.

3.1.2.2.1.1 Each string includes the 85 data bits where the 77 MSBs are data chips (b85, b84, ..., b10,
b9), and the 8 LSBs are the check bits of Hamming code length of 4 (8, B 7, ..., B 2, B 1).

3.1.2.2.1.2 To correct 1-bit errors within the string the following checksums are generated: (c1, c2,
... ¢7), and to detect 2-bit errors (or more-even-number-of-bits errors) a checksum cX is
generated, as shown in Table B-22. The following is used for correcting single errors and detecting
multiple errors:

a) A string is considered correct if all checksums (c1, ..., 7, and c%) are equal to "0", or if only one of
the checksums (c1, ..., c7) is equal to 1" and cX is equal to “1".

b) If two or more of the checksums (c1, ..., c7) are equal to "1" and cX is equal to “1”, then character
"bicor” is corrected to the opposite character in the following bit position:

“icor” = c7 c6c5c4c3c2cl + 8-K, provided that “icor” < 85,

where “c7 c6 ¢5 c4 c3 c2 c1” is a binary number generated from the checksums (c1, .., ¢7) with c1
being the LSB and c7 being the MSB. K is the ordinal number of the most significant checksum not
equal to "0".

If icor > 85, then there is an odd number of multiple errors, and the data shall be rejected.

c) If at least one of the checksums (c1, .., ¢7) is equal to “1" and cX is equal to “0", or if all

checksums (c1, .., c7) are equal to "0” but cX is equal to “1”, then there are multiple errors and the
data shall be rejected.
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3.1.2.2.2 SATELLITE CLOCK CORRECTION PARAMETERS

3.1.2.2.2.1 GLONASS system time shall be determined using FDMA data as:

tzomass =t + Talls) — Talte) (- )
where fy, To{ty), Yalty) are parzmeters desenbed m 3.1.2.1.3.1.

312222 GLONASS system time shall be determmed usmg CDMA data as:

toronass = Modgseqn [Tﬁlf[ngmlj +l () — Aty -/ (tp) — 4] - .Efl:fn}']

)+ (en) +rclep) — 6 -

TJ
Srisignal 86400

f“";’r[mwl +eley) + 7t - *bh) -B6400
I I

Aty = -
¢ 1+y/(ty) — 7.(tp)

where

T.'ull’[sl,gnd.l] 15 the mignal ime of recerved signal from satellite j and
oty ) ¥/ (£0) B2y ), 7 (2), 7 () are parameters trancomtted m CDMA signals within string of Types 10, 11 and 12 a2
shown m Table B-26 and Table B-27.

312223 GLONASS system time offset to National Time Service of Eus=ia (UTC(S1)) shall be determuned using
FDMA data as:

tureesn= toumss + T — 03 hours 00 munufes
where
T: 15 a parameter desenbed i 3.1.2.1.3.4 and
03 hours 00 nurmtes 15 continmeous finee shoft cawsed by difference between Moscow fime and Greenwich fime.

3122324 GLOMNASS system time offset to UTC(SLT) shall be determuned usng CDMA data as:

tyre sy = M0dagang [tayomass + 7.(8) + Az, - 7.(1,) — 10800]

L + thl — ¢
torosass T Tolty) — tp — {( ':"'U'H'F'TBmTa'é ) n}} - B6400

1- Jf-:{nh:'

.':l.f:n, =

where

Tty )T, (t,). are parameters tranomitted m CDMA signals within sting of Types 10, 11 and 12 as shown m
Table B-26 and Takle B-27; and

10 800 seconds 15 the contmuous tme shift caused by the diffevence betwrean Moscow time and Greenwnch tme.
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3.1.2.2.3 SATELLITE POSITION

3.1.2.2.3.1 The current satellite centre of mass position shall be defined using ephemeris
parameters from GLONASS navigation, as indicated in Table B-16 for GLONASS FDMA signals, in
Table B-26 for L10C and in Table B-27 for L30OC.

3.1.2.2.3.2 Recalculation of ephemeris from instant tb to instant ti within the interval (Jti| = |ti — tb|
< 15 minutes) is performed using a technique of numeric integration of differential equations
describing the motion of the satellites. In the right-hand parts of these equations the accelerations
are determined using the gravitational constant * and the second zonal harmonic of the
geopotential J20which defines polar flattening of the earth, and accelerations due to luni-solar
perturbation are taken into account. The equations are integrated in the PZ-90 (3.2.5) coordinate
system by applying the Runge-Kutta technique of fourth order, as indicated below:

dx Y
at
dy
LA |
at Y
dz v
at ' °
dv. L 3 ., puas 522
dtx:_;—sx—;:lﬁ!r—;x(l— 3 )+ ox + 20V, +X
dv, L 3, .U-ﬂg 5z° 3 o
dt. = _I_SY_EJE = vi1l-— 3 + o0y — 2oV, +¥
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Y TR ST =
?1:_131_51[' —z 3 -.)+:
whare
I = Jaytr
p = earth’s universal gravitational constant (398 6004418 = 10" m's%);
4 = majorsemu-aas (6 378 136 m);
Py = second zonal harmonic of the peopotential (1 082 625.75 = 10°%); and
@ = earth’s rotation rate (72921151467 = 10 radians/s).

Coordinates x,(t), ynt,), z«t), and velocity vector components &, () = V., ¥a () =V, & () = V. are minal condifions for
the miegration. Accelerations due to hmi-solar pertwbation %, (ty), ¥ (ts), £ (t) are constant on the imfegration interval =15
mumtes.

312233 ERecaleulation of ephemeris from instant t fo instant t; within the mterval {ja] = [t — | = 4 howrs) for CDMA
signals shall be performed as m 3.1.2.2.3.2, except that this model meludes addifionzl accelerations modelled by a fourth-
dezres polynomial to accommodate the extended interval as described below:

z .
)+m‘x+2m‘.-'}.+i&+ar

dv:l_ u ]'].'-l'ai 1
& fe g E

v, __n 3]u-'h
N T o——
i B o1y

dV; n 5 bdg
& - A ’"13(3

52
(1——-.—)+m‘1r oV, +¥ +ay
r

5z
= )+:‘+o.I
iy = &gy + Gy (F— £+ Gy (E — )7 + aalt — £ )F + a8 — £ )
ay = Ay taylt—t) +aplt— 6l +ayslt -6 +ayle -1
@y = Mgy + ag (F—tp) + aealt — £, )7 + ag(t — 1,7 +aglt — 6!
Coordinates, velocity vector components at the fime th, and pertwbing accelerations £, %, shall be transoutted m CDMA

sigmals within sting of Types 10, 11 and 12, The long-term dynamue model parameters for the fourth-degres polynomals,
accelerations Gy, Gy, and &, shall be transmitted im CDMA signals m stings of Types 31 and 32.

3.1.2.2.4 ALGORITHM FOR DETERMINATION OF SATELLITE ANTENNA PHASE CENTRE POSITION

3.1.2.2.4.1 For high-precision pseudo-range measurements, an algorithm for computing antenna
phase centre position in the PZ-90 coordinate system based on the satellite centre of mass
position and data transmitted in CDMA signals within string Type 16 shall be used.
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Note.— Additional information concerning a suitable algorithm is given in Appendix R of the
GLONASS CDMA ICD General Description

3.1.2.2.5 IONOSPHERIC CORRECTION

3.1.2.2.5.1 The ionospheric correction for a single-frequency receiver shall be defined as:

— for pseudo-ranges, m- AS,., = 0.40364.%:

— for velocihes, m's: AV, = 0.40 3-54.:—';.
where
F1s the signal camer frequency, 1 GHz;
I. 15 the total electron content (TEC) mtegrated along the signal propagation path, 1 x10"m™; and

I, 15 the rate of change of TEC mtegrated along the signal propagation path, 121008 m-7s-/

Note.— Additional information concerning two suitable algorithms for computing TEC integrated
along the signal propagation path based on data transmitted within strings of Type 25 is given in
Appendix Q of the GLONASS CDMA ICD General Description. The first algorithm is a universal
algorithm for terrestrial and space users. It is more complex, accurate, and has wider application. The
second algorithm is intended for terrestrial users only. It is easier to implement but it results in larger
errors of TEC at less than 30° elevation angles. Residual ionosphere correction errors of the second
algorithm do not exceed 4 m (0.95 probability).

3.1.2.3 AIRCRAFT ELEMENTS
3.1.2.3.1 (GLONASS) RECEIVER
3.1.2.3.1.1 Reserved

3.1.2.3.1.2 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four satellites and generate a position solution based upon those measurements.

3.1.2.3.1.3 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal GLONASS signal carrier phase and standard code measurements. The receiver shall
compensate for the Doppler shift that is unique to the anticipated application.

3.1.2.3.1.4 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in 3.7.

3.1.2.3.1.4.1 Intrasystem interference. When receiving an FDMA navigation signal with frequency
channel k = n, the interference created by a navigation signal with frequency channel number k =
n—1ork =n + 1 shall not be more than —48 dBc with respect to the minimum specified satellite
power at the surface of the earth provided that the satellites transmitting these signals are
simultaneously located in user’s visibility zone.
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Note.— The intrasystem interference is the intercorrelation properties of the ranging pseudo-random
signal with regard to frequency division multiple access.

3.1.2.3.1.4.2 For CDMA signals, multiple access interference shall be defined by the intercorrelation
properties of ranging codes and will depend on the number of elementary symbols N in the
periods of these codes. Multiple access interference power in relation to the power of the L10Cd
signal shall not exceed the level of -30 dB. Multiple access interference power in relation to the
power of the L10Cp signal shall not exceed the level of -36 dB. Multiple access interference power
in relation to the power of the L30C signal shall not exceed the level of -40 dB.

3.1.2.3.1.5 Application of clock and ephemeris data. The receiver shall ensure that it is using the
correct ephemeris and clock data before providing any position solution.

3.1.2.3.1.6 Leap second correction. Upon GLONASS time leap second correction (see 3.1.2.1.3.1, tb)
the GLONASS receiver shall be capable of:

a) generating a smooth and valid series of pseudo-range measurements; and
b) resynchronizing the data string time mark without loss of signal tracking.

3.1.2.3.1.6.1 After GLONASS time leap second correction the GLONASS receiver shall utilize the
UTC time as follows:

a) utilize the old (prior to the correction) UTC time together with the old ephemeris
(transmitted before 00 hours 00 minutes 00 seconds UTC); and

b) utilize the updated UTC time together with the new ephemeris (transmitted after 00 hours
00 minutes 00 seconds UTC).

Note.— Additional information concerning the specific aspects of receiver operation during scheduled
corrections of GLONASS time and Moscow time in the specified situations is given in Appendix E of
the GLONASS CDMA ICD General Description

3.1.24 TIME

3.1.2.4.1 For the GLONASS-M satellites, the navigation message shall contain the data necessary to
relate UTC(SU) time to UT1. GLONASS time shall be maintained to be within 1 millisecond of
UTC(SU) time after correction for the integer number of hours due to GLONASS control segment
specific features:

| tGLONASS - (UTC + 03 hours 00 minutes) | < 1 ms

The navigation data shall contain the requisite data to relate GLONASS time to UTC time (as
maintained by the National Time Service of Russia, UTC (SU)) within 1 microsecond.

Note 1.— The timescales of GLONASS satellites are periodically compared with central synchronizer
time. Corrections to the timescales of GLONASS satellites relative to GLONASS time and UTC(SU)
time are computed at the GLONASS ground based control complex and uploaded to the satellites
twice per day.
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Note 2.— There is no integer-second difference between GLONASS time and UTC time. The
GLONASS timescale is periodically corrected to integer number of seconds simultaneously with UTC
corrections which are performed according to the Bureau International de ['Heure notification (leap
second correction). These corrections are performed at 00 hours 00 minutes 00 seconds UTC time at
midnight at the end of a quarter of the year. Upon the GLONASS leap second correction the time
mark within navigation message changes its position (in a continuous timescale) to become
synchronized with 2 second epochs of corrected UTC timescale. GLONASS users are notified in
advance on these planned corrections. For the GLONASSM satellites, notification of these corrections
(s provided to users via the navigation message parameter KP.

3.1.2.4.2 Accuracy of mutual satellite timescales synchronization shall be 20 nanoseconds (1 sigma)
for GLONASS satellites and 8 nanoseconds (1 sigma) for GLONASS-M satellites.

3.1.2.4.3 The correction to GPS time relative to GLONASS time (or difference between these
timescales) broadcast by the GLONASS-M satellites, TGPS, shall not exceed 30 nanoseconds (1
sigma).

Note.— The accuracy of TGPS (30 ns) is determined with reference to the GPS SPS coarse acquisition
signal and may be refined upon completion of trials of the GLONASS system using GLONASS-M
satellites.

3.1.2.4.4 Signal time shall be generated and maintained by an on-board clock based on atomic
frequency standard, shall be synchronized with GLONASS time and shall be distributed in radio
navigation signals.

Note 1.— Signal time differs from on-board clock time by the group delay value. Thus signal time
corrections in string Types 10, 11 and 12 include group delay values.

Note 2.— Additional information concerning signal time is given in the GLONASS CDMA ICD
General Description.

3.1.2.4.4.1 Navigation data for any GLONASS CDMA signal shall contain the estimated parameters
of the polynomial model for relating signal time broadcast in this signal to GLONASS time as well
as for relating a pilot component of this signal to its data component.

3.1.2.4.4.2 When GLONASS time is corrected for +1 s during scheduled leap second corrections of
UTC(SU), simultaneous correction of signal time for all satellites shall be carried out through
changing the time stamps of the pulse sequence representing seconds.

Note.— Navigation data provides advance notifications to users of the day and the sign of the
correction.

3.1.2.5 COORDINATE SYSTEM

3.1.2.5.1 PZ-90 (Parameters of common terrestrial ellipsoid and gravitational field of the earth 1990).
The GLONASS broadcast ephemeris shall describe a position of transmitting antenna phase centre
of a given satellite in the PZ-90 earth-centred earth-fixed reference frame.
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3.1.2.5.2 CONVERSION BETWEEN PZ-90 AND WGS-84

3.1.2.5.2.1 Recommendation. — The following conversion parameters should be used to obtain
position coordinates in WGS-84 (version G1674) from position coordinates in PZ-90 (Version PZ-
90.11):

X 1 0.0097 % 1077 0.2036 x 1077 X 0.003
¥ = l—ﬂ.ﬂﬂ'!? w 1077 1 0.0921 x Lu'*l x l‘.r' + {I.Dﬂll
Zlwes-as  1-0.2036 x 107° 0.0921 x 107# 1 Zlpz_ap 0

Note 1.— X, Y and Z are expressed in metres. The difference between versions WGS-84 (G1674) and
PZ-90 (PZ-90.11) isnot significant with respect to operational requirements.

Note 2— Guidance material on conversion between PZ-90 and WGS-84 is provided in Attachment
D, 4.1.2.9.3.

3.1.3 Galileo Open Service (Galileo OS)

3.1.3.1. NON-AIRCRAFT ELEMENTS
3.1.3.1.1 GALILEO RF CHARACTERISTICS
3.1.3.1.1.1 E1 and E5 common requirements

3.1.3.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier
on E5 and E1 shall be such that a second-order phase locked loop of 10 Hz one-sided noise
bandwidth is able to track the carrier to an accuracy of 0.04 radian root mean square (RMS).

3.1.3.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 35 dB below the
unmodulated E1 and E5 carriers over the allocated channel bandwidth.

3.1.3.1.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.6 dB for each signal (E1, E5a and
E5b).

Note.— The loss in signal power is the difference between the broadcast power in the specified
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and the same bandwidth.

3.1.3.1.1.1.4 Code/data coherence. The edge of each data symbol shall be aligned with the edge of
the corresponding ranging code chip. The start of the periodic ranging code shall be aligned with
the start of a data symbol. The edge of each secondary code chip shall be aligned with the edge of
a primary code chip. The start of a primary code chip shall be aligned with the start of a secondary
code chip.
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3.1.3.1.1.2 E1 RF characteristics

3.1.3.1.1.2.1 ET signal components. The E1 signal shall comprise two signal components: E1-B
navigation data component with a navigation data symbol rate of 250 symbols per second and E1-
C pilot component.

3.1.3.1.1.2.2 ET signal power split. The E1 signal power shall be equally split between the E1-B and
E1-C signal components.

3.1.3.1.1.2.3 E1-B ranging code (CE1-B). The E1-B ranging code shall be a 1.023 megachips per
second ranging code repeated every 4 milliseconds, derived from a primary ranging code of 4 092
chips.

Note.— Additional information concerning the ET1-B ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.2.4 E1-C ranging code (CET-C). The E1-C ranging code shall be a 1.023 megachips per
second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of a
primary ranging code of 4 092 chips and a secondary code of 25 chips.

Note.— Additional information concerning the ET1-C ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.2.5 E71-B data component generation. The E1-B data component shall be generated from
the E1 navigation data stream (DET-B) and the E1-B ranging code (CE7-B), modulated with two in-
phase CBOC subcarriers of 1.023 MHz and 6.138 MHz, respectively, as shown in Figure B-13.

Note.— The subcarrier-free component of the E1 navigation data component — that is, before CBOC
modulation — is denoted as eE1-B. Additional information concerning eE1-B generation is given in
Galileo OS SIS ICD, 2.3.3.

3.1.3.1.1.2.6 E1-C pilot component generation. The E1-C pilot component shall be generated from
the E1-C ranging code (CE7-C) modulated with two anti-phase CBOC subcarriers of 1.023 MHz and
6.138 MHz, respectively, as shown in FigureB-13.

Note.— The subcarrier-free component of the ET1 pilot component — that is, before CBOC
modulation — is denoted as eE1-C. Additional information concerning eE1-C generation is given in
Galileo OS SIS ICD, 2.3.3.

3.1.3.1.1.2.7 ET signal modulation. The E 1-B/C composite binary signal shall be generated from the
CBOC modulation of the binary signal components, eE7-B and eE71-C, and the subcarriers, as
illustrated in Figure B-13.

Note.— Additional information concerning E1-B/C generation is given in Galileo OS SIS ICD, 2.3.3.
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3.1.3.1.1.3 E5a and E5b RF characteristics

3.1.3.1.1.3.1 E5a signal components. The E5a signal shall comprise two signal components: E5a-|
navigation data component with a navigation data symbol rate of 50 symbols per second and E5a-
Q pilot component.

3.1.3.1.1.3.2 E5a signal power split. The E5a signal power shall be equally split between the E5a-I
and E5a-Q components.

3.1.3.1.1.3.3 E5a-I ranging code (CE5a-I). The E5a-l ranging code sequence shall be a 10.230
megachips per second ranging code repeated every 20 milliseconds, derived from the Modulo-2
addition of a primary ranging code of 10 230 chips and a secondary code of 20 chips.

Note.— Additional information concerning E5a-I ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.4 E5a-Q ranging code (CE5a-Q). The E5a-Q ranging code shall be a 10.230 megachips
per second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of
a primary ranging code of 10 230 chips and a secondary code of 100 chips.

Note.— Additional information concerning E5a-Q ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.5 E5a-I data component generation. The E5a data component shall be generated from
the E5a navigation data stream (DE5a-/) and the E5a-I ranging code (CE5a-I).

Note.— The subcarrier-free component of the E5a navigation data component — that is, before
AltBOC modulation — is denoted as eE5a-I.

3.1.3.1.1.3.6 E5a-Q pilot component generation. The E5a pilot component shall be generated from
the E5a-Q ranging code (CE5a-Q).

Note.— The subcarrier-free component of the E5a pilot component — that is, before AltBOC
modulation — is denoted as eE5a-Q.

3.1.3.1.1.3.7 E5b signal components. The E5b signal shall comprise two signal components: E5b-|
navigation data component with a navigation data symbol rate of 250 symbols per second and
E5b-Q pilot component.

3.1.3.1.1.3.8 E5b signal power split. The E5b signal power shall be equally split between the E5b-I
and E5b-Q components.

3.1.3.1.1.3.9 E5b-I ranging code (CE5b-I). The E5b-I ranging code shall be a 10.230 megachips per
second ranging code repeated every 4 milliseconds, derived from the Modulo-2 addition of a
primary ranging code of 10 230 chips and a secondary code of 4 chips.

Note.— Additional information concerning E5b-I ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.
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3.1.3.1.1.3.10 E5b-Q Ranging code (CE5b-Q). The E5b-Q ranging code shall be a 10.230 megachips
per second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of
a primary ranging code of 10 230 chips and a secondary code of 100 chips.

Note.— Additional information concerning E5b-Q ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.11 E5b-I data component generation. The E5b data component shall be generated from
the E5b navigation data stream (DE5b-/) and the ranging code (CE5b-/).

Note.— The subcarrier-free component of the E5b navigation data component — that is, before
AltBOC modulation — is denoted as eE5b-I.

3.1.3.1.1.3.12 E5b-Q pilot component generation. The E5b pilot component shall be generated from
the ranging code (CE5b-Q).

Note.— The subcarrier-free component of the E5b pilot component — that is, before AltBOC
modulation — is denoted as eE5b-Q.

3.1.3.1.1.3.13 E5 signal modulation. The wideband E5 signal shall be generated with the AltBOC
modulation of side-band subcarrier of 15.345 MHz (15 x 1.023 MHz) with the binary signal
components eE5a-1, eE5a-Q, eE5b-1 and eE5b-Q, as illustrated in Figure B-14.

Note 1.— E5a and E5b signals can be processed independently by the user receiver as though they
were two separate QPSK signals with a carrier frequency of 1176.45 MHz and 1207.14 MHz,
respectively.

Note 2.— Additional information concerning E5 generation is given in Galileo OS SIS ICD, 2.3.1.
3.1.3.1.1.4 Code assignments to satellites

3.1.3.1.1.4.1 Primary ranging code assignment to satellites. The E5a-l, E5a-Q, E1-B and E1-C primary
code number n shall be allocated to the space vehicle IDs (SVID) number n (with n=1 to 36).

3.1.3.1.1.4.2 Secondary ranging code assignment to satellites. The E5a-Q secondary code shall be
assigned according to the SVID number n (with n=1 to 36). E5a-l and E1-C secondary codes shall
be constant regardless of the SVID.

3.1.3.1.2 DATA STRUCTURE

Note.— Additional information concerning the data structure is given in Galileo OS SIS ICD.
3.1.3.1.2.1 E5a-I message (F/NAV) characteristics

3.1.3.1.2.1.1 The E5a-1 message shall be transmitted as a sequence of frames as indicated in Figure
B-15. The period of each frame shall be 600 seconds. Each frame shall consist of 12 subframes of
period 50 seconds per subframe. Each subframe shall consist of five pages of period 10 seconds

per page.
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3.1.3.1.2.1.2 Page structure. Each page structure shall contain the following elements structured as
indicated in Table B-30:

» 12 synchronization block symbols
» 488 interleaved message block symbols

Table B-30. F/NAV page lavout

Syme. FNAV symbols Total {(symbols)
12 4838 500
F/NAV word (bits) Tail (Bits) Total (bits)
Page type Mav. data CRC
6 208 24 & 144

3.1.3.1.2.1.3 Synchronization block. The first element of each page shall be a 12-symbol
synchronization sequence. The synchronization sequence shall be “101101110000" with the MSB
transmitted first, and it shall be added to the beginning of the 488 interleaved message block
symbols field after the interleaving procedure described in paragraph 3.1.3.1.2.1.6.

3.1.3.1.2.1.4 F/NAV message word. The message word shall contain 244 bits consisting of a 6-bit
page type, a 208-bit data field, a 24-bit CRC and a 6-bit tail field. The 6-bit tail field shall be
“000000".

Note.— Additional information concerning the message words is given in Galileo OS SIS ICD.

3.1.3.1.2.1.5 F/NAV FEC encoding. The 25-bit-per-second data stream shall be encoded at a rate of
two symbols per bit using a convolution code with a constraint length of seven to yield 50 symbols
per second. The convolution encoder logic arrangement shall be as illustrated in Figure B-16 with
the G1 output selected for the first half of each 40-millisecond data bit period resulting in 488
symbols per page where S1 is the first symbol and S488 is the last symbol.

3.1.3.1.2.1.6 E5a-I interleaving procedure. The E5a-l1 message block symbols shall be interleaved
using a 61-column, 8-row matrix, where each entry is one symbol. The message block symbols
shall be written into each column and ordered for transmission, row by row, starting at the upper
left corner of the matrix as indicated in Table B-31.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 163



MCAR, PART-5, ANS SECTION-9, VOLUME |

Tahle B-11. E=a-I interleaver matrix

Columms—
Foows Ci | G |G| | Can | Caa
!
E, S| Se | Sir | .o | Sam | Sam
Ea S| S [ Sie | - | Sane | Samz
Bs S| 50 [ S| - | Bars | Saws
E; S| 5 | 5 Sam | Sagr
Ry Su | S | S| - | Sam | Same

3.1.3.1.2.2 E1-B message (I/NAV) characteristics

3.1.3.1.2.2.1 The E1-B message shall be transmitted as a sequence of frames as indicated in Figure
B-17. The period of each frame shall be 720 seconds. Each frame shall consist of 24 subframes of
period 30 seconds per subframe. Each subframe consist of 15 nominal pages of period 2 seconds
per page. Each page shall consist of two subpages each of period one second.

Note 1.— The two subpages in a page are known as the even page and the odd page.

Note 2.— I/NAV message structure is indicated in Figure B-17.

3.1.3.1.2.2.2 Page type. There shall be two types of pages, a nominal page and an alert page. The
nominal page shall contain the nominal data word.

Note.— The alert page is reserved for future applications.

3.1.3.1.2.2.3 Nominal page. A nominal page shall consist of two parts (even and odd) transmitted
sequentially over the same frequency and structured as indicated in Table B-33. The nominal page
shall contain 240 bits so that the first 120 bits shall be in the even nominal subpage, and the second
120 bits shall be in the odd nominal subpage.

3.1.3.1.2.2.4 Nominal data word. The nominal E1-B data word shall contain 128 bits consisting of a
6-bit word type and a 122-bit data field.

3.1.3.1.2.2.5 Subpage structure. Each subpage structure shall contain the following elements,
structured as indicated in Table B-32:

a) 10 synchronization block symbols; and

b) 240 interleaved message block symbols.
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Table B-31. LNAV subpage layout

Symc. INAF subnage (even or add) pymbol: Total (gmbolz)
10 240 250
INAF subpage feven or odd) Bz Terdl iBits) Total iBits)
114 i 120

3.1.3.1.2.2.6 Synchronization block. The first element of each subpage shall be a 10-symbol
synchronization sequence. The synchronization sequence shall be “0101100000", with the MSB
transmitted first, and shall be added to the beginning of the 240 interleaved message block
symbols field after the interleaving procedure described in paragraph 3.1.3.1.2.2.10.

3.1.3.1.2.2.7 Even subpage. The even subpage shall contain a bit denoting which part (even or odd)
of the subpage is being transmitted, a type bit to indicate that this is a nominal page, the first 112
bits of the nominal data word and a 6-bit tail field, as indicated in Table B-33. The tail field shall be
“000000".

3.1.3.1.2.2.8 Odd subpage. The odd subpage shall contain a bit denoting which part (even or odd)
of the subpage is being transmitted, a type bit to indicate that this is a nominal page, the last 16
bits of the nominal data word, a 40-bit “reserved 1" field, 22 bits for search and rescue (SAR) data,
a 2-bit spare field, a 24-bit CRC, an 8-bit “reserved 2" field and a 6-bit tail field, as indicated in
Table B-33. The tail field shall be “000000".

Note.— Galileo provides enhanced distress localization and call features for the provision of a SAR
service interoperable with the COSPAS-SARSAT system. Galileo SAR service is out of the scope of
Annex 10.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 165



MCAR, PART-5, ANS SECTION-9, VOLUME |

Tahble B-23. LINAW nominal page with bits allocation
EI-B
Daata

Page word Totai

Even‘odd=1 TIipe=0 (22 | Reserved 1 SAR Spare CRC | Reserved 2 | Taxl (BrEs )

1 1 la 40 22 2 24 g 4] 120
Page Total

Evensadd=0 Tipa=1{ Izra ward (1/2) Tail Bz}

1 1 112 3] 120

Notwe 1 — Evenvodd field (1 bit) mdicares the parr af the page (O=even/1=odd) that iz broadcast.

Note 2 — Page type field (1 biv) egqual to 0 mdicates the nomimal page tipe.

Note 3.— Dara field conzists af a nominal data word (described in 3.1.3.

{1:2) and 16 bits of data (220

3.1.3.1.2.2.9 I/NAV FEC encoding. The 125-bit-per-second data in the even and odd subpages shall
be encoded at a rate of two symbols per bit using a convolutional code with a constraint length of
seven to yield 250 symbols per second. The convolutional encoder logic arrangement shall be as
illustrated in Figure B-18 with the G1 output selected for the first half of each 8-millisecond data
bit period resulting in 240 symbols per page, where S1 is the first symbol and S240 is the last

symbol.

3.1.3.1.2.2.10 ET1-B interleaving procedure. The E1-B message block symbols shall be interleaved
using a 30 column by an eight-row matrix, where each entry is one symbol. The message block
symbols shall be written into each column and ordered for transmission row by row starting at the

upper left corner of the matrix, as indicated in Table B-34.

Tahle B-34. E]1-B interleaver matrix
Columns—s Ci| G | Cs Cx= | Ca
Fowrs
|
B, 51| 5% | Sur S22 | S
B Sa| S| Sus Saae | Sz
B 53| Su | Sis Saa7 | Sz
Es Sr | Sus | 52 Sa31 | Sam
Fas Sa | S | S Saaz | Sasw

224 gff 125 itz jromprising 112 bits of data
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3.1.3.1.2.2.11 Transmission sequence of nominal pages on E1. The pages shall be transmitted on E1-
B such that the even subpage of any word shall be transmitted before the odd subpage of the
same word.

3.1.3.1.3 DATA CONTENT

Note.T— Additional information concerning Galileo OS navigation data content and parameters is
given in Galileo OS SIS ICD, Chapters 4 and 5.

Note 2. — Galileo ISM is defined in the Galileo OS SIS ICD Issue 2.1
3.1.3.1.3.1 The contents of F/NAV E5a-I page types shall be according to Table B-35

Note 1.— The odd numbered subframes contain page type 5 and the even numbered subframes
contain page type 6. This allows transmission of the almanacs for three satellites within two
successive subframes (100 seconds).

Note 2.— The parameter k is a designator for “satellite number 1", k+1 is a designator for “satellite
number 2", etc. It is not a navigation data parameter. k is set by the Galileo control system. The
complete F/NAV frame layout (12 subframes) can transmit the almanacs for 18 satellites, sequenced
as indicated in Galileo OS SIS ICD, 4.2.3.

Note 3.— Additional information concerning the bit allocation of the different F/NAV page types is
given in Galileo OS SIS ICD, 4.2.4.

Tahble B-35, F/NAV EZa-I page type: content

Page nvpe Page content

Odd 1 I0Dmaw, SVID, clock comrection, SIS acouracy index (SISA), ionosphene comection,
subfiame broadeast group delay (BGD), signal health status (SHS), Galileo svstem tume (GST) and data

valdity status (DV5S)
I0Dmav, ephemens (1/3) and G5T
I0Dmav, ephemerts (2/3) and G5T

I0Dmav, ephemens (3/3), GST-UTC conversion, GST-GPS conversion and tme-of-week
(TOW)

10Dz, almanac week number, almanac reference ime, almanac for satellite k+3(n-132 and
almanac for satellite (k+13+3(n-13/2 part 1; where n 15 the pumber of the subframe

Even 1 I0Dmaw, SVID, clock comrection, SISA | 1onosphenc correction, BGD, 5HS, GST and DVS
subframe I0Dnav, ephemeris (1/3) and GST

I0Dmav, ephemens (2/3) and G5T

I0Dmav, ephemens (3/3), GET-UTC conversion, GST-GPS conversion and TOW

I0Da, almanac for satellite (k+1+3(n-2¥2 part 2 and almanac for satellite (k+2)+3(n-2)/72;
where n 15 the pumber of the subframe

gl pa

A

[ =]

oy o

3.1.3.1.3.2 The contents of I/NAV E1-B word types shall be according to Table B-36.

Note 1.— Additional information concerning I/NAV nominal subframe layout is given in Galileo OS
SISICD, 4.3.3.
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Note 2.— The parameter k changes every two subframes (i.e. subframes 1 and 2 have the same k,
subframes 3 and 4 have the next, etc). The complete I/NAV frame layout (24 subframes) can
transmit the almanacs for 36 satellites, sequenced as indicated in Galileo OS SIS ICD, 4.3.4.

Note 3.— Additional information concerning the bit allocations of the different I/NAV word types is
given in Galileo OS SIS ICD, 4.3.5.

Table B-36. LI™WAV E1-B word tvpes content

Werd npe Word content

a Spare word
1 I0Dnav and ephemeris (1/4)

(B~

I0Dmav and ephemeris (2/4)

3 I0Dnav and ephemens (3/4)

4 I0Dmav, SVID, ephemenis (4/4) and clock correction

5 Ionospheric correction, BGD, SHS, G5T and DVS

6 G5T-UTC conversion and TOW

7 I0Da, almanac for satellite k (part 1), almanac reference fime and almanac reference week number
I0Da, almanac for satellite k (part 2} and satellite k+1 (part 1)

9 I0Da, almanac reference time, almanac reference week number, almanac for satellite k+1 {part 2)
and satellite k+2 (part 1}

10 I0Da, almanac for satellite k<2 (part 2} and GST-GPS conversion parameters

16 Feduced clock and ephemenis data (CEDY) parameters*

17,18, 19, 20 FEC2 Eeed-Solomen for clock and ephemerns data (CED)*

22 Integnity support message (ISA)**

tNote |.— Receivers are not reguired to process thizs word nipe for GNEE air navigation applications.

**Note 2 — Galileo I5M is defined in the Galileo OF 5IS ICD Izsue 2.1 and it contains ISD informarion supporting ARAIN
as described im 3.4.1

3.1.3.1.3.3 Ephemeris parameters shall be provided in both I/NAV and F/NAV messages
transmitted by each Galileo satellite. A single ephemeris shall be applicable to all signals of a
specific satellite.

Note.— The ephemeris is computed with respect to the antenna apparent phase centre common to
every frequency.

3.1.3.1.3.4 The Galileo OS SIS status shall take one of the following three values:

« SIS "healthy”: the SIS is expected to meet the minimum performance requirements.
« SIS "unhealthy”: the SIS is out of service or under test.
« SIS “marginal”: the SIS is in neither of the two previous states.
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3.1.3.1.3.4.1 The status of the SIS shall be encoded within the navigation message through three
SIS status flags: the signal health status (SHS) flag, the data validity status (DVS) flag and the SIS
accuracy index (SISA).

Note.— Additional information concerning the position of the Galileo SIS status flags within the
navigation message is given in Galileo OS SIS ICD, 5.1.9.3 and 5.1.12.

3.1.3.1.3.4.2 SISA. The SISA shall be encoded as shown in Table B-37.

Table B-37. 5ISA index

SISA SIS accuracy value {m)

0 to 49 0'm to 049 m with 1 cm resolution
50 to T4 0.50 m to 098 m with 2 em resclubon
75 to 99 100 m to 1.96 m with 4 em resolution
100 to 1253 200 m to 6.00 m with 16 cm resolution
126 to 254 Spare
255 Mo Accuracy Predichion Availabla (NAPA)

3.1.3.1.3.4.3 SISA shall be coded as shown in Table B-38.

Table B-353. SISA parameters

Parameter Dgfinition BITS  Scale factor Uniis
5154 (EL, E3a) 515 acowraey mdex for dual-frequency E1-E3a 3 HNA Dimens=ionless
SISA (El, E3b) 515 accuracy mdex for dual-frequency E1-E5b 3 HNA Dimens=ionless

3.1.3.1.3.4.4 Signal health status (SHS). The SHS index shall be encoded according to the values
stated in Table B-39.

Table B-39. Signal health status index

SHY index Signal srarus definition
0 S1gnal OK
1 Siznal out of service

2 Signal will be out of service

3 Signal in test mode

3.1.3.1.3.4.5 Data validity status (DVS). The DVS index shall be encoded according to the values in
Table B-40.
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Table B-40. Data validity status index

Data validity ) i .
chcrts e Sigmal statuz definition
0 Mavigation data valid (NDV)
1 Woaorking without guarantee (WWGE)

3.1.3.1.3.4.6 The mapping between the values of the SIS status flags shall be as presented in Table
B-41.

Tahble B-41. Galileo 0% 515 status v 5I% status flags

SIS status I | e
MasSags SHS DFs SIS
Healthy HO Ok NDWV Mot MAPA
| NO | Ohat of service Any value Any value
Unbealthy | NO | In test . Any value Any valua
YES NfA NA N/A
NO Ok WWG Any valua
Margmal NGO Ok Apy value MAPA
NO Will be cut of service Apny value Any value

Note.— Additional information concerning Galileo flags is given in the European GNSS (Galileo)
Open Service Definition Document (Issue 1.1), dated May 2019 (hereinafter referred to as “Galileo OS
SDD").

3.1.3.1.3.5 Almanac. F/NAV and I/NAV messages shall contain the almanac data for a constellation
of up to 36 satellites. The almanac data shall be a reduced-precision subset of the clock and
ephemeris parameters of the active Galileo satellites in orbit. Also, a predicted satellite health
status shall be provided for each of these satellites, giving indications on the satellite’s signal
components health and navigation data health.

3.1.3.1.3.6 Dummy messages. If no valid F/NAV or I/NAV data can be transmitted, then the satellite
shall transmit a dummy page with a message ID of 63 in the respective F/NAV or I/NAV signals.

Note.— Additional information concerning the dummy page is given in Galileo OS SIS ICD, 4.2.5 and
4.3.6.

3.1.3.1.3.7 Issue of data (IOD). The Galileo satellite shall broadcast the navigation parameters in
data sets. Every set of navigation data broadcast by a Galileo satellite shall be identified by an 10D
value.

Note.— Two independent IODs are defined for the ephemeris, satellite clock correction parameters
and SISA (“IODnav”) and the almanacs (“IODa”).
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3.1.3.1.3.7.1 The |ODnav value broadcast by a Galileo satellite in a set of navigation data
(ephemeris and clock corrections) shall be unique with respect to any other IODnav broadcast by
the same Galileo satellite in the previous 240 minutes.

3.1.3.1.3.8 Navigation data validity time. In nominal operations, each navigation message data set
shall be superseded before its expiration at four hours by the broadcast of a new navigation
message data set.

Note.— The nominal period of ephemeris and clock corrections update ranges from 10 minutes to
three hours.

3.1.3.1.3.9 Galileo time of week (TOW). The TOW shall cover an entire week from 0 to 604 799
seconds and shall be reset to zero at the end of each week.

Note.— The TOW is defined as the number of seconds that have occurred since the transition from
the previous week.

3.1.3.1.3.10 Galileo week number (WN). The WN shall consist of 12 bits, which covers 4 096 weeks.
The counter shall be reset to zero to cover an additional period Modulo 4 096.

Note.— The WN is an integer counter that gives the sequential week number from the GST start
epoch.
3.1.3.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.1.3.2.1 Parity check algorithm. For the F/NAV and the I/NAV data, a CRC of 24 bits shall be
generated from the following generator polynomial G(X):

G(X) = (1 + X)P(X)
where
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P = KR+ 37 + eyl ¥+ YO 05+ + 1
Note.— The CRC code iz calenlated i accordance with 3.9 af this Appendiy.

313211 TheF/NAV CRC information field A(X), shall be computed using the equation:

14

R e O e
1

M{X} shall be formed fom the §-bit E3a-I page type idenfifier and the 208-bit data field. Bits shall be smranged in the ondar
transmitted Fom the Galilee satellite. such that m] comesponds to the first Tansmitted bit of the page type ideatifier, and my 4
corrasponds to bit 208 of the data field.

313212 The INAV nominal page CRC informaton field, MY, shall be computed nsing the equation:

MI'[‘E':'=Et:l":“"'w,i-1-;|lml"II i'l'Eglme-,iﬂxm I=me.2£:%+m¢,3x1u+"'+m¢,1ljf@z+m¢,:uxm+m|:-,.zxw+
My s X" + ot Mg X+ my g

Myx) shall be formed from the even ()/'odd () Selds, page fype felds, dam word fields (12 and 2'7), reserved 1 feld SAR
{on E1-B only) and spare fields. In nominal mods the CR.C shall be computed for the even and odd subpages of the same
frequency snd shall always be broadcast in the odd subpage.

31322 Saellite clock correction parameters. The predicted offset of the physical satellite sipnal fime of Tansmission
(TOT) relative to the satellite signal TOT m GST shall be computed for the dual-Fequency signal combination usmg the
following formuls:

TOTL0) = TOTWX) - Atw(X)
whers
= (Y=g = the dual-frequency combination f, and f; used for the clock model;
*  TOT~X) is the comected satellite TOT in G5T for the signal combination X

*  TOT.( is the physical satellite TOT for the signal combimation X remieved thronzh psendo-ranze mezmrements;
and
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= Afy{X) is the satellite tme comection for the signal combination X computed by means of the time corection data
rermieved from the navigation meszaze a5 follows:

Atz (=g X+ [t-tact X +a 0] -t X AL
whers

= ), g, aeil and 500 are parameters Tansmitted in AV signals page Type 1 and IMAV signals word
Type 4 as indicated in 3.1.3.1.3;

*  faofX) 1z the reference time for the cleck correction;
= risthe G5T tme in seconds; and
= A, expressed in seconds, is a relatvistc commection temm, given by d=F ¢ 4" sin(E) where the orbital parameters

(& 4"") are rapsmited in FRNAV siznals page Type 2 and INAV siznals word Type | a5 indicated in 3.13.13, Eis
the caloulated eccentric anomaly and F = -Ju'ic” = -4, 442807309 « 107" a/m'™,

313221 A zingle-frequency user recaiver proceszing peendo-ranges from the frequency ff shall apply the following
comection o the saellite clock cormection Aty defined in paragraph 3.1.3.2.2:

ey (f1) = Aty (f 20 — BED{f. f2)
whers

BGIN ) is the broadoast group delsy mansmitted in FMAY signal: page Type 1 and DPAV sipnals word Type 5 as
indicated in 3.1.3.1.3 and defined as follows:

TR, — TR,
BGD(fuf)=———=
(%)
whers
= fiend f: denote the camier frequencies of E1 and E3a, respectavely; and
»  TR;and TR are the sroup delays of the signals whose carmer Sequencies are respectively ff and f.

313222 A sngle-frequency user receiver processing peendo-ranges fom the frequency f: shall apply the following
cormection to the satellite clock comection Atz defmad in paragraph 3.1.3.2.2:

1

2
Bty () = Bty (o F) = (2) BEDCE R

3.1.3.2.3 GST-UTC conversion algorithm and parameters. The UTC time tUTC shall be computed
through three different cases depending on the epoch of a possible leap second adjustment
(scheduled future or recent past) given by the day number(DN), the day at the end of which the
leap second becomes effective, and the week number (WNLSF) to which DN is referenced. “Day
one” of DN shall be the first day relative to the end/start of week and the WNLSF value shall
consist of eight bits, which are a Modulo 256 binary representation of the Galileo week number to
which the DN is referenced. The following three cases

shall apply:
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Caza A
Whenever the leap second adjustment tme indicated by WV g and DV is not in the past (reladve to the user’s present ime),
and the user’s present ime doss not fll n the tme span which stars six hours prier to the effactive tme, and ends six hours
after the effactive time, fye shall be computed as follows:
[‘w,_- = I:EE - ﬂzwL}[Mﬂdulﬂ 2540 D]

whese

ﬂzu:rf = E..t‘,-j + J‘!.l_'. + -q-l{ff - f]:"_- + Eﬂ-lﬂﬂ Il{]-'lr";"n’ - WN.R}}
Caza B:

Whenever the user’s cument fime falls within the time span of six hours prior to the lesp second adjusment tme oo six hours
affer the adinsoment ime. fpr shall be computed as follows (dipy- as defined in Caza A):

tyre = W[Modulo (B&400 + Aty ;e — Aty 2]]
whese
W = {tc — Atyre — 43200)[Modulo 26400] + 43200
Caza C:
Whenever the lesp :econd adjustment ime is in the “past™ (relative to the wser's cwTent fime), and the wser’s present tme does
not fall in the tme span which starts six hours prior to the lsap second adjustment time, and ends six hours afier the adjusmment
time, fire shall be conguted as follows:
tyre = (g — Apre ) [Modulo 86400]
whese
Aty = Atjop + Ay + Ay (g — £y + GOIBOO{IWN — Wy )

= Ay Ay Abrg te W FiNge, DN and Atyge are G5T 0 UTC time conversion parameters ransmitied in FWAV siznalz
page Type 4 and INAVY signals word Type § as ndicated in 3.1 .3.1.3;

* iz the G5T as esumated by the nser throngzh its G5T detenmination alzontm; and
*  FNis the wesk number to which fg is refarenced.

31324 Sarellite position. The Earth-Cenmed, Earth-Fixed (ECEF) coondinates of the satellite antenns phase centre
position 2t 5T time 1 shall be computed nsing the following equations:

¥ = X'eos{Q) - ¥oosdismyid)
¥ = xzmi) + y'oos(iicos(2

I =yEmn

DEPARTMENT OF CIVIL AVIATION, MYANMAR 174



MCAR, PART-5, ANS SECTION-9, VOLUME |

where
n=0n;+ {ﬂ' - mr}tk — wptye comrected longitude of ascending node
' =reosu position in orbital plane
¥ =rsinu position in orbital plane

.. i comected inclination
i =i, +8i+—r1
dt

r=A(l-ecos E} — ar comrected radms
u=% < u comected argument of latitude
A= d)F SEMI-Major axis
or = Cpsind @ — Cpoosld radius comection
ou = Cusin2d + Cpcos2d argument of latitude correction
gi = Cusinl® + Cpcosld mchnation comrection
F=vTw arzument of latitnde
v =tan ' {3inw/ 1 trme apomaly
1 — g% sin EH'II.I
tan! (1—ecosE)
= tan~"
(cosE—g)/f
g'{[I —ecosE)
Iy = t— sdf e f 1z Galileo system tme and & 15 the actual total tme

difference between the tme t and the epoch tme fo (i
for the almanacs) which accounts for begmning or end of
wesk crossovers

M = E- & sinfE) Eepler's equaton for sccentnie anomaly E
M= Mynn mean anomaly
n = nytdn comrected mean motion

_ Ju computed mean mohon (rad/s)
fig = | ,"r43

'l" B

Mgy An, & A*% Qg 6y e, 8, didt Cp Cu O Cm O Cu, ephemens parameters trapsmitted in FHAV siznals page
I Twpes 2, 3 and 4, az well as INAV signals word Types 1,

2 3and 4 as indicated m 3.1.3.1.3.

m=31413526335858 ratio of 2 corele’s cireumference to its diameter
p=73986004418 = 10" mi/s? geoceninic gravitational constant

wg = 72921151467 x 10-% rad/s mean angular velocify of the earth
c=299792458 m's speed of light 1n a vacunm

3.1.3.2.5 lonospheric correction.

Note.— Receivers operating in single-frequency mode can use the single-frequency ionospheric
correction algorithm described in document EUROCAE ED-259 Minimum Operational Performance
Standard for Galileo/Global Positioning System/Satellite-based Augmentation System Airborne
Equipment, Appendix J (any version,).
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3.1.3.3 AIRCRAFT ELEMENTS
3.1.3.3.1 GALILEO RECEIVER

3.1.3.3.1.1 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four Galileo satellites and generate a position solution based upon those
measurements.

3.1.3.3.1.2 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal Galileo signal carrier phase and OS code measurements. The receiver shall compensate
for the Doppler shift that is unique to the anticipated application.

3.1.3.3.1.3 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in 3.7.

3.1.3.3.1.4 Application of clock and ephemeris data. The receiver shall monitor the IODnav value and
update ephemeris and clock data based upon a detected change in this parameter. To compute
position and clock corrections, receivers shall use for each satellite, IODnav-tagged parameters
corresponding to the same IODnav value. These parameters shall be retrieved from the most
recent navigation data set received.

Note.— IODnav values are not necessarily incremented in steps of one. An IODnav with higher value
does not necessarily mean that it tags more recent data. The only valid comparison between |ODnav
values is whether they are equal or not. For positioning, users can combine SIS from different
satellites with different IODnav values, provided that the navigation parameters derived from each
satellite are tagged by a unique IODnav value.

3.1.3.3.1.5 Navigation data validity duration. The receiver shall only use the ephemeris and clock
corrections from a set of navigation data during a period of time no longer than four hours from
the reference time of ephemeris (t0e). The receiver shall not rely on performance commitments in
Chapter 3, 3.7.3.1.3, if the age of t0Oe exceeds four hours.

Note.— See Attachment D, 4.1.3.11 for guidance material on the age of t0Oe.

3.1.3.4 TIME

3.1.3.4.1 Galileo system time (GST). The GST shall be a continuous timescale based on the definition
of the second (according to the International System of Units, SI) whose origin/reference epoch
(GST (T0)) shall be defined as 13 seconds before 1999-08-22 00:00:00 UTC. The Galileo navigation
message shall contain all necessary parameters to convert between GST and UTC.

Note.— See Attachment D, 4.1.3.9 for GST guidance material.
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3.1.3.5 COORDINATE SYSTEM

3.1.3.5.1 The Galileo OS broadcast ephemeris shall determine the position of the transmitting
antenna phase centre of a given satellite in the Galileo Terrestrial Reference Frame (GTRF) ECEF
reference frame.

3.1.3.5.2 The GTRF difference from the latest physical realization of the International Terrestrial
Reference Frame (ITRF) shall not exceed 3 cm 95 per cent globally.

Note 1.— WGS-84 and GTRF are both realizations of ITRF. The difference between GTRF and WGS-84
used in GPS, is considered insignificant for aviation.

Note 2.— See Attachment D, 4.1.3.10 for additional information on GTRF.

3.1.4. BeiDou Navigation Satellite System (BDS)
Open Service (OS) (B1l, B1C and B2a)

3.1.4.1 NON-AIRCRAFT ELEMENTS
3.1.4.1.1 BDS RF CHARACTERISTICS

Note.— This section describes RF characteristics of the BDS B1l, B1C and B2a signals transmitted by
BDS-3 MEO and IGSO satellites.

3.1.4.1.1.1 B1l, B1C and B2a common requirements

3.1.4.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier
on B1l, B1C and B2a shall be such that a third-order phase locked loop of 10 Hz one-sided noise
bandwidth is able to track the carrier to an accuracy of 0.1 radian root mean square (RMS).

3.1.4.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 50 dB below the
unmodulated B1l, B1C and B2a carrier over the allocated channel bandwidth.

Note.— The allocated channel bandwidth for the B1l signal is 4.096 MHz. The allocated channel
bandwidth for the B1C signal is 32.736 MHz. The allocated channel bandwidth for the B2a signal is
20.46 MHz.

3.1.4.1.1.1.3 Data/code coherence. The edge of each data symbol shall be aligned with the edge of
the corresponding ranging code chip, and the start time of the first chip of the periodic ranging
code shall be aligned with the start time of the data symbol bit. The edges of each secondary code
chip shall be aligned with the edges of the primary code chip and the primary code first chip start
time shall be aligned with the starting time of the secondary code chip.

3.1.4.1.1.2 B1l RF characteristics

3.1.4.1.1.2.1 Bl correlation loss. The correlation loss due to payload distortions shall not exceed 0.6
dB on B1l.
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3.1.4.1.1.2.2 B1l ranging code. The chipping rate of the B1l ranging code shall be 2.046 megachips
per second, and the length shall be 2 046 chips. The B1l ranging code (hereinafter referred to as
CB1l) shall be a balanced Gold code truncated with the last one chip. The Gold code shall be
generated by means of Modulo-2 addition of G1 and G2 sequences, which are respectively derived
from two 11-bit linear shift registers. The generator of CB1l shall be as shown in Figure B-19.

Note.— Additional information concerning the B1l ranging code is given in the BeiDou Navigation
Satellite System Signal In Space Interface Control Document Open Service Signal B1l (Version 3.0),
dated February 2019 (hereinafter referred to as “BDS OS B1/ ICD"), section 4.3.

3.1.4.1.1.3 B1C RF characteristics

3.1.4.1.1.3.1 BI1C correlation loss. The correlation loss due to payload distortions shall not exceed
0.3 dB on B1C.

3.1.4.1.1.3.2 B1C signal generation. The B1C signal shall comprise two components, known as B1C
data component and B1C pilot component.

3.1.4.1.1.3.3 B1C signal power split. The B1C signal power shall be 1:3 split between the B1C data
component and the B1C pilot component.

3.1.4.1.1.3.4 B1C data ranging code (CBIC_data) ). The B1C data ranging code sequence shall be a 10

230-chip length primary code repeated every 10 milliseconds.

Note.— Additional information concerning the B1C data primary code is given in BDS OS B1C ICD,
section 5.2.1.

3.1.4.1.1.3.5 B1C pilot ranging code (SBIC_data ). The B1C pilot ranging code sequence shall be the
Modulo-2 addition of a 10 230-chip length primary code repeated every 10 milliseconds and a 1
800-chip length secondary code repeated every 18 000 milliseconds.

Note. — Additional information concerning the B1C pilot primary code and secondary code is given
in BDS OS B1C ICD, sections 5.2.1 and 5.2.2.

3.14.1.1.3.6 B1C data component (SBIC_data) generation. The B1C data component shall be
generated from the navigation message data (DBIC_data) and the ranging code (CBIC_data)
modulated with the sine-phased BOC (1,1) subcarrier SCB1C_data.

3.1.4.1.1.3.7 B1C pilot component (SBIC_pilot) generation. The B1C pilot component shall be
generated from the ranging code (CBIC_pilot) modulated with the QMBOC (6, 1, 4/33) subcarrier
SCB1C_pilot. The subcarrier shall be composed of a BOC (1,1) subcarrier and a BOC(6, 1) subcarrier,
which shall be in phase quadrature with each other and have a power ratio of 29:4.

Note. — Additional information concerning B1C modulation is given in BDS OS B1C ICD, section 4.2.
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3.1.4.1.1.4 B2a RF characteristics

3.1.4.1.1.4.1 B2a correlation loss. The correlation loss due to payload distortions shall not exceed
0.6 dB on B2a.

3.1.4.1.1.4.2 B2a signal generation. The B2a signal shall comprise two components known as B2a
data component and B2a pilot component.

3.1.4.1.1.4.3 B2a signal power split. The B2a signal power shall be equally split between the B2a
data component and the B2a pilot component.

3.1.4.1.1.44 B2a data ranging code (Csaa_data). The B2a data ranging code sequence shall be the Modulo-2
addition of a 10 230-chip length primary code repeated every 1 millisecond and a 5-chip length secondary
code repeated every 5 milliseconds.

Note.— Additional information concerning B2a_data primary code and secondary code is given in
BDS OS B2a ICD, sections 5.2.1 and 5.2.2.

3.1.4.1.1.4.5 B2a pilot ranging code (CB2a_pilot). The B2a pilot ranging code sequence shall be the
Modulo-2 addition of a 10 230-chip length primary code repeated every 10 millisecond and a 100-
chip length secondary code repeated every 100 milliseconds.

Note.— Additional information concerning B2a_pilot primary code and secondary code is given in
BDS OS B2a ICD, sections 5.2.1 and 5.2.2.

3.14.1.1.4.6 B2a data component (SB2a_data) generation. The B2a data component shall be
BPSK(10) modulated from the navigation message data (DB2a_data) and the ranging code
(CB2a_data).

3.1.4.1.1.4.7 B2a pilot component (SB2a_pilot) generation. The B2a pilot component shall be
BPSK(10) modulated from the ranging code CB2a_pilot (t) only.

Note.— Additional information concerning B2a modulation is given in BDS OS B2a ICD, section 4.2.

3.1.4.1.2 DATA STRUCTURE
3.1.4.1.2.1 B1l D1 message characteristics

3.1.4.1.2.1.1 General. The B1l navigation message broadcast by BDS-3 MEOs and IGSOs B1l signals
("D1 navigation message”) shall be modulated with 1 kbps secondary Neuman-Hofman (NH) code.
The D1 navigation message shall be structured into superframes, frames and subframes. The frame
structure of the D1 navigation message shall be as shown in Figure B-20.

Note.— Additional information concerning the NH code is given in BDS OS B11 ICD, section 5.2.1.

3.1.4.1.2.1.2 Superframe. Every superframe shall contain 36 000 bits. Every superframe shall be
composed of 24 frames (24 pages).
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3.1.4.1.2.1.3 Frame. Every frame shall contain 1 500 bits. Every frame shall be composed of 5
subframes.

3.1.4.1.2.1.4 Subframe. Every subframe shall contain 300 bits. Every subframe shall be composed of
10 words. Every word shall contain 30 bits. Every word shall consist of navigation message data
and parity bits.

3.1.4.1.2.1.5 Data parity. Word 1 of each subframe shall contain 26 information bits and 4 parity
bits in the least significant bits (LSBs), and words 2 through 10 shall contain 22 information bits
and 8 parity bits in the LSBs. Bose-Chaudhuri-Hocquenghem (BCH)(15,11,1) encoding shall be used
for error control and interleaving.

Note.— Additional information concerning BCH(15,11,1) encoding is given in BDS OS B1l ICD,
section 5.1.3.

3.1.4.1.2.1.6 Preamble. Bits 1 through 11 of every subframe shall contain a preamble consisting of
the sequence of bits “11100010010".

3.1.4.1.2.1.7 Subframe identification. Bits 16 through 18 of every subframe shall contain the
subframe identification, encoded as follows:

Code 0ol a10 011 100 101 110 111
Subframe dentification 1 2 3 4 5 Feserved Feserved

3.1.4.1.2.1.8 Seconds-of-week (SOW). Bits 19 through 26 and bits 31 through 42 of each subframe
of the D1 navigation message shall contain the 20-bit seconds-of-week (SOW), which is defined as
the number of seconds that have occurred since the last Sunday, 00:00:00 BDT. The SOW count
shall occur at the leading edge of the first preamble bit (MSB) of the subframe.

3.1.4.1.2.1.9 Reserved bits. Bits 12 through 15 of every subframe or page of a subframe shall be
reserved.

3.1.4.1.2.2 BI1C message characteristics

3.1.4.1.2.2.1 General. The B1C navigation message (B-CNAV1 navigation message) shall be
broadcast as a sequence of frames. Each frame shall contain 1 800 symbols with a symbol rate of
100 symbols per second. Each frame shall consist of three subframes with the basic frame structure
shown in Figure B-21.

3.1.4.1.2.2.2 Subframe 1. Subframe 1 shall contain 14 bits before BCH error correction encoding.
After BCH (21,6) + BCH (51,8) encoding, its length shall be 72 symbols.

Note. — Additional information concerning BCH(21,6)+BCH(51,8) encoding is given in BDS OS B1C
ICD, section 6.2.2.1.
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3.1.4.1.2.2.3 Subframe 2. Subframe 2 shall contain 600 bits before low-density parity check (LDPC)
encoding. The 576 MSBs of subframe 2 shall be included in the CRC calculation, and the 24 LSBs
shall be the corresponding CRC bits. After 64-ary LDPC (200, 100) encoding, its length shall be 1
200 symbols.

Note.— Additional information concerning 64-ary LDPC (200, 100) encoding is given in BDS OS B1C
ICD, section 6.2.2.2.

3.1.4.1.2.2.4 Subframe 3. Subframe 3 shall contain 264 bits before LDPC encoding. The 6 MSBs shall
be the page type (PagelD), the 24 LSBs shall be CRC bits, and the remaining 234 bits shall be
message data. PagelD and message data shall be included in the CRC calculation. After 64-ary
LDPC (88,44) encoding, its length shall be 528 symbols. The frame structure of subframe 3 shall be
as shown in Figure B-22.

Note.— Additional information concerning 64-ary LDPC (88,44) encoding is given in BDS OS B1C
ICD, section 6.2.2.3.

3.1.4.1.2.2.5 Interleaving. After encoding, subframe 2 and subframe 3 shall be combined and
interleaved using a block interleaver.

Note.— Additional information concerning interleaving is given in BDS OS B1C ICD, section 6.2.2.4.
3.1.4.1.2.3 B2a message characteristics

3.1.4.1.2.3.1 General. The B2a navigation message ("“B-CNAV2 navigation message”) shall be
broadcast as a sequence of frames. Each frame shall contain 600 symbols with a symbol rate of 200
symbols per second. The B-CNAV2 basic frame structure shall be as shown in Figure B-23.

3.1.4.1.2.3.2 Frame structure. Each frame shall consist of a 24-symbol preamble and a 288-bit
navigation message before error correction encoding. After encoding by 64-ary LDPC (96,48), its
length shall be 1 200 symbols.

Note.— Additional information concerning 64-ary LDPC (96,48) encoding is given in BDS OS B2a
ICD, section 6.2.2.

3.1.4.1.2.3.2.1 Preamble. Each frame shall contain a preamble consisting of the sequence of bits
“111000100100110111101000".

3.1.4.1.2.3.2.2 Navigation message. Each frame shall contain 288 bits before LDPC encoding,
including the 6-bit PRN code, 6-bit message type, 18-bit SOW, 234-bit message data and 24-bit
CRC. PRN, message type, SOW, and message data shall be included in the CRC calculation. After
64-ary LDPC(96, 48) encoding, the frame length shall be 576 symbols.

3.1.4.1.3 DATA CONTENT

Note.— A full description of the data content of the words being transmitted is given in BDS OS B1l
ICD, BDS OS B11 ICD and BDS OS B2a ICD.
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3.1.4.1.3.1 B1l data content
3.1.4.1.3.1.1 The B1l D1 navigation data shall contain the information listed in Table B-42.

Note.— Additional information concerning B1l D1 content and application of the data is given in
BDS OS B11 ICD, section 5.2.4.

Table B-42. EI1I D1 navigation message content

Subframe Page
rumbar numbear Diater congent
Week munber (W), user range acouracy index (UBAL, antonomons satellite health
] N flag (SatH1), ionosphere modal parameters (o, fu., 5=0 - 3], equipment group delay
o differensial {Toni, Do), cleck comaction parameters (t.c, &, 3, 1), age of data, clock
(AODC), age of data, ephemens (AODE)
J Nid Ephemeris parameters (1/2) (v, e, An, My, Cu, Cisy G Co)
Nid Ephemeris parameters (2/2) (t., o, O, 0 , i, IDOT, Ci.. Ci)
4 1-24 i
; Tz Poum, almanac parameters (L., ¥4, e o, My, @, 0, &, 3, 3, AmEpID)
J 7 Ponm health information for 19 satellites (Hes;, =1 - 19)
3 g Ponm, health information for 11 satellites (Hes;, =20 - 307, week number of almanac
(WHL), ta,
Ponm  dme paramesters relative to GBS ome (Aups, Ajops), Gme paramesers relatve
J o to GLOMASS time (Ao, Ao, Time parameters relative to Galileo time (Ao,
LT
J 10 Poum, time parameters relative to UTC (Aunme, Anre, A, At sp, WLz, D)
J 11-23 Poum, almansc parameters (L., vA, e, o, My, Qs 0| 5, 8, 9, AmID)
J 24 Ponm health information for 14 satellites (Hes;, =31 - 43)

3.1.4.1.3.1.2 User range accuracy index (URAI). Bits 49 through 52 of subframe 1 of the D1 message
shall contain the URAI. The range of URAI shall be from 0 to 15. The user range accuracy (URA)
shall be used to describe the signal-in-space accuracy (SISA) in metres. The relationship between
URAI and URA shall be as shown in Table B-43.

Note.— Additional information concerning URAI is given in BDS OS B1l ICD, section 5.2.4.5 and
section 5.2.3, Figure 5-8.
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Table B-43. Relationship between UEAL and TEA

Code URAT URA range fm, 1a)
4] 0 0.00 = URA =240
o1 1 240 =TURA =340
010 2 340 =URA =485
0011 3 485 =URA=685
0100 4 6.85 = URA = 965
0101 3 065 =URA=13.65
0110 6 13.65 < URA =24 00
0111 7 2400 = URA = 4800
1000 3 48 .00 = URA = 96.00
1001 g 96.00 = URA = 192.00
1010 10 192 00 = URA = 384 .00
1011 11 384.00 = URA = 768.00
1100 12 T68.00 < URA <1 5356.00
1101 13 1 5336.00 < URA <3 072.00
1110 14 3072.00 = URA < 6 144.00
1111 15 URA =& 144.00

3.1.4.1.3.1.3 Autonomous satellite health flag (SatH1). Bit 43 of subframe 1 of the D1 message shall
provide SatH1. A value of “0” shall indicate that the broadcasting satellite is healthy and a value of
“1" shall indicate that the broadcasting satellite is unhealthy.

Note.— Additional information concerning SatH1is given in BDS OS B1l ICD, section 5.2.4.6 and
section 5.2.3, Figure 5-8.

3.1.4.1.3.1.4 Satellite clock correction parameter toc shall be broadcast in the D1 navigation
message. The value of toc shall monotonically increase over the week and shall change if any of
the clock parameters change.

Note.— The update of the clock parameters always starts at the beginning of a superframe.
3.1.4.1.3.1.5 Satellite ephemeris parameter toe shall be broadcast in the D1 navigation message.
The value of toe shall monotonically increase over the week and shall change if any of the
ephemeris parameters change. If toe changes, then toc shall also change.

Note.— The update of the ephemeris parameters always starts at the beginning of a superframe.

3.1.4.1.3.1.6 Page number (Pnum). Both subframe 4 and subframe 5 shall have 24 pages which shall
be identified through the page number (Pnum) contained in bits 44 through 50 of the subframes.

3.1.4.1.3.1.7 Identification of expanded almanacs (AmEpID). Bits 291 through 292 of pages 1
through 24 of subframe 4 and pages 1 to 6 of subframe 5 shall contain AmEpID. A binary value of
“11" of AmEpID shall indicate that pages 11 through 23 of subframe 5 are used to broadcast the
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almanac parameters for SV ID 31 through 63, and page 24 of subframe 5 is used to broadcast the
satellite health information for SV ID 31 through 63. Otherwise, pages 11 through 24 of subframe 5
shall be reserved.

3.1.4.1.3.1.8 Identification of time-sharing broadcasting (AmID). Bits 291 through 292 of pages 11
through 23 of subframe 5 and bits 216 through 217 of page 24 of subframe 5 shall provide AmID.
AmID shall be used combining with AmEpID and Pnum to indicate the PRN of the satellite
transmitting the almanac parameters in the Pnum page. AmID shall only be used when AmEpID
has a binary value of “11". The broadcasting scheme for the almanac parameters of SV ID 31
through 63 shall be as shown in Table B-44.

Table B-44, DBroadcasting scheme for the almanac parameters of PEN: 21 through 63

AmEpID AmiID Prum PRN
01 11-23 3l-43
10 11-23 44 -54
11 11-17 37-63
11
18-23 Eeserved
00 11-23 Eezerved

3.1.4.1.3.2 BI1C and B2a data content

3.1.4.1.3.2.1 The B-CNAV1 data broadcasted on B1C shall contain the information listed in Table B
BDS-4. The B-CNAV2 data broadcasted on B2a shall contain the message types and data content
listed in Table B-46.

Note 1.— Additional information concerning B-CNAV'1 data content and application of the data is
given in BDS OS B1C ICD, section 7.

Note 2.— Additional information concerning B-CNAVZ2 data content and application of the data is
given in BDS OS B2a ICD, section 7.
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Tahble B-4%, Bl1C pavigation meszage information contents

Subframe
number

Data content

1

PEN. 50H

WH, HOW, IODC (1s5ue of data, clock), IODE (1ssue of data. ephemens)

Data Ephemens I*
blocks* (tae. SafType Ad, 4. Ang, Arig, Mg, 8, o)

Ephemerns IT*
(D, 1, 01, iq, Cis, Cico Crs. Cre, Cuoss Cur)

Clock correcton parameters®
i . O T 5

Tooszp. ISCaics, Taoeicy, Rev, CRC

¥

Page Type 1{PagelD, health status(HS), data mtegniy flag (DIF), sagnal
mtegnty flag (53IF), aceurzcy mtegnity flag (AIF), signal-in-space momtored
acowracy mdex (SISMAT*** S51S5ATee, SISAToc*, 1onosphenc delay
correcton model parameters*, BDT-UTC aime offzet parameters*)

Page Type 2 (PagelD), HS, DIF, 5IF, AIF, SISMAT*** 518AToc*, WHa, t,a.
reduced almanac®)

Page Type 3 (PagelD, HS, DIF, 5IF, AIF, SISMAT*+* S51SAToe, sarth
crientation parameters (EOF), BDT-GN 55 time offset (BGTO) parameters)

Page Type 4 (PagelD, HS. DIF. SIF, ATF, SISMAT**#* S[S5AToc*, midi
almanac*)

4

*  Data blocks containing a set of parameters,
#+ At most 63 page rypes can be defined for subframe 3. Cumently, four valid page types have been defined- 1, 2, 3 and

e SiSZvL-i breadeast in B-CHAV] = reserved fior fishare use.

Table B-46. Bla message types and the data content

Message npe** Data content

1 10

PEN. MesType, SOW, W, DIF(B2s), SIF(B2a), AIF(B2a),
SISMAI*###, DIF(B1C), SIF(B1C), IODE, ephemenis [*

=]

11

PRM, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAT###*, DIF(B1C), SIF(B1C), ephemeris IT*

3 30

PRN. MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),

I0DC, Trnetg. I5C a4, 1onosphenc delay comection model
parameters* , Toowicp

SISMAT**=x, DIF(B1C), SIF(B1C), clock correction parameters*,

PRN, MesType, SOW. HS, DIF(B2a), SIF(B2a). AIF(B2a),

IO, WHa, toa, reduced almanac parameters*®

SISMAT***=*, DIF(B1C), SIF(B1C), clock correction parameters®,
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Meszage Dpe™* Data content
5 32 PEM, MesTvype, S0W, HS DIF(B2a), SIF(B2a), AIF(B2a).
SIShiaT*#+%¢, DIF(B1C). SIF(B1C), clock comrection parameters*,
I0DC, EQOF
6 33 FEN, MesType, 50W, HS, DIF(B2a), SIF(B2a), AIF(B2a),

SISMAT*#+*, DIF(EB1C), SIF(B1C), ATF(B1C), clock correction
parameters*, BGTO parameters*, reduced almanac parameters®,

I0DC, WHa, toa

7 34 PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAT*#++, DIF(B1C), SIF(B1C), 5ISAloc*, clock comrection
parameters* [0DC BDT-UTC tune offset parameter®

8 40 PRN, MesType. SOW, HS, DIF(B2a), SIF(B2a).
ATF(B2a) SISMAT#*#*# DIF(B1C), SIF(B1C), SISAlce,

SISAlec*, midi almanac parameters*®

*  Data blocks confaining a sef of parameters.

** At most 53 meszage fypes can be defined for the B-CHAW? navizaton message Cummenily, eight valid messags fypes
hawe been defined: 10, 11, 30, 31, 32,33, 34 and 40

##% The broadrast order of the B-CHAVY meszage types may be dynamically adjosted, however Meszage Types 10 and
11 are booadcast contimooasly together

#oss SISMAT broadeast in B-CHAVY is reserved for firnmre use.

3.1.4.1.3.2.2 Page type. Page ID shall be used to identify the page types of subframe 3 in B-CNAV1.
It shall be a 6-bit unsigned integer. Its definition shall be as shown in Table B-47.

Tahble B-47. Page type definition

Page ID (binary) Page nvpe
000000 Invahd
000001 1
000010 2
000011 3
000100 4
Others Feserved

3.1.4.1.3.2.3 Message type (MesType). Message type shall be used to identify the message types of
the B-CNAV2 frames. It shall be a 6-bit unsigned integer. Its definition shall be as shown in Table
B-48.
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Tahble B-48. MAlezsaze tyvpe definition

Meszage Tyvpe (Binary) Meszage tvpe
Q0G0 Inwahd
Qo1010 10
001011 11
011110 30
011111 31
100000 32
100001 33
100010 34
101000 40
Others Feserved

3.1.4.1.3.24 Issue of data

Note 1.— Additional information concerning B1C issue of data is given in BDS OS B1C ICD, section
7.4.1, Table 7-3 and section 7.4.2, Table 7-4.

Note 2.— Additional information concerning B2a issue of data is given in BDS OS B2a ICD, section
7.4.1, Table 7-3 and section 7.4.2, Table 7-4.

3.1.4.1.3.2.4.1 Issue of data, ephemeris (IODE). IODE shall indicate the issue number of a set of
ephemeris parameters. The |IODE value shall be updated when any ephemeris parameter is
updated. The IODE values shall indicate the range of the ephemeris data age. The ephemeris data
age shall be defined as the offset between the ephemeris parameters reference time (toe) and the
last measured time for generating the ephemeris parameters. The values of IODE shall not be
repeated within any 24 hours. The relationship between the IODE values and the ephemeris data
age shall be as in Table B-49.

Table B-49. ERelationzhip between the IODE values and the ephemeriz data age

IODE value Ephemeris data age
0358 Less than 12 hours
60 - 119 12 hours — 24 howrs
120 -179 1 day — 7 davys
180 — 239 Feserved
240 - 255 More than 7 days
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3.1.4.1.3.2.4.2 Issue of data, clock (IODC). |IODC shall indicate the issue number of a set of clock
correction parameters. The IODC value shall be updated when any clock correction parameter is
updated. The IODC values shall indicate the range of the clock correction data age. The clock
correction data age shall be defined as the offset between the clock correction parameters
reference time (toc) and the last measured time for generating the clock correction parameters.
The range of the clock correction data age shall be defined by the 2 MSBs of IODC together with
the 8 LSBs of IODC. The values of IODC shall not be repeated within any 24 hours. The relationship
between the IODC values and the clock correction data age shall be as in Table B-50.

Table B-50. ERelationship between the IODC values
and the clock correction data age

2 MS5EB: gf IODC & L5EBs of IODC Clock correction data age
00 {1 - 59 Less than 12 hours
a0 -11%9 12 hours — 24 hours
120-179 1 day — 7 daws
180 - 239 Feserved
240 - 255 More than 7 davs
01 (-39 Less than 12 hours
a0 -11%9 Less than 12 hours
120-179 Lezs than 1 dav
180 -23%9 Feserved
240 =255 Mo more than 7 days
10 (-39 More than 12 hours
60 - 119 More than 24 hours
120-179 More than 7 davs
180 -23%9 Feserved
240 — 255 More than 7 davs
11 Feserved Feserved

3.1.4.1.3.2.5 Satellite health status. Satellite health status (SHS) shall indicate the health status of the
transmitting satellite. The definitions of the SHS parameter shall be as shown in Table B-51.

Note 1.— Additional information concerning B1C SHS is given in BDS OS B1C ICD, section 7.14,
Table 7-22.

Note 2.— Additional information concerning B2a SHS is given in BDS OS B2a ICD, section 7.14, Table
7-22.

Table B-51. Definitons of the $SHS parameter

SHE value Definition Deseription
0 The satellite 15 healthy The satellite provides services
1 The satellite 15 unhealthy or under test  The satellite does not provide services
2 Feserved Feserved
3 Feserved Feserved
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3.1.4.1.3.2.6 Satellite integrity status. The satellite integrity status shall be conveyed by two
parameters: data integrity flag (DIF) and signal integrity flag (SIF). Each of them shall occupy 1 bit
and their definitions shall be as shown in Table B-52.

Note 1.— Additional information concerning the B1C satellite integrity status flag is given in BDS OS
B1C ICD, section 7.15, Table 7-23.

Note 2.— Additional information concerning the B2a satellite integrity status flag is given in BDS OS
B2a ICD, section 7.15, Table 7-23.

Tahle B-21. Definitions of the satellite intezrity status flag parameter:

Paramerer Falue Definition

DIF 0 The ervor of message parameters broadeast in this s1gnal does
not exceed the predictive acouwracy

| The ervor of message parameters broadeast in this signal
exceeds the predictive acouracy
SIF 0 Thus signal 15 normal

| Thus signal 15 abnormal

3.1.4.1.3.2.7 Satellite signal-in-space health status (SISHS)

3.1.4.1.3.2.7.1 BDS OS signal-in-space health status (SISHS) shall take one of the three states:

a) healthy: the signal meets the minimum service performance specified in this document;

b) unhealthy: the signal is not providing services or is being tested; and

c) marginal: the signal is neither of the two previous states.

3.1.4.1.3.2.7.2 The B1C and B2a SISHS shall be indicated by the combination of four SIS flags: HS,
SIF and DIF. The mapping between the values of the three flags and B1C/B2a SISHS shall be as

shown in Table B-53.

Table B-23., The mapping between the values of the three flag: and B1C/Bla SISHS

BIC/BZa
SISHS HS SIF DIF
Healthy 0 0 0
Marginal 0 0 |
23 0 0
Unhealthy Any value 1 o1
1 ol 0l
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3.1.4.1.3.2.8 Signal-in-space accuracy (SISA) indices. The SISA shall describe the predictive accuracy
of the orbital parameters and clock correction parameters broadcast in the navigation message. It
shall comprise the along-track and cross- track accuracy of the satellite orbit (SISAoe) as well as
the satellite orbital radius and satellite clock correction accuracy (SISAoc). The SISA index
parameters listed below shall be used to calculate SISAoe and SISAoc and shall be broadcast in B-
CNAV1 Subframe 3 for B1C and B CNAV2 message Type 40 for B2a, respectively:

a) SISAloe which is a signed, two’s complement integer in the range of +15 to -16 shall indicate
the combined satellite along-track and cross-track orbit accuracy as shown in Table B -54;

b) SISAlocb which is a signed, two’s complement integer in the range of +15 to -16 shall indicate
the combined satellite orbit radial and satellite clock bias accuracy as shown in Table B -55;

c) SISAloc1 with an integer value in the range of 0 to 7 shall indicate the satellite clock drift
accuracy;

d) SISAloc2 with an integer value in the range of 0 to 7 shall indicate the satellite clock drift rate
accuracy; and

e) top shall indicate the time of week for data prediction.
Note 1.— Additional information concerning the SISA index parameters is given in BDS OS B1C ICD,
section 7.16.

Note 2.— Additional information concerning the SISA index parameters is given in BDS OS B2a ICD,
section 7.16.
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Table B-54. Mapping between 5I5A« index and SIS

ST5A e index SI5Aq (matres)

15 O 14400 = 5I8A4 & for no accuracy prediction iz availablel
14 FO072.00 < 81540 = 6 144.00
13 1353000 = 5I54..= 3 072.00
12 T08.00 = 51540 =1 536.00
11 384.00 = SI5A. = 765.00
1o 19200 = 5154, = 3834.00
4 0600 < SI5dp = 10200

& 48.00 = 51540 = 96.00

7 2400 = 5154 = 48.00

] 13.65 = 5154 = 24.00

h 9.0 < SI5doe = 13.05

4 0.85 < SI5dee = 0.05

3 4.85 < SI54pe=0.85

2 340 < SISAe=4.85

I 240 = 51540 = 3.40

0 1.70 = 5154 .= 2.40

-1 1.20 < SB5dee= 1.70
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5154 o index SI54 e (metres)

-2 083 = SIS =120
-3 0.60 = SISdee=0.85
-4 0 43 = 5154 = 0.60
-5 030 = SI8A sz 0143
-0 021 = 5I54.. = 030
-7 015 = SIS =021
-8 G011 = SI54e=013
-9 0.08 < 5154, =011
10 008 = 5154 = 0.08
-11 004 = 5154 = 0.06
-12 003 = SI54.= 004
-13 002 = SIS =003
-14 001 = S[54.. =002
-13 SI5d. = 0.00
-lg Ne accuracy prediction available — used ar own rizk

Table B-55. Alapping between SI5Aq index and SIS Ao

SIS A o0 index SI5A oo fmetras)
15 & 144.00 = SI5A.00 for ne acorracy prediction is available)
14 F 7200 = ST8d oen = & 144.000
13 I 530.00 = STS5dsop = 3 O72.00
12 FO8. 00 == ST8d ep = 1 536.00
11 384.00 = ST5d pep == THE.00
g 102,00 = SI5dpep = 384.00
o D000 = SI84 = 10200
3 4800 = SIS pepp = PE.00
7 24.00 = STSA pep = 48000
& 1305 = ST5d pe == 2400
5 B.05 = SESdsen = 13.05
4 O0.85 == SIS pon == 005
3 4 85 = SIS pon=- G.85
2 340 = STSd o= 4.85
1 240 = ST5d oen == 3.40
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ST5A o imdax SI5A o imatres)

a 170 = SIS doen = 2.40
-1 120 = 5T8dpen = 1.70
-2 085 = SIS aen = 1.20
-3 0G0 = SIS aop = B85
-4 043 = SIS oon = 0.60
-5 030 = STSA op == 043
-G 021 = SIS ocn=2 Q.30
-7 015 = SIS, =021
-3 011 = STSA o= 015
-g 008 =< STSAep = 011
-14 0.0 = ST5d ocn = OLO8
-11 0.0 = SIS p == OLOG
-12 003 = ST5d aep = QL0
-13 002 = STSA oop = OLOF
-14 007 == STSA oop = OLO2
-13 SIS pen = 0.01
-1 No accuracy prediction available — wsed ar own rizk

3.1.4.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted but are used by either or both non-
aircraft and aircraft elements, and that define terms applied to determine the navigation solution
and its integrity.

3.1.4.2.1 Parity algorithms.

3.1.4.2.1.1 The D1 message uses BCH(15,11,1) encoding as parity algorithms as indicated in section
3.1.4.1.2.1.5.

3.1.4.2.1.2 The B-CNAV1 message and the B-CNAV2 message use a 24-bit CRC. The CRC shall be
calculated in accordance with 3.7, with the following generator polynomial:

4
5-:1':-:2‘5,.:{'
=)

where:

Gi=1for0,1,3,4,5,6,7,10, 11, 14, 17, 18, 23, 24 and
0 otherwise.
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3.1.4.2.2 Satellite clock correction parameters.
3.1.4.2.2.1 BDS system time t shall be computed as follows:
t =1tsv — Atsv
where:
t = BDT in seconds at time of signal transmission;
tsv = the effective satellite ranging code phase time in seconds at time of signal transmission; and
Atsv = the offset of satellite ranging code phase time in seconds defined as:

Atsv= a0+ ai(t — toc) + az2(t — toc)2 + Atr

where:

a0, azand a2 and toc are parameters transmitted in D1 navigation message subframe 1, in B-CNAV1 subframe
2 and B-CNAV2 message Types 30, 31, 32, 33 and 34; and

Atr is the relativistic effect correction term defined as:

Atr, =F-e -+ A-sin Ek

where:

e/ A, Ex, are parameters that can get from D1 navigation message subframe 2 and subframe 3, from B-
CNAV1
subframe 2 and B-CNAV2 message Types 10 and 11;

F=-2mr/c;
M = 3.986004418x 1014 m3/s2 is the value of the earth’s universal gravitational constant; and
€ = 2.99792458x108 m/s is the speed of light.

3.1.4.2.2.2 BDS system time related to UTC (NTSC) time. BeiDou system time offset with respect to
UTC shall be determined by using B1l data, B1C data or B2a data.

Note.— Additional information concerning time parameters and algorithms relating BeiDou system
time to UTC is given in section 5.2.4.18, BDS OS B1l ICD; section 7.12, BDS OS B1C ICD; and section
7.12, BDS OS B2a ICD.

3.1.4.2.3 Satellite position.

3.1.4.2.3.1 B1l satellite position solution. The current satellite position shall be computed as shown
in Table B-56.

Note 1.— The current satellite position is defined using ephemeris parameters. The ephemeris
parameters (toe, e, w, An, MO, QO, , (0, IDOT, Cuc, Cus, Crc, Crs, Cic, Cis) used in the B1l satellite
osition solution are parameters transmitted by D1 navigation message subframe 2 and subframe 3.
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Note 2.— Additional information concerning ephemeris parameters and algorithms is given in BDS
OS B11ICD, section 5.2.4.12.

Table B-56, BIlI ephemeris algorithm

Computation steps

Description

p=3.986004418=10" m*s*
fl, = 7.2921150 x 10~ rad/s

= =3.1415926535898

d

A= I:'-."E:I

_ F
|'||:|—"'I—a

=t—t®

n=mng;+An

M =My +ofy
My=Fy—-e=anF;
msinEk
1 —ecosE,

cosE.—e

1 —ecos Eg

5NV =
Cos Vi =

fp=vi+ o

El.lt
&ry.
Bi),

1.1.|.=¢\.+E1J.|c

Cue 5inl(22 ) + Cyp cosi28)
Cr 5in(2%) + Cp cos(22))
€. sin(24, ) + C;, cos(24,)

rp = Al — e cos Eg) + oy,
iy =iy +IDOT -t} + Sig
= Iy, COS5 Uy
¥ = Iy sy,
My = g + (0 — Dty — Detye
Xy 005 {y, — Vi 005 iy, sin [

X
I‘j’k = = sin [ + v cos iy cos [y,
Zp = v siniy

Value of the earth’s unmversal gravitational constant m BDCS
Value of the earth’s retation rate 1n BDCS

Fatio of 2 cwrele’s cwrenmference to its diameter

Computed semi-major axis

Computed mean motion (radians/s)

Computed time from ephemens reference epoch
Corrected mean motion
Computed mean anomaly

Eepler's equation for eccentric anomaly (radians)

Computed true anomaly

Computed arpument of latiude

Argument of latitude comrection

Fadms comection

Inclmation correction

Corrected argument of latitude parameters
Cormrected radius

Corrected melination

Computed zatellite posihons 1o orbital plane

Corrected longitude of ascending node in BDCS
MEQTGS0 satellite coordinates im BDCS

* In the equations, “t” is the time of siznal transmission in BDT. “t,” 15 the total time difference between t and ephemeris
reference fime £ , after accounting for begmning or end-of-week crossovers by subtracoing 604 800 zeconds from t 1f tx
15 greater than 302 400 or adding 604 800 seconds to ty 1if ty 15 less than -302 400 seconds.

DEPARTMENT OF CIVIL AVIATION, MYANMAR

195



MCAR, PART-5, ANS SECTION-9, VOLUME |

3.1.4.2.3.2 B1C and BZa satellite position solution. The current satellite position shall be computed

as shown in Table B-57.

Note 1.— The current satellite position is defined using ephemeris parameters. The ephemeris
parameters (toe, SatType, AA, 4, AnO, A7O, MO, ¢ w, Q0, 0, O, 0, Cis, Cic, Crs, Cre Cus, Cuc) used
in the B1C and B2a satellite position solution are parameters transmitted by B-CNAV1 navigation

message subframe 2 and 3, or by B-CNAVZ2 navigation message Type 10 and message Type 11.

Note 2.— Additional information concerning ephemeris parameters and algorithms is given in BDS

OS BIC ICD, section 7.7, and in BDS OS B2a ICD, section 7.7.

Computation steps

Table B-27. B1C/Bla ephemeris alzorithm

Dascription

u=3986004418x10" m/s*

fl, = 7.2921150 x 10~ % rad/s

n=3.1415926535898

!i, =r- r:.”-

My =mn +Am
M, =M, +ng

ATk

M,=E, —esinE,

_ Y1 —e?sin E
siny, = —————
1 — ecos Eg
cosEp —e
cos Vv = —————
1 —=cos E
'@'k = I'rt + w

fup = Cyy sinl248,) + Cy- cos(2€,)
fr, = C sin(28,) + C__cos(2&,)
0ip = Cys sinl(29,) + O cos(2,)

(Geocentnc gravitafional constant of BDCS
Earth’s rotation rate of BDCS

Rate of a curele’s corenmference to its diameter
Time from ephemerns reference time
Seml-major axis at reference time

Semil-major axis

Computed mean motion (radians/s) at reference time

Mean moton difference from computed value
Comected mean mohon

Mean anomaly

Eepler’s equation for eccentne anomaly (radians)

True anomaly

Arpument of latitude

Arpument of lafitude comection
Radms comechon
Inchnation comrechion
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Computation sfeps Description
up = P + duy, Comrected argument of lahtde
1 = A (1l —ecos E.) + &n, Comrected radins
iy = ip+ig-t + diy Cormrected inclination
{xt = T CO8 Uy Position in orbital plane
Y = M sinug
Dy = O + (0 — ) ) — Natpe Comrected longitude of ascending node
Ky = xpecosfly — ¥ cosipsinfly Coordinate of the MMEQIGSO satellite antenna phase centre m BDICS
¥y = xg sin g + ¥ cos i cos g
L = ¥ sin iy

Semi-major axis reference vahe: A = 27906 100m (MED). A, = 42162200m (JGS0/GED),

*+ Inthe equation, ¢ &5 the BDT time of sizmal mansmission, Le.. the BOT time comected fior transit dme: § is the wdal dme diference bemesn ¢
and the ephemeris raference time 1, , after accounting for beginning or end-of-week cossovers by subtracting 604 200 seconds from 5 5 5
is greater than 302 400 or adding S04 200 seconds to & if 5is less than -302 400 seconds.

3.1.4.2.4 lonospheric delay correction.

3.1.4.2.4.1 B1l ionospheric delay correction. The B1l ionospheric delay correction shall be computed
as shown in Table B-58.

Table B-58. Single-frequency ionospheric delay computation for B11I

Computaion s5eps Dascription

Is fg 13 the SOW in BDT computed by nser

_E_mjnlrLRR -cusE} ¥ is the earth’s cenmal angle in radians
+h bemwesn the wuser location amd the
ionospheric plerce point (TPE).
B iz the mesn rading of the earth
(63TEEm). E is the satellite elevation
from theuser's locadon in radians.
H 15 the height of isnosphere (375 km).

W=

ral =

&y = arcsin (sind, - cos¥F + cos$, - sin'F - cosA) &y ls the geosraphic latimde of the earth
projection of the [PP in radians;
A iz the satellite azimmth from the user
lecation in radians,

_ . fsin'¥ - sind hus 15 the geographic longimde of the earth
Ao ‘:‘ﬂ*'m‘“(—m@” ) projection of the IPP in radians.
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Computaion siepns

Dgzcription

t = (tg + Ay ¥ 43200/7) [module 36400]

t is the local time (range 0 — 86 40 s) for

the earth projecton of the IPP.
= |Fu/ " P Ay is the amplitude of the Klobuchar
A= la,_. I cosine curve I the dasyime compuied
- =l from the a.;
o o Az 0 . coefficients broadcast in D] navigation
message subfame 3.
172800 , A, = 172800 A, iz the period of the cosine oarve in

5 -
o 1 "
A= lﬁ,,l Mol 172800 > 4, = 72000

=1

seconds;
[, are the coefficients broadcast in Dl
navigation message subffame 3

T2000 . A = 72000

[;it) is the vertical ionospheric delay
2wt — 50400} mTectin
| /lt-50400l <./4 oA

5% 1077 ) lt—50400] = 4,/4

Y4 A cos
L1y ) 5 % 107 + 400

Ininy is the jomosphenic delsy along the
B1I propagation path.

1
Ig () = — L

R -
\‘ll - [FE'E'GSE:I

Note.— Additional information concerning B1/ ionospheric delay correction parameters and user algorithms
is given in BDS OS B1/ ICD, section 5.2.4.7.

3.1.4.2.4.2 B1C and B2a ionospheric delay correction.

3.1.4.2.4.2.1 Single-frequency ionospheric delay correction. The B1C or B2a ionospheric delay
correction shall be computed as shown in Table B-59.
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Table B-50. Single-frequency ionospheric delay computation for B1C and B2a

Computaiion stems

Descripion

I E n(— E
I.|!-'—E amﬂn{,Re+l-I- {:-:l_x)

¥indicates the earth’s central angle
between the nser position and the IPP

E 1z the elevation sngle betwesn the usar
end satellite (in radizns)

H.. is the altimde of the ionospheric
simgle-layer shell (400 kni)

Pleis the mean radme of the earth

(6 378 lom)

@, = arcsin (sin @, -cos P + cos g, -siny- cos A)

L =1, +aretan sin - 5in A - cos g,
Eh cosy —sing, - sing,

@, is the geographic latitude of the earth
projection of the [PP

A Is the geographic longitade of the earth
projection of the [PP

@, 15 the nser geographic latimds

Ay 15 the nser zeographic lonsimde

A 15 the azimuth ansle between the user
end the satellite (in radianc)

P — Aresin {5in gy - sin g, + 005 @y - 005 P - 005 (L, — dyl)
= (mﬁ fF'y '35-1"':_-1;.. —Ly) -r.:ns -:pH)
510 {0y - 5i0 @, — S0 4@,

m

@15 the Zeomagnedc latimde of the eard
projection of the IPF m the sarth-fxed
raference frame

A 15 the zeomamnetic longitade of the
earth projection of the IPP in the
eamb-fived raference frame

Aayds the secrraphic loagsimde of the narth
maznefic pole: 4, :%:{ -7 rad

@i is the geomaphic latimde of the north
mammetic pole: @y = —

Sion =0 - (L= 2- (£ —ine(£)))

F - rad
180

Sien 15 the mesn peographic lonzimde of te

sum {In radisns)

¢ 15 the tme (in davs) of the caloulation

epoch expressed by Modified Falian Thate

Dy

ot ) 1s romding down

#'= 0.
A'=a, —a:ttan(

SISy — Aug) )
SiN @y © €05 (Sypy — Ay

@' iz the geomarmetic latimuda of the IPF in
the solar-fixed reference frame

1 is the reomazmetic lonzimde of the [PD
i the solar-fived reference frame
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Computaion siepms

Dascriprion

1’.““.:_'.1:.-rq:l'J = [Zn— 1} (1 - (sing'*1"", n=m

P o lsing' )= dng’- (2m+ 1) - B (sinpln=m+ 1

Fy s the classic, no-nonmalized Lagendre
function

[ (3n—1)- sing’ - By m(sing’) — (n+m—1)- By _gplsing’)
Sindg f = ISR
{ o — (2n-1)1 = (2n-1)-(2n-3) --
Fyplzing’) =1
r Ny 15 the nommalization fonct
N ||:ﬂ_m}ll:2ﬂ+1:l{2_ﬁur'l} : "
P — I
Y (n 4+ m)!
_flym=10
d".l.r'l - [I].FH -;_ﬂ
E—.m =Ny P ﬁ.m is the normalized Legendre fimction

with degres n and order m

o = [ Pingimy (sing@") - cosim, - Xy my 2 0
CT Py (Si@Y) - sin{—my - A my < 0

The valnes of i, and 2, are showm o
Tabla B-§0.

By = ag + Z( By ;- cos{any, -t} T By - sy - £5])
k=1
21
Ly = T—L

i 30 By are the non-broadcast
coefficients of the BeaiDiow zlobal
ionosphere delay comection model
(BDGING:

T 15 the period for predicdon
coresponding to the individusl non-
broadoast coefficients;

f; iz the odd hour the day (01:00-00,
030000, 050000, or 23:00:0) in
MDY which is nearest to the caloulation
epoch.

0= ) B By

=

Pl L) (5in@} - cos(m; -3y my = 0
g = '

-iE b | {sing") - 5i_1:|-:—r:|-:|. - AN My < 0

Ay is the predictive ionosphenc delsy (in
TECu)

u
VIEC = A, + Y o 4,

L=

FTE i= the veriical ionosphesic delay {in
TECu) of the IFP
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Computarion sieps Diescriprion

1 A is the ionosphesic mapping fiunction

.IH'IF =
2 of the IFF

Re )
-\|1 - IIFH:-" I:D.-[E]J

_ 40.28 » 10 TEC T 15 the ionospheric delay commection
= M =

Lot

Table B-60 Valoes of m; and m;

[
1
—
[
a2
b
(B

nfm | 00 10 1l -1 | 20 21

Note.— Additional information concerning ionospheric delay correction model parameters broadcast on B1C
and B2a and the user algorithms are given in BDS OS B1C ICD, section 7.8.2, Table 7-12, and in BDS OS B2a
ICD, section 7.8.2, Table 7-12.

3.1.4.2.4.2.2 Dual-frequency ionospheric delay correction

For the dual-frequency user applying the B1C and B2a signals, the effect of the ionospheric delay
shall be corrected by using the dual-frequency ionosphere-free pseudo-range.

The dual-frequency ionosphere-free pseudo-range from the B1C pilot component and the B2a
pilot component (PRB1Cp-B2ap) shall be computed as follows:

- _ PResap — k- PRicp O (Topgzap — iz - Tanancy)
EiCp=Elap — 1_|||:.1 l_klj

The dual-Tequency psende-range from the B1C pilot component and the B2a data component (PRejc.pow) shall be
computed as follows:

PRugaq — Kyp - FRP|1I.'.|- _':' ':TErJBEap + 15Ca200 — K12 'TEJH'.I.'.|:|
L=k 1 -k

PReirp-R1ad =
The dusl-Sequency psendo-range from the BIC daty component and the Bla pilot component (PRejcersg) shall be
computed as follows:

PRazap —Fiz- PReica O (Topazap— Fuz - Topmacp— Kuz - 13Ca4eq )
1=k 1 —ky
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The dual-frequancy psendo-ranze from the B1C data component and the B2a data component (FRBICH-Blad) shall be
comyputed as follows:

PReyea — Kya - PRpary
PRpscy maa = —— 1_1; :
12

C - (Tepgaap T 15Ca200 — K12~ Topgacy— Faz - 18Cqyca )
1—kyy

g% &
where K, 5 = (ﬂ) , 15 the factor assectated with frequency;

117645

PRg; ¢y, is the measured pseudo-range of the B1C pilot component (corrected by the clock correction but not corrected by
Tomey):

PRE; g is the measured peendo-range of the B1C data component (corrected by the clock comection bat not comected by
Tormicy and I5Cascd);

PRgs,, 15 the measured psendo-range of the B2a pilot component (comected by the clock comection but not corrected by
Toninzeg):

PREsgq is the measured psendo-ranze of the B2a dafa component (comected by the clock comection but nof corrected by
Tonizeg 08 ISCeuw);

Toninicy is the groap delay differentia] of the B1C pilet component;

T, 15 the group delsy differential of the B2a pilot component;

I5Ckcq is the group delay differential between the B1C dats component and the B1C pilot component;
I5C R s the group delay differential between the B2a data component and the B2a pilot component;
¢ =299792458+10" m's is the speed of light

Notwe | — Addiconal iformation concerning BIC fonospharic delay model parameters = gham in BDS OF BIC ICD,
saction 7.5

Notwe 2 — Additional mfemation concerning Bla ionospheric delay model parameters iz given i BDS 05 Bla ICD
saction 7.5
31425 554 ealeviarion for BIC and Bla.

The siznal-in-zpace aconracy (5I5A) for meegriny nse shall be caloulated as:

SIfA = \."{E-'F.S'A,_., ¥ sinl4¥)* + 5154 .
whers

G154 15 the upper boumd value comesponding fo the SI5A.. mdex “M™ as broadcast in B-CHAV] Saobframe 3 for BIC
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SI5A . shall be caloulated with the following equations (io metras):

SISA,. = SISA,q + 5154, (t—t.. ). fort —t,, < 93600s

ap —

SISA,, = SISA,cp + SISA 0 (8 =ty ) + 5154, (£ — £,, — 93 Eu-::nj‘ fort —t,, > 93600s
wherns

SI5A.; is the uppsr bound value comesponding to the 5154, mdex “3™ as broadcast in B-CRAV] Sobframe 3 for B1C
and in B-CHAVY message Types 34 and 40 for B2a, respectively (defined in 3.1.4.1.8) as shown in Table B-55;

SI5A4 . is the satellite clock drift sccuracy in medres per second derived Som SI5AT, (defined in3.1.4.1.3.2.8) as follows:
S.Irsﬂu:__ =1 (SIEA) g #14)

SI5A ;15 the satellite clock drift rate scouracy in metres per square secoad desived fom SISAL, (defined in 3.1.4.1.3.2.8)
as follows:

.5'1’.5'.-1_,3 =1 (SIS p & 2E)
whera
t iz the BDS system time o second;

Ly, 15 the tme of week for data prediction in second breadcast in B-CHAV] subframe 3 for B1C and im B CHAVE message
Types 34 and 40 for Bla, respectvely

3.1.4.3 AIRCRAFT ELEMENTS
3.1.4.3.1 BDS RECEIVER

3.1.4.3.1.1 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four BDS satellites and generate a position solution based upon those measurements.

3.1.4.3.1.2 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal BDS OS signal carrier phase and ranging code measurements. The receiver shall
compensate for the Doppler shift that is unique to the anticipated application.

3.1.4.3.1.3 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in section 3.7.

3.1.4.3.1.4 Application of clock and ephemeris data. The receiver shall ensure that it is using the
correct ephemeris and clock data before providing any position solution. For B1l, the receiver shall
monitor the parameters toc and toe to update clock and ephemeris data based upon the detected
change in these parameters. For B1C and B2a, the receiver shall monitor the parameters IODC and
IODE to update clock and ephemeris data based upon the detected change in these parameters.

3.1.4.4 TIME

The time reference for BDS shall be the BeiDou Navigation Satellite System Time (BDT). BDT shall
adopt the International System of Units (SI) seconds, and shall accumulate continuously without
leap seconds. The start epoch of BDT shall be 00:00:00 on 1 January 2006 of Coordinated Universal
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Time (UTC). BDT shall connect with UTC via UTC (NTSC), and the deviation of BDT to UTC shall be
maintained within 50 nanoseconds (Modulo 1 second). The leap seconds shall be broadcast in the
navigation (NAV) message.

3.1.4.5 COORDINATE SYSTEM

3.1.4.5.1 BeiDou Coordinate System. The BDS broadcast ephemeris shall describe the position of
the transmitting antenna phase centre of a given satellite in the BeiDou Coordinate System (BDCS).

3.1.4.5.2 The difference between the latest physical realization of ITRF and BDCS shall not exceed 3
cm (95 per cent).

Note 1.— WGS-84 and BDS terrestrial reference frame BDCS are both realizations of ITRF. The
difference between BDCS and WGS-84 used in GPS is considered insignificant for aviation.

Note 2.— Additional information on the BDCS is in Attachment D, section 4.1.4.9.

3.2 (Reserved)

3.3 Use of multiple core satellite constellations

3.3.1 AIRCRAFT ELEMENTS

3.3.1.1 Multi-constellation GNSS receiver. The multi-constellation GNSS receiver shall process
signals from two or more core satellite constellations in accordance with the requirements

specified in 3.1.1.3.1, GPS receiver, and 3.1.2.3.1, GLONASS receiver, 3.1.3.3.1, Galileo receiver and
3.1.4.3.1, BDS receiver.

3.3.1.1.1 Resistance to interference. The multi-constellation GNSS receiver shall meet the individual
requirements for the core satellite constellations processed as specified in 3.7.

3.3.1.2 Antenna(e). Core satellite constellation signals shall be received through one or more
antennae.

Note.— Performance characteristics of GNSS receiver antennae are defined in 3.8

3.3.1.3 Position information provided by a multi-constellation GNSS receiver shall be expressed in
WGS-84 earth coordinates.

3.3.1.4 When combining measurements from core satellite constellations, the difference among
each core satellite constellation reference time shall be taken into account.

3.3.1.4.1 Multi-constellation GNSS receivers shall solve for the time offset between the core
constellations as an additional unknown parameter in the navigation solution and not only rely on
the time offset broadcast in the navigation messages.
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3.4 Aircraft-based augmentation system (ABAS)
Note.— Guidance on ABAS and associated signal processing is given in Attachment D, section 5.
3.4.1 ADVANCED RECEIVER AUTONOMOUS INTEGRITY MONITORING (ARAIM)

ARAIM shall consist of a non-aircraft subsystem and an aircraft subsystem. The non-aircraft
subsystem shall provide, for each core satellite constellation supported, fault characteristics of the
constellation, fault characteristics of the satellites and ranging error models. The aircraft subsystem
shall apply the data provided by the non-aircraft subsystem, complemented as appropriate by fault
characteristics and ranging error models of the aircraft subsystem components, to meet the
requirements as specified in Chapter 3,3.7.3.3.1.

Note 1.— The non-aircraft subsystem performs its function by providing integrity support data (ISD
as specified below) either through broadcast navigation data or through default values stored in
receiver memory. Broadcast navigation data for ARAIM can be contained either in dedicated
navigation data messages (ISM as defined below) or in other navigation data messages from core
satellite constellations.

Note 2.— For GNSS receivers using ARAIM, ranging error models include ionosphere, troposphere,
multipath, antenna bias and receiver noise.

3.4.1.1 Integrity support data (ISD) data content
3.4.1.1.1 ISD general information. The ISD general information shall be as follows:
Validity time: this field shall specify when ISD can be applied by the GNSS receiver using ARAIM.

Applicable core satellite constellation: this field shall identify to which core satellite constellation
the ISD applies.

ARAIM service type: this field shall indicate the performance level supported by the ISD
parameters.

ARAIM service type A: the ISD supports horizontal positioning for typical operations of en-route,
terminal, initial approach, intermediate approach, non-precisions approach and departure in
accordance with Chapter 3, 3.7.3.3.1.

ARAIM service type B: reserved.

Note 1.— Aircraft manufacturers may integrate ARAIM with other ABAS system elements to support
additional applications, subject to approval by the appropriate regulatory authority.

Note 2— There may be multiple active sets of ISD per constellation (ie. different data sets
supporting different service types).

Note 3.— ARAIM service type B performance is expected to support typical operations of approach
with vertical guidance through Category | precision approach.
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3.4.1.1.2 Constellation-specific ISD parameters. The constellation-specific ISD shall be as follows:

Satellite mask: this field shall indicate to which satellite (within the given core satellite
constellation) the ISD parameters apply.

Note.— The interpretation of the satellite mask by the ISMG and the aircraft receiver is specified in
34.1.2.2.2 and 3.4.1.3.3.2, respectively.

Pconst: the probability that two or more satellites within a core satellite constellation have faulted
signals concurrently due to a common cause.

Psat : the probability that a satellite has a faulted signal, where the faulted signal occurs only on
one satellite or has independent causes if occurring on more than one satellite.

Rconst: the rate at which two or more satellites within a core satellite constellation have faulted
signals concurrently due to a common cause.

Rsat: the rate at which individual satellites have a faulted signal, where the faulted signal occurs
only on one satellite or has independent causes if occurring on more than one satellite.

MFDconst: the mean duration of faulted signals of two or more satellites within a core satellite
constellation due to a common cause.

MFDsat: the mean duration of individual satellites having a faulted signal.

oURA: the overbounding integrity range error model parameter to be applied for a given satellite
signal.

oURE: the accuracy and continuity range error model parameter to be applied for a given satellite
signal.

bnom: the overbounding bias term for a given satellite signal.

Note 1.— A faulted signal and the associated fault event occurs when one or more signals indicated
as healthy from a given satellite are in fact faulted as described in 3.4.1.2.2.1 and Attachment D,
5.3.1.3. A faulted signal ends through action by the core satellite constellation, either by removal of
the cause of the fault or by indication that the affected satellite or satellites are not healthy.

Note 2.— ISD parameters apply to healthy signals.

Note 3.— Some core satellite constellation providers may use the term “mean time to notify” (MTTN
or MTN) interchangeably with MFD.

Note 4.— More detailed explanations of the terms gURA, gURE and bnom, are given in 3.4.1.2.2.1
and Attachment D, 5.3.1.4.

3.4.1.2 ARAIM non-aircraft elements

3.4.1.2.1 ISD broadcast and application requirements
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Note.— These requirements determine how ISD are broadcast to the user by the core satellite
constellations.

3.4.1.2.1.1 Interface specifications for broadcast ISD

The broadcast ISD shall be defined by the applicable core satellite constellation providers in
interface specifications.

Note 1.— The interface specifications define on which signals and in which messages the ISD
parameters are encoded.

Note 2.— For GPS, oURA and oURE are specified in IS-GPS-705F (message type 10 and message
types 30 through 37) and in I1S-GPS-200K (subframe 1).

Note 3.— ISM interface specifications for GPS, GLONASS and BDS are under development.
3.4.1.2.1.2 ARAIM augmented satellite signals
The ISD parameters shall apply to core satellite constellation signals as specified below:

— For GPS: GPS L1 C/A signal (3.1.1 and Chapter 3, 3.7.3.1.1.8) and GPS L5 signal (3.1.1 and
Chapter 3, 3.7.3.1.1.8).

— For GLONASS: GLONASS L10F signal (3.1.2 and Chapter 3, 3.7.3.1.2.8), GLONASS L10C signal
(3.1.2 and Chapter 3, 3.7.3.1.2.10) and GLONASS L30OC signal (3.1.2 and Chapter 3, 3.7.3.1.2.9).

— For Galileo: Galileo E1 signal (3.1.3.1.1 and Chapter 3, 3.7.3.1.3.11.1) and Galileo E5a signal
(3.1.3.1.1 and Chapter 3, 3.7.3.1.3.11.2).

— For BDS: BDS B1C signal (3.1.4 and Chapter 3, 3.7.3.1.4.7) and BDS B2a signal (3.1.4 and
Chapter 3, 3.7.3.1.4.7).

3.4.1.2.1.3 ISD and ISM timing

3.4.1.2.1.3.1 When a core satellite constellation broadcasts ISD, the core satellite constellation shall
transmit and disseminate worldwide a complete set of broadcast ISD at a minimum broadcast rate
(maximum repeat interval) of 15 minutes.

Note.— A complete set of broadcast ISD includes both the entire set of ISD within ISM(s) for a given
service type, for all supported satellites and any associated ISD not contained in ISM (e.g. in other
navigation data messages). This does not imply a requirement to broadcast ISD for all satellites of a
specific core satellite constellation.

3.4.1.2.1.3.2 The validity time, as defined in 3.4.1.1.1, shall:

a) indicate the start time of ISD applicability; or

b) indicate a start time and an expiration time.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 207



MCAR, PART-5, ANS SECTION-9, VOLUME |

3.4.1.2.1.3.2.1 When no expiration time is provided, the ISMG shall update the broadcast ISD to
maintain compliance with 3.4.1.2.2.1.

Note.— The core satellite constellation interface specifications for broadcast ISD (3.4.1.2.1.1) define
the associated protocols for data application, including ISD updating.

3.4.1.2.1.3.3 For a default ISD as specified in 3.4.1.3.3.3, the validity time shall not expire as long as
the data remains present in a receiver.

Note.— Default ISD values are based on core satellite constellation minimum performance
commitments. They can only be modified by a change to these performance commitments.
Airborne equipment maintenance action would be necessary to update these ISD parameters.

3.4.1.2.2 ISM generator requirements (data content)

Note.— The ISM generator (ISMG) is an entity separate from core satellite constellation provider and
performing an air navigation service provider function limited to ARAIM. It is expected that close
cooperation will exist between the two entities. Further guidance is contained in the Global
Navigation Satellite System (GNSS) Manual (Doc 9849).

3.4.1.2.2.1 Overbounding

3.4.1.2.2.1.1 The ISMG shall ensure that default and broadcast ISD parameters are provided such
that the fault-free ranging signal errors are left- and right-overbounded over an interval limited by
a not-to-exceed (NTE) threshold, [-NTE, NTE] by the following:

a) for integrity: a gaussian distribution N(-bnom, cURA) for left side overbounding and N(bnom,
oURA) for right side overbounding;

b) for accuracy and continuity (false alert or failed exclusion): a gaussian distribution N(O, cURE).

3.4.1.2.2.1.2 The ISMG shall ensure that Psat and Rsat provide an upper bound of the probability
and rate that an individual satellite broadcasts signals that cause ranging signal errors outside the
interval [-NTE, NTE].

34.1.2.2.1.3 The ISMG shall ensure that Pconst and Rconst provide an upper bound of the
probability and rate that more than one satellite concurrently broadcast signals due to a common
cause that cause ranging signal errors outside the interval [-NTE, NTE].

Note 1.— Faulted signals are signals with ranging errors outside the interval [-NTE, NTE]. Fault-free
signals are signals with ranging errors within the interval [-NTE, NTE]. ARAIM accounts for errors due
to faulted signals through Pconst and Rconst and for errors due to fault-free signals through cURA
and oURE. Further guidance is provided in Attachment D, 5.3.1.3 to 5.3.1.5.

Note 2.— Core satellite constellation service providers distinguish between fault-free and faulted

ranging signals using a predefined core satellite constellation service provider NTE. By this definition,
all signals with errors below the threshold are considered fault-free signals and all signals with errors
that are above the threshold are considered faulted signals. Fault-free signals include ranging errors
due to system-inherent properties as well as any faults characterized by a limited amplitude and
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frequency which maintain compliance with the overbounding conditions. The ISMG can use this
definition to determine the overbounding parameters. However, the ISMG may consider errors below
the core satellite constellation service provider NTE as faulted to improve ocURA, provided that Psat,
Pconst, Rsat and Rconst still meet the requirement in 3.4.1.2.2.1.2 and 3.4.1.2.2.1.3.

Note 3.— For consistency with the Gaussian overbounding of fault-free signals, the NTE value is
typically set to k x cdURA where k corresponds to the inverse of the normal cumulative distribution
function of Psat/2. For example, for GPS and Psat of 10-5, the corresponding NTE is specified as 4.42
x gURA and 4.42 corresponds to the inverse of the normal cumulative distribution function of a
probability of 0.5 x 10-5. The division by two is because the fault magnitude can be positive or
negative. Alternatively, the NTE can be a fixed value.

Note 4.— The ARAIM airborne algorithm will achieve the intended integrity risk when bnom and
oURA bound the fault-free distribution and Psat, Rsat, Pconst and Rconst characterize the faulted
distributions for both single and dual frequency signal processing. The ARAIM airborne algorithm
does not explicitly use NTE.

3.4.1.2.2.2 Satellite mask. The ISM generator shall ensure that all satellites set to valid in the ISD
satellite mask meet the requirements in section 3.4.1.2.2.1 for the associated ISD content.

3.4.1.2.2.3 Rconst, Pconst,, and MFDconst. If multiple ISM are provided for a given constellation
and ARAIM service type, the Rconst, Pconst and MFDconst for a given validity time shall be the
same.

3.4.1.2.2.4 Relationship between ISD values and core satellite constellation provider minimum
service commitments. For Service Type A, broadcast ISD values as defined in 3.4.1.1 shall always be
set to indicate a performance that is equal to or better than the default values specified in
34.1.3.33.

3.4.1.2.3 ISD parameter integrity requirements
3.4.1.2.3.1 The ISMG shall generate ISD for ARAIM service type A such that GNSS receivers using
ARAIM can perform monitoring to meet a 10-7/hour integrity risk using both single and dual

frequency signal processing.

3.4.1.2.3.2 Procedures shall be put in place by the ISMG such that the integrity assurance process
mitigates the effects of internal faults, to a level consistent with the supported ARAIM service type.

3.4.1.2.4 ISM transmission / data integrity requirements from origination by the ISMG, handover to
and broadcast to the user by the core satellite constellation to a level consistent with the
supported ARAIM service type.

Note.— Further guidance on ISD parameter data integrity is provided in Attachment D, 5.3.1.7.

3.4.1.2.4.2 A core satellite constellation using cyclic redundancy checks (CRC) for ISM data integrity
shall calculate the CRC in accordance with the requirements in 3.9.

Note.— Detailed user implementation guidance is provided in core satellite constellation interface
documentation as specified in 3.4.1.2.1.1.
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3.4.1.2.5 Receiver design constraint assumptions for ISD generation

3.4.1.2.5.1 The ISMG shall validate broadcast ISD assuming that the GNSS receiver using ARAIM is
compliant with the following constraints when processing L1, L5, E1, E5a, B1C and B2a signals:

a) 3 dB bandwidth between 12 and 24 MHz centred around 1575.42 MHz and around 1176.45
MHz;

b) differential group delay not greater than 150 ns;

c) early minus late discriminator;

d) L1/E1/B1C correlator spacing between 0.08 and 0.12 chips;

e) L5/E5a/B2a correlator spacing between 0.9 chips and 1.1 chips;

f) frequency dependent gain roll-off of at least 24 dB per octave in the transition band until
reaching a minimum attenuation to meet the performance objectives in the presence of interfering
signals at the interference thresholds specified in 3.7;,g) maintain the minimum attenuation to meet
the performance objectives in the presence of interfering signals at the out-of-band interference

thresholds specified in 3.7;

h) filter centre frequencies around 1575.42 MHz and 1176.45 MHz within +10% of the 3 dB
bandwidth as specified in a).

Note.— The 0 dB level corresponds to the filter's normalized peak in-band response.

3.4.1.2.5.2 The ISMG shall validate broadcast ISD assuming that the GNSS receiver using ARAIM is
compliant with the following constraints when processing L10C and L30OC signals:

a) 3 dB radio frequency / intermediate frequency bandwidth between 12 and 24 MHz centred
around

1600.995 MHz and around 1202.025 MHz;

b) differential group delay not greater than 150 ns;

c) early minus late discriminator;

d) L10C correlator spacing between 0.08 and 0.12 L1 chips;

e) L30C correlator spacing between 0.9 chips and 1.1 L5 chips;

f) frequency dependent gain roll-off of at least 24 dB per octave in the transition band until
reaching a minimum attenuation to meet the performance objectives in the presence of interfering

signals at the interference thresholds specified in 3.7;

g) maintain the minimum attenuation to meet the performance objectives in the presence of
interfering signals at the out-of-band interference thresholds specified in 3.7;
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h) filter centre frequencies around 1600.995 MHz and 1202.025 MHz within £10% of the 3 dB
bandwidth as specified in a).

Note.— The 0 dB level corresponds to the filter's normalized peak in-band response.

3.4.1.2.5.3 The ISMG shall validate broadcast ISD assuming that the GNSS receiver using ARAIM is
compliant with the constraints in Table D-23 when processing L1OF signals.

3.4.1.2.6 ISD provision requirements

3.4.1.2.6.1 ISMG shall provide one of the following sets of ISD parameters:
— Rsat, MFDsat; or

- Psat, R sat, MFD sat.

Note.— When Psat is not provided, it can be derived from the following relationship: probability of
fault = rate of fault x mean fault duration.

3.4.1.2.6.2 ISMG shall provide one of the following sets of ISD parameters:
— Rconst, Pconst; or

— Rconst, MFDconst; or

— Pconst, R const, MFD const.

Note.— When Pconst is not provided, it can be derived from the following relationship: probability of
fault = rate of fault x mean fault duration.

3.4.1.2.6.3 ISMG shall provide all ISD as defined in 3.4.1.1 to support the applicable ARAIM service
type except as specified in 3.4.1.2.6.1 and 3.4.1.2.6.2.

Note.— ISD are provided either through core satellite constellation navigation data broadcast (as
defined in 3.4.1.2.1.1) or as defaults as shown in 3.4.1.3.3.3.

3.4.1.2.6.4 The default and broadcast ISD parameters shall be valid for satellite elevation angles
between 5 and 90 degrees, inclusive. When core satellite constellations identify a valid minimum
elevation angle smaller than 5 degrees, the default and broadcast ISD parameters shall be valid
from the minimum specified elevation angle to 90 degrees, inclusive. The elevation angle validity
range shall be documented in the interface specifications as defined in 3.4.1.2.1.1.

3.4.1.3 ARAIM aircraft elements

3.4.1.3.1 General receiver processing requirements:
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3.4.1.3.1.1 When a GNSS receiver using ARAIM processes core satellite constellation signals, it shall
process the signals following the requirements as specified in 3.1.1.3.1 (GPS receiver) and/or
3.1.2.3.1(GLONASS receiver) and/or 3.1.3.3.1 (Galileo receiver) and/or 3.1.4.3.1 (BDS receiver).
3.4.1.3.1.2 When a GNSS receiver using ARAIM processes core satellite constellation signals, it shall
apply the protocols for data application as specified in 3.1.1.2 (GPS) and/or 3.1.2.2 (GLONASS)
and/or

3.1.3.2 (Galileo) and/or 3.1.4.2 (BDS).

Note.— GNSS receivers using ARAIM only use core satellite constellation signals that indicate a
healthy status.

3.4.1.3.2 Design constraints for GNSS receivers using ARAIM

3.4.1.3.2.1 GNSS receivers using ARAIM shall comply with the design constraints listed in section
34.1.25.

Note.— Future development may provide more flexibility on receiver design constraints.

3.4.1.3.3 Application of ISD in ARAIM processing algorithms

3.4.1.3.3.1 When processing broadcast ISD, GNSS receivers using ARAIM shall process ISD as
specified in 3.4.1.2.1.1.

3.4.1.3.3.2 When processing ISM, GNSS receivers using ARAIM shall apply ISD consistent with its

service type, validity time and applicable satellite mask.

3.4.1.3.3.3 Default ISD. GNSS receivers using ARAIM shall store the following default ISD:

Default ISD parameters

GPS GLOMASS alileo BDS
Prons, defuu 1108 1=104 2=107 =10+
P detauis T 10 1104 J=10* =104
Bocas, defuuit 1=10%h 12105k 1210*h Gx10"h
Plast, defiasiy 1=10%h 3.4=10%h 2:10%h 1=10%h
MFD s, defumsi 1 hour 10 hours (Mate 43 1 heur
MFDVe defans 1 hour 3 hours (Mote 4) 1 hour
GUIRA, defilr, dusl IAUFA (MNote 3) ] & 7
fequency [10]
FLIRE, defank, dusl Mominal TUFA B 4 T
ey [].11] I:'N-:rte 3:]
TUIRA, detimlt_single IAUERA 9 6.5 (E1}, 7
frequeney [1] (Mote 3 7.5 (E5a)
TUIRE, Asfunk single Mominal URA B 4.7 (E1}, 7
frequeney [1T1] (Iote 3} & (E5a)
Bracin, et [m] 0 a 4] 0
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Note 1.— These values correspond to the core satellite constellation commitments (as shown in
Attachment D, 5.3.2). They can only be modified by a change to these performance commitments.

Note 2.— Default ISD values have been validated using the receiver design assumptions listed in
34.1.2.5.

Note 3.— When CNAV data is available (GPS dual-frequency and L5-only, single-frequency modes),
the IAURA is defined in Appendix B, 3.1.1.2.2.4.1, and the nominal URA is defined in IS-GPS-705F
sections 20.3.3.1.1.4 (elevation dependent) and 20.3.3.2.4 (non-elevation dependent). If CNAV data is
not available (L1-only, single-frequency mode), the IAURA and nominal URA are defined in Appendix
B, 3.1.1.1.3.1.2.

Note 4.— Guidance information is provided in Attachment D, 5.3.2.3.
3.4.1.3.3.4 Mixing satellites from the same constellation with default and broadcast ISD

3.4.1.3.3.4.1 When GNSS receivers using ARAIM apply default ISD to some satellites and broadcast
ISD to other satellites from the same core satellite constellation, the receiver shall use default ISD
(3.4.1.3.3.3) for the parameters defined in 3.4.1.2.6.2 for all satellites from the corresponding core
satellite constellation.

3.5 Satellite-based augmentation system (SBAS)
3.5.1 GENERAL

Note.— Geodetic P parameters in this section are defined in WGS-84.

3.5.1.1 SBAS system and service description. SBAS shall consist of a non-aircraft subsystem and an
aircraft subsystem. The SBAS non-aircraft subsystem shall provide data and corrections for the
GNSS ranging signals over one or two GNSS frequencies broadcast from a satellite to the aircraft
subsystem. The SBAS non-aircraft subsystem shall broadcast on the L1 frequency to support the L1
SBAS service and/or on the L5 frequency to support the DFMC SBAS service.

Note.— The SBAS non-aircraft subsystem may provide a single-frequency ranging signal on the SBAS
L1 frequency or a dual-frequency ranging signal as a combination of the signals transmitted on the
SBAS L1 and SBAS L5 frequencies.

3.5.1.2 SBAS pseudo-range definition.

3.5.1.2.1 Carrier smoothing. Carrier smoothing shall be defined by the following filter:
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Fl'_"'.l:k = APmem + ':.1. - E}FFPM
| I[R-»_.IM + .I!.carr{er_range]

F'I
wheze
Praey = the carmer smnoothed code prendo-range at ime k;
Prsejo = the previous camer smoothed cpde peeudo-Tange at ime k-1;
P =  the measured psendo-range as defined below,;
Aigriz mge = e change in cammier range as defned below, and
i} =  the filier weighting function equal to the sample interval doided by the smoothing time constant.
single-frequency: P
Pngas = i here-frae: Fu[fu]'_ {Fu]
(rz— 1)
wheze
P =  the raw psendo-range of fequency o at time k; and
iz = the square of the rado of Sequency 1 o Sequency 2;
gingle-frequency: '|:1F1,|. — Pk 1}'
Barrer range = isnosphere-fras: Faz [:'F':J: — Pk 1:] - {"i"l,k T :I:]
(¥iz — 1)
where
Pk = the accumulated carmier in metres for frequency n at time k; and
Qi =  the acoummulated carmier in metres for frequency o at time k-1.

35122 Corected preudo-range. The comected pseudo-range for a given satellite § at tme t is:

quprrw.:d= P::::il:_l + TCI + h‘

whers
Pesc; =  the smoothed psendo-range (defined in 3 5.1.1);
TC; =  the tropospheric correction (defined in 3.5.5.3 for SBAS); and
11 = the clock comection.
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3.5.2 SBAS L1 RF CHARACTERISTICS

3.5.2.1 Carrier frequency stability. The short-term stability of the carrier frequency (square root of
the Allan Variance) at the output of the satellite transmit antenna shall be better than 5 x 10-11
over 1to 10 seconds.

3.5.2.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be
such that a phase locked loop of 10 Hz one-sided noise bandwidth is able to track the carrier to an
accuracy of 0.1 radian (1 sigma).

3.5.2.3 Spurious emissions. Spurious emissions shall be at least 40 dB below the unmodulated
carrier power over all frequencies.

3.5.2.4 Code/carrier frequency coherence. The short-term (less than 10 seconds) fractional
frequency difference between the code phase rate and the carrier frequency shall be less than 5 x
10-11 (standard deviation). Over the long term (less than 100 seconds), the difference between the
change in the broadcast code phase, converted to carrier cycles by multiplying the number of code
chips by 1 540, and the change in the broadcast carrier phase, in cycles, shall be within one carrier
cycle (standard deviation).

Note.— This applies to the output of the satellite transmit antenna and does not include code/carrier
divergence due to ionospheric refraction in the downlink propagation path.

3.5.2.5 Correlation loss. The loss in the recovered signal power due to imperfections in the signal
modulation and waveform distortion shall not exceed 1 dB.

Note.— The loss in signal power is the difference between the broadcast power in a 2.046 MHz
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator
spacing and a 2.046 MHz bandwidth.

3.5.2.6 Maximum code phase deviation. The maximum uncorrected code phase of the broadcast
signal shall not deviate from the equivalent SBAS network time (SNT) for L1 SBAS by more than
+2-20 seconds.

3.5.2.7 Code/data coherence. Each 2-millisecond symbol shall be synchronous with every other
code epoch.

3.5.2.8 Message synchronization. The leading edge of the first symbol that depends on the first bit
of the current message shall be broadcast from the SBAS satellite synchronous with a 1-second
epoch of SNT for L1 SBAS.

3.5.2.9 Convolutional encoding. A 250-bit-per-second data stream shall be encoded at a rate of 2
symbols per bit using a convolutional code with a constraint length of 7 to yield 500 symbols per
second. The convolutional encoder logic arrangement shall be as illustrated in Figure B-24 with the
G3 output selected for the first half of each 4-millisecond data bit period.

3.5.2.10 Pseudo-random noise (PRN) codes. Each PRN code shall be a 1 023-bit Gold code which is
itself the Modulo-2 addition of two 1 023-bit linear patterns, G1 and G2i. The G2i sequence shall
be formed by delaying the G2 sequence by the associated integer number of chips as illustrated in
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Table B-61. Each of the G1 and G2 sequences shall be defined as the output of stage 10 of a 10-
stage shift register, where the input to the shift register is the Modulo-2 addition of the following
stages of the shift register:

a) G1: stages 3 and 10; and

b) G2: stages 2, 3, 6, 8, 9 and 10.

The initial state for the G1 and G2 shift registers shall be “1111111111".

Table B-61. SBASTI PEN codes

Eirzz 1) SRAS cleips

FRN 2 delay {Fafimast bir sepresenrs frsr
codle e fefepa) e sestnied cfye, bimar
120 145 0110111001
121 175 O101011110
122 52 110100 100D
123 21 1107 1001
124 237 RN 1 10030
125 235 01 1 1001
126 36 D
127 657 1CHOHDF ] T0H0HCHD)
128 &34 GO 10100101
124 T2 0101010111
150 355 11030011110
151 1012 1010310010
152 176 1010101111
133 &03 e R
154 130 11110400
135 350 0101110001
136 505 1WA 1101
157 &8 0111111040
158 386 1011010011
158 TeT 1134111010
1440 456 101000
141 400 GO11110110
142 &a3 1011011
143 307 0103110101
144 127 0111001111
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Firmr 1) SRAS cluips

PRN {12 debay {Tfmasr Bup representy frsr
ol s {ehip) s i, By
143 211 0O10:001111
146 121 1111104010
147 118 11004010010
148 163 110:0100010
142 628 0101010011
150 833 0111011110
151 124 1110411101
152 289 0O01011110
153 211 0a10111011
154 2 1000010110
155 1021 COO0D0001 1
156 4463 1110111000
157 568 0110010100
158 o4 Ga10:011101

3.5.3 DATA STRUCTURE ON SBAS L1 SIGNAL

Note.— Messages broadcast on SBAS L1 signal are independent of those broadcast on SBAS L5
signal. Information broadcast on SBAS L1 signal is used only for the L1 SBAS service using GPS L1
C/A and GLONASS L10OF (FDMA signal).

3.5.3.1 Format summary. All messages shall consist of a message type identifier, a preamble, a data
field and a cyclic redundancy check as illustrated in Figure B-25.

3.5.3.2 Preamble. For L1 the preamble shall consist of the sequence of bits “01010011 10011010
11000110", distributed over three successive blocks. The start of every other 24-bit preamble shall
be synchronous with a 6-second GPS subframe epoch.

3.5.3.3 Message type identifier. The L1 message type identifier shall be a 6-bit value identifying the
message type (Types O to 63) as defined in Table B-62. The message type identifier shall be
transmitted MSB first.

3.5.3.4 Data field. The L1 data field shall be 212 bits as defined in 3.5.6. Each data field parameter
shall be transmitted MSB first.

3.5.3.5 Cyclic redundancy check (CRC). The SBAS message CRC code on L1 shall be calculated in
accordance with 3.9.

3.5.3.5.1 The length of the CRC code shall be k = 24 bits.

3.5.3.5.2 The CRC generator polynomial shall be:
G(X) =x24 + x23 + x18 + x17 + x14 + x11T + X100 + X7 + X6 + X5 + x4 + X3 + x + 1
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Table B-62. L1 broadcast message fypes

1! Micssage ope Coniems
0 “Dha Mot Usa™ (SBAS test moda) — content applies o L1
SBAS sevice omly

1 PRI mack

25 Fast cormectons
4 Intezrity mformation
7 Fast correction degradafion factor
8 Spare
o (ZEQ ranging fonction paramsiers
10 Degradstion paramsiers
11 Spare
12 SBAS network tmeTITC offiet parameters

13 1o 16 Spare
17 ZEOD zatellite slmanacs
18 Tonospheric grid point measks

19 o 23 Spare
24 Mlad fastlong-term satellife emor comTecons
25 Long-term satellife emor correciions
26 Tonosphenic delay comectons
27 SBAS seTvICE message
28 Clock-sphemenis covariance mamix

29 1o 61 Spare
62 Feserved — content applies to L1 SBAS service only
63 ull meszage — content applies to L1 SBAS service only

Note — L1 messages (Table B-61) are for use with L] 5BAS service and L3 messages (Table B-98) are for use with DFMC
SBAS remice. Tvpes 0, 62 and 63 messapes are wed mdependently by both L1 SBAS and DFMC 3BAS service: and ther
consents only apply fo thelr erice.

35353 The CRC information field, M(x), shall be:

25
Mixl= 2[‘ mEH = mye?® et + - + mgpex?

3.5.3.54 M(x) shall be formed from the 8-bit SBAS message preamble, 6-bit message type
identifier, and 212-bit data field. Bits shall be arranged in the order transmitted from the SBAS
satellite, such that m1 corresponds to the first transmitted bit of the preamble, and m226
corresponds to bit 212 of the data field.

3.5.3.5.5 The CRC code r-bits shall be ordered such that r1 is the first bit transmitted and r24 is the
last bit transmitted.

3.5.4 L1 SBAS DATA CONTENT

3.5.4.1 PRN mask parameters. PRN mask parameters shall be as follows:
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PRN code number: a number that uniquely identifies the satellite PRN code and related
assignments as shown in Table B-63.

PRN mask: 210 PRN mask values that correspond to satellite PRN code numbers. The mask shall
set up to 51 of the210 PRN mask values.

Note.— The first transmitted bit of the PRN mask corresponds to PRN code number 1.

Table B-63. FEN code number assisnments

PEN code mumber AT grrenr
1-37 GPS
38 -61 GLONASS slot mumber phus 37
62— 119 Spare
120 - 158 SBAS
159 — 210 Spare

PRN mask value: a bit in the PRN mask indicating whether data are provided for the associated
satellite PRN code number (1 to 210).

Coding: 0 = data not provided
1 = data provided

PRN mask number: the sequence number (1 to 51) of the mask values set in the PRN mask.

Note.— The PRN mask number is “1" for the lowest satellite PRN number for which the PRN mask
value is “1".

Issue of data — PRN (IODP): an indicator that associates the correction data with a PRN mask.
Note.— Parameters are broadcast in the following messages:

a) PRN mask (consisting of 210 PRN mask values) in Type 1 message;

b) PRN mask number in Type 24, 25 and 28 messages;

c) PRN code number in Type 17 message; and

d) IODP in Type 1to 5, 7, 24, 25 and 28 messages.

3.5.4.2 Geostationary orbit (GEO) ranging function parameters. GEO ranging function parameters
shall be as follows: t0,GEO: the reference time for the GEO ranging function data, expressed as the

time after midnight of the current day.

[Xc Ye Zc].: the position of the GEO at time to,ceo.
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[X " 6¢Y " 6Z " ¢]: the velocity of the GEO at time toceo.

[X " 6¢Y " 6Z " ¢] the acceleration of the GEO at time to,ceo.

acr. the time offset of the GEO clock with respect to SNT for L1 SBAS, defined at to.ceo.
acrr. the drift rate of the GEO clock with respect to SNT for L1 SBAS.

User range accuracy (URA). an indicator of the root-mean-square ranging error, excluding atmospheric
effects, as described in Table B-64.
Note.— All parameters are broadcast in Type 9 message.

Table B-64. Tser range accuracy

TRA Apouracy (mms)
0 2m
1 18m
2 4m
3 5.7m
4 fm
5 115m
1] 16 m
) 3lm
64 m
o 128m
10 256m
11 512m
12 1024m
13 1048 m
14 4 03§ m
15 “Dir Mot Ulse™

Naore — URA valwes 0 fo {4 are mor used in the presaoods for darg appdiooyon
1.5 5) Avborne recetvers will Rar sse the (DB ravgng fescnom i DR indioatey
Do Nod Lise ™ /3 9.5 5}

3.5.4.3 GEO almanac parameters. GEO almanac parameters shall be as follows:

PRN code nhumber: see 3.5.4.1.

Health and status: an indication of the functions provided by the SBAS. The service provider
identifiers are shown in Table B-65.
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Coding: Bit 0 (LSB) Ranging On (0) Off (1)
Bit 1 Precision corrections On (0) Off (1)
Bit 2 Satellite status and basic corrections On (0) Off (1)
Bits 3 Spare

Bits 4 to 7 Service provider identifier

[X6.4Y6.aZ:,a]. the position of the GEO at time taimanac.

[X " 6aY " GaZ " calthe velocity of the GEO at time taimanac.

taimanac, the reference time for the GEO almanac data, expressed as the time after midnight of the current day.

Note.— All parameters are broadcast in Type 17 message.

3.5.4.4 SATELLITE CORRECTION BROADCAST PARAMETERS

3.5.4.4.1 Long-term correction parameters shall be as follows:

Issue of data (IODJ): an indicator that associates the long-term corrections for the ith satellite with
the ephemeris data broadcast by that satellite.

Note 1.— For GPS, the IODi matches the IODE and 8 LSBs of the |IODC (3.1.1.3.1.4 and 3.1.1.3.2.2).

Note 2.— For GLONASS, the I0D:i indicates a period of time that GLONASS data are to be used with
SBAS data. It consists of two fields as shown in Table B-66.

éxi : for satellite i, the ephemeris correction for the x axis.
dyi : for satellite i, the ephemeris correction for the y axis.

&zi: for satellite i, the ephemeris correction for the z axis.

Sai, fO: for satellite i, the ephemeris time correction.

6xi : for satellite i, ephemeris velocity correction for x axis.

Syi : for satellite i, ephemeris velocity correction for y axis.

&zi : for satellite i, ephemeris velocity correction for z axis.

dai,f1: for satellite i, rate of change of the ephemeris time correction.

tit7. the time of applicability of the parameters &xi, 8y, 8z, Saifo, dx™ i, 8y i, 6z  iand Saif, expressed in

seconds after midnight of the current day.

Velocity code: an indicator of the message format broadcast (Table B-86 and Table B-87).
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Coding: 0 = &x" i, 8y " i, 6z iand &aifi are not broadcast.

1=206x" 4 8y i 6z iand daif are broadcast.

Note.— All parameters are broadcast in Type 24 and 25 messages.

Tahle B-65. SBAS service provider idemtifiers

Identifier Service provider
0 WAAS
1 EGHOS5
2 M5AS
3 GAGAN
4 SDCM
5 BDSBAS
6 EASS
7 ANGA
] SouthPAN
9 Reserved for 5BAS
10 PAE-SBAS
11 to 13 Feserved for SBAS
14,15 Feserved
16 to 31 Rezerved for SBAS provider
supporting DFMC SBAS
only

Note 1. — 4 service provider ID of 14 iz used for GEAS and is net applicabls ro SBAS.

Note 2 — Service provider IDs of 16 to 31 canmet be coded in the L1 SBAS meszsage.

Table B-66, TOD: for GLONASS satellites

M5B L5B

Vahdity mterval (3 buis) Latency tme (3 baiz)

35442 Fastcomection parameters shall be as follows:

Fast corvection (FCy): for satellite 7, the psendo-range correchon for rapdly varving errors, other than woposphenc or
wnosphene emors, to be added to the pseudo-range after application of the long-term comechon.

Note.— The user receiver applies separate ropospheric corvections (3.5.8.4.2and 3.5.8.4.3).
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Fast correction type identifier: an indicator (0, 1, 2, 3) of whether the Type 24 message contains the
fast correction and integrity data associated with the PRN mask numbers from Type 2, Type 3,
Type 4 or Type 5 messages, respectively.

Issue of data-fast correction (IODFj): an indicator that associates UDRElis with fast corrections. The
index j shall denote the message type (j = 2 to 5) to which IODFj applies (the fast correction type
identifier +2).

Note.— The fast correction type identifier is broadcast in Type 24 messages. The FCi are broadcast in
Type 2 to 5, and Type 24 messages. The IODFj are broadcast in Type 2 to 6, and Type 24 messages.

3.5.4.5 Fast and long-term correction integrity parameters. Fast and long-term correction integrity
parameters shall be as follows:

UDREIi: an indicator that defines the 02 i,UDRE for satellite i as described in Table B-67.

Model variance of residual clock and ephemeris errors (o2 i UDRE): the variance of a normal
distribution associated with the user differential range errors for satellite i after application of fast
and long-term corrections, excluding atmospheric effects and used in horizontal protection
level/vertical protection level computations (3.5.5.6).

Note.— All parameters are broadcast in Type 2 to 6, and Type 24 messages.

3.5.4.6 lonospheric correction parameters. lonospheric correction parameters shall be as follows:

/GP mask. a set of 11 ionospheric grid point (IGP) band masks defined in Table B-68.
IGP band mask. a set of IGP mask values which correspond to all IGP locations in one of the 11 IGP bands
defined in Table B-68.

Table B-67. Evaloation of TDEEL

LIDRET Oy, LRE
0 0.0520 m?
0.0424 m?
2 01444 m?
3 0.2830 m*
4 0.4678 m?
5 083515 m*
& 1.2942 m
7 1. 8700 m
25465 m
3 3260 m
1 319468 m
11 20 7870 m*
12 2300651 m’
13 I 07TE 695 m*
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UDREL O 1, A
14 “Mot Monibored™
15 “Tho Mot Ulse™

IGP mask value: a bit indicating whether data are provided within that IGP band for the associated
IGP.

Coding: 0 = data are not provided
1 = data are provided

Number of IGP bands: the number of IGP band masks being broadcast.

IGP band identifier: the number identifying the ionospheric band as defined in Table B-68.

IGP block identifier: the identifier of the IGP block. The IGP blocks are defined by dividing into
groups of 15 IGPs the sequence of IGPs within an IGP band mask which have IGP mask values of

“1". The IGP blocks are numbered in an order of IGP mask value transmission, starting with “0".

Validity interval (V): the time interval for which the GLONASS ephemeris data are applicable (coded
with an offset of 30 s) as described in Table B-69.

Latency time (L): the time interval between the time the last GLONASS ephemeris has been
received by the ground segment and the time of transmission of the first bit of the long-term
correction message at the GEO(tltc) as described in Table B-30.

IODIk: an indication of when the kth IGP band mask changes.

IGP vertical delay estimate: an estimate of the delay induced for a signal at 1 575.42 MHz if it
traversed the ionosphere vertically at the IGP.

Coding: The bit pattern “111111111" indicates "Do Not Use".
GIVEIi: an indicator that defines the o2 i,GIVE as described in Table B-71.

Model variance of residual ionospheric errors (o2 i,GIVE): the variance of a normal distribution
associated with the residual ionospheric vertical error at the IGP for an L1 signal.

Note.— All parameters are broadcast in Type 18 and Type 26 messages.
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Table B-68. IGF locations and band numbers

Tranzmission crderin
[P Incation [P band pask

1E0 W T35, 655, 555, 508, 455, ..., 45N, 50N, 55N, 65N, 7

7
oy
(=%
e
)
ag
2
ag
~

|
(=]

175 W 555, 505, 455, . 45N, 50M, 55N % -351

170 W T35, 655, 558, 508, 455, ..., 45N, 50, 55N, 638, T3 52-T8

165 W 555, 505, 4355, .. 45M, 50M, 55N 79101

160 W T35, 655, 555, 505, 455, _, 45N, 50, 55N, 63M, T5N 102 - 128

155 W 555, 505, 455, . 45M, 50M, 55N 129 -151

150 W T35, 655, 555, 5058, 455, _, 45N, 50, 55N, 65M, T5M 152 -178

145 W 555, 505, 455, .. 45M, 500, 55N 178 -201

140 W 855, T55, 655, 555, 505, 455, ..., 45M, 50M, 55N, G5, T5M 1-28

135 W 555, 505, 455, __ 454, 50N, 55N M -51

130 W T35, 655, 555, 508, 455, ..., 451, 50, 55N, 65M, 75N 52-T8

125 W 555, 505, 455, .. 45M, 50M, 55N 79101

120 W T35, 655, 555, 5058, 455, _, 45N, 50, 55N, 65M, T5M 102 - 128

115 W 555, 505, 455, . 45M, 500, 55N 129 -151

110'W T35, 655, 555, 506, 455, _, 45N, 50, 55N, 65N, T5M 152 -178

105 W 555, 505, 455, .. 45N, 50N, 55N 170 - 201

100 W T35, 655, 558, 508, 455, ..., 45N, 50, 55N, 638, T3 1-27

o3 W 555, 505, 455, . 45M, 50M, 55N 28 - 50

00w T35, 655, 555, 5058, 455, _, 45N, 50, 55N, 63, T5M, B3N 51-T8

B3 W 555, 505, 455, . 45M, 50M, 55N 79101

B0 W T35, 655, 555, 5058, 455, _, 45N, 50, 55N, 65M, T5M 102 - 128

W 555, 505, 455, . 45M, 500, 55N 129 -151

W T35, 655, 555, 506, 455, _, 45N, 50, 55N, 65N, T5M 152 -178

65 W 555, 505, 455, .. 45N, 50N, 55N 170 - 201

60 W T35, 655, 555, 5058, 455, _, 45N, 50, 55N, 65M, T5M 1-27

BW 555, 505, 455, . 45M, 500, 55N 28 - 50

50w 855, T55, 655, 555, 505, 455, ..., 45M, 50, 55N, 65N, TSN 51-T8

45 W 555, 505, 455, .. 45N, 50N, 55N T9-101

40 W T55, 655, 555, 505, 455, ., 450, 500, 35N, 651, T3 102 - 128

W 555, 505, 455, .. 454, 50N, 55N 120 -151

W TA5, 655, 555, 505, 455, ., 450, 500, 35N, 651, T3 152 -17%8
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[{=2 lncation

Tranzmission orderin
[0 tand pask

W

, S5,

y -mp $3M SON, 55N

179 - 201

Band 4

nw

755,

655, 55

. 305, 455, _, 45N, 50, 53N, 63N, 751

1-27

555,

505,

y - FIM, FOM, 55N

18— 50

755,

655, 55

. 305, 455, _, 451, 508, 33N, 631, 752

51-T77

555,

505,

s —— F3M 50N, 55N

TE-100

T55,

G55,

o 305, 455, _ 458, S0, 531, 63M, 71

101 - 1238

555,

505,

5 o $3M 50N, 55N

128-151

755,

655, 55

. 305, 455, ., 451, S0, 5314, 63L

152-178

555,

505,

s —— $3M, SOM, 55N

178 - 201

, 655,

. 305, 455, _, 45N, 50N, 33N, 631, 752

1-2

, S5,

y -mp $3M SON, 55N

18 - 50

, 655,

o 305, 455, _, 458, 508, 538, 651, 750

51-77

, 305,

5 - $3ML 50N, 55N

TE-100

40E B35, T35, 635, 555, 505, 435, ..., 45N, 50N, 353N, §3M, T3N 101 - 128
45 E 555, 505, 455, __ 45N, 500, 55M 128-151

55, 505, 455, _, 45N, S0, 55N, 631, 75t

152 -178

y -mp $3M SON, 55N

179 - 201

, 305, 455, _, 45N, S0, 531, 63t

1-27

y - FIM, FOM, 55N

18— 50

55, 505, 455, _, 45N, S0, 55N, 631, T3E

51-T77

s —— F3M 50N, 55N

TE-100

. 305, 455, _, 45M, 508, 538, 631, 750

101 -127

455,

— 45H, 50M, 55N

128 - 150

55, 505, 455, _, 45N, S0, 551, 63N, 71

151 -178

. 435,

— 35M, 50M, 535N

170 - 201

|
)

55, 505, 455, _, 45N, S0, 55N, 631, 75t

1-2

y -mp $3M SON, 55N

18 - 50

, 305, 455, _, 45M, S0, 531, 65

51-77

5 —— $3M 50N, 55N

TE-100

. 305, 455, ., 451, S0, 3314, 63E

101 - 127

y o $3M, SON, 55N

128 - 150

. 355, 506, 455, .. 45N, 50N,

55M, 65N, 75N

151 -178

y -mp $3M SON, 55N

179 - 201

DEPARTMENT OF CIVIL AVIATION, MYANMAR

226




MCAR, PART-5, ANS SECTION-9, VOLUME |

Tranamission order in
1P location =¥ band pask
Hand 8
140 E T35, 655, 535, 505, 455, _ 458 508N, 530 G35, 730 1-27

145 E 555, 505, 455, ., 45M, 50N, 535N

150 E 755, 655, 355, 505, 455, ., 458, 50, 55M, 658, T5M

155 B 555, 505, 435, . 45M, 30N, 535N

160 E T55, 655, 355, 505, 455, ., 45N, 50N, 53M, 63N, T3

101 - 127

128 - 150

1465 E 555, 505, 455, .. 45H, 50H, 55H
170 E T55, 655, 555, 505, 455, ., 458, 50, 55M, 65, T5M

151 -17

175 E 555, 505, 455, ., 45N, 30N, 535N

178 — 200

&0 W 1800, 175W, 1700, ..., 165E, 1T0E, 175E

1-72

65 M 18077, 1700, 160%, .., 150E, 160E, 1T0E

T3-108

oMW 1800, 1700, 160W, .., 150E, 160E, 1T0E

108 - 144

SN 13077, 17T0W, 160W, .., 150E, 160E, 17T0E

145 - 180

B5H 1300, 1500, 1200, ..., B0E, 120E, 150E

181 — 182

&0 5 180, 175W, 170W, ..., 165E, 1T0E, 175E

b -]

655 1807, 17T0W, 160W, ..., 150E, 160E, 1T0E

73-108

5 18077, 1700, 160%, .., 150E, 160E, 1T0E

108 - 144

55 1800, 1700, 160W, .., 150E, 160E, 1T0E

145 - 180

B55 170°W, 1400, 110°W, ..., 100E, 130E, 160E

181 -182

Table B-69. Validity inferval

Tz Frirs wsed Rampe af valies Resaliinion
Validity interval (W) 5 30 z10 0605 s
Table B-T. Latency time
Dara Bits usad Hmge gfvalues Rezolunon
Latency tme (L) 3 Oste 1203 30s
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Table B-71. Evalwafion of GIVEL

GIVEL O v
0 0.0084 m*
1

e ]

00333 m*

[ )

00749 me
01331 m*
4 02079 m*
02904 m'
1] 04075 mt

[FH]

Ln

7 05327 m*
06735 m*
] 08315 m*
10 1.1574 m'
1E709 me
33260 m*
20,787 m*
14 1870826 m*

“Hot Monitorad”™

..
(B

..
Lad

..
Lh

3.5.4.7 Degradation parameters. Degradation parameters, whenever used, shall be as follows:

Fast correction degradation factor indicator (aii): an indicator of the fast correction degradation
factor (ai) for the ith satellite as described in Table B-72.

Note.— The aii is also used to define the time-out interval for fast corrections, as described in
35812

System latency time (tlat): the time interval between the origin of the fast correction degradation
and the user differential range best mate indicator (UDREI) reference time.

Brrc: a parameter that bounds the noise and round-off errors when computing the range rate
correction degradation as in 3.5.5.6.2.2.

Cltc_lsb: the maximum round-off error due to the resolution of the orbit and clock information.

Cltc_v1: the velocity error bound on the maximum range rate difference of missed messages due
to clock and orbit rate differences.

Iltc_v1: the update interval for long-term corrections if velocity code = 1 (3.5.4.4.1).

Cltc_v0: a parameter that bounds the difference between two consecutive long-term corrections
for satellites with a velocity code = 0.
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Iltc_v0: the minimum update interval for long-term messages if velocity code = 0 (3.5.4.4.1).
CGEQ _Isb: the maximum round-off error due to the resolution of the orbit and clock information.

CGEQ_v: the velocity error bound on the maximum range rate difference of missed messages due
to clock and orbit rate differences.

IGEO: the update interval for GEO ranging function messages.

Table B-T2. Fast correction degradation factor

Fazt correction degradation Fazt correction desradaion
Jactor mdicatar (ar) Jactor (ay

L) 0.0 oo 's?

1 005 mma's*

I

(.08 mm5*

0.12 mm/s*

(TN ]

0.15 mm/s

da

Ln

0. 20 mm's*

L=

0. 30 mms*

045 mm's*

0.60 mm/s*

LI -

0.%0 mm/'s*
10 .50 om/s*

11 2.10 mm's*

[ B

2. 70 mm5*

3.30 mm/'s*

Lad

4 60 mm's*

..
e

Lh

5.80 mm/s*

Cer: the bound on the residual error associated with using data beyond the precision
approach/approach with vertical guidance time-out.

Ciono_step: the bound on the difference between successive ionospheric grid delay values.
liono: the minimum update interval for ionospheric correction messages.
Ciono ramp: the rate of change of the ionospheric corrections.

RSSUDRE: the root-sum-square flag for fast and long-term correction residuals.
Coding: 0 = correction residuals are linearly summed
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1 = correction residuals are root-sum-squared
RSSiono: the root-sum-square flag for ionospheric residuals.

Coding: 0 = correction residuals are linearly summed
1 = correction residuals are root-sum-squared

Ccovariance: the term which is used to compensate for quantization effects when using the Type
28 message.

Note 1.— The parameters ai and tlat are broadcast in Type 7 message. All other parameters are
broadcast in Type 10 message.

Note 2.— If message Type 28 is not broadcast, Ccovariance is not applicable.
3.5.4.8 Time parameters. Time parameters, whenever used, shall be as follows:
UTC standard identifier: an indication of the UTC reference source as defined in Table B-73.

GPS time-of-week count: the number of seconds that have passed since the transition from the
previous GPS week (similar to the GPS parameter in 3.1.1.2.6.1 but with a 1-second resolution).

Table B-T2. TUTC standard identifier

UTC stamdard
iderTifiar UTC sremdard

o UTC as operated by the Matonal Instimue of Infommation
and Commmicadons Technology, Tokye, Japan
UTC as operated by the U5 National Instimate of Standards
and Technology

2 UTC as operated by the U5 Naval Observatory

E UTC as operatad by the International Buresn of Weights
and Measure:

4 Beserved for UTC as operated by a Europesan laboratory

5 TUTC as operatad by the Mational Time Service Center,
Chinese Acadenty of Sciencas

4 Fesarved

) UTC not provided

& 15 Feserved for DFMC SBAS only

Nowe— UTC steamdard identfiars af § fo 15 covmot be coded in the L1 5845 messaze.

GPS week number (week count): see 3.1.1.2.6.2.
GLONASS indicator: a flag indicating if GLONASS time parameters are provided.

Coding: 0 = GLONASS time parameters are not provided

DEPARTMENT OF CIVIL AVIATION, MYANMAR 230



MCAR, PART-5, ANS SECTION-9, VOLUME |

1 = GLONASS time parameters are provided

GLONASS time offset L1 (6ai, GLONASS): A parameter broadcast on L1 that represents the stable
part of the offset between the L1 GLONASS time and the L1 SBAS network time.

Note.— If L1 SBAS does not support GLONASS, daicLonass iS not applicable.

UTC parameters: AISNT, AOSNT, t0t, WNt, AtLS, WNLSF, DN and AtLSF are as described in
3.1.1.3.3.6, with the exception that the SBAS parameters relate SNT to UTC time, rather than GPS
time.

Note.— All parameters are broadcast in Type 12 message.
3.5.4.9 Service region parameters. Service region parameters shall be as follows:

Issue of data, service (I0DS): an indication of a change of the service provided in the region.
Number of service messages: the number of different Type 27 SBAS service messages being
broadcast. (Value is coded with an offset of 1.)

Service message number: a sequential number identifying the message within the currently
broadcast set of Type 27 messages (from 1 to number of service messages, coded with an offset of
1).

Number of regions: the number of service regions for which coordinates are broadcast in the
message.

Priority code: an indication of a message precedence if two messages define overlapping regions.
The message with a higher value of priority code takes precedence. If priority codes are equal, the
message with the lower SUDRE takes precedence.

OUDRE indicator-inside: an indication of regional UDRE degradation factor (SUDRE) applicable at
locations inside any region defined in the message, in accordance with Table B-74.

OUDRE indicator-outside: an indication of regional UDRE degradation factor (SUDRE) applicable at
locations outside all regions defined in all current Type 27 messages, in accordance with Table B-
74.

Coordinate latitude: the latitude of one corner of a region.
Coordinate longitude: the longitude of one corner of a region.
Region shape: an indication of whether a region is a triangle or quadrangle.
Coding: 0 = triangle
1 = quadrangle

Note 1.— Coordinate 3 has Coordinate 1 latitude and Coordinate 2 longitude. If region is a
quadrangle, Coordinate 4 has Coordinate 2 latitude and Coordinate 1 longitude. Region boundary is
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formed by joining coordinates in the sequence 1-2-3-1 (triangle) or 1-3-2-4-1 (quadrangle).
Boundary segments have either constant latitude, constant longitude, or constant slope in degrees of
latitude per degree of longitude. The change in latitude or longitude along any boundary segment
between two coordinates is less than +180 degrees.

Note 2.— All parameters are broadcast in Type 27 message.

Table B-T4. SUDEE imdicator evalnation

SLUDRE indicator SUIDRE
0 1

(2]
et
| ]
L

Lk
o
L

4 2
5 3
G 4
g 6
9 g
10 10
11 20
12 30
13 40
14 50
15 100

3.5.4.10 Clock-ephemeris covariance matrix parameters. Clock-ephemeris covariance matrix
parameters shall be as follows:

PRN mask number: see 3.5.4.1.

Scale exponent: A term to compute the scale factor used to code the Cholesky factorization
elements.

Cholesky factorization elements (Eij): Elements of an upper triangle matrix which compresses the
information in the clock and ephemeris covariance matrix. These elements are used to compute
the user differential range estimate (UDRE) degradation factor (SUDRE) as a function of user
position.
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3.5.5 DEFINITIONS OF PROTOCOLS FOR L1 SBAS DATA APPLICATION

Note.— This section provides definitions of parameters used by the non-aircraft or aircraft elements
that are not transmitted. These parameters, necessary to ensure interoperability of SBAS, are used to
determine the navigation solution and its integrity (protection levels).

3.5.5.1 GEO POSITION AND CLOCK

3.5.5.1.1 GEO position estimate. The estimated position of a GEO at any time tk is:

3.5.5.1.2 GEO clock correction. The clock correction for a SBAS GEO satellite i is applied in
accordance with the following equation:

t=tG-AtG

where

t = SBAS network time;

tG = GEO code phase time at transmission of message; and
AtG = GEO code phase offset.

3.5.5.1.2.1 GEO code phase offset (AtG) at any time t is:

AtG = aGf0 + aGf1 (t — t0,GEO)

where (t — t0,GEO) is corrected for end-of-day crossover.

3.5.5.2 LONG-TERM CORRECTIONS

3.5.5.2.1 GPS clock correction. The clock correction for a GPS satellite i is applied in accordance with
the following equation:

t = tSV,i — [(AtSV,i)L1 + SAtSV,i]
where

t = SBAS network time;

tSV,i = the GPS satellite time at transmission of message;

(AtSV,i)L1 = the satellite PRN code phase offset as defined in 3.1.2.2; and
SOAtSV,i = the code phase offset correction.
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3.5.5.2.1.1 The code phase offset correction (8AtSV,i) for a GPS or SBAS satellite i at any time of day
tk is:
SAtSV,i = 8ai,f0 + Sai,f1 (tk —ti,LT)

3.5.5.2.2 GLONASS clock correction. The clock correction for a GLONASS satellite i is applied in
accordance with the following equation:

t = tSV,i + tn(tb) — yn(tb)(tSV,i — tb)— SAtSV,i
where
t = SBAS network
tSV,i = the GLONASS satellite time at transmission of message
tb, Tn(tb), yn(tb) = the GLONASS time parameters as defined in 3.2.2.2
OAtSV,i = the code phase offset correction
The code phase offset correction SAtSV,i for a GLONASS satellite i is:
SAtSV,i = 6ai,fO + &ai,f1(t - ti,LT) + &ai, GLONASS

where (t —ti,LT) is corrected for end-of-day crossover. If the velocity code = 0, then &ai,f1 = 0.

35523 lSavellite position correction. The SBAS-comected vector for a core satellite constellation(s) or SBAS satellite

i at tume 115
{ X ls?Il I5K|
FI =i |+ |8y |+ |55 | (2t e
& comected g az| 32.|
where

{t—ti7) 15 corrected for end-of-day crossover; and
[z v z]" =the core satellite constellation(s) or SBAS =atellite position vector as defired m 3.1.2.3, 3.2.2.3 and 3.5.5.1.1.

If the velocity code =0, then [8%, &7, 8z,]" =[0 0 0]".
35533 Prendo-range corvections. The corrected pzeudo-range at fime ¢ for satellita 7 1=

PR comeeied = PR + FC; + BRC, (t - t06) + IC, + TC,

where
PR, = the measured pseudo-range after application of the satellite clock comrechion;
FC, = the fast comrection;
ERC, = therange rate comechion:
IC, = the lonosphenc correction;
TG = the troposphene correchion (negative value representing the troposphere delay); and
t, o = the tome of applicability of the most recent fast corvections, which 15 the start of the epoch of the SNT second

that 15 comneident with the fransmizsion at the SBAS satellite of the frst symbol of the message block.
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3.5.5.4 Range rate corrections (RRC). The range rate correction for satellite /is:

FCi curren: - Fcz.pm-:l::us
t|.|'.f -t

Jifa; F0

Lof_previcus

RRC; =

Mifa; =0

where

FCicurrent = the most recent fast correction;

FCiprevious = a previous fast correction;

tiof = the time of applicability of FCicurrent;

ti,of previous = the time of applicability of FCiprevious; and

ai = fast correction degradation factor (see Table B-72).

3.5.5.5 BROADCAST IONOSPHERIC CORRECTIONS

3.5.5.5.1 Location of ionospheric pierce point (IPP). The location of an IPP is defined to be the
intersection of the line segment from the receiver to the satellite and an ellipsoid with constant
height of 350 km above the WGS-84 ellipsoid. This location is defined in WGS-84 latitude (*pp)
and longitude (App).

3.5.5.5.2 lonospheric corrections. The ionospheric correction for satellite { is:

ICi =~ Fy iy
where
P

_ P _ Recoslli y°| =
Fep =  obhquty factor= [1 - {*-:T} l
Tijp = mterpolated verfical ionosphenc delay estimate (3.5.5.5.3);
R. = 63781363 km;
& = glevation angle of satellite 7, and
by = 350km

Note.— For GLONASS satellites, the ionospheric correction (ICi) is to be multiplied by the square of
the ratio of the GLONASS to the GPS frequencies (fGLONASS/fGPS)2.

3.5.5.5.3 Interpolated vertical ionospheric delay estimate. When four points are used for
interpolation, the interpolated vertical ionospheric delay estimate at latitude *pp and longitude

App is:
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4

Topp— Z Wi Tuk
1

Toi: the broadeast gnd point verfical delay values at the kth corner of the IGP gnd, as shown m Figure B-26.

whers

W =xpp ¥

W= (1 - Xpp) ¥ppi

W= (1 - =) (1 — ¥pp); and
Wy= Epp (1- ?[P:'-

3
.5.5.5.3.1 For IPPs between N85° and S85°:

x = )
M Ay
].? — 'rpp_qjl
T

whens

% = longimde of IGPs west of IPP;

% = longimde of IGPs east of IPP;

i = latimade of IGPs south of IPP; and
#; = latitade of IGPs north of IPP.

Noge — If 4y and i crozs 150 degrees of lonsinude, the caloulation of X, must gccount for the discontinuity i longinde
Taiues.

3.5553.2 ForIPPs north of WES® or south of 585°;

[e-85°

T
X ="gge %(1-2¥pp) + Vpp
where

i =longimds of the second HEP to the east of the IFP;
3 = longimds of the second HEF to the west of the IPF;
¢ = longituds of the closest IGP to the wast of the IPP; and
i = longimede of the closest IGP fo the east of the IPP.

VWhen thres points are used for mterpolation, the mierpolated vertical ionospheric delay sstimated is:

3.535.53.3 For poinfs between 575" and N75:

3
thppz E wh. Tk

whera

R -
Wi =¥

Wi=1 -2y — ¥ amd
Wi=x
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3.5.5.5.3.4 xpp and ypp are calculated as for four-point interpolation, except that A 1 and @1 are
always the longitude andlatitude of IGP2, and A2 and @2 are the other longitude and latitude. IGP2
is always the vertex opposite the hypotenuse of the triangle defined by the three points, IGP1 has
the same longitude as IGP2, and IGP3 has the same latitude as IGP2 (an example is shown in Figure
B-27).

3.5.5.5.3.5 For points north of N75° and south of S75°, three-point interpolation is not supported.
3.5.5.5.4 Selection of ionospheric grid points (IGPs). The protocol for the selection of IGPs is:
a) For an IPP between N60° and S60°:

1) if four IGPs that define a 5-degree-by-5-degree cell around the IPP are set to “1” in the
IGP mask, they are selected; else,

2) if any three IGPs that define a 5-degree-by-5-degree triangle that circumscribes the IPP
are set to “1" in the IGP mask, they are selected; else,

3) if any four IGPs that define a 10-degree-by-10-degree cell around the IPP are set to “1”
in the IGP mask, they are selected; else,

4) if any three IGPs that define a 10-degree-by-10-degree triangle that circumscribes the
IPP are set to “1" in the IGP mask, they are selected; else,

5) an ionospheric correction is not available.
b) For an IPP between N60° and N75° or between S60° and S75°:

1) if four IGPs that define a 5-degree-latitude-by-10-degree longitude cell around the IPP
are set to "1” in the IGP mask, they are selected; else,

2) if any three IGPs that define a 5-degree-latitude-by-10-degree longitude triangle that
circumscribes the IPP are set to “1” in the IGP mask, they are selected; else,

3) if any four IGPs that define a 10-degree-by-10-degree cell around the IPP are set to “1”
in the IGP mask, they are selected; else,

4) if any three IGPs that define a 10-degree-by-10-degree triangle that circumscribes the
IPP are set to 1" in the IGP mask, they are selected; else,

5) an ionospheric correction is not available.
c) For an IPP between N75° and N85° or between S75° and S85°:

1) if the two nearest IGPs at 75° and the two nearest IGPs at 85° (separated by 30°
longitude if Band 9 or 10 is used, separated by 90° otherwise) are set to "1” in the IGP mask,
a 10-degree-by-10-degree cell is created by linearly interpolating between the IGPs at 85°
to obtain virtual IGPs at longitudes equal to the longitudes of the IGPs at 75°; else,
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2) an ionospheric correction is not available.
d) For an IPP north of N85°:

1) if the four IGPs at N85° latitude and longitudes of W180°, W90°, 0° and E90° are set to
“1" in the IGP mask, they are selected; else,

2) an ionospheric correction is not available.
e) For an IPP south of S85°:

1) if the four IGPs at S85° latitude and longitudes of W140°, W50°, E40° and E130° are set
to 1" in the IGP mask, they are selected; else,

2) an ionospheric correction is not available.

Note.— This selection is based only on the information provided in the mask, without regard to
whether the selected IGPs are monitored, “Not Monitored”, or “Do Not Use”. If any of the selected
IGPs is identified as “Do Not Use”, an ionospheric correction is not available. If four IGPs are selected,
and one of the four is identified as “Not Monitored”, then three-point interpolation is used if the IPP is
within the triangular region covered by the three corrections that are provided.
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3.5.5.6 Protection levels. The horizontal protection level (HPL) and the vertical protection level (VPL)
are:

Ky nea X dajor for en-route through non-precision approach (NPA) modes

HPLgaas= Kypaxd for precision approach (PA) and approach with vertical zmidance (AFV) modes

major
VPLspas =Evpa = dv
where

dE: 8 5 g°=vanance of model dismbution that overbounds the true ervor distribution 1n the vertical axis:

I=1"vi11

R

4

>

= (£ |(55) 1
\ p
where
di=L,; 5500 = vanance of model distibution that overbounds the true emror distmbution m the x axis;
di= Y1 si,a;"' = vanance of model distribution that overbounds the true error distnbution m the y axis;
dy= T 55,53,',1:;" = covanance of model dismbution in the x and y ans;
whare
5= the partial dervative of position error in the x-direction with respect to pseudo-range ervor on the 1* satellite;
sy = the partial derivative of position error in the y-direction with respect to pseudo-range ervor on the i* satellite;

sy,= the partial derrvative of position error im the vertical direction with respect to psendo-range emror on the 1
satellite; and

2 ) 2 ]
o7 = omto ;_IIIHI-:"'GJgur""J i,

The variances (o} gyand o g ) 2re defined in 3.5.5.6.2 and 3.5.5.6.3.1. The parameters (g}, and afm,pc, } are determmed by
the aweraft element (3.5.84.2 and 3.5.84.3).

The x and ¥ axes are defined to be in the local honzontal plane, and the v 2x1s represents local vertical.
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For a general least-squares posihion solution, the projection matnx 5 1s:

Ex.l Sx.z e Sx.h
= E:,r,1. S}-.:-.' Svh

Fl=a e wx Gt G W
Sv1l Swz e Syn

St1 Sz o S
whera

& = [-cosEl cos Az —cos Bl sin Az —sin B 1] =1 row of G;

i Ji] - ]
w 1.= o Wy - ]

0 1.1-.r|
El, = the elevation angle of the i ranging source (in degreas);
Az, = the azimuth of the i* ranging source taken counter-clockwise from the x axis in degrees; and
w, = the inverse weight associated with satellite i = o,

Note 1. — To improve readability, the subzeript § was omitfed from the protection matvix s equation.
Note 2 — For an unmweighted least-squares solution, the weighting matrix iz an identity matrix fw; = 1)

35561 Definition of K values. The E values are:

Eiea = 6.18:
EH.E‘.&= ﬁ.'ﬂ.: and
Kvea=35.33.

35562 Definition of fazt and long-term corvection ervor model. If fast comectons and long-term cormrection/'GEQ
ranzmg parameters are applied, and degradation parameters are applied:

ol = [[“I.LILIH}::IESLIDRE] tep t e tEp T ferllr if R35ypge = 0 (message Type 10)
. [[ﬂI.UUH}Zj(aUDREJ]I +efp et ety et ERSSymr = | (message Typel()

where

if using message Type 27, yjpeg 15 & reglon-specific term as defined mm 3.5.4.9,
if using message Type 28, Supee 15 a satellite-zpecific term as defmed m 3.55.6.2.5,
if using neither message, bypwe = 1.
If fast corrections and long-term corrections/GEQ ranging parameters are applied, but degradation parameters are not applied:
o'um = [{ouoke) (Buoke) + Bm]*

355621 Fast correction degradarion. The degradation parameter for fast comrection data 1s:

aft-t, +i)°

Eg-—
" 2
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where

t = the clwrent ime;

ty = (UDEEI reference time): 1f IODF, #3, the start ime of the SNT 1-zecond epoch that is coincident with the
start of the fransmis=ion of the message block that contams the most recent UDEEL data (Tvpe 2 to 6, or
Tvpe 24 messages) that matches the IODF, of the fast correction being used. If IODF, = 3, the start time of
the epoch of the ST l-second epoch that 15 comodent with the start of transmission of the message that
contams the fast comrection for the i satellite; and

tiae = (asdefmedm 3.54.T).

Note.— For UDRE:s broadeast in Type 2 ro 5. and Tpe 24 messages, tu equals the time of applicability of the fast
corrections since they are in the sams meszage. For UDREs broadeast in Type 0 message and {fthe IODF = 3, 1, also egquals
the time of applicability of the fost corvections (tyl. For UDREs broadcast in Type § message and IODF 7 3, & is defined io
be the time of ransmission af the first bit of Type 0 meszage ar the GEQ.

3.5.5.6.2.2 Range rate correction degradation
3556221 Ifthe RRC =0, then sy =0.
3556222 Ifthe BRC + 0and IODF +# 3, the degradation parameter for fast comrection data 1=:

0, if JIODF____-TODF 0

— {(aIf: B

T+E) (t-ty), i (IODF____ ~TODFprpyicy,)MOD3 % 1

JMOD3 =1

3556223 IfRRC % 0 and IODF =3, the degradanion parameter for range rate data 1s:

I
0, if |e1t-—"| =0
2
=12 |‘:""‘IJ2E| E I
L .. OSSR |at-_| £0
2 At 2
where
t = the current tume;
IODF, e = IODF associated with myost recent fast comechion;
IODF pevios = IODF associated with previous fast comection;
At = tipf- b previcus; and
It = the user ime-out mterval for fast comechons.

3155613 Long-term correction degradation

35356231 Corezarellite consrellationiz)
35562311 Forvelocity code = 1, the degradation parameter for long-term corrections of satellite 115:

e = 0 I.fti']'_'_[ St S s el P
% ™ | Ciec st + Ciie_v1 max (Otpr — tit — 27 — D w1 )» otherwise
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33562312 Forvelocity code =0, the degradanon parameter for long-term corrections 1s:

=t
Bt =Cie r_]
LT

where
t = the cumrent ime;
te = the tme of transmi=sion of the first baf of the long-term comechion message at the GEOQ; and
[x] = the greatest integer less than x.

35356232 GEO sarellitss. The degradation parameter for long-term comrections 15

e = 0 iffyceo <t < tygEo + Igeo
= Cgeo lsh + Cgep v Max [ﬂ1t|}.E|:| —&t—fyE0 — IQH:I' otherwise

where t = the current time.

Note.— When long-term corrections are applied to a GEQ zarellite, the long-term covvection degradation iz applied and
the GEQ navigation mezzage degradation is not applisd.

3155624 Degradation for en-reute through non-precision approach

_ (0, if nesther fast nor long-term corrections have timed out for precision appreach/approach with vertical guidance
Ber= [I:,r. if fast or long-term comrections have tomed out for precision approach/approach with vertical pmdance

35.56.25 UDRE degradation factor caleulated with message Type 28 data. The UDEE 15:

buppe=VI-Cl+g,

where
iI
I = |¥
i!
1
by
[l.,-] = the umt vector from the user to the satellite in the WG5-84 ECEF coordinate frame
iz
C = R'-R
& = Cm;mm -5F
&F = Ei:lltt:p'n'trl: 3
E = E-SF
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Ein Eiz Eiz Eig
0 E;: Ezy Eug
0 0 E:F.'J EH.-!I
0 0 0 Ey

35583 Dgfinmition of ienospheric correction ervor model
35356831 Broadcast ionospheric corrections. If SBAS-based ionospheric comections are applied, o%es 15
o'uike = Py * o7 umve
where
Fpp = (as defined m 3.5.5.5.2);

E]
Tive = E W an,lnnngn:l oF @y = Z Wa 'aﬁ,h:-nug;nd

n=1 n=1
using the same 1onosphernc plerce point weights (W) and grid pounts selected for the ionosphence comechon (3.5.5.5).

If degradation parameters are used., for each gnd point:

: _{{nn.-u.w +£ono) + fRSSp, =0 (Type 10 message)
Tnpomogrid = § "= 3 )
GniivE T Einmae ifBSS5ne =1 (Type 10 message)

where

Eenn=  Ciono_arp [‘ — “] + Ciong_pump (t — tiona);

t = the cwrent fme;
tiee =  the ome of transmission of the first bit of the 1onosphenc comrechion message at the GEQ; and
the greatest integer less than x.

Lrarn )
M
[

If degradation parameters are not used, for each grid point:

'In,:lnrbngrid = 'In,LiI'-'E

Note.— For GLONASS satsllites, both cone and g parameters are to be multiplied by the square of the ratio of the
GLONASS to the GPS frequenciss fanonesifGes’.

3556312 lonosphenc corrections. If SBAS-based ionosphenc comrections are not apphed, c2UIRE 15:

where

Time = the 1onosphenic delay estimated by the chosen model (GPS comrection or other model);
Fop = (asdefinedm 3.555.2);
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sm  osle,| =20
Toerr — % 4.5 2-3~=:|¢-FF| = 55; and

em  ssclo,
. = labdmnde of the ionospheric pierce point

356 L15BASMESSAGE TABLES

Each SBAS message shall be coded mn accordance with the cormresponding meszage format defined m Tables B-73 through
B-91. All signed parameters in these tables shall be represented in two's complement. with the sizn bit cceupying the MSB.

Naote — The range for the signed parameters is smaller than indicated az the maximum positive value is constrained fo be

one value lezs (the indicated value minus the rezolution).

Type 0 “Do Not Use” meszaze broadeast on L1

Table B-T%,
Data content Btz used Range of values Resolution
Feserved 212 — —
Table B-76. Tvpe 1 PEN mazk meszaze
Data content Bitz used Range of valuss Reselurion
For each of 210 PRI code
mumbers
Mask value 1 forl 1
I0DP 2 Otod 1
in3j4l

Nate— Al parameters are dgfned i

244
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Table B-T7. Types: 1 to & fast correction message

Data confent Bits used Ramge of valuss Resolution

IODE, 2 Otod 1
IODF 2 Otod 1
For 13 slots

Fast correchion (FC) 12 225600 m 0.125m
For 13 slots

UDEEIL 4 (zee Table B-6T7) izee Table B-67)
Notes—

I, The parameters JODF and FC are deftned m 3.5.4.4.2.

2 The parameter JODP o defined m 3.5.4.1.
3. The parameter UDRET, i doffned in 1.5.4.5.

Table B-78. Type 6 integrity message

Data confent Bitz uzed Fange of values Rezolution

IODF, 2 Oto3 1

IODF; 2 Oto3 1

IODFE, 2 Oto3 1

IODFE, 2 Oto3 1

For 51 satellites (ordered by PEN mask number)

UDEE] 4 (see Tabla B-6T) (zee Takle B-6T)

Notes.—

1. The parameders JODF, are degfned in 3.5.44.2.
L The parameter UDRET, is defined in 3.5.4.3.
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Table B-T9. Twype 7 fast correction degradation factor meszage

Data content EBits usad Range of values Resolution
Swstem latency (fis) 4 Otolss 1z
IODP 2 Do 3 ls
Spare 2 — —

For 51 satellites {ordered by PEN maszk number)

Degradation factor indicator {au,)

Notes.—

4

1. The paramesers ty and ai, are dgffned in 3.5.4.7.
2 The parameter JODP i1 defined m 3.5.4.1.

(see Table B-T2)

(see Table B-72)

Table B-30. Type? ranging function message
Data content Bits used Range of values Resolution
Fezerved g — —
to ik 13 0 to 86 384 5 16 =
URA 4 {see Table B-64) (see Table B-64)
X 30 +42 949673 m 008 m
Y¢ 30 +42 949673 m 008 m
Zs 25 =65 710 886 4 m 04m
X 17 +=40. 96 m/s 0.000625 m's
T 17 +40. %6 m's 0.000625 m's
Zg 18 +524 288 m's 0.004 m/'s
X 10 +0.0064 m/s* 0.0000125 m/s*
¥: 10 +0.0064 m/s* 0.0000125 m/s*
g 10 +0.032 m/s* 0.0000625 m/s*
aci 12 209537 = 1093 23y
acn g +1.1642 = 107" 5/ 240 gl

Note.— All parameters are defined in 3.5.4.2.
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Table B-§81. Tvpe 10 degradation parameter message

Data content Bits used Range ef values Resolution
B 10 Oto 2.046 m 0.002 m
Ce_isb 10 0 to 2.046 m 0.002 m
Che_vi 10 0to 005115 mfs 0.00005 m's
T w1 9 Oto 51l s ls
Chie_vih 10 0 to 2.046 m 0.002 m

T w0 9 Oto 51l s ls
Caeo s 10 Oto0.5115m 0.0005 m
Caeo v 10 0to 005115 m's 0.00005 m's
Laeo 9 Oto 511 s ls

Ce [ 0to3l.5m 0.5 m
Ciom_sizp 10 Oto 1.023 m 0001 m

| I 9 Ota 511 5 ls

C b ramp 10 0 to 0.005115 m's 0.000005 m's
BSS nre 1 0orl 1

| AT 1 Oorl 1
Ceovariance 7 010127 0.1
Spare 81 — _

Note — All paramerers are defned i 3.54.7.
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Table B-81. Type 12 SBAS network time TUTC meszage

Data content Biiz used Range of values Rezolution
Angnt 4 =745 = 107 s/s Mg
Ant i2 +]l 5 ol
tw g 0to 602 112 5 40896 s
WH; g 0 to 255 weeks 1 wreek
Aty g g =128 5 ls
WLz 8 0 to 255 weeks 1 week
DM .1 lto 7 days 1 day
Aty sy g =128 5 ls
UTC standard identifier 3 {zee Table B-73) (zee Table B-73)
GPS time-of-week (TOW 20 0 to 604 799 5 ls
GPS week number (WH) 10 Oto 1023 weeks 1 week
GLOMASS mndicator 1 Oorl 1

B crovass (Note 2) 24 t38g g-3l ¢
Spare 30 — —
Notgr—

I Al porameters are defined in 3.5.4.8.

2 Applier only if SBAS sends GLONALS timing ifhrmation in message Tipe 12 fee 3.

=

3744, Timing data).
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Table B-83, Tyvpe 1T GED almanac mezsaze

Data content Bits uzed Range of values Rezelution

For each of 3 satellites

Eeserved 2 0 —
PEN code number 1 0 te 210 1
Health and status g — —
Xoa 15 42 398 400 m 2600 m
Yia 15 42 598 400 m 2600 m
Zaa g +6 656 000 m 26 000 m
Xea 3 +40 mfs 10m's
?:i..'. 3 Al m'z 1im's
Lo 4 +480 m/'s 60m's
tumense (applies to all three satellites) 11 0to B6 3365 64 =

Note — All pavamarers are defned i 3.5.4.5.

Table B-84. Type 18 ICP mask message

Data content Bits used Range of values Rezolution
Number of IGF bands 4 0t 1l 1
IGP band 1dennfier 4 0to 10 1
Izsue of data — 1onosphere (I0DT) 2 Oto3 1
For 201 IGPs
IGF mask value 1 Jorl 1
Spare 1 — —

Note— Al parameters are dgfted m 3.3.4.8.
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Table B-82. Type 14 mixed fast/long-term satellite error correction message

Data content Bits used Range of values Resolution

For 6 slots

Fast comrection (FC,) 12 +256.000 m 0.125m
For 6 slots

UDERETL 4 {zese Table B-69) (see Table B-65)
IODP 2 0to3 1
Faszt correction type 1dentfier 2 0to3 1
IODE, 2 0ta3 1
Spare 4 —_ —_
Twpe 25 half-message 108 — —

Npter—

I The parameters fast correction qipe identfer, JODF], and FCT are defined in 5.5.4.4.2.

2. The parameter IODP is deffned m 3.5.4.1.

3. The parameter UDRED i dgfned in 3.5.4.5.

4. Ihelong-rerm sanellite @rror correction message &5 dhaded o rwa hajf-messages. The ha[f message for o velocily code = (i dgffned i Tobile
B-84. The hajf mezsepe for a velociy code = | is deffned in Tabie B-87.

Table B-86. Type 25 long-term satellite error correction half message

(VELOCITY CODE =10)

Data content Bits used Range of values Rezolution

Velocity Coda=0 1 0 1
For 2 Satellites

PEM mask number 3 0to 51 1

Izsue of data (IOD,) ] 0t 255 1

b=, 9 +32m 0125m

& g +32m 0125m

iz 9 +32m 0125m

bagpy 10 223 g 2
I0DP 2 Oto3 1
Spare 1 — —
Noter.—

I.  The parameters PEN mark number and JODP are defined in 3.5.4.1.

2. Al other parameters are degfned in 3.5.44.1.
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Table B-87. Tvpe 15 long-term satellite ervor correction half message
(VELOCITY CODE =1)

Data confent Bz used Range of values Rezolution
For 1 Satellite
Welocity Code =1 1 1 1
PEIN mazk oumber ] Do 51 1
Iszue of data (TODY) 8 0o 255 1
bx; 11 =128 m 0.125m
by 11 =128 m 0125m
bz 11 =128 m 0.125m
Baim 11 3} g p ol
&, 8 =) 0625 m's Hmis
& 3 =0 0625 m's mis
& 8 =] 0625 m's Himis
fain 8 =gl gl
Time-of-applicability {t.11) 13 0o 86384 = l6s
IODP 2 Oto 3 1
Mares

I The paramsicrs PFRN mash menber and NP are defimed tm 8540
2 Al arker paraweters ore defined s 55441

Table B-88. Type 14§ iomospheric delay message

Data contant Bitr uzed Rampe afvalues Rasolunion

IGP band identifier 4 Oto 10 1
I=P block identifier 4 o 13 1
For each of 15 grid points

LGP verncal delay estmate g Ote@3.875m 0125m

Grid ionospheric vertical emor indicator (GIVEL) 4 (z=e Table B-TL) {zea Table B-T1)
10D, 2 Oto 3 1
Spare T — —

Naore — AR paramesers are definedin 3546
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Table B-88. Type 17 SBAS service meszage

Data content Bits used Range af values Rezolution
Izsue of data, service (TODS) k] Ot 7 1
Fumhber of sarvice messages E] 1o 8 1
SETVICe message DumieT E] 1o 8 1
Fumnber of regions 3 Oto 5 1
Priomity code 2 O3 1
SUDEE indicator-inside 4 0w 15 1
SUDERE indicator-outside 4 0o 15 1
For each of 5 regions
Coordinats 1 ladmde 8 =0 1°
Coordinate 1 longiiode 9 =180° 1°
Coordinats 2 lagmde 8 =0 1°
Coordinate 2 longiide 9 =180° 1°
Fegion shape 1 — —
Spare 15 — —
Maote — AN poramesers are defined i 3 549
Table B-90. Type 62 nuoll message
Data content Bitr used Ramge of valwes Resolution

Bezervad 212 —_ —
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Table B-#1. Tvpe 18 clock-ephemeris covariance matriz

Data content Bz used Ramge gf values Rezolunon

IODP 2 Dto3

For two satellites

PEMN mack number ] 0 to 51
Srale exponent 3 Oto7
Eit o 0 te 511
Eiz o 0 ta 511
Eis o 0 te 511
Eia o 0o 511
Eiz 10 =512
Eis 10 =512
Eia 10 =512
Eas 10 =512
Eza 10 =512
Esa 10 =512

Maores
I The parameicrs PRN mask menber and NP are deined in 85,41
All arfer parameters are defined & 3.5.4.00

3.5.7 L1 SBAS NON-AIRCRAFT ELEMENTS

Note 1.— Depending on the level of service offered by a particular SBAS, different functions can be

implemented as described in Chapter 3, 3.7.3.4.2.

Note 2.— The parameters that are referred to in this section are defined in 3.5.4.

3.5.7.1 GENERAL

3.5.7.1.1 Required data and broadcast intervals. SBAS shall broadcast the data required for the
supported functions as shown in Table B-54. If the SBAS broadcasts data that are not required for
a particular function, the requirements for that data supporting other functions shall apply. The
maximum interval between broadcasts for all data of each data type provided shall be as defined
in Table B-92.

3.5.7.1.2 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-55 and take the indicated action.

Note.— SBAS may broadcast null messages (Type 63 messages) in each time slot for which no other
data are broadcast.

3.5.7.1.3 "Do Not Use”. SBAS shall broadcast a “Do Not Use” message (Type 0 message) when
necessary to inform users not to use the SBAS satellite ranging function and its broadcast data.
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3.5.7.1.4 The Doppler shift in the GEO satellite signal seen at any fixed location within the GEO
footprint for any GEO shall not exceed +450 Hz.

Note.— This maximum Doppler shift corresponds approximately to the maximum GEO satellite orbit
inclination that can be supported by the coding ranges for Type 9 and Type 17 messages.

3.5.7.1.5 Geostationary orbit (GEO) ranging function parameters. Each SBAS satellite shall broadcast
geostationary orbit (GEO) ranging function parameters (defined in 3.5.4.2).

Note.— It is necessary to broadcast geostationary orbit ranging function parameters even when a
ranging function is not provided, so that airborne receivers may implement a positive identification of
the broadcasting SBAS satellite. When ranging is not provided, the accuracy of the Type 17 data (and
Type 9 data) only needs to support the acquisition of the satellite.

3.5.7.1.5.1 The error in the Doppler shift of a GEO satellite derived from any Type 9 message that
has not timed out, with respect to the true GEO Doppler shift seen at any fixed location within the
GEO footprint, shall not exceed +210 Hz.

3.5.7.1.6 Almanac data. Each SBAS satellite shall broadcast almanac data (defined in 3.5.4.3) for all
SBAS satellites of the same service provider.

3.5.7.1.6.1 The error in the estimated position of the satellite derived from any Type 17 message
broadcast within the previous 15 minutes, with respect to the true satellite position, shall not
exceed 3 000 km.

3.5.7.1.6.2 The separation distance between the estimated position of the satellite derived from any
Type 17 message broadcast within the previous 15 minutes and the position of the satellite derived
from the GEO ranging parameters in any Type 9 message that has not timed out shall not exceed
200 km.

3.5.7.1.6.3 The error in the Doppler shift of a GEO satellite derived from any Type 17 message
broadcast within the previous 15 minutes, with respect to the true GEO Doppler shift seen at any
fixed location within the GEO footprint, shall not exceed +210 Hz.

3.5.7.1.6.4 SBAS shall not broadcast almanac data for any SBAS satellite from a different service
provider for which the position estimated from the almanac data broadcast within the previous 15
minutes would be within 200 km of the position of any of its own GEOs as derived from the GEO
ranging parameters from any Type 9 message that has not timed out.

3.5.7.1.6.5 Where the estimated position of a GEO satellite providing a ranging function, derived
from the Type 17 message broadcast within the previous 15 minutes, is within 200 km of the
position of another GEO satellite of the same service provider, derived from a Type 9 message for
this GEO that has not timed out, the GEO UDRE value shall be set sufficiently large to account for
the possibility that a user could misidentify the PRN of the GEO providing the ranging function.

3.5.7.1.6.6 The health and status parameter shall indicate the satellite status and the service
provider identifier, as defined in 3.5.4.3.
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3.5.7.1.6.7 Unused almanac slots in Type 17 messages shall be coded with a PRN code number of
"0".

3.5.7.1.6.8 The service provider shall ensure the correctness of the service provider ID broadcast in
any almanac.

3.5.7.2 Ranging function. If an SBAS provides an L1 SBAS ranging function, it shall comply with the
requirements contained in this section in addition to the requirements of 3.5.7.1.

3.5.7.2.1 Performance requirements
Note.— See Chapter 3, 3.7.3.4.3

3.5.7.2.2 Ranging function data. SBAS shall broadcast ranging function data such that the SBAS
satellite position error projected on the line-of-sight to any user in the satellite footprint is less
than 256 metres. Each SBAS satellite shall broadcast a URA representing an estimate of the
standard deviation of the ranging errors referenced to SNT for L1 SBAS.

3.5.7.3 GNSS satellite status function. If an SBAS provides a satellite status function, it shall also
comply with the requirements contained in this section.

Note.— An SBAS may be able to provide integrity on some GPS satellites that are designated either
marginal or unhealthy.

3.5.7.3.1 Performance of satellite status functions. Given any valid combination of active data, the
probability of a horizontal error exceeding the HPLSBAS (as defined in 3.5.5.6) for longer than 8
consecutive seconds shall be less than 10-7 in any hour, assuming a user with zero latency.

Note.— Active data is defined to be data that have not timed out per 3.5.8.1.2. This requirement
includes core satellite constellation(s) and SBAS failures.

3.5.7.3.2 PRN mask and Issue of data — PRN (IODP). SBAS shall broadcast a PRN mask and IODP
(Type 1 message). The PRN mask values shall indicate whether or not data are being provided for
each GNSS satellite. The IODP shall change when there is a change in the PRN mask. The change of
IODP in Type 1 messages shall occur before the IODP changes in any other message. The IODP in
Type 2 to 5, 7, 24, 25 and 28 messages shall equal the IODP broadcast in the PRN mask message
(Type 1 message) used to designate the satellites for which data are provided in that message.
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Table B-82. Data broadcast intervals and supported functons

Mmamum GNES Basic Precize  Associated
broadeast Satellite  differential  differential  Message
Data e inferval Ranging STATLS COTPRCTION  COrTection s
Clock-Ephemeris covariance mamix 1205 28
SBAS in test mode s a
PRI mask 1205 R E R 1
UDERET Gs E*® E 2mwd, 24
Fast commections T2 E* E E 2m35, 24
(zee Mote 4)
Long-term comections 1205 R*® E R 24,25
GEQ ranging function data 1205 R R E E o
Fast comection degradation 120 s E* ;4 24 7
Diegradation paramesers 120 s 24 10
Tonosphesic grid mask 3005 E 18
Ioncsphesic comections, GIVEL 300 s B 26
Timing dsta 3005 R R E R 12
Mixinnon GNES Basic Precise  Associated
brogdcazr Sarellive  differential  differential  Meszaze
Lata fype imdarval Remging By w1 COFPRCTION COPTRCTion npes
(zee Note 7)) (see Note 7) (see Nowe 7) (ses Now 5)
Almanac data ELLIE- E E E E 17
Semvice level ELLIE- 27

Mares

L "R isdiomes dhar the dan men be broadeast to suppon the Aimcnon

2 R mmdinawey special coding ar deseribed m A3 T A8

& Type 12 messages ave only requined i dasy are provided for GLOWASE saellines

4. I rcfers s the PAAPY tiwae <o micrval for fon correcsons, as defined in Tmble 5-935
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Table B-23. SBAS L1 radio frequency monitoring

Paramater Referance Alarm limit Required action
Sigmal power leval Chapter 3, mininmm specified power Cease ranging fimction (Mote 1)
373453 maxinmm specified power Cease broadoast
(Mote )
Modulation Chaptar 3, monitor fior Cease L] ranging fimction (Mote 1),
373455 wavafonn distortion
SWT-tp-GPS fime Chaptar 3, HA Cease L] ranzing fimction umless
37347 (Moie ) Timas Teflects emmor.
Carmier frequency 3521 HA Cease L] ranging fiunction unless
stability (Moie ) Timas Teflects emmor.
Code/frequency 3524 HA Cease L] ranzing fimction umless
coherence (Moie ) Timas Teflects emmor.
Maximum code 3524 HA Cease L] ranging fimction umless
phase deviation (Novez I and 3) Timas Teflects emmor.
Coovoluotional 352148 all Tamsmit meszages Cease broadoast
encoding ArE STTOTIEOIS

Mares

I Crasng te raspmg firvcnos s aocompiished by Broadoasang o URA and o' ores off “ Do Nov Ulse ™ for tha SEAS sovellie
These parawacters car be mowiiored By dhelr fapacr on the reoeived sigre quabing (N impacy, smee thar is the fmpacr on dhe user

5 Alarm Bwirs are ot specified becase the imdieced ervor &5 acocpeable, provided 11 15 represenied i she o ppae and URA paremerers. [ the ervor
camnd be represented, the ramging focnon must cegse

3.5.7.3.2.1 Recommendation.— When the PRN mask is changed, SBAS should repeat the Type 1
message several times before referencing it in other messages to ensure that users receive the new
mask.

3.5.7.3.3 Integrity data. If SBAS does not provide the basic differential correction function, it shall
transmit fast corrections, long-term corrections and fast correction degradation parameters coded
to zero for all visible satellites indicated in the PRN mask.

3.5.7.3.3.1 If SBAS does not provide the basic differential correction function, SBAS shall indicate
that the satellite is unhealthy ("Do Not Use") if the pseudo-range error exceeds 150 metres.

3.5.7.3.3.2 If SBAS does not provide the basic differential correction function, SBAS shall indicate
that the satellite is “Not Monitored” if the pseudo-range error cannot be determined.

3.5.7.3.3.3 If SBAS does not provide the basic differential correction function, SBAS shall transmit a
UDREIi of 13 if the satellite is not “Do Not Use” or “Not Monitored”.

3.5.7.3.3.4 The IODFj parameter in Type 2 to 5, 6 or 24 messages shall be equal to 3.
3.5.7.4 Basic differential correction function. If an SBAS provides a basic differential correction

function, it shall comply with the requirements contained in this section in addition to the GNSS
satellite status function requirements defined in 3.5.7.3.
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3.5.7.4.1 Performance of basic differential correction function. Given any valid combination of active
data, the probability of a horizontal error exceeding the HPLSBAS (as defined in 3.5.5.6) for longer
than 8 consecutive seconds shall be less than 10-7 in any hour, assuming a user with zero latency.

Note.— Active data is defined to be data that has not timed out per 3.5.8.1.2. This requirement
includes core satellite constellation(s) and SBAS failures.

3.5.7.4.2 Long-term corrections. Except for SBAS satellites from the same service provider, SBAS
shall determine and broadcast long-term corrections for each visible GNSS satellite (see Note)
indicated in the PRN mask (PRN mask value equal to “1"). The long-term corrections shall be such
that the core satellite constellation(s) satellite position error projected on the line-of-sight to any
user in the satellite footprint after application of these long-term corrections is less than 256
metres. For each GLONASS satellite, SBAS shall translate satellite coordinates into WGS-84 as
defined in 3.1.2.5.2 prior to determining the long-term corrections. For each GPS satellite, the
broadcast IOD shall match both the GPS IODE and 8 LSBs of IODC associated with the clock and
ephemeris data used to compute the corrections (3.1.1.3.1.4 and 3.1.1.3.2.2). Upon transmission of
a new ephemeris by a GPS satellite, SBAS shall continue to use the old ephemeris to determine the
fast and long-term error corrections for at least 2 minutes and not more than 4 minutes. For each
GLONASS satellite, SBAS shall compute and broadcast an 10D that consists of a latency and a
validity interval as defined in 3.5.4.4.1.

Note.— The criteria for satellite visibility include the locations of reference stations and the achieved
mask angle at those locations.

3.5.7.4.2.1 Recommendation.— To ensure accurate range rate corrections, SBAS should minimize
discontinuities in the satellite ephemerides after application of long-term corrections.

3.5.7.4.3 Fast corrections. SBAS shall determine fast corrections for each visible GNSS satellite
indicated in the PRN mask (PRN mask value equal to “1"). Unless the IODF = 3, each time any fast
correction data in Type j (j = 2, 3, 4 or 5) message changes, the IODFj shall sequence “0, 1, 2, 0, ...".

Note.— If there is an alarm condition, the IODFj may equal 3 (see 3.5.7.4.5).

3.5.7.4.4 Timing data. If data are provided for GLONASS, SBAS shall broadcast the timing message
(Type 12 message) including GLONASS time offset as defined in Table B-82.

3.5.7.4.5 Integrity data. For each satellite for which corrections are provided, SBAS shall broadcast
integrity data (UDREIi and either a Type 27 or 28 message data to calculate SUDRE) such that the
integrity requirement in 3.5.7.4.1 is met. If the fast corrections or long-term corrections exceed
their coding range, SBAS shall indicate that the satellite is unhealthy ("Do Not Use”). If 2 i,UDRE
cannot be determined, SBAS shall indicate that the satellite is “Not Monitored".

If Type 6 message is used to broadcast o 2i,UDRE, then:

a) the IODFj shall match the IODFj for the fast corrections received in Type j message to
which the o 2i,UDRE apply; or
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b) the IODFj shall equal 3 if the o 2i,UDRE apply to all valid fast corrections received in Type
j message which have not timed out.

3.5.7.4.6 Degradation data. SBAS shall broadcast degradation parameters (Type 7 message) to
indicate the applicable time out interval for fast corrections and ensure that the integrity
requirement in 3.5.7.4.1 is met.

3.5.7.4.7 SBAS shall broadcast service indication data as specified in 3.5.7.6.2 (Type 27 message) or
clock-ephemeris covariance matrix data as specified in 3.5.7.6.3 (Type 28 message) to comply
throughout the SBAS coverage area with the signal-in-space integrity requirements stated in
Chapter 3, 3.7.2.4.

3.5.7.5 Precise differential correction function. If SBAS provides a precise differential correction
function, it shall comply with the requirements contained in this section in addition to the basic
differential correction function requirements in 3.5.7.4.

3.5.7.5.1 Performance of precise differential correction function. Given any valid combination of
active data, the probability of an out-of-tolerance condition for longer than the relevant time-to-
alert shall be less than 2 x 10-7 during any approach, assuming a user with zero latency. The time-
to-alert shall be 5.2 seconds for an SBAS that supports precision approach operations, and 8
seconds for an SBAS that supports APV or NPA operations. An out-of-tolerance condition shall be
defined as a horizontal error exceeding the HPLSBAS or a vertical error exceeding the VPLSBAS (as
defined in 3.5.5.6). When an out-of-tolerance condition is detected, the resulting alert message
(broadcast in a Type 2 to 5 and 6, 24, 26 or 27 messages) shall be repeated three times after the
initial notification of the alert condition for a total of four times in 4 seconds.

Note 1.— Active data is defined to be data that has not timed out per 3.5.8.1.2. This requirement
includes core satellite constellation(s) and SBAS failures.

Note 2.— Subsequent messages can be transmitted at the normal update rate.

3.5.7.5.2 lonospheric grid point (IGP) mask. SBAS shall broadcast an IGP mask and I0DIk (up to 11
Type 18 messages, corresponding to the 11 IGP bands). The IGP mask values shall indicate whether
or not data are being provided for each IGP. If IGP Band 9 is used, then the IGP mask values for
IGPs north of 55°N in Bands 0 through 8 shall be set to “0". If IGP Band 10 is used, then the IGP
mask values for IGPs south of 55°S in Bands 0 through 8 shall be set to “0". The I0DIk shall change
when there is a change of IGP mask values in the kth band. The new IGP mask shall be broadcast in
a Type 18 message before it is referenced in a related Type 26 message. The IODIk in Type 26
message shall equal the 10DIk broadcast in the IGP mask message (Type 18 message) used to
designate the IGPs for which data are provided in that message.

3.5.7.5.2.1 Recommendation.— When the IGP mask is changed, SBAS should repeat the Type 18
message several times before referencing it in a Type 26 message to ensure that users receive the
new mask. The same IODIk should be used for all bands.

3.5.7.5.3 lonospheric corrections. SBAS shall broadcast ionospheric corrections for the IGPs
designated in the IGP mask (IGP mask values equal to “1").
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3.5.7.5.4 lonospheric integrity data. For each IGP for which corrections are provided, SBAS shall
broadcast GIVEI data such that the integrity requirement in 3.5.7.5.1 is met. If the ionospheric
correction or o 2 i,GIVE exceed their coding range, SBAS shall indicate the status “Do Not Use”
(designated in the correction data, 3.5.4.6) for the IGP. If g 2 i,GIVE cannot be determined, SBAS
shall indicate that the IGP is “Not Monitored” (designated in the GIVEI coding).

3.5.7.5.5 Degradation data. SBAS shall broadcast degradation parameters (Type 10 message) such
that the integrity requirement in 3.5.7.5.1 is met.

3.5.7.6 OPTIONAL FUNCTIONS

3.5.7.6.1 Timing data. If UTC time parameters are broadcast, they shall be as defined in 3.5.4.8
(Type 12 message).

3.5.7.6.2 Service indication. If service indication data are broadcast, they shall be as defined in
3.5.4.9 (Type 27 message) and Type 28 messages shall not be broadcast. The IODS in all Type 27
messages shall increment when there is a change in any Type 27 message data.

3.5.7.6.2.1 If service indication data are broadcast, the SUDRE indicator-inside parameter in Type 27
message shall be equal to 0.

Note.— This requirement ensures compatibility with equipment developed according to RTCA/DO-
229. Further information is available in Attachment D, section 6.5.7.

3.5.7.6.3 Clock-ephemeris covariance matrix. If clock-ephemeris covariance matrix data are
broadcast, they shall be broadcast for all monitored satellites as defined in 3.5.4.10 (Type 28
message) and Type 27 messages shall not be broadcast.

3.5.7.7 MONITORING

3.5.7.7.1 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-55 and take the indicated action.

Note.— In addition to the radio frequency monitoring requirements in this section, it will be
necessary to make special provisions to monitor pseudo-range acceleration specified in Chapter 3,
3.7.3.4.3.5, and carrier phase noise specified in3.5.2.2 and correlation loss in 3.5.2.5, unless analysis
and testing shows that these parameters cannot exceed the stated limits.

3.5.7.7.2 Data monitoring. SBAS shall monitor the satellite signals to detect conditions that will
result in improper operation of differential processing for airborne receivers with the tracking
performance defined in Attachment D, 8.11.

3.5.7.7.2.1 The ground subsystem shall use the strongest correlation peak in all receivers used to
generate the pseudorange corrections.

3.5.7.7.2.2 The ground subsystem shall also detect conditions that cause more than one zero
crossing for airborne receivers that use the Early-Late discriminator function as defined in
Attachment D, 8.11.
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3.5.7.7.2.3 The monitor action shall be to set UDRE to “Do Not Use” for the satellite.
3.5.7.7.2.4 SBAS shall monitor all active data that can be used by any user within the service area.

3.5.7.7.2.5 SBAS shall raise an alarm within 5.2 seconds if any combination of active data and GNSS
signals-in-space results in an out-of-tolerance condition for precision approach (3.5.7.5.1).

3.5.7.7.2.6 SBAS shall raise an alarm within 8 seconds if any combination of active data and GNSS
signals-in-space results in an out-of-tolerance condition for en-route through APV | (3.5.7.4.1).

Note.— The monitoring applies to all failure conditions, including failures in core satellite
constellation(s) or SBAS satellites. This monitoring assumes that the aircraft element complies with
the requirements of RTCA/DO-229D with Change 1, except as superseded by 3.5.8 and Attachment
D, 811.

35773 IOD monitoring. SBAS shall monitor the GPS IODE values for possible invalid
transmissions of values used previously for a different set of ephemeris parameters within the time
interval(s) specified in 3.1.1.3.2.2, and take appropriate action to ensure the integrity of its
broadcast corrections, if such an invalid use is detected.

Note 1.— The IOD uniqueness is granted by design in the case of SBAS augmenting GLONASS
satellites.

Note 2.— The GPS IODC (as per section 3.1.1.3.1.4) is not currently used in the processing of GPS L1
navigation messages in an SBAS receiver mode. Therefore, monitoring is not specifically required.

3.5.7.8 Robustness to core satellite constellation(s) failures. Upon occurrence of a core satellite
constellation(s) satellite anomaly, SBAS shall continue to operate normally using the available
healthy satellite signals that can be tracked.

3.5.8 L1 SBAS AIRCRAFT ELEMENTS
Note 1.— The parameters that are referred to in this section are defined in 3.5.4.

Note 2— Some of the requirements of this section may not apply to equipment that integrates
additional navigation sensors, such as equipment that integrates SBAS with inertial navigation
sensors.

3.5.8.1 SBAS-capable GNSS receiver. Except as specifically noted, the SBAS-capable GNSS receiver
shall process the signals of the SBAS and meet the requirements specified in 3.1.3.1 (GPS receiver)
and/or 3.2.3.1 (GLONASS receiver). Pseudo-range measurements for each satellite shall be
smoothed using carrier measurements and a smoothing filter which deviates less than 0.25 metre
within 200 seconds after initialization, relative to the steady-state response of the filter defined

in 3.6.5.1 in the presence of drift between the code phase and integrated carrier phase of up to
0.018 metre per second.

3.5.8.1.1 GEO satellite acquisition. The receiver shall be able to acquire and track GEO satellites for
which a stationary receiver at the user receiver location would experience a Doppler shift as large
as 450 Hz.
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3.5.8.1.2 Conditions for use of data. The receiver shall use data from an SBAS message only if the
CRC of this message has been verified. Reception of a Type 0 message from an SBAS satellite shall
result in deselection of that satellite for at least one minute and all data from that satellite shall be
discarded, except that there is no requirement to discard data from Type 12 and Type 17
messages. For GPS satellites, the receiver shall apply long-term corrections only if the IOD matches
both the IODE and 8 least significant bits of the IODC. For GLONASS satellites, the receiver shall
apply long-term corrections only if the time of reception (tr) of the GLONASS ephemeris is inside
the following 10D validity interval, as

defined in 3.5.4.4.1:

tLT-L-V <tr<tlT-L

Note 1.— For SBAS satellites, there is no mechanism that links GEO ranging function data (Type 9
message) and longterm corrections.

Note 2.— This requirement does not imply that the receiver has to stop tracking the SBAS satellite.

3.5.8.1.2.1 SBAS satellite identification. Upon acquisition or re-acquisition of an SBAS satellite, the
receiver shall not use SBAS satellite data unless the calculated separation between the satellite
position derived from its GEO ranging function parameters and the satellite position derived from
the almanac message most recently received from the same service provider within the last 15
minutes is less than 200 km.

Note.— This check ensures that a receiver will not mistake one SBAS satellite for another due to
cross-correlation during acquisition or re-acquisition.

3.5.8.1.2.2 The receiver shall use integrity or correction data only if the IODP associated with that
data matches the IODP associated with the PRN mask.

3.5.8.1.2.3 The receiver shall use SBAS-provided ionospheric data (IGP vertical delay estimate and
GIVEIi) only if the IODIk associated with that data in a Type 26 message matches the |0ODIk
associated with the relevant IGP band mask transmitted in a Type 18 message.

3.5.8.1.2.4 The receiver shall use the most recently received integrity data for which the IODFj
equals 3 or the IODFj matches the IODFj associated with the fast correction data being applied (if
corrections are provided).

3.5.8.1.2.5 The receiver shall apply any regional degradation to the 02 i,UDRE as defined by a Type
27 service message. If a Type 27 message with a new IODS indicates a higher SUDRE for the user
location, the higher SUDRE shall be applied immediately.

A lower SUDRE in a new Type 27 message shall not be applied until the complete set of messages
with the new IODS has been received.

3.5.8.1.2.6 The receiver shall apply satellite-specific degradation to the 02 i,UDRE as defined by a
Type 28 clock ephemeris covariance matrix message. The SUDRE derived from a Type 28 message
with an IODP matching that of the PRN mask shall be applied immediately.
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3.5.8.1.2.7 In the event of a loss of four successive SBAS messages during an SBAS-based approach
operation with aHAL of 40 m or a VAL of 50 m or less, the receiver shall invalidate all UDREI data
from that SBAS satellite.

3.5.8.1.2.8 The receiver shall not use a broadcast data parameter after it has timed out as defined in
Table B-94.

3.5.8.1.2.9 The receiver shall not use a fast correction if At for the associated RRC exceeds the time-
out interval for fast corrections, or if the age of the RRC exceeds 8At.

3.5.8.1.2.10 The calculation of the RRC shall be reinitialized if a “Do Not Use” or “Not Monitored”
indication is received for that satellite.

3.5.8.1.2.11 For SBAS-based precision approach or APV operations, the receiver shall only use
satellites with elevation angles at or above 5 degrees.

3.5.8.1.2.12 The receiver shall no longer support SBAS-based precision approach or APV operation
using a particularsatellite if the UDREIi received is greater than or equal to 12.

Table B-94. Data time-out intervaks

Azzociated En-route, terminal, Precizion approach,

Dt MESSaEe [VDes NPA tome-out APT tima-out
Clock-ephements covarance mamix h 360 40
SBAS m test mode 0 HA ik
PRI mask ] 600 5 600 5
UDREI 26 M4 185 125
Fast comrections Jin5 24 (se2 Tablz B-235) (se2 Table B-93)
Long-ferm comections 24 25 3605 40s
(GEQ ranging function data 8 360 5 2405
Fast comrection degradation 7 3605 40s
Diezradation paramesers 10 3605 40s
lonospheric grid mask 18 1200 s 1200 =
lonospheric comections, GIVEL 26 600 5 {0 5
Timing data 12 86 400 s 86 400 =
GLONASS time offset 12 600 5 600
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Azzoctated En-route. farmmal, Precizion approach.
Diata MHESSaTES [VDes NPA rme-our APV ifme-our
Almanac data 17 Mone Mone
Service level 27 86 400 s 86 400 5

Note T mome-our miervals are defined oo the omd of she Fecopnion of g s ssage

Table B-25. Fast correction fime-ouwt interval evaluation

Fuast corraction NPA ome-our A AP rime-our
degradarion factor mterval for fast imzerval for fast
Imdicecor (i) corrections (Tgl corrections (Tek

L1} 180 s 1205

1 180 s 1205

2 1535 1025

3 135s s

4 135¢g 9=

5 117= 8=

b Doz dd =

T gls 54s

ER 2z

o 45 5 L

10 45z ELES

11 IT7s 18s=

12 7= 18=

13 IT7s 18=

14 18 = 2z

15 18 2z

3.5.8.2 RANGING FUNCTION

3.5.8.2.1 Precision approach and APV operations. The root-mean-square (1 sigma) of the total
airborne error contribution to the error in a corrected pseudo-range for an SBAS satellite at the
minimum received signal power level (Chapter 3, 3.7.3.4.4.3) under the worst interference
environment as defined in 3.7 shall be less than or equal to 1.8 metres, excluding multipath effects,
tropospheric and ionospheric residual errors.

Note.— The aircraft element will bound the errors caused by multipath and troposphere (3.5.8.4.1).
For the purpose of predicting service, the multipath error is assumed to be less than 0.6 metres (1
sigma).

3.5.8.2.2 Departure, en-route, terminal, and non-precision approach operations. The root-mean-
square (1 sigma) of the total airborne contribution to the error in a corrected pseudo-range for an
SBAS satellite at the minimum received signal power level (Chapter 3, 3.7.3.4.4.3) under the worst
interference environment as defined in 3.7 shall be less than or equal to 5 metres, excluding
multipath, tropospheric and ionospheric errors.
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3.5.8.2.3 SBAS satellite position

3.5.8.2.3.1 Position computation. The receiver shall decode Type 9 message and determine the code
phase offset and position (XG, YG, ZG) of the SBAS satellite.

3.5.8.2.3.2 SBAS satellite identification. The receiver shall discriminate between SBAS satellites.
Note.— This requirement applies to false acquisition of a satellite due to cross-correlation.
3.5.8.2.4 Almanac data

3.5.8.24.1 Recommendation.— The almanac data provided by the SBAS should be used for
acquistition.

Note.— Health and status information provided in the GEO almanac data does not override or
invalidate data provided in other SBAS messages. The use of bits 0 to 2 by airborne equipment is
optional; there are no requirements covering their usage.

3.5.8.3 GNSS satellite status function. The receiver shall exclude satellites from the position solution
if they are identified as “Do Not Use” by SBAS. If SBAS-provided integrity is used, the receiver shall
not be required to exclude GPS satellites based on the GPS-provided ephemeris health flag as
required in 3.1.3.1.1 or to exclude GLONASS satellites based on GLONASS-provided ephemeris
health flag as required in 3.2.3.1.1.

Note 1.— In the case of a satellite designated marginal or unhealthy by the core satellite
constellation(s) health flag, SBAS may be able to broadcast ephemeris and clock corrections that will
allow the user to continue using the satellite.

Note 2.— If satellites identified as "Not Monitored” by SBAS are used in the position solution,
integrity is not provided by SBAS. ABAS or GBAS may be used to provide integrity, if available.

3.5.8.4 BASIC AND PRECISE DIFFERENTIAL FUNCTIONS

3.5.8.4.1 Core satellite constellation(s) ranging accuracy. The root-mean-square (1 sigma) of the
total airborne contribution to the error in a corrected pseudo-range for a GPS satellite at the
minimum and maximum received signal power level (Chapter 3, 3.7.3.1.7.4) under the worst
interference environment as defined in 3.7 shall be less than or equal to 0.36 metres for minimum
signal level and 0.15 metres for maximum signal level, excluding multipath effects tropospheric
GLONASS satellite at the minimum received signal power level (Chapter 3, 3.2.5.4) under the worst
interference environment as defined in 3.7 shall be less than or equal to 0.8 metres, excluding
multipath effects, tropospheric and ionospheric residual errors.

3.5.8.4.2 Precision approach and APV operations

3.5.8.4.2.1 The receiver shall obtain correction and integrity data for all satellites in the position
solution from the same SBAS signal (PRN code).

3.5.8.4.2.2 The receiver shall compute and apply long-term corrections, fast corrections, range rate
corrections and the broadcast ionospheric corrections. For GLONASS satellites, the ionospheric
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corrections received from the SBAS shall be multiplied by the square of the ratio of GLONASS to
GPS frequencies (fFGLONASS/fGPS)2.

3.5.8.4.2.3 The receiver shall use a weighted-least-squares position solution.

3.5.8.4.2.4 The receiver shall apply a tropospheric model such that residual pseudo-range errors
have a mean value (u) less than 0.15 metres and a 1 sigma deviation less than 0.07 metres.

Note.— A model was developed that meets this requirement. Guidance is provided in Attachment D,
6.5.4.

3.5.8.4.2.5 The receiver shall compute and apply horizontal and vertical protection levels defined in
3.5.5.6. In this computation, ai,tropo shall be:

1.001

: ¥ 012 m
/0002001 + 5in’(8;)

wheTe & is the elevaton angle of the i* satellite

In addition, &, shall sagsfy the condition that 3 nonmeal disribubion with zere mesn snd 3 standard deviation equsl 10 G e
bounds the smor disoibution for residwal sivcraft psendo-range emmors as follows:

J[ £, (e = Q :l] for all 1_ 0 and
. o ]

¥ '
) o F ¥
[ f,(xjdx = Q[E] for all . 0

where
fi(x) = probability density fimction of the residual aivcraf psendo-range amor and
o) = '_f e 7 dt
LT .

Notwe — The siandard allowance for arberne mulnpath dgfined m 3.6.5.5.1 may be wwed to bowmd the mulnpath errors.

3.5.8.4.2.6 The parameters that define the approach path for a single precision approach or APV
shall be contained in the FAS data block.

Note 1.— The FAS path is a line in space defined by the landing threshold point/fictitious threshold
point (LTP/FTP), flight path alignment point (FPAP), threshold crossing height (TCH) and glide path
angle (GPA). The local level plane for the approach is a plane perpendicular to the local vertical
passing through the LTP/FTP (ie. tangent to the ellipsoid at the LTP/FTP). Local vertical for the
approach is normal to the WGS-84 ellipsoid at the LTP/FTP. The glide path intercept point (GPIP) is
where the final approach path intercepts the local level plane.

Note 2.— For SBAS, FAS data blocks are stored in airborne databases. The format of the data for
validation of a cyclic redundancy check is shown in Attachment D, 6.6. It differs from the GBAS FAS
data block in 3.6.4.5.
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3.5.8.4.2.6.1 L1 SBAS FAS data block parameters shall be as follows (see Table B-96):

Note 1.— See 3.5.15.3.5 for the definitions of operation type, SBAS service provider ID and approach
performance designator applicable to DFMC SBAS receivers.

Note 2.— “L1 SBAS receivers” refers to receivers that meet the specifications of RTCA/DO-229.

Operation type: straight-in approach procedure or other operation types applicable to L1 SBAS
receivers.

Coding: 0 = straight-in approach procedure
1to 15 = spare

SBAS service provider ID: indicates the service provider associated with this FAS data block.
Coding: 0-13 = Table B-65.

14 = FAS data block is to be used with GBAS only.

15 = FAS data block can be used with any SBAS service provider.

Airport ID: the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits of its IA-5 representation. For each
character, b1 is transmitted first, and 2 zero bits are appended after b6, so that 8
bits are transmitted for each character. Only upper case letters, numeric digits and
IA-5 “space” are used. The rightmost character is transmitted first. For a three-

character airport ID, the rightmost (first transmitted) character shall be IA-5 “space”.

Runway number: the runway orientation, point-in-space final approach course, or SBAS circling
only procedure course rounded to the nearest 10 degrees and truncated to two characters.

Coding: 01 to 36 = runway number

Note.— For heliport operations, the runway number value is the integer nearest to one tenth of the
final approach course, except when that integer is zero, in which case the runway number is 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between parallel

runways.

Coding: 0 = no letter
1 = R (right)
2 = C (centre)
3 =L (left)

Approach performance designator: this field shall not be used by L1 SBAS receivers
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Table B-96. Final approach sezment (FAS) data block

Dyra contant Biz wzed Range of values Rezolution
Crperadon type 4 Ot 15 1
SBAS service provider ID 4 Oto 15 1
Ajrpor: ID 32 — —
Fanway nnmber & 01 to 36 1

(=]

Punway lemer

Approach performance desimnator 3 OwT 1
Bioute indicator ] _ —_
Beference path data selector 8 0o 48 1
Beference path idenfifier 32 — —
LTEFTP latimde 32 =0).0° (.0005 arcsec
LTRFTP longimde 32 =180.0° (.0005 arcsec
LTEFTP haight 16 5120t d41.5m 0.lm
AFPAP latitude 4 =].0° (.05 arcsec
AFPAP lonsimde 24 =] 7 0.0005 arcsec
Approach TCH (NMose 1) 15 Owl6383iSmor 0.05 mor
Oto3 2767 & 014t
Approach TCH umits selector 1 — —
(Glide path angle (GRA) 16 0 to 80.0° g.01°
Course width g 8010 14375 m 02 m
AL enpth offset g Oto2032m fm
Huorizontal alert limit (HATL) g fwoilim 02m
Vertical alert limit (VALY (Node ) g fwo5l0m 0.2m
Final approach segment CR.OC 32 —

Narg I Informarion cam be provided iv cither feer oF metres af sadicared by te appvoach TUR amy selector

Narg 2 A FAL of 0 meficaes that the verdoal devianons oot be wsed e, a laerad only approachl This does mor peeclade providing
advisory vertcal guidarce o fich approaches, refor i Fld AT 200

Route mdicator: 3 “blank™ or the one-letter idenfifier used o differentiate between nmitiple procedures o the same momaay
end.

Nowe — Procedures are conzidered fo be different even if they only differ by the mizsed approach sesmeni.

Coding: The leter is coded using bits by twough bS5 of its [A-5 representanon. Bit by is Tansmited first. Caly upper case
lerers, exchuding “T" and <07, or L1A-5 “space” (blank)) are used. Blank mdicates that there is only one procedurs
o the mmway end For mmltple procedures to the same mmweay end, the route indicator is coded wsing 3 leter
starting from £ and moving backward in the alphabet for additional procedures.

Route indicator: a "blank” or the one-letter identifier used to differentiate between multiple
procedures to the same runway end.

Note.— Procedures are considered to be different even if they only differ by the missed approach
segment.
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Coding: The letter is coded using bits b1 through b5 of its IA-5 representation. Bit b1 is
transmitted first. Only upper case letters, excluding “I” and "O", or IA-5 “space”
(blank) are used. Blank indicates that there is only one procedure to the runway end.
For multiple procedures to the same runway end, the route indicator is coded using
a letter starting from Z and moving backward in the alphabet for additional
procedures.

Reference path data selector (RPDS): this field is not used by SBAS.

Reference path identifier (RPI): four characters used to uniquely designate the reference path. The
four characters consist ofthree alphanumeric characters plus a blank or four alphanumeric
characters.

Note.— The best industry practice matches the 2nd and 3rd character encoding to the encoded
runway number. The last character is a letter starting from A or a "blank.”

Coding: Each character is coded using bits b1 through b6 of its IA-5 representation. For
each character, b1 is transmitted first, and 2 zero bits are appended after b6 so that
8 bits are transmitted for each character. Only upper case letters, numeric digits
and |A-5 "space” are used. The rightmost character is transmitted first. For a three-
character reference path identifier, the rightmost (first transmitted) character shall
be IA-5 “space”.

Note.— The LTP/FTP is a point over which the FAS path passes at a height above the LTP/FTP height
specified by the TCH.

LTP/FTP latitude: the latitude of the LTP/FTP point in arc seconds.

Coding: positive value denotes north latitude.
negative value denotes south latitude.

LTP/FTP longitude: the longitude of the LTP/FTP point in arc seconds.

Coding: positive value denotes east longitude.
negative value denotes west longitude.

LTP/FTP height: the height of the LTP/FTP above the WGS-84 ellipsoid.

Coding: This field is coded as an unsigned fixed-point number with an offset of -512
metres. A value of zero in this field places the LTP/FTP 512 metres below the earth
ellipsoid.

Note.— The FPAP is a point at the same height as the LTP/FTP that is used to define the alignment of
the approach. The origin of angular deviations in the lateral direction is defined to be 305 metres (1
000 ft) beyond the FPAP along the lateral FAS path. For an approach aligned with the runway, the
FPAP is at or beyond the stop end of the runway.

AFPAP latitude: the difference of latitude of the runway FPAP from the LTP/FTP in arc seconds.
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Coding: Positive value denotes the FPAP latitude north of LTP/FTP latitude.
Negative value denotes the FPAP latitude south of the LTP/FTP latitude.

AFPAP longitude: the difference of longitude of the runway FPAP from the LTP/FTP in arc seconds.
Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude.
Negative value indicates the FPAP longitude west of LTP/FTP longitude.
Approach TCH: the height of the FAS path above the LTP/FTP defined in either feet
or metres as indicated by the TCH units selector.

Approach TCH units selector: the units used to describe the TCH.

Coding: 0 = feet
1 = metres

Glide path angle (GPA): the angle of the FAS path with respect to the horizontal plane tangent to
the WGS-84 ellipsoid at the LTP/FTP.

Course width: the lateral displacement from the path defined by the FAS at the LTP/FTP at which full-scale

deflection of a course deviation indicator is attained.

Coding: This field is coded as an unsigned fixed-point number with an offset of 80 metres. A
value of zero in this field indicates a course width of 80 metres at the LTP/FTP.
Alength offset: the distance from the stop end of the runway to the FPAP.

Coding: 1111 1111 = not provided

HAL: Horizontal alert limit to be used during the approach in metres.

VAL: Vertical alert limit to be used during the approach in metres.

Final approach segment CRC: the 32-bit CRC appended to the end of each FAS data block in order

to ensure approach data integrity. The 32-bit final approach segment CRC shall be calculated in

accordance with 3.9. The length of the CRC code shall be k = 32 bits.

The CRC generator polynomial shall be:

G(x) =x32 +x31 +x24 + x22 + x16 + x14 + x8 + X7 + x5 + x3 + x + 1

The CRC information field, M(x), shall be:

b8

r 1 = b &
Mix) = Z my x2%07 = m 2™ + Mo+ g x”
=1

M(x) shall be formed from all bits of the associated FAS data block, excluding the CRC. Bits shall be
arranged in the order transmitted, such that m1 corresponds to the LSB of the operation type field,
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and m288 corresponds to the MSB of the Vertical Alert Limit (VAL) field. The CRC shall be ordered
such that r1 is the LSB and r32 is the MSB.

3.5.8.4.2.6.2 For precision approach and APV operations, the service provider ID broadcast Type 17
message shall be identical to the service provider ID in the FAS data block, except if ID equals 15 in
the FAS data block.

Note.— If the service provider ID in the FAS data block equals 15, then any service provider can be
used. If the service provider ID in the FAS data block equals 14, then SBAS precise differential

corrections cannot be used for the approach.

3.5.8.4.2.6.3 SBAS FAS data points accuracy. The survey error of all the FAS data points, relative to
WGS-84, shall be less than 0.25 metres vertical and 1 metre horizontal.

3.5.8.4.3 Departure, en-route, terminal, and non-precision approach operations

3.5.8.4.3.1 The receiver shall compute and apply long-term corrections, fast corrections and range
rate corrections.

3.5.8.4.3.2 The receiver shall compute and apply ionospheric corrections.
Note.— Two methods of computing ionospheric corrections are provided in 3.1.2.4 and 3.5.5.5.2.

3.5.8.4.3.3 The receiver shall apply a tropospheric model such that residual pseudo-range errors
have a mean value (u) less than 0.15 metres and a standard deviation less than 0.07 metres.

Note.— A model was developed that meets this requirement. Guidance is provided in Attachment D,
6.54.

3.5.8.4.3.4 The receiver shall compute and apply horizontal and vertical protection levels as defined
in 3.5.5.6. In this computation, otropo shall be obtained either from the formula in 3.5.8.4.2.5,
which can be used for elevation angles not less than 4 degrees, or from the alternate formula
below, which can be used for elevation angles not less than 2 degrees:
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L.001
,‘I'D.D'DEIJ 01 + sin={&)

% (1+0.015 ¥ (max{0.4 —8))%) ¥ 012 m

where & iz the elevaton angle of the 1™ satellite

In addition, . . shall satisfy the conditon that 3 normal dismibuiion with zero mean and standard deviation equal o o, . bounds
the emrer distribution for rasidns] aircraft peendo-range emors as fiollowrs:

Jff,mcmizl:z(f‘l forall £ = 0 and
o 4]
¥

¥ ¥
filxjde = Qi=| forall — = 0
J[ i = Q{U:I g
where
f(x) = probability density fonction of the residual aivcrafi psendo-range amor and

O = Lf £ T dt

Nowe — The sandard alloweance for airborne mulnpath dgfmed i 3.6.5.5.1 may be wwed to bound the multipath ervors.

3.5.8.4.4 Recommendation.— For departure, en-route, terminal, and non-precision approach
operations, the receiver should use the broadcast ionospheric corrections, when available, and a
tropospheric model with performance equal to that specified in 3.5.8.4.3

3.5.9 SBAS L5 RF CHARACTERISTICS

3.5.9.1 Carrier frequency stability. The short-term stability of the L5 carrier frequency (square root of the Allan
variance) at the output of the satellite transmit antenna shall be better than 6.7 x 10-11 over 1 to 10
seconds.

3.5.9.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be such that a
phase locked loop of 10 Hz one-sided noise bandwidth is able to track the carrier to an accuracy of 0.1

radian (1 sigma).

3.5.9.3 Spurious emissions. Spurious emissions shall be at least 40 dB below the unmodulated carrier power
over all frequencies.

3.5.9.4 Code/carrier frequency coherence
3.5.9.4.1 For L5, the rate of change of code minus carrier shall be less than 0.5 metres/second.
3.5.9.4.2 For DFMC SBAS ranging satellites:

Note— See 3.5.1.1 and 3.5.1.2 for a description of the smoothing filters to be used for the
requirements below.
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3.5.9.4.2.1 The root-mean-square (RMS) value over 3 600 seconds of the difference between the L5
code pseudo-range and the L5 code pseudo-range smoothed using a 10-second carrier
smoothing of the code based pseudo-range shall be less than 0.200 metres.

3.5.9.4.2.2 The RMS value over 86 400 seconds of the difference between the L5 code pseudo-
range and the L5 code pseudo-range smoothed using a 100-second carrier smoothing of the code
based pseudo-range shall be less than 0.255 metres.

3.5.9.4.2.3 The RMS value over 3 600 seconds of the difference between the L1 code pseudo-range
and the L1 code pseudo-range smoothed using a 10-second carrier smoothing of the code based
pseudo-range shall be less than 0.15 metres.

3.5.9.4.2.4 The RMS value over 86 400 seconds of the difference between the L1 code pseudo-
range and the L1 code pseudo-range smoothed using a 100-second carrier smoothing of the code
based pseudo-range shall be less than 0.19 metres.

3.5.9.4.2.5 L1 and L5 short-term fractional code/carrier frequency coherence. For L1 and L5 signals
broadcast by an SBAS ranging satellite, the RMS value over 3 600 seconds of the difference
between the ionosphere-free pseudo-range and the ionosphere-free pseudo-range smoothed
using a 10-second carrier smoothing of the L1/L5 ionosphere-free pseudo-range combination shall
be less than 0.29 metres.

3.5.94.2.6 L1 and L5 long-term fractional code/carrier frequency coherence. For L1 and L5 signals
broadcast by an SBAS ranging satellite, the RMS value over 86 400 seconds of the difference
between the ionosphere-free pseudo-range and the ionosphere-free pseudo-range smoothed
using a 100 seconds carrier smoothing of the L1/L5 ionosphere-free pseudo-range combination
shall be less than 0.37 metres.

3.5.9.5 Correlation loss. The loss in the recovered signal power due to imperfections in the signal
modulation and waveform distortion shall not exceed 1 dB.

Note.— The correlation loss is defined as the ratio of output powers from a perfect correlator for two
cases:

a) the actual received SBAS L5 signal correlated against a perfect unfiltered pseudo-random noise
reference; and

b) a perfect unfiltered pseudo-random noise signal normalized to the same total power as the
SBAS signal in case a), correlated against a perfect unfiltered pseudo-random noise reference.

3.5.9.6 Maximum code phase deviation. The L5 broadcast signal shall not deviate from the
equivalent SBAS network time (SNT) for DFMC SBAS by more than £2-10 seconds.

3.5.9.7 Code/data coherence. Each 2-millisecond symbol shall be synchronous with every other
code epoch.
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3.5.9.8 Message synchronization. The leading edge of the first symbol that depends on the first bit
of the current message shall be broadcast from the SBAS satellite synchronous with a 1-second
epoch of SNT for DFMC SBAS.

Note.— The SNT time reference is provided by the Type 37 message as described in 3.5.11.5.

3.5.9.9 Convolutional and bi-binary encoding

3.5.9.9.1 Convolution encoding. A 250-bit-per-second data stream shall be encoded at a rate of 2
symbols per bit using a convolutional code with a constraint length of 7 to yield 500 symbols per
second. The convolutional encoder logic arrangement shall be as illustrated in Figure B-24 with the
G3 output selected for the first half of each 4-millisecond data bit period.

3.5.9.9.2 Bi-binary encoding. In addition to the convolution coding detailed in paragraph 3.5.9.9.1,
the convolution encoded 500 symbols per second data channel shall be further bi-binary encoded
such that a “0" symbol becomes a “01" pair and a “1" symbol becomes a “10" pair resulting in a
data channel operating at a 1 kHz rate.

Note.— See Attachment D, Section 6.4.4.

3.5.9.10 Pseudo-random noise (PRN) codes for L5. Each PRN code shall be a 10 230-bit code and be
added Modulo-2 with the navigation message data stream generated in paragraph 3.5.9.9.2.

Note.— Additional information on the PRN code is given in IS-GPS-705F

The initial state for the XA shift register shall be “1111111111111", and the initial state for the XBi
register shall be as illustrated in Table B-97.
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Table B-%7. 5BAS LS FEN codes

AR code advamice
Initigl XB code state {chips}
FRN (T chamell (T chammel)
code mumber {Noze 1 {Noze 2)
120 1101001100010 2797
121 1100011001100 934
122 1000011000101 3023
123 1111011011011 3632
124 0000001 100100 1330
125 1101110000101 4 009
1245 1100001000010 4 867
127 0001101001101 1183
128 1010100101011 3000
129 1111011110100 6217
130 1111111101100 1214
131 OO00010000111 1733
132 11111 100010 1310
133 0011100111011 3028
134 1101100010101 2380
135 0101011111011 841
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AR code advamice

Tnirfal XB code stare fchips)
FRN T chamel) (T chammel)
code rmber {Nase 1 {MNawe 2
134 OOO1 10011011 5040
137 oO01101110111 Taz7
138 11100111 1000 1197
139 01111011111 T 208
1440 COLT 1011 10ak0 g 000
141 111 1001 e LI 152
142 OOO1 1011 10010 & 762
143 0101100111100 3745
144 OO0 10111101 4723
145 1101110110011 5 502
144 CO1I110:011111 4 706
147 1001010101111 123
143 0111111191111 g 142
149 CHOHD L O 1 0e0aH0 L 5091
150 11101101011 TETS
151 1111070010001 330
152 1011010111101 5272
153 COOT 101 1 100 4012
154 OO 101111040 374
155 OIOI0111110:0 2045
154 1110110111010 & 616
157 1101110101011 & 321
158 L TOT000] 1400401 T G605

3.5.10 DATA STRUCTURE ON SBAS L5 SIGNAL

Note.— Messages broadcast for use under DFMC SBAS service are independent from those broadcast
for use under L1 SBAS service. Information broadcast on SBAS L5 signal is used only for DFMC SBAS
service solutions using dual-frequency measurements from core constellations.

3.5.10.1 Format summary. All messages shall consist of a preamble, a message type identifier, a
data field and a cyclic redundancy check as illustrated in Figure B-28.

3.5.10.2 Preamble. For L5, the preamble shall consist of the sequence of bits “0101 1100 0110 1001
0011 1010", distributed over six successive blocks. The start of every 24-bit preamble shall be
synchronous with SNT time of day in seconds Modulo 6 seconds.

3.5.10.3 Message type identifier. The L5 message type identifier shall be a 6-bit value identifying the
message type as defined in Table B-90. The message type identifier shall be transmitted MSB first.
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Table B-28. L% broadcast message types

LT mestage pe Clomrtenis

Q “Dio Mot Use™ — comtent applies to DEMMC SBAS service only

1-30 Spara
31 SBAS satellite mask
iz Satellite clock-ephemeris correcions and CovATIANCS ML
i3 Spara

34 35 346 Integrity information (DFRET and DFFELCT)

i7 Dezradation parameters and DFRET scale able
38 Spara
0 SHAS sapellite clock, ephameric snd covarimce mamix - 1
40 SHAS sapellite clock, epharmeric sand covarimmce mamix - 2
41 Spara
42 SMT-10-UTC offses

4345 Spara
47 SHAS satellites almanacs

48-61 Spara
62 Beserved — content applies to DFMC SBAS senvice caly
63 Mull messsge — confent applies to DFMC SBAS service only

Mo — LI maessages (Table B3] are for use wick L S0AY service ard LS messages (Tobile B-08) are jbr wee wish
DA ARAY sermvior. Tipes 0 62 and' 6.8 sessages are used fadepemdenty &y bodf L§ SRAS and DFMC SHAS sevaces
ard phclr comtenss o'y appdy & thetr servioe

3.5.10.4 Data field. The L5 data field shall be 216 bits as defined in 3.5.13. Each data field parameter
shall be transmitted MSB first.

3.5.10.5 Cyclic redundancy check (CRC). The SBAS message CRC code on L5 shall be calculated in
accordance with 3.9.

3.5.10.5.1 The length of the CRC code shall be k = 24 bits.
3.5.10.5.2 The CRC generator polynomial shall be:
G(x) =x24 + x23 + x18 + x17 + x14 + x11 + x10 + X7 + X6 + X5 + x4 + x3 + x + 1

3.5.10.5.3 The CRC information field, M(x), shall be:

Mx) =% mx™" =mx™ +mx™ +_+m,x"
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3.5.10.5.4 M(x) shall be formed from the 4-bit SBAS message preamble, 6-bit message type
identifier, and 216-bit data field. Bits shall be arranged in the order transmitted from the SBAS
satellite, such that m1 corresponds to the first transmitted bit of the preamble, and m226
corresponds to bit 216 of the data field.

3.5.10.5.5 The CRC code r-bits shall be ordered such that r1 is the first bit transmitted and r24 is
the last bit transmitted.

3.5.11 DFMC SBAS DATA CONTENT

3.5.11.1 Satellite mask parameters. The satellite mask parameters shall be as follows:

SBAS satellite mask: the satellite mask shall be a set of 214 bits such that each bit represents one
specific satellite as shown in Table B-99 and the value of that bit shall indicate whether

augmentation is, or is not, provided for that satellite. It shall be broadcast in the Type 31 message.

Note.— The satellite mask can set up to 92 satellites from the 214 possible satellites available for
augmentation.

Satellite slot number: a unique number representing a specific slot in the SBAS satellite mask (slots
numbers range from 1 to 214) assigned to a specific satellite for which augmentation can be
provided.

Note 1.— The first transmitted bit of the satellite mask corresponds to GPS PRN code number 1.

Note 2.— This parameter is also broadcast in Type 32 messages to identify the satellite to which the
corrections apply.

Table B-08  Satellite slot number assismments

Savellite slor number Arsigmment logic
1-32 GRS PRI
33-137 Besarved (GPS)
38— a9 GLOMASS ID number plus 37
70— T4 Recamred (GLOMASS)
T5—110 Galileo space vehicle identiSer plus 74
111 Feserved ((zalilea)
112 -11%9 Spars
120 — 158 GED SBAS PEM

DEPARTMENT OF CIVIL AVIATION, MYANMAR 278



MCAR, PART-5, ANS SECTION-9, VOLUME |

Satellnte slot number Assiemmient logte
150 - 105 BD'S ranging cpde number plas 158
196 - 207 Feserved
208-214 Spare
Mare . Am SHAS mury owgmers dtferent sess of smiclfees for the provaces of L S8AS service and for the provisios of

DAFRC SHAS sorvice

Mare 2. Reserved mvares thar the slor mosber has nor yer Been assigred ba is planned for assignment io @ spectfic soveilie
corsrellanon

SBAS augmented satellite signals: the DFMC SBAS standards shall allow the augmentation of the
ionosphere-free combination of the following signal per core constellation:

a) for GPS: the GPS L1 C/A signal (as described in Chapter 3, 3.7.3.1.1.8 and 3.1.1.1.1) and the GPS
L5-Q signal (as described in Chapter 3, 3.7.3.1.8 and 3.1.1.1.4). The LNAV data on GPS L1C/A shall
be used in DFMC SBAS position solution;

b) for GLONASS: the GLONASS L1 OC signal (as described in Chapter 3, 3.7.3.1.2.10 and 3.1.2.1.5)
and the GLONASS L3 OC signal (as described in Chapter 3, 3.7.3.1.2.9 and 3.1.2.1.5). The data on
GLONASS L1 OC shall be used in DFMC SBAS position solution;

c) for Galileo: the Galileo E1-C signal (as described in Chapter 3, 3.7.3.1.3.11 and 3.1.3.1.1.2) and the
Galileo E5a-Q signal (as described in Chapter 3, 3.7.3.1.3.11 and 3.1.3.1.1.3). The FNAV data on
Galileo E5a-I shall be used in DFMC SBAS position solution;

d) for BDS: the BDS B1C signal (as described in Chapter 3, 3.7.3.1.4.9 and 3.1.4.1.1.3) and the BDS
B2a signal (as described in Chapter 3, 3.7.3.1.4.10 and 3.1.4.1.1.4). The B-CNAV2 data on BDS B2a
shall be used in DFMC SBAS position solution; and

e) for SBAS: the SBAS L1 signal (as described in 3.5.2) and SBAS L5 signal (as described in 3.5.9).
The data broadcast on SBAS L5 shall be used in DFMC SBAS position solution.

Satellite slot value: binary indication per satellite slot to indicate whether correction and integrity
data are provided for the satellite.

Coding: 0 = data not provided
1 = data provided

Augmented slot index: a number in the sequence of the satellite slot values set to “1” (1 up to 92) in
the SBAS satellite mask.

Note.— The augmented slot index is “1” for the lowest satellite slot number for which the satellite slot
value is “1". Issue of data mask (IODM): an indicator provided in Types 31, 34, 35 and 36 messages
that links the integrity data provided in Types 34, 35 and 36 messages with the augmented slot
indexes in the Type 31 message with the same |ODM.
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3.5.11.2 Satellite clock-ephemeris corrections and covariance matrix parameters. The clock-
ephemeris corrections and covariance matrix function parameters shall be as follows:

Satellite slot number: see 3.5.11.1.

Issue of data navigation (IODN): a 10-bit indicator broadcast in Type 32 messages that associates
the clock and ephemeris corrections of a satellite with the ephemeris data broadcast by that
satellite. The IODN for a given satellite matches with the following information (IODs) broadcast by
the same satellite:

a) for GPS: IODC parameter (3.1.1.1.3.1.4) in the L1 LNAV message;

b) for GLONASS: tb parameter (3.1.2.1.3.1) in strings Type 10, 31, 32 of L10C navigation message;
c) for Galileo: IODnav parameter (3.1.3.1.3.7) in the F/NAV message;

d) for BDS: IODC parameter (3.1.4.1.3.2.4.2) in the B-CNAV2 message; and

e) for SBAS: IODG parameter (3.5.11.5) in the Type 39/40 messages.

Orbit and clock parameters corrections: The orbit parameters shall be defined as follows:

OX(ECEF): ephemeris correction for the X-axis in WGS84 ECEF coordinates;

Oy(ECEF): ephemeris correction for the Y-axis in WGS84 ECEF coordinates;

Sz(ECEF): ephemeris correction for the Z-axis in WGS84 ECEF coordinates;

OB(ECEF): clock offset error correction expressed in metres;
OX(ECEF): ephemeris velocity correction for the X-axis in WGS84 ECEF coordinates;

Oy (ECEF): ephemeris velocity correction for the Y-axis in WGS84 ECEF coordinates;
0z(ECEF): ephemeris velocity correction for the Z-axis in WGS84 ECEF coordinates;
8B(ECEF): clock drift error correction expressed in metres per second; and

tD: time of applicability of the parameters 8x, 8y, 5z, 8B, &x, 8y, 8z and 8B expressed in seconds of
the day (see Attachment D, 6.7.11).

Scale exponent: a term to compute the scale factor used to code the Cholesky factorization
elements.

Cholesky factorization elements (Eij): elements of an upper triangle matrix which compresses the
information in the clock and ephemeris covariance matrix. These elements are used to compute
the user location factor (6DFRE) as a function of user position (see 3.5.12.4.1).

Dual-frequency range error indicator (DFREI): a 4-bit indicator of the dual-frequency range error
(DFRE) value, with range from 0 to 15, with value 15 corresponding to “Do Not Use for SBAS".
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Note 1.— For other values (from 0 to 14), the table defining the correspondence between the DFREI
values and the standard deviation (cDFRE, in metres) is given in 3.5.11.4.

Note 2.— The broadcast standard deviation values (within the allowed ranges as defined in 3.5.11.4)
are SBAS-dependent.

SRCORR: the first order degradation parameter multiplier.

Note.— All parameters are broadcast in the Type 32 message.

3.5.11.3 Integrity message parameters. The integrity message parameters shall consist of:
Dual-frequency range error change indicator (DFRECI): a 2-bit indicator that denotes the integrity

status of a specific satellite identified by its augmented slot index (see 3.5.11.1), as specified in
Table B-100.

Table B-100. DFRECT indicator

DFRECT St

O (00 Unchanged DFEREI

1{=01™) Changed DFREI

2 =10 Argve DFREI walue incressed by ona
E i Dro mot nse this satellite in SBAS mods

Note— For a gnan sateliice, the DFRECT imdicairon “00°, and “107 ahways rglers
fo the last valid DFRET recoived factne DERED for thar sarellite. An acrive DFRET
could ba oy broadoast DFRET thar has not yet omed our. DFRECT “107 mdicaiions
e el CUTHUL A,

Issue of data mask (IODM): see 3.5.11.1.
Dual-frequency range error indicator (DFREI): see 3.5.11.2.
Note.— Parameters are broadcast using one or more the following message types:

a) Type 34 message providing DFRECI for all augmented satellites, DRFEI for up to 7 augmented
satellites and IODM; and

b) Types 35 and 36 messages broadcasting IODM and DFREIls for a maximum set of 53 and 39
augmented satellites, respectively.

3.5.11.4 Degradation parameters and DFREI scale table parameters. The old but active data (OBAD)
parameters and DFREI scale table parameters shall be as follows:

Common OBAD parameters: a set of parameters common to all augmented satellites where

(IVALID)32 is the Type 32 message validity interval;
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(IVALID)39/40 is the Types 39 and 40 messages validity interval;

CER is the step degradation parameter for en-route through non-precision approach applications;
CCOVARIANCE is the clock-ephemeris covariance degradation parameter; and

Degradation equation selector indicates how the degradation terms combine for the dual-
frequency residual error model variance.

Coding: 0 = 8DFRE only multiplies cDFRE, correction residuals are root-sum squared
1 = 8DFRE multiplies the linear sum of cDFRE and the degradation parameters

Specific OBAD parameter: a set of parameters linked to a given core constellation used to account
for the degradation of corrections that are old but still valid, where:

ICORR is the time interval for application of CCORR;
CCORR is the step degradation parameter for precision approach applications; and
RCORR is the first order degradation parameter.

Time reference identifier: a parameter that specifies the GNSS constellation on which the SNT for
DFMC SBAS is aligned, where

“0" is GPS;

“1" is GLONASS;

“2" is Galileo;

“3" is BDS;

“4" is reserved; and
“5","6" and "7" are spare.

DFREI scale table: provides the mapping between the DFREI parameter (see 3.5.11.2) and oDFRE as
specified in Table B-101.

oDFRE is the standard deviation of the residual ionosphere-free clock and ephemeris range error
following the application of the DFMC SBAS clock and ephemeris corrections (Type 32 message) or
of the SBAS satellite clock and ephemeris (Type 39/40 message).
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Table B-101. Evalwation of Gpppy in metres

Facld valie,, 1 ! r 1 L | & T ] ] 1 11 n 1% 1] 1%
Factil walusy,, i | mnn oin | ool wo | mioe 16 | omen | qmm | e | ma | o | v mal | s 1
e DFREI=0 122 | aaEme 2 q | ooy | aaows | oo e ar | osrs | oo | ok m | amm] o 10423
e DFRFI=1 T O T ez | nmy o |1 tem | opa | o | oaa Lz | 1m | emm | oz 1134
e DFREI=2 g 1 02y 7 | oms | am LN T E O T pez | oeme | a2 2| zam
oy DFREI=3 : L el ] T 1 Lz | 1m 1.am 13 Lam | 1T L | 2 1138 | 23| aam
Sy DFRE]=L ALl ™ | amm 16 (WL I - LaTe 14 peas | o1m | Ems 2 rmm | oam 5L -1
ey DFREI=S | o 114 12 (el 10 2 M 11 1T ] 1.2 13 171 1 411 'L
ey IFREI=6 1o | pm L} L 2 28 21 7 1.0 124 18 LT3 4 128 4 7
Sy FREl=T 1z | ous 178 : 233 1 2T 1 118 L1 1.7 4 429 'L a7y 1
oy DFREI=f = ] T L] ] a0 4 T it y
fome IFREI=0 | oz L} L 273 10 L7 1.4 1T F 4z & 47 L] 13y L
Seorge: DFRETS1 g i P 3 i 3 . i &

tmy: DFREI=] L] ] L] T (2] L] 1
Sy DFREI=12 i i o 1 K0 ] ] 12 130 14 1% o] 17 18
oy DFRFI=13 i 2 1 18 1 . n 1l H T 4 i i 1
Sy DFREI=14 W | b u I oo | o 13 LT e T [ & mo |

fmy: DFREI=15 WO KOCHT LISTE THES SA TIO.LI TE [H SISAS MOTH

Note — All paramerers are broadoast in the Type 37 message.

e 3.5.11.5 SBAS satellite clock, ephemeris and covariance matrix parameters. The broadcasting
SBAS satellite clock, ephemeris and covariance data shall be as follows:

Issue of data GEO (IODG): an issue of data indicator that links Type 39 and 40 messages.

Note.— Each message of a paired Type 39/40 message set contains the same 2-bit IODG.
SBAS service provider ID: identifies the SBAS service provider responsible for the signal broadcast
by the SBAS satellite, as defined in Table B-65.

Keplerian parameters: the ephemeris information to determine the ionosphere-free dual-frequency
L1/L5 antenna phase centre location is:

Cuc is the amplitude of cosine harmonic correction terms to the argument of latitude;
Cus is the amplitude of sine harmonic correction terms to the argument of latitude;
Idot is the rate of inclination angle;

a is the semi-major axis;

w is the argument of perigee;

QO is longitude of ascending node of orbital plane at te;

MO is the mean anomaly at te;

I is the inclination at te; and

e is the eccentricity;
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Satellite slot delta: identifies the broadcasting SBAS satellite in Table B-102.

Note.— A satellite slot delta of 0 is used in the Type 47 message to indicate that no almanac data
follows.

Table B-102. Satellite slot delta assisnments

Satellite slor delia Arziemment logic

g Mo SBAS satellite (coding only nsed in Type 47 messages)
1-39 SBAS GEO satellite PEN= 120-158

40 - 43 Spare

SBAS ephemeris time te: time of applicability of the ephemeris message in seconds of day;
clock parameters: provided for ionosphere-free position as follows:

aGf0: clock offset; and
aGf1: clock rate;

scale exponent: see 3.5.11.2;

covariance matrix: see 3.5.11.2;

dual-frequency range error indicator (DFREI): see 3.5.11.2; and

SRCORR: see 3.5.11.2.

Note.— All parameters are broadcast in combined Type 39 and Type 40 messages.

3.5.11.6 GNSS time offsets parameters. The GNSS time parameters shall be as follows:

The common UTC parameters are:

ATSNT: drift coefficient of the SNT scale for DFMC SBAS relative to UTC;

AOSNT: bias coefficient of the SNT scale for DFMC SBAS relative to UTC time scale;
tot: time data reference time of week;

WNt: data reference week number;

AtLS: current or past leap second count;

WANLSF: leap second reference week number;

DN: leap second reference day number;

AtLSF: current or future leap second count; and

uTcC standard identifier (defined in 3.5.4.8).

The validity model parameters of the SNT-to-UTC offset model are:

TOWapp: start time in time of week of the validity period of the information broadcast in the
common UTC parameter field;
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WNapp: week number associated to the TOWapp defining the validity period of the information
broadcast in the common UTC parameter field. WNapp set to 0 means that the WNapp = WNt-1.

WNapp set to 1 means that the WNapp=WNt;

VP: identifies the validity period (time-out) duration according to Table B-116 for the common UTC
information; and

UTC offset status: SNT-to-UTC offset validity status defined according to Table B-103.

Table B-103. TUTC offset statos parameter

LT afffet shans Srare
a Previously received commmon UTC information remains valid, no change
in validity period
1 Previously received commmon TTTC information is no longer valid and
shall oo longer be nsed

Table B-104. VP parameter

P FP duration P FP duration
0 (0007 | day from broadcast 4 (1007 & hours
1 {(0017) | howr 5(*1017) 9 hours
2 (0107 2 hors 6 (“1107) 12 honrs
(0T 4 hors T(*1117) 24 hours

The time-out for the SNT-to-UTC offset information (noted TO42 below) shall be defined as
follows:

a) if VP is set to 0: TO42 = Type 42 message received time + 86 400 s;

b) if VP is set to a value different from 0: TO42 = start time in seconds (defined by TOWapp and
WNapp) + (VP duration) x 3 600.

Note 1.— All parameters are broadcast in a Type 42 message.
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Note 2.— It is not intended that Type 42 messages be used for positioning services with integrity, as
no integrity budget is defined in SBAS system for the time offset parameters.

3.5.11.7 SBAS satellite parameters. The SBAS satellite parameters shall be as follows:

satellite slot delta: see 3.5.11.5;

SBAS service provider ID: see 3.5.11.5;

broadcast indicator: when set to 1, it identifies the almanac data of the broadcasting satellite. It
shall be set to 0 otherwise; almanac parameters: broadcast using Keplerian parameters, where:
a is the semi-major axis;

e is the eccentricity;

| is the inclination;

w is the argument of perigee;

QO is the longitude of ascending node of orbital plane at beginning of week;

0 is the rate of right ascension of the ascending node;

MO is the mean anomaly at ta; and

ta is SBAS almanac time (the almanac reference epoch in seconds of day);

week number rollover count (WNROcount): the number of week number rollovers already elapsed
for the GNSS constellation identified by the time reference identifier at the almanac reference time,
ta, broadcast in the SBAS | Keplerian parameters block of the Type 47 message (see Table B-104).
WNROcount value of 15 shall be used to indicate that the parameter is not valid and will be
updated. The starting time per constellation with respect to UTC shall be:

a) for GPS: midnight between 5 January 1980 and 6 January 1980 (see 3.1.1.4);

b) for GLONASS: midnight between 31 December 1995 and 1 January 1996 (see 3.1.2.4);

c) for Galileo: 13 seconds before midnight between 21 August 1999 and 22 August 1999 (see
3.1.3.4); and

d) for BDS: midnight between 31 December 2005 and 1 January 2006 (see 3.1.4.4).
Note 1.— All parameters are broadcast in a Type 47 message.

Note 2.— The Type 47 message provides the capacity to transmit the SBAS almanacs parameters of 2
SBAS satellites.
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3.5.12 Definitions of protocols for DFMC SBAS data applications

Note.— This section provides the definitions of parameters used by SBAS (non-aircraft and aircraft
elements) that are needed to compute the navigation solution and associated integrity (protection
levels).

3.5.12.1 General information for DFMC SBAS data protocol

The conventional values to be used for the computation of the earth-fixed coordinates of the SBAS
space vehicle antenna phase centre shall be:

m = 3.1415926535898 (ratio of a circle’s circumference to its diameter);
i =3.986005 x 1014 m3/s2 (earth’s gravitational parameter);
Qe=7.2921151467 x 10-5 rad/s (earth’s rotation rate); and

c =299792 458 m/s (speed of light in a vacuum).

Note.— The values of these parameters are not broadcast by SBAS but use of the correct values is
necessary to ensure interoperability between different SBAS implementations.

When computing a time difference (t-t0) where the reference time t0 is expressed in the SNT
(such as tD broadcast in Type 32 message, te broadcast in Type 40, ta broadcast in Type 47
message), the time t used in 3.5.12 shall be expressed in the same time frame considering the
conversion elements in Table B-105.

Table B-105. Conversion from a core constellation reference time to the SNT

P i ey T
t--\.'\-|-." t'“"" :l'\'\."| =Tj
JaMT=a] __ JSFsl]
. GRS — g = HFT) — AHLE : ' =t = 145
ﬁ + 10 50 5
g
o t'.'.l-u::.-.l.wt“ } (EHT=d) RNT=F) _  GLONASST) £ T=i —¢ LimadaTy
: GLONASS N R roo=t + , ,
) + Atls = 10400 s — gty AtlS — 100 5 + Atls = 104 5
F
ﬁ (=t ST
= - CEHT=y _ (4T SHE=Y) _ T} <
[ {ralilen - - = =0 — AtLE t =t — HET) — 145
E + 1 Bl0 5
L=
Q gla=a1 RET=1] _ HEET) — =) -
6: BOS o . i = o L
=t 14 AHLE +10 800 5 — ol = 14 g
MNode I.— AL s computed throwgh core consiellarion tefarmarion
Noge 2 Toble 8105 desoribes how fo comverr o nme of doy H985T) apneecsed in ome off the GNES cone comsteliafion reference
fimes (o @me of dioy B0 expresnad in the SNT specified By the ome referenceidengfier L
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3.5.12.2 Determination of SBAS satellite position based on its almanac.

The following parameters described in 3.5.11.7 shall be used in the computation of the SBAS
satellite position based on its almanac:

ta: SBAS almanac time (the reference epoch of the almanac (s) as a time of day);

a: semi-major axis (m);

e: eccentricity (dimensionless);

MO: mean anomaly (rad) at ta;

w: argument of perigee (rad);

I: inclination angle (rad);

QO: longitude of ascending node of orbital plane at beginning of week (rad); and

0: rate of right ascension of the ascending node (rad/s).

The computation of the SBAS satellite position shall be made for the epoch t, expressed in the SNT

frame for DFMC SBAS. The "almanac reference epoch” shall be broadcast as a time of day through
ta. The SBAS users shall account for the truncated nature of the ta parameter.
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351221 Computston of e mean anomaly (4)
The maan anomaby (M) at the epoch ¢ shall be computed as;
M, =M, + 0,4

where

A=t-ta

Note.— The SBAS user needs to enmure thet { and 1, have the same itme rgferance whan compuning 4i. Since the broadrast
paramtar &, 15 a fime qf day, comarsion i3 neaded to account for day or week chamges,

3512122 Computstion of e ecceninic anomaly (E:)
The eccensic anomaly (E) for epoch t shall be computed solving the equation:
M, =E, —esinE,)
Note.— Thiz equarion may be sofved by iteration.
351213 Computstion of the arzument of latitnde (%)

The argument of latiuds (%) for epoch t shall be computed as:

¢|='|.'|+|I|
whete v, 5 the tree snomaly &% epoch t

1+e E,

v, = 2 X atan J|E m::{?lj
351224 Computston of e coordingtes in the orbital plane (xj; ¥1)
The coordinztes m the orbital plane (x;; v,) for epoch t shall be computed zs:

%, = T,C059,
j'rl: = rISEr'¢I

where 1, is the orbit rading at epoch

r,=ax [1—ex cosE,]]
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351225 Computstion of the space vehicle fixed earth’s coordinates (x; yi; 2
The space vehicls fived earth’s coordinates (x;; ¥; ) for epoch 1 shall be conputed as:

x = (xeos 0 ) — (weosksin @)
Yo = (msin @ ) — (yeoslees 0 )
z, = y,sinl

wherte £, is the corrected longimde of the sscending node at epoch -
0, = 0, + [(8 - 0,)4] — (Qtow)
and typow 15 1, expressed in seconds as 3 tme of week (or elapsed fime since the beginnimg of the almanas: week),
35113 Determinstion of SBAS satellite posidon based on its ephemearic

The following parameters, descrbed m 3 5.11.5, shall be nsed in the computstion of the SBAS satellite posigon based on its
ephemaris;

t. S5SBAS sphemen: fime (the refarence epoch of the ephemeris (=) a5 3 time of day);
3 sem-major s (m);

g eCCenmicily (dimensiomless);

My mean anomealy (rad) at t;

o  argument of perigee (rad);

I  inclinstion angls st €. (rad);

Ly rate of inclination angls (Tad/s);

{1 longimede of the ascending node of crbital plane at t. (rad);

(- amplimde of the cosine harmomic correction to the arpument of latmde (rad); ad
(o amplimde of the sine harmonic commecton to the argument of latmde (rad).

The compuiation of the SBAS satellite position shall be made for the epoech £, expreszed n the SWT fame for DEMC SBAS
The “ephemens referance epoch”™ shall be brosdcoast as a ime of day through t.. The SBAS users shall accoumt for the tumcated

nanre of the {, parsmeter.
351231 Computztion of the mesn mmomaly (M)
The mean anomaly () at the epoch t shall be compated as:

M= M+,
where

&=t-1

Note.— The SBAS user needs to ensure that ¢ and 1, have the same ime rgferance when compuiing At Since the broadcast
parameter t, 15 @ e gf day, @ comversion i3 needed to account for day or week chiamges.
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351232 Computation of the ecceniric anomaly (E:)
The eccentric anomaly (E;) for epoch t shall be computed solving the equation:
M, =E,—esin(E]
Note — Thiz equation may be sohved by iteration.
351233 Computation of te arzument of lagmde (£,
The eccentric anomaly (%) for epoch t shall be computed as:
f=v+o

where v is the true snomaly at epoch t-

351234 Computation of the comected argument of latimeds (u)
The comected argument of latituda (u;) for epoch t shall be computed as:
= g+ bl
where fu, is the srgument of latde second harmonic pernohation st epoch €
Bu, = [C,,sin(2¢,)] + [Cysc0s{29,)]
351235 Computstion of the coordinates in the orbital plane (x; ¥
Thie coordinates in the orbital plane (x}; v,) for epoch t shall be computed as:

X, = F,CO51,
Vi = T,Simu,

where 1, is the orbit radins at epoch
n=a[l4ecosE]]
351236 Computation of the space vehicle fixed earth’s coordinates (x; i 2)

The space vehicle fived earth’s coordinates (%; ¥; &) for epoch t shall be conguted as:

% = (xjcosfl,) — (y;cosi,sinfl)

¥i = (xmsndk) +I'.JLFu5]lmnt}

2y = sy

where £, is the comected longitde of the ascending node at epoch t

0, =y — (B4,
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and i is the comected inclination for epoch -
=1+ {Taed)

Note I — The Sagnac correction (earth T rotation) needs fo be raken e acoount.

Note 2— The rate of vight ascension of the ascending node i assumed fo be zemp.

35124 SBAS DFMC navigation solation

Nowe— 3.5.114 provider formulas for the JBAS DFEMC navigation solufion of an SBAS pysem mupmenting two core
constellations, Constellafion 1 (C1) and Constellation 2 (C1l. Whan the mumber N of constellation: bempg augmenied =
differant from 2 (N=I, 3 or 4}, the siz¢ of & and of X will need to vary accordingly. Addifional imformation & available m
Attochment I, 6.7.12.
The weizhted least square navizstion solution takes the following form:

E=(GT-W-G)-GT-W-Y

wheare

a) ¥ is the weighted least square estimate of the ermor in the estimated location of the user shout which the linearization
hess been mada:

X=[n v, & cley, egcs]
where
t; 19 the clock biss of the recatver in seconds with respect o Constellation 1 reference fme; and

e 15 thie time differsnce observed by the recefver in seconds between the reference constellation 2 and the constellation
1, mamiedy tepcs =ty ey

Note — Thiz iz one possible implementation. 4 second mplementation & described in Afachment D, 6.7.12.

b i the P-dimensionsl vector contaming the comrected ionosphere-free psendo-range measurements PR cmeet, mims
the expected mogzing values based oo the location of the satellites and the esumsated location of the wser (20, where

Pris the oumber of satallites used n the navigaton soluton;

PR, comectay 15 the comrected lonosphere-fres psendo-mnze messurement for the satellite 1 compuied a: specified in
3.5.1.2 with the parameters a5 follows:

by, defined in 3.5.1.2, i 5BAS comecied clock:
by = = (8ltgy; + Atgy);

Glttgy s the time emor estimate af time ¢ compated with the parameters described in 3.5.11.2 a5 follows:
e+ §Atsy; = BB + BBt —tp);

Atgy Is the satellite tme correcton described n3.5.15.1.1.2; and
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1y 15 the reference time of the corractions.

The zatellite position ermor comection vector [Gaf), Bw(t), tz(t)] shall be expressed in the WiG5-84 ECEF coordinate
frame s follows and shall be added to the satellite coordinate vector [=(t), Wi, =]

Gx(t)] rox
Gy(t) :\E}' +
gz

Bz(t)

[V
Gy (£ —ty)
&5

with 6x, Gy, B2, 6% 67 and 5% defined In 3.5.11.2.

Note |.— The SBAS wer needs to ensure that ¢ and tp have the same tme rgference when compuring 1-ip. Sice the
broqdeast parameter fy (5 a me of day, a comarsion i needed to account for day or week chavgas,

Note 2. —In case of SBAS ramging, for the SBAS ionosphere-free measuremenis of the IBAS providing the correction and
iy mfbrmaion, the fme arror esttmate SMy, & oero as there is no correction provided for iz satelliie.

¢} s the ohservation matri:
Gy = [—cosE], - sinAz, — cosEl, - cosAz, — sinEl, 1 ny] = i*'row of G
where
El, is the elevation for satellite i after comection of it positon using the parametars described in 3.5.11.2;

Ag; 15 the azimuth for satellite i after correciion of ifs positon using the parameders mansmitied described n 3.5.11.2.
The positive sximuth is defined clockwise from Morth; and

L, is 17 if zatellite is part of reference constellaton C2 or <07 if it is part of C1.
For SBAS ranging satallite: o is 07 if C1 is GFS and o, is “17 if C2 is GPS.

Note | — The DFMC SBAS signdard: have ne provizions for the augmeniaiion gf DFMC SBAS ranging sienals from other
TErvice providers.

Note I.— If SBAS ramzing 15 provided by the SBAS mnd if the 5845 iz not augmentig GPS, the S5AS range tme gfftet
needs to be sohed By mroducing an additonal unknewn in the ebservarion marrix ar axplamed in Anachment D, 6.7.12.1.

d) W isthe weizhing matrix:

0 0
W 0
P
where
w; = 1/a;
S = O pc T Oirapa T Glatr or T Olsem’

0 - 15 the model variance for the residual emror associated to SBAS comections for satellite i, s defined in 3.5.12.4.1;
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0 prupe 15 the model variance for the roposphere residual eror for satellite i, as definedin3.5.84.2.4 and 3.5.8.4.2.5;

O, o 15 the model varistion for the combined measurement nojse and multipath residual ermors applicable to the

ipnasphere-free combinadon of dusl-Tequency range measurements (3ee 3.5.15.3.4.1) for satellite i; and
07 | 15 the mode] variance for the ionosphere-free residual emror for saellite 1, 8s defined in 3.5.15.3.4.2.
3151241 Computstion of the model variznce for the residnal error associated to SBAS cOmections o7 ..

Note.— The following calauations are done for each savellite. For comvenience, the tndex | wsed fn 3.5.12.4 was removad
Jrom the equeations.

Thie user lecation factor (bopre) shall be obtained via the cdock-ephemeris covariance matrix C as follows:

C=R'R
where
Eig By Es By
R = plscale expanent-5) — g E‘EIJ gjj E::
0 0 0 E
then
Spene = YITCI+ ¢
where

I isthe 4-D line of sight vector from the wser 1o the satzllite in the WiG5-34 coordinate fame where the frst three
comnponents are the unit vector from the user to the satellite and the fourth component is 1;

& is derived from Coovanance (defined in 3.5.11.4) as:
Ec = Coovaniance X 2% eponent=5; ang

scale exponent is defined in 3.5.11.2 and is oansmitted through Tvpe 32 messages for core constellztion satellites and
Type 40 meszages for SBAS satallites.

The mode] variance for the residual ermor associated to SBAS comections (ofs:) at the time t shall be compuated using the SBAS
comections parameters described n 3.5.11.2 (for core constellations sarellites) and 3.5.11.5 (for SBAS satellite) associated fo
the OBAD parameters described in 3.5.11.4 based on the broadcast depradation equation selector as follows:

"0°: Ofipe = Ohpne X Ofirne T Efonn T Efw
nge I —_ i aF ] rd
1" Sppe = (Toene + Econn + Ex0)” ¥ Eipne

—Loomm .
[—] Ceomr T (t — troar)
CORR

{RI:IZIEH::]“ )

E-Lm:t = 1 m] D

OLFRE 15 the standard deviation of the residual ionosphere-free clock and ephemeris range emmor as defined in 3.5.11.4;
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Erdikh

Lo

Tevins:

Coons:

(Boosn)av

is the degradation parameter for comectons;

is the degradaton parameter for en-routs thronsh noo-pracision approach applications. It shall be equal to 0 if the
comecdons have not timed out for approach applications (APV-I or Category I). It shall be equal o O (ses
3.5.114) if amy of the corrections or the DFREIDFRECT (i e information broadcast in a valid Types 32, 34, 35,
38, 30 and 40 messages) have timed out for approach application bat are 1l valid for en-route tronzh noo-
precision approach applications;

is the time of applicability (the start of the epoch of the ST second that is coincident with the transmizsion by
EBAS of the first bit of the message block) of the latest satellite or SBAS clock-ephemenis comection information

recaived mappins with the satellite ephemearnis;
is the time imtarval for application of Cooes (see 3.5.11.4);
is the step degradation parameter for precision approach applications (ses 3.5.11.4);

is the satellite specific degradation factor computed from RCORR (see 3.5.11.4) and GReowe as in 3.5.11.2 (for
the snzmented satellites) or in 3.5.11.5 (far SBAS):

if - tooap < Lovan, ten (Reoeedsy = ReowwOR conn

if - tooan # Loopn, e (Reore)sy = Reoww; and

|x] iz the greatest ntager less than or equal o x.

35125 Protecton level caloulation

For a genaral least-squares position solution, the projection maimix 5 shall be dafined as:

Sgasr Seast " Fagarp
Smaith]  Snemkl = SnenkP
5=| 5ua Sz ~  Syp |=(GT-W-G)'-GT-W
5::,.1 5::,1 S'Lc.-P
Segopd  lpgrgd = S P

& is the oheervation matrx dafined in 3.5.12.4; and

W is the weizghting mairix defined in 3.5.12.4.

The horizontal protection level (HFL) and the verical protection level (WPL) shall be computed as follows:

HPL=Esd g
VPL=Kpadu

6. 18 for en route through non precision approach nperatl-:ms

Ky = {Eﬂ for APV — [ and Category [ operations

Kl,l_r',i, = 533:
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B 15 the eror uncertainty along the semi-major axs of the emor ellipse defined as

d _ |d3aﬁt +d:2|-c-1-_"| ¥ | st _'iﬁ-:hrth i
major — \l 3 y 2

+ Idf:ri;

dy; 15 the vanance of model dismbution that overbounds the true emor distmbution n the vertcal axs defined as:

2 _vF _Z I
di = i=150 T :

whare
d2,e 15 the vanance of model distibution that overbounds the tue error distribution in the east axis:
dg:.'r = Ely—l 5|:3;|r.| U‘.E
d2 .y, is the vananee of model distribution that overbounds the true error distnbution in the north axis:
d‘l?lol'th = Ely—l jﬁ.n:th; I:rll'
dyy 15 the covanance of model distnbution i the east and north axs:

— %P - 2.
dey = E.-L SeastiFnorth,i Ty :

Siegmiy 15 the partial derivative of positon error in the east diuection with respect to the pseudo-range ervor on the
i o
1% zatellite;

Simeeti iy 15 the partial dertvatrve of posibion error m the north direction with respect to the psendo-range emor on

the 1* zatallite:

515 15 the partial denvative of position error in the verical direchion with respect to the pseudo-range amor on
the 1™ satellite: and

oi 15 defined in 3.5.12.4.

3.5.13 DFMC SBAS MESSAGE TABLES

Each SBAS message shall be coded in accordance with the corresponding message format defined
in Tables B-92 through B104. All signed parameters in these tables shall be represented in two's
complement, with the sign bit occupying the MSB.

Note 1.— The value of every parameter contained in a DFMC message is computed as follows,
considering that fieldvalue is the decimal value of the binary number, after two's complement
transformation if specified in the description column of the table:

« if the parameter is coded as two's complement: parameter = fieldvalue*scalefactor; and

« if the parameter is not coded as two's complement: parameter = offset + fieldvalue*scalefactor,
where the offset being specified in the comment column if different from the effective range

minimum.

Note 2.— Reserved bits in DFMC messages can take any value.
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Table B-104. Type 0 “Do Mot Use™ message broadoast on LS

| Effective ramge
Secdon Name Langth Scaile frcior min T Linir Commanr

Peserved Pesemved 116 - - - -

Nowe 1. — This message i the equivalent of the L1 SBAS Type O message bur with applicanon for the meszages broadeass
o DIFMC SBAS service only.

Note 2— When this message & broadeast, i mdicates that the signal does not support safen-af-ioe operaiion. SRAS may
broadoast the data feld of any message pe in each Type § message.

Table B-107. Type 31 SBAS satellife mask

Effecive range
Scale | e
Section N Length | finctor | min T Lt Clommmant
Satellite slot . R R
e 1 1 1 0 1 - Bit for 1st GRS sasllie
1o satellite slog . . .
- her 32 1 1 0 1 - to bit for 32nd GPS satellite
Satellit slot 1 1 D 1 i GPS reserved. bt |
muanaher 33
to satellitz ot 1 1 o | 1 i to G reserved. bit 5
MUImNer a1 i
Satellite clotmumber 38 | 1 1 D 1 i Bit for 1 st GLONASS satellite
fo satellite siot 1 1 D 1 i to bit for 32nd GLONASS satellite
muanber 59
GLONASS —
mask Satellit slot 1 1 D 1 i GLONASS resarved, hit 1
manaber 70
to satellitz ot 1 1 o | 1 i 10 GLONASS reserved, bit 5
OUmer /=
Satellit slot 1 1 D 1 i Bit for 15t Galileo satellite
ML /2
mask fo satellie ot 1 1 D 1 i 10 hit for 36¢h Galileo satellite
mmber 110
Buﬂ]:lesllum.u:'m]'.ll 1 | 1 | 0 | 1 | - | Galileo reserved
Satellit slot 1 1 D
mmher 112
Spare -
fo satellie ot 1 1 D
mmrher 119
SBAS Satellite shot 1 1 D 1 i Bit far 15t GEO SBAS satellite
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Seale | Effectve nange
Section N Longth | fcor | mim I Lhnit Cammarnd
mask mummber 11
s 1 1| o | 1| - to bit for 30t GEO SBAS satellite
e 1 1o || - Bit for 15t BD'S satellite
BDS mak ——
fo suellte Satmumber | 1o | 1| - to bit for 37 BDS sassllite
mi‘; 1 1 o | 1 : reserved. bit |
mﬂi“i*ﬁa‘“‘ 1 1 o | 1 i to reserved, bir 12
Satelite sloc
mumber 208 1 ! ¢ . i
Spare —
to satalliia <ot 1 1 o | 1 i
mumber 214
10D IOTM 2 1 o | 3 -

Note.— ANl parametars are dgfined in 33111

Table B-108. Type 32 satellite clock-ephemeris corrections and covariance matrix
Scale Effective range
Secrion Name Lemgrh | fhctor min T Linir Commmgrr
Crifset i= 0 and coding ramze (0 to
511) excesds the effectve rangs
Safellite kot . Coding of 1 comresponds i
Messazphaader number g 1 1 4 B sanzllite shot mmber of 1.
CF The effective range is defined in
Tahle B-29
OO 10 1 0 1023 -
- 1 0.0625 64 63.9375 m Coded as twa's complament
BY e | 1 |oosss| 64 | 638375 | m | Codedaswo's complement
| [ — | 1 |':].D-515| 54 | 639375 | m | Coded as two's complement
':”b“l | @ucn | 12 |omszs| 84 | 38875 | m | Codedas two's complement
| e | 8 | rv | 00625 | 006201171875 | mis | Coded as twos complement
| @ | 8 | zv | 00625 | 006201171875 | ms | Coded as two's complement
| Bpor, | 8 | rv | 00625 | 006201171875 | ms | Coded as twe's complement
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Scaie Efictie ronze

Section Neme Langrh | factor min i Dinir Commgnr
&Bir, g y 00835 | 0062255850375 | ms | Coded as two's complement
- 13 16 0 86 384 5 Eﬁﬁiﬁémﬂﬁ
Ei | g | 1 | 0 | 511 | - |
Ez: | g | 1 | 0 | 511 | - |
Es | ¢ | 1| o 511 | - |

{Covariance Eas | ¢ | 1 | 0 | 3l | B |

parameters Eyz | 10 | 1 | 512 | 511 | - | Coded as two's complement
Es | 10| 1 | 41| 511 | - | Codedastwo's complement
Ew | 10| 1 | 4n | 511 | - | Codedastwo's complement
Ezs | 10 | 1 | 512 | 511 | - | Coded as two's complement
B | 10| 1 | 41| 511 | - | Codedastwo's complement
Ess 10 1 512 5l - Coded as two's complement

Fusegrity DFREI 3 1 0

paTAmeteTs

&R.coms R‘}’ﬂ‘“&f” 3| 18 18 I

Note 1. — Thiz message coniaing the cormection parameters for a single satellite idenijfied by the saiellite slod parameter.

Note 2— All parameters are defined in 3.5.11.2
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Table B-10%. Type 34 integrity information message

Scaie Effective range
Section Nime Length | fhctor i T Uit Comimgnr
DFRECT] 2 i 3
DFRECT
to DFRECT 92 2 i 3
LFREI] 4 i 5
DFRE
to DFREI 7 4 i 15
Bazaryed Razerved 2
[H] I0DM 2 i 3
Note | — DFRET iz dgfined in 3.5.11.2
Note 2— QDM is dfined m 3.5 11.1.
Note 3 — DFRECT iz defined i 3.5.11.3.
Note 4 — Soe Atackmens D, 6.7 14 for fiother mundance.
Table B-110. Type 35 integrify information message
Scale | L ne
Section Nare Longth | fncior i I Uit Commmant
DFREL ] 4 1 i 13
DFREI
to DFREL 33 4 1 i 15
Faserved Fesamved 3 - -
10D [OTM 2 1 i 3

Note 1.— DFRET iz dgfined in 3.5.11.2.

Note 2— IODM is defined m 3.3.11.1.
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Table B-111. Type 34 integrity information message

Seale | Effective range
Section Namg Length | factor MR M Uit Commant
DFREI H 4 1 0 13
LOFEH
to DFREL 92 3 1 0 15
Spare Spare 56
Feserved Beserved )
10D 0T 2 1 i 3

Nogte | — DFRET fs deffned in 3.5.11.2.
Noge 2— IODM i defined m 35111

Nowe 3 — See Attackmeny D, 6.7 14 for firther suidance.

Table B-112. Type 27 degradation parameters and DFRET scale table

|£ﬁr.:wrmigw
Sectom Name Lagmgrh 5ra.’qﬁmr| min | I Uit Commgmr
(Tyarin)n | ] | 1} | 0 | 4408 | H |
Capmon OBAL (Tvaran)ves | & | 5 | 30 | 4038 | |
parAmters Co | 6 | o5 | o |35 | m |
Crovamanc 7 0.l i} 127
Tocas 5 5 | s
R Cowe | 8 | 001 | 0 |25 | =m |
) B g 0.2 0 51| mms
GLONASS Lous 5 b 0 216 H
ORAD Cocen | ¢ | om | o |25 | m |
PAMLERT: Rccues g 02 g | 51| mms
Tooas: 5 5 0| s 5
Gt ORAD Cooms | & | 000 | 0 |25 | m |
) B g 0.2 0 51| mms
Tooas: 5 5 | s 5
]?D“’B"”E | Com | &2 | om |0 |25 | m |
F— | g | 0.2 | 0 | 51 |Jr_n:.5
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|£1‘.‘br.'_'wr.:n-igw
Secton Name Iength | Scalefoceor | min g it Commgnr
Loons 5 5 w | 16 | s
Em Cowa | 8 | 001 | 0 |25 | m |
Fcons 8 0.2 0 51 | mms
Loons 5 5 w | 16 | s
Rﬂmﬂfc Cona | ¢ | o0 |0 |25 | m |
Broien ] 0.2 0 5 s
Gurw: DFREL =10 4 00625 | 0125 | 10625 | m
Guw:DFEEI=1 | 4 | 0125 |025 | 2135 | m |
Gww:DFEEI=2 | 4 | 0125 |0375| 225 | m |
Guw:DFREI=3 | 4 | 0125 | 05 | 2355 | m |
Guw:DFEEI=4 | 4 | 0125 |0&s| 15 | m |
| oon:DFREI=5 | 4 | 0235 |07 | 45 | m |
| owwDFREI=6 | 4 | 0235 | 1 | 475 | =m |
DFRELscaletible| Gom:DFREI=7 | 4 | 035 |13| 5 | m |
| GowwDFREI=8 | 4 | 025 |15 | 3535 | m |
G DFEEI=0 | 4 | 025 |17 | 55 | m |
s DFREI=10 | 4 | 05 | 2 | 85 | m |
G DFREI=11 | 4 | 05 |25 | W0 | m |
G DFREI=12 | 4 | 1 | 3 | 158 | o |
s DFREL=13 | 4 | 3 | ¢ | & | a |
G DFREI=14 | 4 | 6 | 10 | 100 | m |
Timw rof ID Ti:"[;::r" ‘ 3 ‘ 1 ‘ 0 ‘ ‘ ‘
o e
Sarmatas Salactor
R N NS B R R

Note— All iformanion 5 degffmed in 3.5.11.4.
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Table B-113. Trpe 39 SBAS satellite clock, ephemeris and covariance matriz - 1

| Effective range
Section Neowa ; Secalefbcior min M Uit Comment

(Offset iz 0 and coding
ramge (1o §3)
enceads the effertve
range
Coding af 1

Meszage COITEspands t
headar safellite slot delin of 1
See Table B-102

Satellite slotdalta| 6 1 1 39

I0DG |

()
[
L=
Lid

SHAS provider

[
[
L=
[P

xw X s al =10 Codad as twa's
<10 e < (127 B Complement

Ex 1 — md = 10 Coded as two’s
G 19 10 -ul = 10 (129 rad —

- T = 3 - - Coded as two’s
- ey 17 Tl = 104 T « 0 = (1-231 | d's
Orog oot - « 1 el W x 10r% x (1-2%) complement

Coded as two's
complemeni

Coded as two™s
Complement

Coded as two™s
complemeni

Coded as two’s
complemeni
) Q.o -202 76506 107 766.08 m qf_l:-:_l:ngfnge“ .
Clock [-333 34 3210 335
34430 encesds the
effective rmze
Coded as two's
complemeni

f
.y

ba
LA

pATAMSErS

B 16 4= 10 -1.3107 1.31068 ms

[}
(=]

]
[ =]

Note 1 — All imformation is defined im 3.5.11.5.

Noge 21— 3.5.0.6 Imits agp fo =202 766,07 m.
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Table B-114. Type 40 SBAS satellite clocl, ephemens and covaniance matrix - 2
i | Effective range
Scaie
Section Name | Lensth | flemwr min M Uit Comment
3‘]’1:3;:“ 10DG 1 1 0 3
I B3| ge® 0 2ol | md
Orbi
parameters : 30 1 0 1™
2 31 oz | 6300 |s03106m04 | m
SBAS o R
ephemeris . 13 16 0 26334 ; ;ﬁﬁ:ﬁhﬁf
o :
eéc-nl:..;:t ! 0
E. [ ¢ | 1 | o | m | -]
E. | o | 1+ | o | sm | - |
Ex [ o | v | o | s | -|
_ Ee [0 | v | o | s | -|
Covariance
prmses | E: | 10 | 1 | s | osm | - | Codsdastw's complemen
E, | w | 1 | -1 | su | - | Codadastwo's complemen
E. | W | 1 | s | su | - | Codedastwo's complemen
Ex | | 1 | s | su | - | Codedastwo's complemen
E. | W | 1 | s | su | - | Codedastwo's complement
E:4 10 1 12 511 - Coded as two's complement
__I“"!?ﬂf-": DFREL | 4 1 0 15
BBccmn R"':.:'k“ 18 18 1
scale facior
Spare Spare I 0 1
Note ].— DFRET and &R are dafined in 3.5.11.2.
Note 2— All other igformation iz dgffned m 3.5.11.5.
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Table B-115. Trype 42 GNEE time offsets

| Effective range
Soie
Secrion Neame Longth | fheror mHin M Lmir Comment
Drifi coefficient of SBAS tme
Assnr M 2= - I (Fn])* 2 8l scale melative to UTC time scale
{coded as two's complement)
Biss coeffident of SBAS fime
Agsnar 33 = -2 2= 5 scale relative to UTC time scale
(codad as twao's complement)
Time data reference fime of wesk
i ! 3 604 0 G071 200 5 Coding ranze (1 1o #18 000)
eceads the effective rangs
weo| o8 | 1| 0 155 | wesk | Time dam reference wesk mumber
Dis g 1 18 137 : {urrent or past leap ssoond count
Common UTC - = = (coded as two's complement)
Parameters I
W | 8 I o 135 wesy | LEap second reference week
mmher
Leap secomd reference day mumber
Orffzet is 0 amd coding range (0 to
DN 3 1 1 7 day T) emcesds the effective range
Coding of 1 comespond: to DI of
1
: "- (Cumrent ar fisurs leap second coumt
D ! 1 -128 127 5 {coded a5 two's compl \
UTC
standard 4 1 0 15 - UTC sandard identifier
idenfifier
UTC offee : s .
EalE 1 1 0 | - SWT-0-UTC offset validity stanas
Validity period refersnce dme of
. . . wesk
Validity period | 0w | 8| 360 ¢ sL 3 * | Coding rangs (0 0918 000)
m eneads the effective rangs
Walidity period reference week
Wy 1 1 1 1 - mmher
relamve o Wi
VE 3 1 1 7 - Validity period duration
Spare Spare &7 ] - - -
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Table B-114. Type 47 SBAS zatellite almanacs

) | LT Fange
Scale
Section Namw Lomgmi | factar min il it Clommmans
(Offsst &= 0 and coding mnz= (0 to
63} excesds the effectve mngs
Satellite slot delta 6 1 b Coding of 1 comespands to satallits
header Se Table B-10
SBAS movider D | 3 1| o | =m
Broadcast 1
mdiratar
3 16 G50 370000 | 4B067 750 m
8 B r i (906003 75
Bz | 0 |xen2w |ma
TBAS T @ 14 | g=2" - (11 | md Coded as two's complement
Eepleran
[ammeters #5 14 [ g=2" -n xx (119 | md Coded as two's complement
f B 1=010® [-128«10 | 127107 |mds Codad as two's complement
M, 15 [ gapm & pe(l | m=d Coded as two's complement
L 6 | 1300 0 34 500 ; | Codnenmee(ioll f,jg'
Cinding range (0 to §3) exceads the
effective mnze
Saellite ot delfa | 6 1 0 £l Coding of | comesponds to satellite
SRAST 5Lmd.£‘l:|-:|f_]1
header Ges Tahle B-102
SBASpovigerD | 5| 1 o | =
Hroadrast 1
mdicatar
a 146 650 §3T0000 | 48047 730 m
8 ! -8 0 [ 20600375
13 [ qge1® 0 =X | md
SBAST
Eeplerian @ 14 | z=2" % (12 | md Coded 2 two's conplement
[RTAmeters
Q0 14 |a=2" % (12 | md Coded 2 two's conplement
a g =107 |-128=10 127007 | mad's Coded as two's complement
M 15 [ gapw X Tl | Coded 2 twve's conmplement
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ol Efgcing ranes
i
Secrion Nama Lemgrh | facvor min I Uit Clomomans
Coding range (0 to 113 400)
Tﬂ ¢ 800 o 54800 emceeds the effective range
WH 15 indicates that the parameter iz
Count
Note I — SBAS zevvice provider identjfiers are degfined m 3.5.11.5.
Naote 2.— All other parameters are dgfined tn 3.5.11.7.
Table B-117. Reserved
Table B-118. Type 63 noll messaze broadeast on LS
Effectne Ronge
Scale
Secrion Name Lamerh Jactor ™in Y Linir Commans

Fzsarved Fesarved 15 - - -

Note — The null mezsage = used as a filler mezzage [f no other messaze is available for broadeaszt for the one-second rime

zlor.
Table B-11%9. L£ message data time-out intervals
Assaciated Maamum update En-route. terminal, Precizion approach,
Dyara MELTAEE [VPEs interaal NPA rime-out APV rime-out

“Dia Mot Tza™ 0 Gs HA MIA
Satellite mask 31 120 s &00 = G600 s
DFEEI or DFEECT 32 s 185 12 s

34 Gs 185 12s

35 s 185 12 s

34 Gs 18s 12 s

40 Gs 18 = 12 s
Satallite clock-ephameri 32 0.550(Tvaet)sz 5 par 1. 5% T vl -
C:Il'l!cti.o;_'\. a.n.;:-legm‘aﬂan-rl‘:e matrix : corrected satellite i) (sl
SBAS satellite clock, ephemeris 39 0.5x(Tva oo 5 P e (Tvwid)sacan
and covariance matrix a0
Dezradation paramesters 37 120 s &00 5 600 s
DFE.EI scale table 37 120 s 00 s G0 5
Time reference identifiar 37 120 s 00 = GO0 5
S5BAS service provider idennfier 47 120 s &00 = G600 s
SMNT-to-UTC offset 42 240 = Mote 3 Mota 3

Note I.— The ime-oul intervals are dgffned from the fime of arrival ar the receiver s antenna part gf the last bit gf the messape.

Note 1 — There is no mime-our requirement for other parameters of the Type 47 message than these lirredabove.
Note 3.— The SNT-10-UTC offter informaiion m the Type 42 message dmes out ar dgfined in 3.5.1]1.6 ralinginte accoumnr the paramerars

WN.... TOW.., and TE.
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3.5.14 DFMC SBAS NON-AIRCRAFT ELEMENTS

Note.— The parameters that are referred to in this section are defined in 3.5.11.

3.5.14.1 General

3.5.14.1.1 Required data and broadcast intervals. SBAS shall broadcast the data required for the
supported functions described in Chapter 3, 3.7.3.4.2 as shown in Table B-120.

Note.— SBAS may broadcast null messages (Type 63 messages) in each time slot for which no other
data are broadcast.

3.5.14.1.1.1 All data broadcast by SBAS, whether required or not for a particular function, shall
meet the update
requirements in Table B-120.

Table B-120. L5 data broadcast intervals and sopported foncbons

Ao Totapdore-froe

broadeasi AT SEAS diferentaal Asiocianed
Lra npe irserval Hommeg COITECTION BAEEEARE [0S
“Dha Mot Tsa™ L1 @
Clock-ephemers amor cormections andcovariance 0. Tm{Tvaas)ss & par E 32
matrix data cormecied satellite
SBAS samllite mack 1 X% k1|
[xtegrity informaticn fs 31,34,35, 36
{DFRET and optionalty DFRECT) and 40
SBAS satallits clock-spharsanis cormection: and Ly 35 and 40
Covaniance mairix data
CBAD, DFEE] scale tabls and tmerefurance 1 M3 17
identifier
EBAE alranar data, breadeast ndicainr and5BAS 130 47
wrvice provider ID parametersENT-o-UTC offet 14l 42
Noge [ "R fmchoares dhar tee dare miers be brogdoen s supmaort the fuschion
MNote 21— Inregriny infommarton tcludes DFRECT only if the Type 34 message 15 broadeasy, otherwise ir is lumired s IERES.

3.5.14.1.2 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters

shown in Table B-121 and take the indicated action.
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Table B-121. 5BAS LS radio frequency monitoring
LParameser Rgferance Alarm [imit Foquired actom (Nowe 1)
Siznal power level Chapier 3, minirmmm specified power  Minimvm: cease DFMC SBA% rnzing
173453 maxinmm spedified power  function.
and Mairmum: cease broadcast.
373463 (Mate )
Midnlation Chapder 3, Moaiar for Cease DFMC SBAS ranpinz fimction.
373455 waveform distortion
and
373445
Camier frequency 3521 and WA Ceaze DFMC SBAS rangins function
stability 3501 (Tlote 1) umbess
Oy TEElBCTS BrTOL
Coda/fraguency 3524 md WA Cease DFMC SBAS ranpinz functian
coheence 350412 (Tlote 1) umbess
O pp Teflcts emor
Mmomvam code phass 3526 md WA Cease DFMC SBAS ranpinz function
desiaton 3506 (Mtes 1 and 3) umlass
O e TeflBCts arTor
LParameser Rgferance Alarm fmit Required acaon (Nose 1)
Comvohuiional and bi- 3529 mmd All mansmit messazes Ceaze broadcast.
binary encoding isng ATS SITONSL
Novdes —

El
4.

ba

The monirerT TS Wil require action i “ceane DFMC SBAS nanging fim
providing fofﬁ&ﬁ ring. Cemsing the rangmge Amction i accomplished by Sroadoasting a DF,
SRAS" for thar SEAS roiellne

These paramerers can be moniioned By thelr mpact on the recenved siemal guaiity (O mpacr), 1imoe thar Is the mpact an the
.

Alarm [mits are nor specfed beraute the mduced evror s acogpiaile, provided it It represensed M o 03, Parameter. Jf the
@rar canmet be represented, the ranetng flimction mst cemse.

crion” are required oniy for SBAS saneliires
RET 5f "D Not Lza for

3.5.14.1.3 "Do Not Use”. SBAS shall broadcast a "Do Not Use” message (Type 0 message) when
necessary to inform users not to use the SBAS satellite broadcast data on L5 and dual-frequency

ranging function.

3.5.14.1.4 Doppler shift in SBAS satellite. The Doppler shift in the SBAS satellite signal seen at any

fixed location within the footprint for any satellite shall not exceed:

a) £337 Hz for GEO satellite signal; and

b) £7 kHz for non-GEO satellite signal.

3.5.14.1.5 SBAS ephemeris parameters. When broadcasting ephemeris parameters, each SBAS

satellite shall broadcast ephemeris parameters for itself as defined in 3.5.11.5.
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3.5.14.1.5.1 The SBAS service provider shall ensure that the SBAS ephemeris time parameter te in
the Type 40 message is set within -43 200 s and +43 199 s of the broadcast time and adjusted for
day crossovers.

Note.— te is encoded as a time of day and the applicable day/week complies with the [-43 200 s,
+43 199 s] time window.

3.5.14.1.6 Almanac data. Each SBAS satellite shall broadcast almanac data as defined in 3.5.11.7 for
all SBAS satellites of the same service provider.

Note.— Additional information for certain SBAS orbits is given in Attachment D, 6.7.5.

3.5.14.1.6.1 The error in the estimated position of the satellite derived from any Type 47 message
broadcast within the previous 15 minutes, with respect to the true satellite position, shall not
exceed 3 000 km.

3.5.14.1.6.2 The error in the predicted Doppler shift computed from the Type 47 message shall not
exceed + 337Hz for a period of seven days after the broadcast of the Type 47 message.

Note.— SBAS receivers can expect this almanac accuracy for seven days from reception of the
almanac message. The receiver needs to account for day and week crossovers since the almanac
reference time is only in seconds of day.

3.5.14.1.6.3 If only one SBAS satellite almanac is provided in the Type 47 message, the bits from
118 to 225 assigned to the second SBAS satellite almanac shall be coded with “0".

3.5.14.1.6.4 SBAS shall set the broadcast indicator to “1” for the SBAS satellite broadcasting the
Type 47 message, and set the broadcast indicator to “0” for all other SBAS satellites.

3.5.14.1.6.5 SBAS service provider shall ensure the correctness of the SBAS service provider 1D
using the value allocated to the SBAS service provider as per Table B-65 in any Type 47 message.

3.5.14.1.6.6 SBAS service provider shall ensure that the SBAS almanac time parameter ta in the
Type 47 message is set within -43 200 s and +43 199 s of the broadcast time and adjusted for day
crossovers.

Note.— ta is encoded as a time of day and the applicable day/week complies with the [-43 200 s;
+43 199 s] time window.

3.5.14.2 Ranging function. If an SBAS provides a DFMC SBAS ranging function, it shall also comply
with the requirements contained in this section.

3.5.14.2.1 Performance requirements
Note.— See Chapter 3, 3.7.3.4.3.
3.5.14.2.2 Ranging function data. SBAS shall broadcast the ephemeris parameters, covariance

matrix and DFREI value only for the broadcasting SBAS satellite through Type 39 and Type 40
messages both linked by their IODG.
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3.5.14.2.3 Active IODG. SBAS shall have no more than three active IODG. An active |IODG
corresponds to an IODG parameter broadcast in Types 39 or 40 messages, which have not timed
out as per Table B-119.

3.5.14.3 lonosphere-free differential correction function. If an SBAS provides an ionosphere-free
differential correction function, it shall also comply with the requirements contained in this section.

3.5.14.3.1 Performance of the ionosphere-free differential correction.

3.5.14.3.1.1 For en-route, terminal and non-precision approach, given any valid combination of
active data, the probability of a horizontal error exceeding the HPL (as defined in 3.5.12.5) for
longer than eight consecutive seconds shall be less than 10-7 in any hour, assuming a user with
zero latency.

3.5.14.3.1.2 Given any valid combination of active data, the probability of an out of tolerance
condition (e.g. horizontal error exceeding the HPL or vertical error exceeding the VPL, as defined in
3.5.12.5), for longer than 5.2 consecutive seconds time-to-alert shall be less than 2 x 10-7 during
any approach, assuming a user with zero latency.

3.5.14.3.1.3 When SBAS detects that the probability of error exceeding the protection level is above
the integrity risk requirement for one of the SBAS operations, the resulting alert information (set
DFRE to a larger value or to “Do Not Use for SBAS"), broadcast in Types 32, 34, 35, 36 or 40
messages, shall be repeated three times in a row after the initial notification of the alert condition
for a total of four times in four seconds.

Note 1.— A Type 0 message can also be sent four times in a row to indicate an alert condition. See
attachment D, 6.7.4 for additional guidance.

Note 2.— Active data is defined as data that has not timed out per 3.5.15.1.4.2. This requirement
includes core satellite constellation(s) and SBAS failures.

Note 3.— Subsequent messages can be transmitted at the normal update rate.

3.5.14.3.2 SBAS satellite mask and issue of data mask (IODM). SBAS shall broadcast an SBAS satellite
mask and IODM (Type 31 message). The satellite slot values shall indicate whether or not data are
being provided for each GNSS satellite.

3.5.14.3.2.1 SBAS shall change the IODM when there is a change in the SBAS satellite mask by
increasing by 1 the IODM Modulo-4 from the latest transmitted value.

3.5.14.3.2.2 The IODM in Type 34, 35 and 36 messages shall equal the IODM broadcast in the
satellite mask message (Type 31 message) used to designate the satellites for which data are
provided in those messages.

3.5.14.3.2.3 SBAS shall have no more than two active IODMs. An active IODM corresponds to a
satellite mask broadcast in a Type 31 message, which has not timed out as per Table B-119.
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3.5.14.3.3 Satellite corrections and covariance matrix data.

3.5.14.3.3.1 Except for the broadcasting SBAS satellite, SBAS shall broadcast clock and ephemeris
corrections and covariance matrix (Type 32 message) for any satellite in the SBAS satellite mask (i.e.
with satellite slot value equal to "1") when SBAS sets a DFREI between 0 and 14.

Note.— The Type 39/40 message from the broadcasting satellite does not require further correction
and therefore SBAS broadcasting satellite will not send correction data for itself.

3.5.14.3.3.2 SBAS shall broadcast clock and ephemeris correction and covariance matrix data with
an issue of data navigation (IODN) matching to the clock and ephemeris data from GNSS satellites
being corrected (I0ODs). The IODN value shall be derived from the IODs of GNSS satellite clock and
ephemeris data as described in 3.5.11.2.

3.5.14.3.3.3 In order to enable all SBAS users to acquire the new GNSS data upon transmission of
new valid clock and ephemeris data from the GNSS satellites, the SBAS shall continue to broadcast
corrections and covariance matrix with respect to the old clock and ephemeris data for a period of
time of:

a) 120 to 240 seconds for GPS;

b) 150 to 320 seconds for GLONASS;
¢) 150 to 350 seconds for Galileo; and
d) 120 to 300 seconds for BDS.

Note— “Valid clock and ephemeris data” means that the information broadcast by the GNSS
satellites is in line with its signal interface control document (ICD), performance standard and SARPs.

3.5.14.3.3.4 For any non-SBAS satellite, SBAS shall only broadcast a Type 32 message when SBAS
has continuously monitored that satellite’s ephemeris and clock data for at least 300 seconds.

Note.— IOD is defined in 3.5.11.2 and includes a comparison of the GPS LNAV IODE with the 8 LSB
of the GPS LNAV IODC. Ephemeris and clock data is derived from the core constellation navigation
message being augmented by DFMC SBAS as mentioned in 3.5.11.1.

3.5.14.3.3.5 SBAS service provider shall ensure that the correction time of applicability parameter
tD in the Type 32 message is set within -43 200 s and +43 199 s of the broadcast time and
adjusted for day crossovers

Note.— tD is encoded as a time of day and the applicable day/week complies with the [-43 200 s;
+43 199 s] time window.

3.5.14.3.4 Integrity data. For each satellite set in the SBAS satellite mask, SBAS shall broadcast
DFREI information using DFRElI or DFRECI parameters, covariance matrix, scale exponent and
degradation parameters such that the integrity requirement in 3.5.14.3.1 is met. If the corrections
exceed their coding range or if 6DFC2 (as described in 3.5.12.4.1) cannot be determined, SBAS
shall indicate that the satellite is not appropriate for SBAS position (“Do Not Use for SBAS").
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Note.— The SBAS receiver will apply the DFRECI to its current active DFREI which can be any active
broadcast DFREI.

3.5.14.3.4.1 SBAS shall provide DFREI information, directly via DFREI parameter or indirectly via
DFRECI parameter, allowing the computation of oDFRE (as defined in 3.5.11.4) for the satellite set
in the satellite mask and monitored by SBAS using Types 34, 35 or 36 messages at least every six
seconds.

3.5.14.3.4.1.1 When using a Type 34 message, the SBAS shall transmit at most seven DFRECIs set to
II1II

Note 1.— Instead of transmitting updated DFREI values in the Type 34 message, the SBAS can set
some DFRECI values to “2” or “3" to change DFREIs on more than seven satellites and still use the
Type 34 message. Types 35 or 36 message can also be used instead of Type 34 messages to provide
more DFREI value updates.

Note 2— The DFRECIs are in augmented slot index order derived from the Type 31 message with a
matching |IODM.

3.5.14.3.4.1.2 When using a Type 34 message with DFRECI set to “1”, the SBAS shall broadcast the
new DFREI values in the order corresponding to the order of DFRECI set to “1" across the DFRECI
field. The new DFREI value shall apply to the augmented slot index of the corresponding DFRECI
value set to “1".

3.5.14.3.4.2 SBAS shall set to “15” any DFREI value in the associated data field of Types 35 and 36
messages, which corresponds to satellite slot number not set in the mask.

3.5.14.3.4.2.1 When using a Type 34 message, SBAS shall set DFRECI value to “3" for DFRECI slots
exceeding the maximum augmented slot index.

3.5.14.3.4.2.2 If in a given Type 34 message, the number N of DFRECI set to “1” is below seven, the
last 7-N DFREI values of the Type 34 message shall be set to “15".

3.5.14.3.4.3 When using a Type 34 message, SBAS shall transmit a DFRECI of “3” (“Do Not Use for
SBAS") instead of transmitting a DFRECI of “2" (“DFREI increased by one”) when the most recent
active DFREI was set to “14" and the corresponding DFRE value is no longer adequate to ensure
integrity as per 3.5.14.3.1.

3.5.14.3.4.4 SBAS shall send (IVALID)32 and (IVALID)39/40 in the Type 37 messages corresponding
to the time intervals during which the integrity data of Type 32 and Type 39/40 messages can be
used.

Note.— These time intervals are measured from the time of arrival of the last bit of Type 32 or the
last bit of the last message in the paired Type 39/40 messages being received at the antenna port of
the SBAS receiver.

3.5.14.3.4.5 The integrity requirement in 3.5.14.3.1 shall apply throughout the update of parameters
in a Type 37 message.
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Note.— It is expected that change in the DFREI scale table will be a rare event in the lifetime of an
SBAS.

3.5.14.3.4.5.1 For each DFREI, the oDFRE value shall always be greater than the oDFRE value
specified for lower DFREI in the scale table in the Type 37 message.

3.5.14.3.5 Old but active data (OBAD). SBAS shall broadcast OBAD parameters (Type 37 message)
such that the integrity requirement in 3.5.14.3.1 is met.

3.5.14.3.6 Timing data

3.5.14.3.6.1 SBAS shall indicate on which reference time the SNT for DFMC SBAS is aligned through
the time reference identifier field of the Type 37 message.

3.5.14.3.6.2 If an SBAS provides the WNROcount information with a parameter not permanently set
to “15", the SBAS shall monitor the week number rollover by updating the week number rollover
count (WNROcount) in the Type 47 message for the GNSS constellation identified by the time
reference identifier in the Type 37 message.

Note.— The week number rollover count is used to solve the possible ambiguity of the week number
value transmitted through the GNSS navigation data. Information on the reference time per
constellation to compute the WNROcount can be found in 3.5.11.7.

3.5.14.3.6.3 If a Type 42 message is broadcast, SBAS shall provide information to derive the SNT-
to-UTC offset in line with the information set in the VP parameter.

Note.— The UTC offset status parameter can be used by the SBAS to time-out previously broadcast
information.

3.5.14.3.6.4 If a Type 42 message is broadcast and if a SNT-to-UTC offset cannot be broadcast by
SBAS, SBAS shall broadcast all parameters in common parameter field with all bits coded to zero
except the UTC standard identifier set to "7".

3.5.14.4 Monitoring

3.5.14.4.1 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-109 and take the indicated action.

Note— In addition to the radio frequency monitoring requirements in this section, it will be
necessary to make special provisions to monitor the pseudo-range acceleration specified in Chapter
3, 3.7.3.4.3.5, carrier phase noise specified in 3.5.9.2, and correlation loss in 3.5.9.5, unless analysis
and testing shows that these parameters cannot exceed the stated limits.

3.5.14.4.2 Data monitoring. The SBAS shall monitor GNSS ranging signals to ensure that active data
meets the requirements of 3.5.14.3.1.

3.5.14.4.2.1 The ground subsystem shall lock on main correlation peaks of the tracked signals used
for the SBAS augmentation.
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3.5.14.4.2.2 The ground subsystem shall ensure that broadcast data bound the residual error for
airborne receivers according to DFMC SBAS receiver design constraints defined in 3.5.15.1.1.3
when exposed to GNSS signal distortions defined in Attachment D, 8.

Note.— SBAS receiver locks on the main correlation peak of the tracked signal following the
requirement in 3.5.15.1.5.

3.5.14.4.2.3 The monitor action shall be to set DFRE to a larger value or to "Do Not Use for SBAS”
for the satellite.

3.5.14.4.2.4 SBAS shall monitor all active data that can be used by any user within the coverage
area.

3.5.14.4.2.5 SBAS shall raise an alert within 5.2 seconds if any combination of active data and GNSS
signals-in-space results in a horizontal or vertical position error exceeding respectively the HPL or
VPL (as per 3.5.14.3.1).

Note.— The monitoring applies to all failure conditions, including failures in core satellite
constellation(s) or SBAS satellites. This monitoring assumes that the aircraft element complies with
the requirements of 3.5.15.

3.5.14.4.3 IOD monitoring. SBAS shall take appropriate action to ensure integrity of the broadcast
information when the active IODN as described in 3.5.11.2 can be linked to more than one valid
ephemeris.

Note 1.— Active data is defined as data that has not timed out as per Table B-119. This requirement
includes core satellite constellation(s) and SBAS failures.

Note 2.— Additional information on the application of SBAS corrections by an SBAS receiver is
provided in 3.5.15.1.4.8 and can be used to assess the time during which a mismatch of IODN and
core constellation can be considered by SBAS.

3.5.14.5 Robustness to core constellation(s) failures. SBAS shall continue to provide SBAS services
after removal of one or several satellites, including a complete core constellation.

Note. — SBAS systems are expected to maintain operation in the presence of failures or anomalies on
one or several satellites or failure of a complete core constellation. The level of supported service
degrades as more satellites are removed. Removal of a failed or unhealthy satellite does not impact
the ability to monitor and correct other satellites.

3.5.15 DFMC SBAS AIRCRAFT ELEMENTS

Note 1.— The parameters that are referred to in this section are defined in 3.5.11.

Note 2.— Whereas all SBAS receivers process signals from SBAS GEO satellites, processing non-GEO
SBAS signals is optional.
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3.5.15.1 DFMC SBAS-capable GNSS receiver.

3.5.15.1.1 DFMC SBAS-capable GNSS receiver. Except as specifically noted, the DFMC SBAS-capable
GNSS receiver shall process the signals of the SBAS and meet the requirements applicable to the
core constellations it tracks as specified in 3.1.1.3.1 (GPS receiver), and/or 3.1.2.3.1 (GLONASS
receiver), and/or 3.1.3.3.1 (Galileo receivers), and/or 3.1.4.3.1 (BDS receivers). Pseudo-range
measurements for each satellite shall be smoothed using carrier measurements and the filter
identified in 3.5.1.1 with the following pseudo-range observables:

P1,k is the L1 C/A or L10Cd or E1-C or B1C_pilot or SBAS L1 raw pseudo-range measurement in
metres;

P2,k is the L5-Q or L30Cd or E5a-Q or B2a_pilot or SBAS L5 raw pseudo-range measurement in
metres;

@1,k is the accumulated L1 C/A or L10Cd or E1-C or B1C_pilot or SBAS L1 raw carrier phase
measurement in metres;

@2,k is the accumulated L5-Q or L30Cd or E5a-Q or B2a_pilot or SBAS L5 raw carrier phase
measurement in metres;

y12=(f1£2)2 is the square frequency ratio, where f1is L1 C/A or L10Cd or E1-C or B1C_pilot or
SBAS L1 and 2 is L5-Q or L30Cd or E5a-Q or B2a_pilot or SBAS L5; and

a is the filter weighting function defined as follows: after 100 seconds have elapsed since
filter initialization, a shall be equal to the sample interval in seconds divided by the time constant
of 100 seconds. In the first 100 seconds since filter initialization, a shall be equal to the sample
interval in seconds divided by the time in seconds since filter initialization.

3.5.15.1.1.1 The receiver shall process the augmented signals as follows:

a) for GPS: the receiver shall use a BPSK(1) replica for L1 C/A signal and a BPSK(10) replica for
L5-Q signal. The satellite position and satellite clock shall be based on ephemeris in LNAV
message on L1. Group delay correction from LNAV message on L1 shall be applied;

b) for GLONASS: the receiver shall use a BPSK(1) replica for L1OCd and a BPSK(10) replica for
L30Cd signal. The satellite position and satellite clock shall be based on ephemeris in
strings 10, 11 and 12 of L10Cd or L30Cd;

c) for Galileo: the receiver shall use a BOC(1,1) replica for E1-C signal and a BPSK(10) replica
for E5a-Q signal. The satellite position and satellite clock shall be based on ephemeris in
F/NAV message on E5a; and

d) for BDS: the receiver shall use a BOC(1,1) replica for B1C_pilot signal and a BPSK(10) replica
for B2a_pilot signal. The satellite position and satellite clock shall be based on ephemeris in B-
CNAV2 message on B2a.

Note.— The equivalent specific ionosphere-free computation is described in BDS-SIS-ICD-B2a (V'1.0),
7.8.3 taking into account the group delays broadcast in B-CNAVZ2 message.
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3.5.15.1.1.2 The satellite time correction (AtSV,i) for satellite i, defined in 3.5.12.4, shall be
computed using the following information:

a) for GPS: the satellite clock correction AtSV,i shall be (Atsv)L1, computed as described in
3.1.1.2.1.2 taking into account the group delay correction broadcast in the LNAV message;

b) for GLONASS: the satellite clock correction AtSV,i shall be computed as described in 3.1.2.2.2;
c) for Galileo: the satellite clock correction AtSV,i shall be computed as described in 3.1.3.2.2;

d) for BDS: the satellite clock correction AtSV,i shall be computed as described in 3.1.4.2.2.1; and
e) for SBAS ranging satellite: the satellite clock correction AtSV,i shall be computed as
AtSV,i=aGf0+aGf 1At with aGfO and aGf1 broadcast in the Type 39 message and At defined in
3.5.12.3.1.

3.5.15.1.1.3 DFMC SBAS aircraft element design constraints.

3.5.15.1.1.3.1 For processing of L1, L5, E1, E5a, B1C and B2a signals, the aircraft element shall
comply with the following constraints:

a) 3 dB bandwidth between 12 and 24 MHz centred around 1 575.42 MHz and around 1 176.45
MHz;

b) differential group delay not greater than 150 ns;

c) early minus late discriminator;

d) L1/E1/B1C correlator spacing between 0.08 and 0.12 L1 chips;

e) L5/E5a/B2a correlator spacing between 0.9 chips and 1.1 L5 chips;

f) frequency roll-off of at least 24 dB per octave until reaching a minimum attenuation to meet the
performance objectives in the presence of interfering signals at the interference thresholds

specified in 3.7;

g) maintain the minimum attenuation to meet the performance objectives in the presence of
interfering signals at the interference thresholds specified in 3.7; and

h) filter centre frequencies around 1 575.42 MHz and 1 176.45 MHz within £10% of the 3 dB
bandwidth specified in a).

Note 1.— This requirement constrains the entire aircraft implementation of the DFMC SBAS
capability and not only the DFMC SBAS receiver.
Note 2.— The 0 dB level corresponds to the filter's normalized peak in-band response.

3.5.15.1.1.3.2 For processing of L10C and L30OC signals, the aircraft element shall comply with the
following constraints:
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a) 3 dB bandwidth between 12 and 24 MHz centred around 1 600.995 MHz and around 1 202.025
MHz;

b) differential group delay not greater than 150 ns;

c) early minus late discriminator;

d) L10C correlator spacing between 0.08 and 0.12 L1 chips;

e) L30C correlator spacing between 0.9 chips and 1.1 L5 chips;

f) frequency roll-off of at least 24 dB per octave until reaching a minimum attenuation to meet the
performance objectives in the presence of interfering signals at the interference thresholds

specified in 3.7;

g) maintain the minimum attenuation to meet the performance objectives in the presence of
interfering signals at the interference thresholds specified in 3.7; and

h) filter centre frequencies around 1 600.995 MHz and 1 202.025 MHz within +10% of the 3 dB
bandwidth specified in a).

Note 1.— This requirement constrains the entire aircraft implementation of the DFMC SBAS
capability and not only the DFMC SBAS receiver.

Note 2.— The 0 dB level corresponds to the filter's normalized peak in-band response.

3.5.15.1.2 GEO SBAS satellite acquisition on L5. The receiver shall be able to acquire and track GEO
satellites for which a stationary receiver at the user receiver location would experience a Doppler
shift as large as +337 Hz.

3.5.15.1.3 Non-GEO SBAS satellite acquisition on L5. The non-GEO SBAS capable receiver shall be
able to acquire and track non-GEO satellites for which a stationary receiver at the user receiver
location would experience a Doppler shift as large as +7 kHz.

Note.— Information on non-GEO Doppler range is available in Attachment D, 6.7.5.

3.5.15.1.4 Conditions of use of data on L5.

3.5.15.1.4.1 The receiver shall use data from an SBAS message only if the CRC of this message has
been verified.

3.5.15.1.4.2 The receiver shall use the information transmitted in DFMC messages only within the
time-out period, defined in Table B-107, starting from the reception of the last bit of the message.

3.5.15.1.4.3 Upon reception of a Type 0 message, the receiver shall cease using all data received
from this signal that have defined time-out intervals in Table B-119, except for the SBAS service
provider identifier which can be used only for the SBAS acquisition process.
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3.5.15.1.4.4 The receiver shall only apply integrity data for which Type 34, 35 or 36 messages IODM
matches an active Type 31 message IODM.

3.5.15.1.4.5 The reception of new DFREI shall replace the old DFREI.
3.5.15.1.4.6 DFRECI requirements.

3.5.15.1.4.6.1 The receiver shall treat the reception of a DFRECI = 0 or a DFRECI = 2 as though it
had received a new copy of the most recent, active DFREI previously received through Type 32, 34,
35, 36 or 40 messages.

3.5.15.1.4.6.2 Upon reception of a DFRECI = 2, the equipment shall use the most recent, active
DFREI received through Types 32, 34, 35, 36 or 40 messages and use the oDFRE corresponding to
the active DFREI increased by one.

Note.— The effect of the reception of a DFRECI = 2 (“value increase of 1”) is not cumulative.

3.5.15.1.4.6.3 Upon reception of a DFRECI = 3, the receiver shall set the DFREI to 15" ("Do Not Use
for SBAS") and exclude the satellite from the SBAS position solution.

3.5.15.1.4.6.4 Upon reception of a DFRECI = 1, the receiver shall update the DFREI value by
decoding the corresponding DFREI slot in the order of a Type 34 message DFRECI set to “1” across
the DFRECI field.

3.5.15.1.4.7 The receiver shall use the DFREI table through the latest decoded Type 37 message for
the computation of dDFRE based on received DFREI.

3.5.15.1.4.8 Upon reception of the initial valid Type 32 message applicable to a given non-SBAS
satellite, the receiver shall invalidate for this satellite any retained clock/ephemeris data set
containing at least one parameter received for the last time more than 5 minutes before the
reception of the initial valid Type 32 message.

Note.— The “initial valid Type 32 message” is the first Type 32 message received when there is no
active Type 32 message from the SBAS L5 signal in use.

3.5.15.1.4.9 The receiver shall apply the ephemeris and clock parameters, the covariance matrix
parameters, the OBAD parameters and the integrity parameters as described in 3.5.12.4 and
3.5.12.5.

3.5.15.1.4.10 The receiver shall use the content of Types 39 and 40 messages, only when Types 39
and 40 messages with the same IODG have been received and have not timed out.

3.5.15.1.4.11 The receiver shall correctly account for the day and week rollover change when
observed after the last received Type 47 message.

3.5.15.1.4.12 The receiver shall only use SBAS augmented satellite ranges from satellites with
elevation angles at or above 5 degrees in the DFMC SBAS position computation.
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3.5.15.1.4.13 The receiver shall only use correction, integrity and other data obtained from a single
SBAS satellite L5 signal, designated by its PRN code, for all satellites used in the position solution.

Note.— When using additional SBAS satellites for ranging, the receiver uses the clock and ephemeris
parameters in the Type 39/40 message from the ranging SBAS satellite(s), and the covariance and
integrity parameters (e.g. DFREI, delta_ RCORR) in the Type 32 message from the SBAS satellite being
used for corrections.

3.5.15.1.4.14 Prior to use, the receiver shall verify that the tracked SBAS PRN code matches the PRN
code derived from the satellite slot delta field within the almanac data upon reception of the Type
47 message with the broadcast indicator set to “1” or derived from the satellite slot delta field in an
active Type 39 message.

3.5.15.1.4.15 In the event of a loss of four successive SBAS messages, the receiver shall invalidate
all DFREIs and DFRECIs previously received from this SBAS PRN.

3.5.15.1.4.16 The receiver shall check that the tD parameter in Type 32 message, as well as te and
aGf0 parameters in Type 39/40 message, are within the effective range indicated in the message
tables under 3.5.13. If the effective range check fails, the message shall be discarded.

Note.— Message bits or fields marked as “Reserved” or “Spare” may take any value during the
operational lifetime of the SBAS service.

3.5.15.1.5 The SBAS receiver shall lock on main correlation peak of each of the tracked signals
augmented by the SBAS and used in the SBAS position solution.

3.5.15.2 SBAS satellite position

3.5.15.2.1 Position computation with ephemeris. When using SBAS ranging, the receiver shall
decode Type 39/40 messages and determine the position (XG, YG, ZG) of the SBAS satellite using
the protocol described in 3.5.12.3.

3.5.15.2.2 Position computation with almanac. When computing the SBAS satellite position using a
Type 47 message, the receiver shall determine the position (XG, YG, ZG) of the SBAS satellite using
the protocol described in 3.5.12.2.

3.5.15.3 lonosphere-free differential functions

3.5.15.3.1 GNSS satellite status function. The receiver shall exclude satellites from the SBAS position
solution if they are identified as “Do Not Use for SBAS".

Note 1.— In the case of a satellite designated marginal or unhealthy by the core satellite
constellation(s) health flags, SBAS may broadcast ephemeris and clock corrections that will allow the
user to continue using the satellite as long as performance requirements in 3.5.14.3.1 are met.

Note 2.— If satellites identified as "Do Not Use for SBAS” by SBAS are used in the position solution,
integrity (s not provided by SBAS.
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3.5.15.3.2 Core satellite constellation(s) ranging accuracy for precision approach. The RMS (1 sigma)
of the total airborne contribution in steady state to the error in a corrected ionosphere-free
pseudo-range shall be less than or equal to the value in Table B-114 at minimum and maximum
power levels.

Table B-112, Core constellation satellite ionosphere-free
receiver ranging accuracy for precision approach

GLONASS Galilee BDS
GP5 (See Chapter 3, {See Chaprer 3, {See Chapter 3,
{See Chapter 3, 3731284 and 37313111and 3731490410 and
3731186} 37312104} 37313112 373141041)
Immnm power level 04m 065m 04m 04m
Mamum power level 0.3m 03im 03m 03m

3.5.15.3.3 The receiver shall use the protocol described in 3.5.12.4 for the SBAS position solution
and for the constellation time difference if more than one constellation is augmented by the SBAS.

3.5.15.3.4 The receiver shall compute the SBAS horizontal and vertical protection levels as defined
in 3.5.12.5.

3.5.15.3.4.1 The airborne receiver error variance oair,DF2 for satellite i shall be computed as follows:
oair,DF2[i]=onoise?2[i]+ocMP&AGDV ,DF2[i]

where

onoise?2[i] is defined in 3.5.15.3.2;

oMP&AGDV,DF2, the multipath and antenna group delay variation error model for ionosphere-

free dual-frequency 100-second smoothed measurements, described by a normal distribution with

zero mean and a standard deviation of:

for GPS, Galileo, GLONASS and BDS: cMP&AGDV,DF[i]=0.34+0.4exp(-Eldeg[i]/14°) (in metres);
and

where Eldeg[i] is the elevation angle of satellite i (in degrees).
Note. — The models are valid when the receiver is in a steady state.

3.5.15.3.4.2 For ionosphere-free dual-frequency measurements, the residual ionospheric
uncertainty shall be defined as:
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40.0
261.0 + (Elgeg[i])*

+ 0.018 (in metres)

i loo —

where E'!-H'a [] 15 the elevahon angle (m degrees) of satelhte 1.

3.5.15.3.5 The parameters in the SBAS FAS data block applicable to DFMC SBAS receivers shall be
as described in 3.5.8.4.2.6 with the exception of the operation type and the approach performance
designator as described below:

Operation type: straight-in approach procedure or other operation types applicable to DFMC SBAS
receivers.

Coding: 0 = straight-in approach procedure with SPID from 0 to 13
1to 7 = spare
8 = straight-in approach procedure with SPID from 16 to 31
9to 15 = spare

Approach performance designator (APD):. shall indicate the SBAS service supporting the
requirements in accordance with Table 3.7.2.4-1 for the approach defined by the FAS data block,
including the completion of a system-specific safety analysis for Category 1 if the vertical alert limit
(VAL) in the FAS data block is greater than 10 m.

Coding: 0 = DFMC SBAS or L1 SBAS service
1 = DFMC SBAS service augmenting one or more constellations (L1 SBAS not
supported)
2 = DFMC SBAS service augmenting at least two constellations (L1 SBAS not
supported)
3 to 4 = Spare
5 = DFMC SBAS service augmenting one or more constellations (L1 SBAS with
reduced continuity/availability)
6 = DFMC SBAS service augmenting at least two constellations (L1 SBAS with
reduced continuity/availability)
7 = Spare

Note 1.— The different APD coding values are intended to communicate potential performance
differences available from the SBAS services at the approach location based on the number of GNSS
frequencies and the number of augmented constellations used. Only DFMC SBAS airborne receivers
use the APD to select the appropriate airborne receiver mode to support the operation. Further
information can be found in Attachment D, 6.6.5.

Note 2.— “L1 SBAS not supported” means that, for a Category | approach, the L1 SBAS service in the
approach region does not meet the system-specific safety assessment for the published VAL. See also
the guidance in Attachment D, 3.3.9 and 6.6.5.
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Note 3.— “LT1 SBAS service with reduced continuity/availability” means that the L1 SBAS service in
the approach region does not meet the availability or continuity requirements for the approach.
Additional aircraft element integration may be used to satisfy availability and continuity
requirements for the approach. The determination of the SBAS-based position domain NSE
availability and continuity, using additional aircraft element system integration, and the assessment
of the suitability of that availability and continuity for the approach, is the responsibility of the
aircraft element. For a Category 1 approach, the L1 SBAS service does meet the system-specific safety
assessment for the published VAL, following the guidance in Attachment D, 3.3.9 and 6.6.5.

3.5.15.3.5.1 For operations defined by a FAS data block, the receiver shall determine the
operational SBAS service provider identifier (SPID) applicable to the operation as follows: if the
operation type is 0, the operational SPID shall be the value of the FAS data block SPID; if the
operation type is 8, the operational SPID shall the sum of 16 and the value of the FAS data block
SPID.

3.5.15.3.5.2 For operations defined by a FAS data block and the operational SPID is not 15, the
receiver shall select SBAS signals with an active SPID decoded from a received Type 47 message
that matches the operational SPID determined from the FAS data block (see 3.5.15.3.5.1).

3.5.15.3.5.3 For operations defined by a FAS data block, the receiver shall use the APD to determine
the acceptable combination of SBAS navigation service (i.e. DFMC SBAS and/or L1 SBAS) and the
number of constellations required to support the intended operation (see Attachment D, 6.6.5).

3.5.15.3.5.4 For operations defined by a FAS data block with an operational SPID of 15 and an APD
of two or six, the receiver shall select SBAS satellites that augment two or more constellations that
can be used by the receiver.

Note.— If the operational SPID is 15 and the APD is not two or six, the receiver can select any
operational SBAS (not broadcasting MTO0).

3.5.15.4 Ranging function

3.5.15.4.1 DFMC SBAS satellite ranging accuracy. The root-mean-square (1 sigma) of the total
airborne contribution in steady state to the error in a corrected ionosphere-free pseudo-range for
a dual-frequency SBAS ranging satellite under the worst interference environment as defined in
3.7, excluding multipath effects, tropospheric and ionospheric residual errors, shall be less than or
equal to 0.8 metres at the minimum received signal power level or equal to 0.6 metres at the
maximum received signal power level (Chapter 3, 3.7.3.4.6.3).

3.5.15.5 Timing function

3.5.15.5.1 If a UTC time is derived from an SBAS receiver through a Type 42 message, the receiver
shall time-out previously received SNT-to-UTC information if the receiver decodes a UTC offset
status set to 1.

3.5.15.5.2 If a UTC time is derived from an SBAS receiver through a Type 42 message, the receiver
shall not apply the content of the received Type 42 message if the UTC standard identifier is set to
7.
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Note.— The receiver may still use previously received information if not timed-out and if the UTC
offset status is set to 0 in the received Type 42 message.

3.5.16 INTERFACE BETWEEN SBAS

Note.— Guidance material on the interface between different SBAS service providers is given in
Attachment D, 6.3.

3.6 Ground-based augmentation system (GBAS) and ground-based regional augmentation
system (GRAS)

3.6.1 GENERAL

The GBAS shall consist of a ground subsystem and an aircraft subsystem. The GBAS ground
subsystem shall provide data and corrections for the GNSS ranging signals over a digital VHF data
broadcast to the aircraft sub system. The GRAS ground subsystem shall consist of one or more
GBAS ground subsystems.

No e 1.— Guidance material is provided in Attachment D, 7.1.

Note 2.— GBAS SARPs have not yet been updated to support dual-frequency multi-constellation
(DFMC) use. These SARPs are applicable to GPS L1 C/A and GLONASS L10OF only. Throughout the
GBAS SARPs (Appendix B, 3.6) and in the GBAS sections of Attachment D, the term GLONASS should
be understood to refer to GLONASS L1OF signals and services only, and the term GPS should be
understood to refer to GPS L1 C/A signals and services only.

3.6.1.1 GBAS service types. A GBAS ground subsystem shall support either the positioning service,
approach service orboth types of service.

Note 1.— Service types refers to a matched set of ground and airborne functional and performance
requirements that ensure that quantifiable navigation performance is achieved by the airborne
equipment. Guidance material concerning service types is given in Attachment D, 7.1.

Note 2.— GBAS ground facilities are characterized by a GBAS facility classification (GFC). Many GBAS
performance and functional requirements depend on the GFC. These SARPs are organized according
to which requirements apply for a given facility classification element (ie. the facility approach
service type (FAST) letter, the facility polarization, etc). Guidance material concerning facility
classifications is given in Attachment D, 7.1.4.1.

3.6.1.2 All GBAS ground subsystems shall comply with the requirements of 3.6.1, 3.6.2, 3.6.3, 3.6.4,
3.6.6 and 3.6.7, unless otherwise stated. A FAST D ground subsystem shall comply with all FAST C
requirements in addition to the specific FAST D requirements.

3.6.2 RF CHARACTERISTICS

3.6.2.1 Carrier frequency stability. The carrier frequency of the data broadcast shall be maintained
within £0.0002 per cent of the assigned frequency.
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3.6.2.2 Bit-to-phase-change encoding. GBAS messages shall be assembled into symbols, each

consisting of 3 consecutive message bits. The end of the message shall be padded by 1 or 2 fill bits

if necessary to form the last 3-bit symbol of the message. Symbols shall be converted to D8PSK carrier
phase shifts (A®k) in accordance with Table B-123.

Note.— The carrier phase for the ki symbol (=) is given by: =« = =1+ A« The D8PSK signal may be produced
as shown in Figure B-29 by combining two quadrature RF signals which are independently suppressed-carrier
amplitude-modulated by base band filtered impulses. A positive increase in A @« represents a counterclockwise
rotation in the complex I-Q plane of Figure B-29.

3.6.2.3 Modulation wave form and pulse shaping filters. The output of differential phase encoder
shall be filtered by apulse shaping filter whose output, s(t), is described as follows:

k=m

s(t) =Z & bt — kT)

the mipulse response of the raised cosine filter;
(as defined m 3.6.2.2);

tume; and

the dwration of each symbol = 1/10 500 second.

- e
L]

Thes pulse shapms filter shall have a nonunal complex frequency response of a rmsed-cosme filter with o = 0.6, The tme
response, hit), and freqmency response, Hf), of the base band filters zhall be as follows:

hit) =
ot J__{E_“": ']
T T
1-a
1 for 0=f<
2T
e \
Jresin(zafr-1)) g L+
H(f)= — - for— <f<
2 2T T
l+a
0 for fz
2T

The output =(f) of the pulse shaping filter shall modulate the carmer.

3.6.2.4 Error vector magnitude. The error vector magnitude of the transmitted signal shall be less
than 6.5 per cent root-mean-square (1 sigma).

3.6.2.5 RF data rate. The symbol rate shall be 10 500 symbols per second +0.005 per cent, resulting
in a nominal bit rate of 31 500 bits per second.
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Table B-113. Data encoding

Mezsage bits Svmbol phase shaft
| ) Lak. Lk A
0 0 0 Om/d
0 0 1 1=/4
0 1 1 e
0 1 0 im'd
1 1 0 4=4
1 1 1 Sm/d
1 0 1 G4
1 0 0 Ta/d

Note.— I, is the i bit af the burst to be transmitted, where I, is the
Sfirst bit of the training seguence

3.6.2.6 Emissions in unassigned time slots. Under all operating conditions, the maximum power over
a 25 kHz channel bandwidth, centred on the assigned frequency, when measured over any
unassigned time slot, shall not exceed —105 dBc referenced to the authorized transmitter power.

Note.— The —105 dBc may not protect reception of emissions in a slot assigned to another desired
transmitter for receivers within 80 metres from the undesired transmitting antenna.

3.6.3 DATA STRUCTURE
3.6.3.1 TRANSMITTER TIMING

3.6.3.1.1 Data broadcast timing structure. The time division multiple access (TDMA) timing structure
shall be based on frames and time slots. Each frame shall be 500 milliseconds in duration. There
shall be 2 such frames contained in each 1-second UTC epoch. The first of these frames shall start
at the beginning of the UTC epoch and the second frame shall start 0.5 seconds after the
beginning of the UTC epoch. The frame shall be time division multiplexed such that it shall consist
of 8 individual time slots (A to H) of 62.5-millisecond duration.

3.6.3.1.2 Bursts. Each assigned time slot shall contain at most 1 burst. To initiate the use of a time
slot, the GBAS shall broadcast a burst in that time slot in each of 5 consecutive frames. For each
time slot in use, the ground subsystem shall broadcast a burst in at least 1 frame of every 5
consecutive frames.

Note 1.— Bursts contain one or more messages and may be of variable length up to the maximum
allowed within the slot as required by 3.6.3.2.
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Note 2.— During time slot initiation, the airborne receiver may not receive the first 4 bursts.
3.6.3.1.3 Timing budget for bursts
3.6.3.1.3.1 Each burst shall be contained in a 62.5-millisecond time slot.

3.6.3.1.3.2 The beginning of the burst shall occur 95.2 microseconds after the beginning of the time
slot with a tolerance of +95.2 microseconds.

3.6.3.1.3.3 For GBAS/E equipment, the start of the synchronization and ambiguity resolution
portion of the burst, transmitted with horizontal polarization (HPOL), shall occur within 10
microseconds of the start of the burst transmitted with vertical polarization (VPOL).

Note.— Table B-124 illustrates the burst timing.

3.6.3.1.4 Ramp-up and transmitter power stabilization. The transmitter shall ramp up to 90 per cent
of the steady-state power level within 190.5 microseconds after the beginning of the burst (2
symbols). The transmitter shall stabilize at the steady-state power within 476.2 microseconds after
the beginning of the burst (5 symbols).

Note.— The transmitter power stabilization period may be used by the aircraft receiver to settle its
automatic gain control.

3.6.3.1.5 Ramp-down. After the final information symbol is transmitted in an assigned time slot, the
transmitter output power level shall decrease to at least 30 dB below the steady-state power within
285.7 microseconds (3 symbols).

3.6.3.2 Burst organization and coding. Each burst shall consist of the data elements shown in Table
B-60. Encoding of the messages shall follow the sequence: application data formatting, training

sequence forward error correction (FEC) generation, application FEC generation and bit scrambling.

3.6.3.2.1 Synchronization and ambiguity resolution. The synchronization and ambiguity resolution
field shall consist of the 48-bit sequence shown below, with the rightmost bit transmitted first:

010001 111 101 111 110 001 100 011 101 100 000 011 110 010 000
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Tahble B-124. Burst timing

Nowminal percentage

Evenr Nominal event duration of steady-state power
Famp-up 1905 ps 0% to 90%
Transnutter power stabilization 2857 ps 90% to 100%
Synchronization and ambiguity 15238 us 100%
resolution
Transms=ion of scrambled data 5876l 9 us 100%%
Famp-down 2857 ps (Nove 1 100%6 to 0%
Noter.—

I Event durafion indicased for ransmuizsion of serambied data is for mocdmum appiicaton daia leneth g ] 778 birs, 2 fill bits and nommal symbel
dumarian.

2 Theme timing requirements pravide o propagadon guard ome gf I 139 microseconds allowing for a one-way propopation range of
approximaraly 370 km (200 NALG.

3. Where bursts from @ GBAS fragdeast antenna can be recenvad ar a range more than 370 km (200 NM) graaser than the range from another
brogdcasr anserna using the mar agiacen sior, a longer guard time I required to avedd lazs af both bursts. To provide a longer guard time, it
it mecessary fo imut the applicaton data levgth af the fTrst burst to 1 744 bis. Thiz allows a difference n propagation ranges g up fo 602 fm
(372 NM) withous confiict.

Tahle B-115. Burst data content

Element Data content Number of bits
Begmmng of burst all zeros 15
Power stabilization
Svnchromzation and ambiguty resoluhon 36321 48
Scrambled data: 3633
station slot identifier (SSI0N) 36331 3
trapsmission length 36332 17
training sequence FEC 36333 5
application data 36334 up to 1 776
application FEC 36335 48
fill bats (MNote) 3622 0to2

Note.— Data scrambling of the fll bits iz optional (3.4.3.3.0).
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3.6.3.3 SCRAMBLED DATA CONTENT

3.6.3.3.1 Station slot identifier (SSID). The SSID shall be a numeric value corresponding to the letter
designation A to H of the first time slot assigned to the GBAS ground subsystem, where slot A is
represented by 0, B by 1, C by 2, ... and H by 7. The identifier is transmitted LSB first.

3.6.3.3.2 Transmission length. The transmission length shall indicate the total number of bits in
both application data and application FEC. The transmission length is transmitted LSB first.

3.6.3.3.3 Training sequence FEC. The training sequence FEC shall be computed over the SSID and
transmission length fields, using a (25, 20) block code, in accordance with the following equation:

[P1, .., P5] = [SSID1, ..., SSID3, TL1, ..., TL17]1 HT

where

Pn = the nth bit of the training sequence FEC (P1 shall be transmitted first);
SSIDn = the nth bit of the station slot identifier (SSID1 = LSB);

TLn = the nth bit in the transmission length (TL1 = LSB); and
HT = the transpose of the parity matrix, defined below:

ja o
|
=T S S R
[S S = =]
[T =T R =]
L= R = R =]
[ =R =]
(=T =R =
[= QS S
[ S S =]
(SR T T T S
e ==
L= =T ]
(=
[ = A = R SRy =
[E = T T S S
L= o = Il ]
[N = o ]
[="T = T~ O =
(S = T~ O =
L= e N
Sl

Note.— This code is capable of correcting all single bit errors and detecting 75 of 300 possible double
bit errors.

3.6.3.3.4 Application data. The application data shall consist of one or more message blocks, as
defined in 3.6.3.4. The message blocks shall be mapped directly into the application data with no
additional overhead of intervening layers.

3.6.3.3.5 Application FEC. The application FEC shall be calculated using the application data by
means of a systematic,fixed-length, Reed-Solomon (R-S) (255, 249) code.

3.6.3.3.5.1 The field-defining primitive, p(x), of the R-S code shall be:
P(x) = x8 + X7 + x2 + x + 1

3.6.3.3.5.2 The generator polynomial of the R-S code, g(x), shall be:

1i&5

a(x)= n m-a)=x° + a'%x" + o' ®x* + a2 + a'T%% + 2 Fx+ o2F
=130
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where a is a root of p(x) used for construction of the Galois Field of size 28, GF(256), and ai is the
ith primitive element in GF(256).

3.6.3.3.5.3 In generating the application FEC, the data to be encoded, m(x), shall be grouped into 8-
bit R-S symbols.

All data fields in the message blocks that define the application data shall be ordered such as
specified in Tables B-59 and B-60, and in the message tables in 3.6.6. However, since the R-S code
is a block code, application data blocks shorter than 249 bytes (1 992 bits) shall be extended to
249 bytes by virtual fill bits set to zero and appended to the application data.

These virtual fill bits shall not be transferred to the bit scrambler. The data to be encoded, m(x),
shall be defined by:

m(x) = a248x248 + a247x247 + ... + a248-length+1 x248-length+1 + a248-length x248-length +
.. +alx+al

where
length represents the number of 8-bit bytes in the application data block;

a248 represents the message block identifier, with the rightmost bit defined as the LSB and the
first bit of the application data sent to the bit scrambler;

a248-length+1 represents the last byte of the message block CRC, with the leftmost bit defined as
the MSB and the last bit of the application data sent to the bit scrambler; and

a248-length, ..., a1, a0 are the virtual fill bits (if any).

3.6.3.3.5.4 The 6 R-S check symbols (bi) shall be defined as the coefficients of the remainder
resulting from dividing the message polynomial xém(x) by the generator polynomial g(x):

b(x)= Z b x' + bex"+byx*+byx*+box*+byx'+by = [x°mix)] med gx)

3.6.3.3.5.5 The 8-bit R-S check symbols shall be appended to the application data. Each 8-bit R-S
check symbol shall be transmitted MSB first from b0 to b5, i.e. the first application FEC bit
transferred to the bit scrambler shall be the MSB of b0 and the last application FEC bit transferred
to the bit scrambler shall be the LSB of b5.

Note 1.— This R-S code is capable of correcting up to 3 symbol errors.

Note 2.— The order of the transmitted 8-bit R-S check symbols of the appended application FEC
differs from the VHF data link (VDL) Mode 2. Moreover, for VDL Mode 2 each R-S check symbol is
transmitted LSB first.
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Note 3.— Example results of application FEC encoding are given in Attachment D, 7.15.

Table B-116, Format of a GBAS meszage block

Meszage block Bits
Messape block header 43
Messape up to 1 696
CRC 32

Table B-127. Format of messaze block header

Data field Bits
Message block 1dentifier 3
GBASID 24
Message tvpe 1dentifier 3
Message length 3

3.6.3.3.6 Bit scrambling

3.6.3.3.6.1 The output of a pseudo-noise scrambler with a 15-stage generator register shall be
exclusive OR’ed with the burst data starting with the SSID and ending with the application FEC. Bit
scrambling of the fill bits is optional and the set value of the fill bits is optional.

Note.— The fill bits are not used by the aircraft receiver and their values have no impact on the
system.

3.6.3.3.6.2 The polynomial for the register taps of the scrambler shall be 1 + x + x15. The register
content shall be rotated at the rate of one shift per bit. The initial status of the register, prior to the
first SSID bit of each burst, shall be “1101 00101011 001", with the leftmost bit in the first stage of
the register. The first output bit of the scrambler shall be sampled prior to the first register shift.

Note.— A diagram of the bit scrambler is given in Attachment D, 7.4.

3.6.3.4 Message block format. The message blocks shall consist of a message block header, a
message and a 32-bit CRC. Table B-126 shows the construction of the message block. All signed
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parameters shall be two’'s complement numbers and all unsigned parameters shall be unsigned
fixed point numbers. The scaling of the data shall be as shown in the message tables in 3.6.6. All
data fields in the message block shall be transmitted in the order specified in the message tables,
with the LSB of each field transmitted first.

Note.— All binary representations reading left to right are MSB to LSB.
3.6.3.4.1 Message block header. The message block header shall consist of a message block
identifier, a GBAS identifier (ID), a message type identifier and a message length, as shown in Table
B-127.
Message block identifier: the 8-bit identifier for the operating mode of the GBAS message block.
Coding: 1010 1010 = normal GBAS message
1111 1111 = test GBAS message
All other values are reserved
GBAS ID: the four-character GBAS identification to differentiate between GBAS ground subsystems.
Coding: Each character is coded using bits b1 through b6 of its International Alphabet No. 5
(IA-5) representation. For each character, bit b1 is transmitted first and six bits are
transmitted for each character. Only upper case letters, numeric digits and 1A-5
“space” are used. The rightmost character is transmitted first. For a three-character

GBAS ID, the rightmost (first transmitted) character shall be 1A-5 “space”.

Note.— The GBAS ID is normally identical to the location indicator at the nearest airport. Assignment
of GBAS IDs will be coordinated as appropriate to avoid conflicts.

Message type identifier: the numeric label identifying the content of the message (Table B-128).

Message length: the length of the message in 8-bit bytes including the 6-byte message block
header, the message and the 4-byte message CRC code.

3.6.3.4.2 Cyclic redundancy check (CRC). The GBAS message CRC shall be calculated in accordance
with 3.9.

3.6.3.4.2.1 The length of the CRC code shall be k = 32 bits.
3.6.3.4.2.2 The CRC generator polynomial shall be:
G(X) =x32 + x31T +x24 + x22 + x16 + x14 + x8 + X7 + x5 + x3 + x + 1

3.6.3.4.2.3 The CRC information field, M(x), shall be:

n
M[}:]:Zm,}:" ' mE" T F me™ . mx”
=1
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3.6.3.4.2.4 M(x) shall be formed from the 48-bit GBAS message block header and all bits of the
variable-length message, excluding the CRC. Bits shall be arranged in the order transmitted, such
that m1 corresponds to the first transmitted bit of the message block header, and mn corresponds
to the last transmitted bit of the (n-48) message bits.

3.6.3.4.2.5 The CRC shall be ordered such that r1 is the first bit transmitted and r32 is the last bit
transmitted.

3.6.4 DATA CONTENT

3.6.4.1 Message types. The message types that can be transmitted by GBAS shall be as in Table B-
128.

3.6.4.2 TYPE T MESSAGE — PSEUDO-RANGE CORRECTIONS

3.6.4.2.1 The Type 1 message shall provide the differential correction data for individual GNSS
ranging sources (Table B-138). The message shall contain three sections:

a) message information (time of validity, additional message flag, number of measurements and
the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite ephemeris CRC and
satellite availability information); and

c) satellite data measurement blocks.

Note 1.— Transmission of the low-frequency data for SBAS ranging sources is optional.

Note 2.— All parameters in this message type apply to 100-second carrier-smoothed pseudo-ranges.
3.6.4.2.2 Each Type 1 message shall include ephemeris decorrelation parameter, ephemeris CRC
and source availability duration parameters for one satellite ranging source. The ephemeris
decorrelation parameter, ephemeris CRC and source availability duration shall apply to the first
ranging source in the message.

3.6.4.2.3 Pseudo-range correction parameters shall be as follows:

Modified Z-count: the indication of the time of applicability for all the parameters in the message.

Coding: the modified Z-count resets on the hour (xx:00), 20 minutes past the hour (xx:20) and 40
minutes past the hour (xx:40) referenced to GPS time.

Additional message flag: an identification of whether the set of measurement blocks in a single
frame for a particular measurement type is contained in a single Type 1 message or a linked pair of
messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in one
Type 1 message.
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1 = This is the first transmitted message of a linked pair of Type 1 messages that
together contain the set of all measurement blocks for a particular measurement
type.

2 = Spare

3 = This is the second transmitted message of a linked pair of Type 1 messages that
together contain the set of all measurement blocks for a particular measurement

type.

Note.— When a linked pair of Type 1 messages is used for a particular measurement type, the
number of measurements and low-frequency data are computed separately for each of the two
individual messages.

Number of measurements: the number of measurement blocks in the message.

Measurement type: the type of ranging signal from which the corrections have been computed.

Table B-125. GBAS VHT data broadeast messages

Mezsage nipe
idensifier Mezsage name

Spare

]

Pzendo-range comections

GBAS-related data

[

Null mes=saze
Final approach segment (FAS) data
Predicted ranging source availabality

Feserved

=] [ LN T £ Lad

Feserved for national apphcatons
] Feserved for test apphcations
9 to 10 Spare

11 Pseudo-range comrections — 3{0-second smoothed
poeudo-ranges

12 to 100 Spare
101 GEAS pseudo-range corrections
102 to 255 Spare

Note.— See 3.0.0 for meszage formais.

Coding: 0 = C/A or CSA code L1

1 = reserved
2 = reserved
3 = reserved
4to 7 = spare
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Ephemeris decorrelation parameter (P). a parameter that characterizes the impact of residual
ephemeris errors due to decorrelation for the first measurement block in the message.

For a SBAS geostationary satellite, the ephemeris decorrelation parameter, if transmitted, shall be
coded as all zeros.

For GBAS ground subsystems that do not broadcast the additional data block 1 in the Type 2
message, the ephemeris decorrelation parameter shall be coded as all zeros.

Ephemeris CRC: the CRC computed with the ephemeris data used to determine corrections for the
first measurement block in the message. The ephemeris CRC for core satellite constellation(s)
ranging sources shall be calculated in accordance

with 3.9. The length of the CRC code shall be k = 16 bits. The CRC generator polynomial shall be:
G(x) = x16 + x12 + x5 + 1

The CRC information field, M(x), for a given satellite shall be:

o
X

n
HI:!{]:ZmI}:'-' v m "'+ mx™ +...+m
=1

For a GPS satellite, M(x) shall be of length n = 576 bits. M(x) for a GPS satellite shall be calculated
using the first 24 bits from each of words 3 to S10 of subframes 1, 2 and 3 of the data transmission
from that satellite, ANDed with the GPS satellite ephemeris mask of Table B-64. M(x) shall be
arranged in the order that bytes are transmitted by the GPS satellite,

but with each byte ordered LSB first, such that m1 corresponds to bit 68 of subframe 1, and m576
corresponds to bit 287 of subframe 3.

Note.— M(x) for a GPS satellite does not include word 1 (TLM) or word 2 (HOW), which start each
subframe, or the 6 parity bits at the end of each word.

For a GLONASS satellite, M(x) shall be of length n = 340 bits. M(x) for a GLONASS satellite shall be
calculated using strings 1, 2, 3 and 4 of the data transmission from that satellite, ANDed with the
GLONASS satellite ephemeris mask of Table B-130. Bits shall be arranged in transmission order
such that m1 corresponds to bit 85 of string 1, and m340 corresponds

to bit 1 of string 4.

For a SBAS geostationary satellite, the ephemeris CRC, if transmitted shall be coded as all zeros.

The CRC shall be transmitted in the order r9, r10, r11..., r16, r1, r2, r3..r8, where ri is the ith
coefficient of the remainder R(x) as defined in 3.9.

Source availability duration: the predicted duration for which corrections for the ranging source are
expected to remain available, relative to the modified Z-count for the first measurement block.

Coding: 1111 1110 = The duration is greater than or equal to 2 540 seconds.
1111 1111 = Prediction of source availability duration is not provided by this
ground subsystem.
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3.6.4.2.4 The measurement block parameters shall be as follows:

Ranging source ID: the identity of the ranging source to which subsequent measurement block
data are applicable.

Table B-119, GPS satellite ephemeris maszk

Subifame 1 Byt ] Byiel Byie 3 Byie 1 Byte 2 Byte 3
Word 3 000 0000 0000 0000 000 0011 Word 4 LR 0000 0000 000 0000
Word 5 000 0000 0000 0000 0K D00 Word § OO0 D 000G 0000 000D (000
Word 7 0000 0000 Q000 0000 1111 1111 Word & 1111 1111 1111 1111 11111111
Word 9 1111 1111 1111 1111 1111 1111 Word 10 1111 1111 1111 1111 1111 1104

Subfame 1 Bytz ] Byiel Byie 3 Byie 1 Bye 2 Byte 3
Word 3 1111 1111 1111 1111 1111 1111 Word 4 1111 1111 1111 1111 11111111
Word 5 1111 1111 1111 1111 1111 1111 Word § 1111 1111 1111 1111 11111111
Word 7 1111 1111 1111 1111 1111 1111 Word 8 1111 1111 1111 1111 11111111
Word @ 1111 1111 1111 1111 1111 1111 Word 10 1111 1111 1111 1111 000D (000

Subfame 3 Byt ] Byte 2 Byte 3 Byl By=2 Byte 3
Word 3 1111 1111 1111 1111 1111 1111 Word 4 1111 1111 1111 1111 11111111
Word 5 1111 1111 1111 1111 1111 1111 Word § 1111 1111 1111 1111 11111111
Word 7 1111 1111 1111 1111 1111 1111 Word 8 1111 1111 1111 1111 11111111
Word 8 1111 1111 1111 1111 1111 1111 Word 10 1111 1111 1111 1111 1111 1104

Table B-130. GCLONASS satellite ephemeriz mask

String 1:

0 0000 0000 0000 G000 0000 1111 1111 1111 1111 1111 1111 1111
1111 1111 11111111 1111 1111 1111 0000 0000

String 2:

0 0000 0000 0000 G000 0000 1111 1111 1111 1111 1111 1111 1111
1111 1111 11111111 1111 1111 1111 0000 0000

String 3:

00000 0111 1111 1111 0000 11111111 1111 1111 1111 1111 1111
1111 1111 1111 1111 1111 1111 1111 0000 0000

String 4:

00000 1111 1111 1111 1111 1111 1100 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 G000 0000 D00 D000

Coding: 1 to 36 = GPS satellite ID¥s (PR
37 = reserved
38 to 61 = GLOMASS satellite IDs (slot pumber phas 37)
62to 119 = spare
120 t0 158 = SBAS satellite IDs (PRI}
159 t0 255 = spare

Issue of data (IOD): The issue of data associated with the ephemeris data used to determine
pseudo-range and range rate corrections.

Coding: for GPS, IOD = GPS IODE parameter (3.1.1.3.2.2)
for GLONASS, IOD = GLONASS “tb” parameter (see 3.2.1.3.1)
for SBAS, IOD = 1111 1111
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Note.— For GLONASS insert O in the MSB of the IOD.
Pseudo-range correction (PRC): the correction to the ranging source pseudo-range.
Range rate correction (RRC): the rate of change of the pseudo-range correction.

opr_gnd: the standard deviation of a normal distribution associated with the signal-in-space
contribution of the pseudo-range error at the GBAS reference point (3.6.5.5.1, 3.6.5.5.2 and
3.6.7.2.2.4).

Coding: 1111 1111 = Ranging source correction invalid.

B1 through B4: are the integrity parameters associated with the pseudo-range corrections provided
in the same measurement block. For the ith ranging source these parameters correspond to Bi,1
through Bi,4 (3.6.5.5.1.2, 3.6.5.5.2.2 and 3.6.7.2.2.4).During continuous operation, the indices "1-4"
correspond to the same physical reference receiver for every epoch transmitted from a given
ground subsystem with the foll wing exception: the physical reference receiver tied to any of the
indices 1 to 4 can be replaced by any other physical reference receiver (including a previously
removed one) that has not been used for transmissions during the last 5 minutes.

Coding: 1000 0000 = Reference receiver was not used to compute the pseudo-range correction.
Note 1.— A physical reference receiver is a receiver with an antenna at a fixed location.

Note 2. — Some airborne inertial integrations may expect a largely static correspondence of the
reference receivers to the indices. Refer to RTCA/DO-253D, Appendix L.

3.6.4.3 Type 2 message — GBAS-related data. Type 2 message shall identify the location of the
GBAS reference point at which the corrections provided by the GBAS apply and shall give other
GBAS-related data (Table B-69). GBAS-related data parameters shall be as follows:

Note.— Additional data blocks may be included in the Type 2 message. Additional data block 1 and
additional data block 2 are defined. In the future, other additional data blocks may be defined. Data
blocks 2 through 255 are variable length and may be appended to the message after additional data
block 1 in any order.

GBAS reference receivers: the number of GNSS reference receivers installed in this GBAS ground
subsystem.

Coding: 0 = GBAS installed with 2 reference receivers
1 = GBAS installed with 3 reference receivers
2 = GBAS installed with 4 reference receivers
3 = The number of GNSS reference receivers installed in this GBAS ground
subsystem is not applicable

Ground accuracy designator letter: the letter designator indicating the minimum signal-in-space
accuracy performance provided by GBAS.
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Coding: 0 = accuracy designation A
1 = accuracy designation B
2 = accuracy designation C
3 = spare

GBAS continuity/integrity designator (GCID): numeric designator indicating the operational status
of the GBAS.

Coding: 0 = spare
1=GCID1
2 =GCID 2
3=GCID3
4 =GCID4
5 = spare
6 = spare
7 = unhealthy

Note 1.— The values of GCID 2, 3 and 4 are specified in order to ensure compatibility of equipment
with future GBAS.

Note 2.— The value of GCID 7 indicates that all approach services supported by the ground facility
are unavailable.

Local magnetic variation: the published magnetic variation at the GBAS reference point.

Coding: Positive value denotes east variation (clockwise from true north), Negative value
denotes west variation (counterclockwise from true north)

100 0000 0000 = Precision approach procedures supported by this GBAS are published based on
true bearing.

Note.— Local magnetic variation is chosen to be consistent with procedure design and is updated
during magnetic epoch years.

overt_iono_gradient: the standard deviation of a normal distribution associated with the residual
ionospheric uncertainty due to spatial decorrelation (3.6.5.4).

Refractivity index (Nr): the nominal tropospheric refractivity index used to calibrate the
tropospheric correction associated with the GBAS ground subsystem (3.6.5.3).

Coding: This field is coded as two's complement number with an offset of +400. A value of
zero in this field indicates a refractivity index of 400.

Scale height (h0): a scale factor used to calibrate the tropospheric correction and residual
tropospheric uncertainty associated with the GBAS ground subsystem (3.6.5.3).

Refractivity uncertainty (on): the standard deviation of a normal distribution associated with the
residual tropospheric uncertainty (3.6.5.3).
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Latitude: the latitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes north latitude.
Negative value denotes south latitude.

Longitude: the longitude of the GBAS reference point defined in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

Reference point height: the height of the GBAS reference point above the WGS-84 ellipsoid.
3.6.4.3.1 Additional data block 1 parameters. Additional data block 1 parameters shall be as follows:

REFERENCE STATION DATA SELECTOR (RSDS): the numerical identifier that is used to select the
GBAS ground subsystem.

Note.— The RSDS is different from every other RSDS and every reference path data selector (RPDS)
broadcast on the same frequency by every GBAS ground subsystem within the broadcast region.

Coding: 1111 1111 = GBAS positioning service is not provided

MAXIMUM USE DISTANCE (Dmax): the maximum distance (slant range) from the GBAS reference
point for which the integrity is assured.

Note.— This parameter does not indicate a distance within which VHF data broadcast field strength
requirements are met.

Coding: 0 = distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service (Kmd_e_POS,GPS): the
multiplier for computation of the ephemeris error position bound for the GBAS positioning service
derived from the probability of missed detection given that there is an ephemeris error in a GPS
satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources or that do
not provide the GBAS positioning service, this parameter shall be coded as all zeros.

GPS EPHEMERIS MISSED DETECTION PARAMETER, Category | Precision Approach and APV
(Kmd_e,GPS): the multiplier for computation of the ephemeris error position bound for Category |
precision approach and APV derived from the probability of missed detection given that there is an
ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources, this
parameter shall be coded as all zeros.

GLONASS  EPHEMERIS  MISSED  DETECTION  PARAMETER, GBAS Positioning  Service
(Kmd_e,_POS,GLONASS): the multiplier for computation of the ephemeris error position bound for
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the GBAS positioning service derived from the probability of missed detection given that there is
an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging sources or
that do not provide positioning service, this parameter shall be coded as all zeros.

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, Category | Precision Approach and APV
(Kmd_e_,GLONASS): the multiplier for computation of the ephemeris error position bound for
Category | precision approach and APV derived from the probability of missed detection given that
there is an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging sources, this
parameter shall be coded as all zeros.

3.6.4.3.2 Additional data blocks. For additional data blocks other than additional data block 1, the
parameters for each data block shall be as follows:

ADDITIONAL DATA BLOCK LENGTH: the number of bytes in the additional data block, including
the additional data block length and additional data block number fields.

ADDITIONAL DATA BLOCK NUMBER: the numerical identifier of the type of additional data block.

Coding: 0to 1 = reserved
2 = additional data block 2, GRAS broadcast stations
3 = additional data block 3, GAST D parameters
4 = additional data block 4, VDB authentication parameters
5to 255 = spare

ADDITIONAL DATA PARAMETERS: the set of data defined in accordance with the additional data
block number.

3.6.4.3.2.1 GRAS broadcast stations Parameters for additional data block 2 shall include data for one or

more broadcast stations as follows (Table B-131):

CHANNEL NUMBER: the channel number, as defined in 3.6.5.7, associated with a GBAS broadcast
station.

Note.— The channel number in this field refers to a frequency and an RSDS.

ALATITUDE: the difference of latitude of a GBAS broadcast station, measured from the latitude
provided in the latitude parameter of Type 2 message.

Coding: Positive value denotes that the GBAS broadcast station is north of the GBAS
reference point.
Negative value denotes that the GBAS broadcast station is south of the GBAS
reference point.

ALONGITUDE: the difference of longitude of a GBAS broadcast station, measured from the
longitude provided in the longitude parameter of Type 2 message.
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Coding: Positive value denotes that the GBAS broadcast station is east of the GBAS
reference point.
Negative value denotes that the GBAS broadcast station is west of the GBAS
reference point.

Note.— Guidance material concerning additional data block 2 is provided in Attachment D, 7.17.
3.6.4.3.2.2 GAST D parameters

Parameters for additional data block 3 shall include parameters (Table B-132) to be used when the
active service type is GAST D as follows:

Kmd_e_D,GLONASS (Kmd_e_D,GLONASS): is the multiplier for computation of the ephemeris error
position bound for GAST D derived from the probability of missed detection given that there is an
ephemeris error in a GLONASS satellite. For GBAS ground subsystems that do not broadcast
corrections for GLONASS ranging sources, this parameter is coded as all zeros.

Note.— This parameter, Kmd_e_D,GLONASS, may be different than the ephemeris decorrelation
parameter

Kmd_e_GLONASS provided in additional data block 1 of the Type 2 message. Additional information
regarding the difference in these parameters is given in Attachment D, 7.5.6.1.2 and 7.5.6.1.3.

Kmd_e_D,GPS (Kmd_e_D,GPS): is the multiplier for computation of the ephemeris error position
bound for GAST D derived from the probability of missed detection given that there is an
ephemeris error in a GPS satellite. For GBAS ground subsystems that do not broadcast corrections
for GPS ranging sources, this parameter is coded as all zeros.

Note.— This parameter, Kmd_e_D,GPS, may be different than the ephemeris decorrelation parameter
Kmd_e_GPS provided in additional data block 1 of the Type 2 message. Additional information
regarding the difference in these parameters is given inAttachment D, 7.5.6.1.2 and 7.5.6.1.3.

Sigma_vert_iono_gradient_D (overt_iono_gradient_D ): is the standard deviation of a normal
distribution associated with the residual ionospheric uncertainty due to spatial decorrelation. This
parameter is used by airborne equipment when its active approach service type is D.

Note.— This parameter, Sigma_vert_iono_gradient_D, may be different than the ionospheric
decorrelation parameter

Sigma_vert_iono_gradient provided in the Type 2 message. Additional information regarding the
difference in these parameters is given in Attachment D, 7.5.6.1.2 and 7.5.6.1.3.

YEIG: is the maximum value of EIG at zero distance from the GBAS reference point. This parameter
is used by airborneequipment when its active approach service type is D.

MEIG: is the slope of maximum EIG versus distance from the GBAS reference point. This parameter
is used by airborneequipment when its active approach service type is D.
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Table B-131. CEAS broadeast station data

Dara content Bits uzed Range of values Resolurion
Channel number 16 20001 to 39959 1

Al atttude 3 +25.4° 0.2°
Al ongitude 3 +25.4" 0.2=

Table B-131. Additional data block 3 GAST D parameters

Data content Bits nsed Range af values Rezolution
B e poes 8 0ta 12.75 0.05

Eua e poLomass ] { to 12.75 0.05
Cvert_iono_gmdieni_ [ g Oto25.5 = 10" m'm 0.1 = 107" m'm
Yeis 3 Oto 3.0m 0.1

Mpg 3 0to 0.7 mkm 01

3.6.4.3.2.3 VDB authentication parameters

Additional data block 4 includes information needed to support VDB authentication protocols
(Table B-133). Slot group definition: This 8-bit field indicates which of the 8 slots (A-H) are assigned
for use by the ground station. The field is transmitted LSB first. The LSB corresponds to slot A, the
next bit to slot B, and so on. A “1” in the bit position indicates the slot is assigned to the ground
station. A "0" indicates the slot is not assigned to the ground station.

Tahble B-133, VDB authentication parameters

Data content Bits used Range af valuss Resolution

Slot group definition 3 — —

3.6.4.4 TYPE 3 MESSAGE — NULL MESSAGE

3.6.4.4.1 The Type 3 message is a variable length “null message” which is intended to be used by
ground subsystems that support the authentication protocols (see 3.6.7.4).

3.6.4.4.2 The parameters for the Type 3 message shall be as follows:

Filler: a sequence of bits alternating between “1” and "0” with a length in bytes that is 10 less than
the value in the message length field in the message header.
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3.6.4.5 Type 4 message — Final approach segment (FAS). Type 4 message shall contain one or more
sets of FAS data, each defining a single precision approach (Table B-143). Each Type 4 message
data set shall include the following:

Data set length: the number of bytes in the data set. The data set includes the data set length field
and the associated FAS data block, FAS vertical alert limit (FASVAL)/approach status and FAS lateral
alert limit (FASLAL)/approach status fields.

FAS data block: the set of parameters to identify an approach and define its associated approach
path.

Coding: See 3.6.4.5.1 and Table B-134.

Note.— Guidance material for FAS path definition is contained in Attachment D, 7.71.
FASVAL/approach status: the value of the parameter FASVAL as used in 3.6.5.6.
Coding: 1111 1111 = Do not use vertical deviations.

Note.— The range and resolution of values for FASVAL depend upon the approach performance
designator in the associated FAS data block.

FASLAL/approach status: the value of the parameter FASLAL as used in 3.6.5.6.
Coding: 1111 1111 = Do not use approach.

Note.— The Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS) (Doc 8168),
Volume ll, specifies conventions to be used by procedure designers when applying the FAS data block
definitions and codings below to encode Pr ocedures.

3.6.4.5.1 FAS data block. The FAS data block shall contain the parameters that define a single GAST
A, B, C or D approach. The FAS path is a line in space defined by the landing threshold
point/fictitious threshold point (LTP/FTP), flight path alignment point (FPAP), threshold crossing
height (TCH) and glide path angle (GPA). The local level plane for the approach is a plane
perpendicular to the local vertical passing through the LTP/FTP (i.e. tangent to the ellipsoid at the
LTP/FTP). Local vertical for the approach is normal to the WGS-84 ellipsoid at the LTP/FTP. The
glide path intercept point (GPIP) is where the final approach path intercepts the local level plane.
FAS data block parameters shall be as follows:

Operation type: straight-in approach procedure or other operation types.

Coding: 0 = straight-in approach procedure
1to 15 = spare

Note.— Offset procedures are straight-in procedures and coded as “0".
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Table B-134. Final approach sezment (FAS) data block

Data conrenr Bits used Range of values Resolurion
Ciperation type 4 Oto 15 1
SBAS provider ID 4 Oto 13 1
Anport ID 32 — —
Fumway mumber 6 1to 36 1

]

Famway letter

Approach performance designator 3 Ot 7 1
Foute indicator 3 — —
Feference path data selector 2 0to 48 1
Reference path identifier 32 — —
LTP/FTIP latitude 32 +90.0° 0.0003 arcsec
LTRTTP longitude 32 +180.0° 0.0003 arcsec
LTPFTP height 16 —5120tc604l.5m 0lm
AFPAP latitude 24 +1.0° 0.00035 arczec
AFPAP longitude 24 +1.0° 0.0003 arcsec
Approach TCH (Note) 15 Oto 163835 mor 0.05m or
Ot 32767 £ 01 ft
Approach TCH units selector 1 — —
GPA 16 0 to 20.0° 0.01°
Course width 8 80 to 143.75 m 025m
AL ength offset 2 Oto 2032 m Em
Fmal approach segment CRC 32 — —

Note.— Information can be provided in either feef or metres as indicated by the approach TCH unit zelector.

SBAS service provider ID: indicates the service provider associated with this FAS data block.

Coding: See Table B-65.
14 = FAS data block is to be used with GBAS only.
15 = FAS data block can be used with any SBAS service provider.

Note.— This parameter is not used for approaches conducted using GBAS or GRAS pseudo-range
corrections.

Airport ID: the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits of its IA-5 representation. For each
character, bi is transmitted first, and 2 zero bits are appended after b6, so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
“space” are used. The rightmost character is transmitted first. For a three-character
airport ID, the rightmost (first transmitted) character shall be 1A-5 “space”.
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Runway number: the approach runway number.

Coding: 1 to 36 = runway number

Note.— For heliport and point-in-space operations, the runway number value is the integer nearest
to one tenth of the final approach course, except when that integer is zero, in which case the runway

number is 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between parallel
runways.

Coding: 0 = no letter
1 = R (right)
2 = C (centre)
3 =L (left)

Approach performance designator: the general information about the approach design.

Coding: 0 = APV
1 = Category |
2 = reserved for Category |l
3 = reserved for Category IlI
4 to 7 = spare

Note.— Some airborne equipment designed for Category | performance is insensitive to the value of
the APD. It is intended that airborne equipment designed for Category | performance accepts APD
values of at least 1-4 as valid to accommodate future extensions to higher performance types using
the same FAS data block

Route indicator: the one-letter identifier used to differentiate between multiple approaches to the
same runway end.

Coding: The letter is coded using bits b1 through b5 of its IA-5 representation. Bit b1 is
transmitted first. Only upper case letters, excluding “I” and "O", or IA-5 “space” are
used.

Reference path data selector (RPDS): the numeric identifier that is used to select the FAS data block
(desired approach).

Note.— The RPDS for a given FAS data block is different from every other RPDS and every reference
station data selector (RSDS) broadcast on the same frequency by every GBAS within the broadcast
region.

Reference path identifier (RPI): the three or four alphanumeric characters used to uniquely
designate the reference path.

Coding: Each character is coded using bits b1 through b6 of its IA-5 representation. For each
character, b1 is transmitted first, and 2 zero bits are appended after b6 so that 8 bits
are transmitted for each character. Only upper case letters, numeric digits and IA-5
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“space” are used. The rightmost character is transmitted first. For a three-character
reference path identifier, the rightmost (first transmitted) character shall be IA-5
“space”.

Note.— The LTP/FTP is a point over which the FAS path passes at a relative height specified by the
TCH. LTP is normally located at the intersection of the runway centre line and the threshold.

LTP/FTP latitude: the latitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes north latitude.
Negative value denotes south latitude.

LTP/FTP longitude: the longitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

LTP/FTP height: the height of the LTP/FTP above the WGS-84 ellipsoid.

Coding: This field is coded as an unsigned fixed-point number with an offset of =512 metres.
A value of zero in this field places the LTP/FTP 512 metres below the earth ellipsoid.

Note.— The FPAP is a point at the same height as the LTP/FTP that is used to define the alignment of
the approach. The origin of angular deviations in the lateral direction is defined to be 305 metres (1
000 ft) beyond the FPAP along the lateral FAS path. For an approach aligned with the runway, the
FPAP is at or beyond the stop end of the runway.
AFPAP latitude: the difference of latitude of the runway FPAP from the LTP/FTP in arc seconds.
Coding: Positive value denotes the FPAP latitude north of LTP/FTP latitude.

Negative value denotes the FPAP latitude south of the LTP/FTP latitude.
AFPAP longitude: the differe,nce of longitude of the runway FPAP from the LTP/FTP in arc seconds.
Coding: Positive value indicates the FPAP longitude east of LTP/FTP longitude.

Negative value indicates the FPAP longitude west of LTP/FTP longitude.
Approach TCH: the height of the FAS path above the LTP/FTP defined in either feet or metres as
indicated by the TCH units selector. Approach TCH units selector: the units used to describe the

TCH.

Coding: 0 = feet
1 = metres

Glide path angle (GPA): the angle of the FAS path with respect to the horizontal plane tangent to
the WGS-84 ellipsoid at the LTP/FTP.
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Course width: the lateral displacement from the path defined by the FAS at the LTP/FTP at which
full-scale deflection of a course deviation indicator is attained.

Coding: This field is coded as an unsigned fixed-point number with an offset of 80 metres. A value
of zero in this field indicates a course width of 80 metres at the LTP/FTP.

Alength offset: the distance from the stop end of the runway to the FPAP.
Coding: 1111 1111 = not provided

Final approach segment CRC: the 32-bit CRC appended to the end of each FAS data block in order
to ensure approach data integrity. The 32-bit final approach segment CRC shall be calculated in
accordance with 3.9. The length of the CRC code

shall be k = 32 bits.

The CRC generator polynomial shall be:
G(X) =x32 +x3T + x24 + x22 + X16 + Xx14 + x8 + X7 + x5 + x3 + x + 1

The CRC information field, M(x), shall be:

addL

M(x)= Z m <57 = mxt'l 4 m,xt 4L myg,x

ad i

1=1

M(x) shall be formed from all bits of the associated FAS data block, excluding the CRC. Bits shall be
arranged in the order transmitted, such that m1 corresponds to the LSB of the operation type field,
and m272 corresponds to the MSB of the Alength offset field. The CRC shall be ordered such that
r1is the LSB and r32 is the MSB. The CRC information field,

3.6.4.6 Type 5 message — predicted ranging source availability. When used, the Type 5 message
shall contain rising and setting information for the currently visible or soon to be visible ranging
sources. Predicted ranging source availability parameters shall be as follows:

Modified Z-count: indicates the time of applicability of the parameters in this message.

Coding: Same as modified Z-count field in Type 1 message (3.6.4.2).

Number of impacted sources: the number of sources for which duration information applicable to
all approaches is provided.

Coding: 0 = Only specified obstructed approaches have limitations.
1to 31 = The number of ranging sources impacted.
Ranging source ID: as for Type 1 message (3.6.4.2).

Source availability sense: indicates whether the ranging source will become available or cease to be
available.
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Coding: 0 = Differential corrections will soon cease to be provided for the associated
ranging source.
1 = Differential corrections will soon start to be provided for the associated ranging
source.

Source availability duration: the predicted minimum ranging source availability duration relative to
the modified Z-count.

Coding: 111 1111 = The duration is greater than or equal to 1 270 seconds.

Number of obstructed approaches: the number of approaches for which the corrections will be
reduced due to approachunique constellation masking.

Reference path data selector: an indication of the FAS data block to which the source availability
data applies (3.6.4.5.1).

Number of impacted sources for this approach: the number of sources for which duration
information applicable only to this approach is provided.
3.6.4.7 TYPE 6 MESSAGE

Note.— Type 6 message is reserved for future use to provide the information required for Category
Il/11l precision approaches.

3.6.4.8 TYPE 7 MESSAGE

Note.— Type 7 message is reserved for national applications 3.6.4.9 TYPE 8 MESSAGE
3.6.4.9 TYPE 8 MESSAGE

Note.— Type 8 message is reserved for local and regional test applications.

3.6.4.10 TYPE 1071 MESSAGE —GRAS PSEUDO-RANGE CORRECTIONS

3.6.4.10.1 The Type 101 message shall provide the differential correction data for individual GNSS
ranging sources (Table B-139). The message shall contain three sections:

a) message information (time of validity, additional message flag, number of measurements and
the measurement type);

b) low-frequency information (ephemeris decorrelation parameter, satellite ephemeris CRC and
satellite availability information); and

c) satellite data measurement blocks.

Note.— All parameters in this message type apply to 100-second carrier-smoothed pseudo-ranges.
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3.6.4.10.2 Each Type 101 message shall include ephemeris decorrelation parameter, ephemeris
CRC and source availability duration parameters for one satellite ranging source. The ephemeris
decorrelation parameter, ephemeris CRC and source availability duration shall apply to the first
ranging source in the message.

3.6.4.10.3 Pseudo-range correction parameters shall be as follows:

Modified Z-count: as defined in 3.6.4.2.3.

Additional message flag: as defined in 3.6.4.2.3 except applicable to Type 101 messages.

Number of measurements: as defined in 3.6.4.2.3.

Measurement type: as defined in 3.6.4.2.3.

Ephemeris decorrelation parameter (P): as defined in 3.6.4.2.3.
Ephemeris CRC: as defined in 3.6.4.2.3.

Source availability duration: as defined in 3.6.4.2.3.

Number of B parameters: an indication of whether the B parameters are included in the
measurement block for each ranging source.

Coding: 0 = B parameters are not included
1 = 4 B parameters per measurement block
3.6.4.10.4 The measurement block parameters shall be as follows:
Ranging source ID: as defined in 3.6.4.2.4.
Issue of data (IOD): as defined in 3.6.4.2.4.
Pseudo-range correction (PRC): as defined in 3.6.4.2.4.
Range rate correction (RRC): as defined in 3.6.4.2.4.
opr_gnd: as defined in 3.6.4.2.4, with the exception of the range of values and resolution.
B1 through B4: as defined in 3.6.4.2.4.
Note.— Inclusion of the B parameters in the measurement block is optional for Type 107 messages.

3.6.4.11 TYPE 11 MESSAGE — PSEUDO-RANGE CORRECTIONS — 30-SECOND SMOOTHED PSEUDO-
RANGES

3.6.4.11.1 The Type 11 message shall provide the differential correction data for individual GNSS
ranging sources (Table B-140) with 30-second carrier-smoothing applied. The message shall
contain three sections:
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a) message information (time of validity, additional message flag, number of measurements and
the measurement type);

b) low-frequency information (ephemeris decorrelation parameter); and
c) satellite data measurement blocks.
Note.— Transmission of the low-frequency data for SBAS ranging sources is optional.

3.6.4.11.2 Each Type 11 message shall include the ephemeris decorrelation parameter for one
satellite ranging source.
The ephemeris decorrelation parameter shall apply to the first ranging source in the message.

Note.— The ephemeris CRC and source availability duration parameters are not included in the Type
11 message because they are provided in the Type 1T message.

3.6.4.11.3 Pseudo-range correction parameters for the Type 11 message shall be as follows:
Modified Z-count: as defined in 3.6.4.2.3.

Additional message flag: an identification of whether the set of measurement blocks in a single
frame for a particular measurement type is contained in a single Type 11 message or a linked pair
of messages.

Coding: 0 =  All measurement blocks for a particular measurement type are contained in one
Type 11 message.
1 = This is the first transmitted message of a linked pair of Type 11 messages that
together contain the set of all measurement blocks for a particular measurement
type.
2 = Spare
3 = This is the second transmitted message of a linked pair of Type 11 messages
that together contain the set of all measurement blocks for a particular
measurement type.

Number of measurements: the number of measurement blocks in the message.
Measurement type: as defined in 3.6.4.2.3.

Ephemeris decorrelation parameter D (PD): a parameter that characterizes the impact of residual
ephemeris errors due to decorrelation for the first measurement block in the message.

Note.— This parameter, PD, may be different than the ephemeris decorrelation parameter P provided
in the Type 1 message. Additional information regarding the difference in these parameters is given
in Attachment D, 7.5.6.1.3 and 7.5.6.1.4.

For an SBAS geostationary satellite, the ephemeris decorrelation parameter, if transmitted, shall be
coded as all zeros.
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3.6.4.11.4 The measurement block parameters shall be as follows:
Ranging source ID: as defined in 3.6.4.2.3.

Pseudo-range correction (PRC30): the correction to the ranging source pseudo-range based on 30-
second carrier-smoothing.

Range rate correction (RRC30): the rate of change of the pseudo-range correction based on 30-
second carrier-smoothing.

Sigma_PR_gnd_D (apr_gnd_D): the standard deviation of a normal distribution associated with the
signal in-space contributionof the pseudo-range error in the 100-second smoothed correction in
the Type 1 message at the GBAS reference point (3.6.5.5.1 and 3.6.7.2.2.4).

Note.— The parameter “pr_gnd_D differs from <pr_gnd for the corresponding measurement in the
Type 1 message in that <pr_gnd_D should include no inflation to address overbounding of
decorrelated ionospheric errors.

Coding: 1111 1111 = Ranging source correction invalid.

Sigma_PR_gnd_30 (apr_gnd_30): the standard deviation of a normal distribution that describes the
nominal accuracy of corrected pseudo-range smoothed with a time constant of 30 seconds at the
GBAS reference point.

Note.— The normal distribution N(O, apr_gnd_30) is intended to be an appropriate description of the
errors to be used in optimizing the weighting used in a weighted least-squares-position solution. The
distribution need not bound the errors as described in 3.6.5.5.1 and 3.6.7.2.2.4.

Coding: 1111 1111 = Ranging source correction invalid.
3.6.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted, but are used by either or both non-
aircraft and aircraft elements, and that define terms applied to determine the navigation solution
and its integrity.

3.6.5.1 Measured and carrier smoothed pseudo-range. The broadcast correction is applicable to
carrier smoothed code pseudo-range measurements that have not had the satellite broadcast
troposphere and ionosphere corrections applied to them. The carrier smoothing is defined by the
following filter:
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whers

Pl.‘.t:n
Pl!'-.t:n |

ﬁll
'bu | =

3632

whers

Prse
FRC

FRC

t

tz-count
IC

A
Fesen =P + (1-a) (Plzw':,,,l + n (¢, - ¢’n-1))

the smoothed pseudo-range;

the previous smoothed pseudo-range;

the raw pseudo-range measurement where the raw pseudo-range measurements are obtamed from a camer
driven code loop, first order or hugher and with 2 one-s1ded noise bandwidth greater than or equalto 0,123 Hz;
the L1 wavelength;

the camer phase;

the previous camer phase; and

the filter weighting function equal to the sample mterval divided by the smoothing fime constant. For GBAS
pseudo-range comechions o message Type | and message Type 101, the smoothing tme comstant 15
100 seconds, except as specified m 3.6.8.3.5.] for awbome equipment. For GBAS pseudo-range corrections
i message 1ype 11, the smoothing time constant 15 30 seconds.

Corrected psendo-range. The corected pseudo-range for a grven satellite at fime £15:

PR yrrecteq = Free T PRC+ RRC X (t—tz— count) + TC + ¢ x (At ),

the smoothed psendo-range (defined m 1.6.5.1);

the pseudo-range comection from the appropnate message:

a) for 100-second smoothed psendo-ranges, PRC 15 taken from message Tvpe | or Type 10] defined n
3642 and

b} for30-second smoothed pseudo-ranges, FRC 15 PRC30 taken from message Type 11 definedin 3.6.4.11;

the pseudo-range comection rate from the appropnate message:

a) for 100-second smoothed pseudo-ranges, RRC 15 taken from message Tvpe | or Type 10] defined m
3642 and

b} for30-second smoothed pseudo-ranges, RRC 15 RRC30 taken from message Type 1] defined in 3.6.4.11;
the current time;

the fime of apphicability denved from the modified Z-count of the message contaimng PRC and RRC;

the troposphenic correction (defmed m 3.6.5.3); and

¢ and (Aty ) are as defined m 3.1.2.2 for GPS satellites.
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1653 TROPOSPHERIC DELAY
36531 The troposphenie comrection for 2 given satellite 1s:

10
TC=N.h, (1 - eh/ho)
y 0.002 + sin“(El)

= refractivity index from the Tvpe 2 message (3.6.4.3);
keight of the aweraft above the GBAS reference point;
elevation angle of the 1™ satellite; and

= troposphere scale height from the Tvpe 2 message.

|- =
I

36532 The rendual troposphenc uncertainty 1s:

10

—

(1 - e"8h/By)
y 0.002 + sin*(EL)

“I:rup-u = 'Inhu

where 5, = the refractivity uncertamnty from the Type 2 message (3.6.4.3).
3654 Residual fonospheric uncertainty. The residual ionosphene uneertamty for a given satellife 12:

Oiona = Fpp ¥ Oyig ¥ (e + 2 % 1 X vye)

where

Fre = the vertical-to-slant obhquty factor for a given satelhte {3.5.5.5.2);

Gyg = 1 dependent on the active GAST.
For GAST A, B or C, ovig= Gven_iono_gradens (25 defined in 3.6.4.3);
For GAST D, ouig = Guen_jonn_grutiens 0 (25 defined m 3.6.4.3.2.2);

poa = the distance (slant range) in metres between cumrent awcraft location and the GBAS reference point indicated
the Type 2 message:

T = 15 dependent on the active GAST.
For GAST A, B or C, t =100 seconds (time constant used in 3.6.5.1); and
For GAST D, the value of t depends on whether G 15 apphed 1 measurement weighting or m mtegnty
bounding. 1= 100 seconds when 5 15 used for integmity boundmg (per 3.6.3.5.1.1.1) and = 30 seconds when
Tiona 15 15ed for measurement weighting (per 3.6.53.1.1.2);

Veir = the awreraft honzontal approach velocity (metres per second).

3.65.5 PROTECTION LEVELS

363551 Protection levels for all GBEAS approach service npes. The signal-m-space vertical and lateral protection levels
{(VFL and LPL) are upper confidence bounds on the error i the posiion relatrve to the GBAS reference point defined as:

val. = I‘-'m {T...'len:ﬁl,"PLH]}

LPL = MAX{LPLuo LPLui}
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365511

Nermal measurement conditions

3655111 The vertical proteciion level (VPLyy) and lateral protection level (LFLyy), assuming that nommal
measurament condifions (1e. no faults) exist in all reference recervers and on all ranming sources, 15 caleulated as:

where

VPLgo = Ettudaven +Dh

LPLyi = Kandain +D.

| N

Tyere = |zs_ vert] ¥ g/
Ja::

r
|r.'
_ 2 2
Oy = |ZE_ lat] x oy
\:=L

P} z 2 1 .
TV = 0 T gndi T+ 0 Tmope T O pr_ains T T Tioaa)

and

Cpr_mds

15 dependent on the active GAST.
For GAST A, B or C: Gy gnds = Gpe_pna for the i* ranging source as defined in 3.6.4.2;
For GAS-I' D: G gnti = Gye_gnd D for the 1" ranging source (3.6.4.11);

ﬂh_-np.m -Ipr__,lrl and ﬂL,ml are as defimed i 36.5.5.1.1.2;

E1ﬂ:u.|1 =

w

i

=
]

w

—

kS
1l

- w l.!._r'l v
208 F 8
=
I nu I

¥
1]

DL =

the multiplier derved from the probability of fault-free missed detection;
syi+ 5 % tan (GPA)
=W
the partial denvative of position emor in the x-direction with respect to pseudo-range emor on the 1™ satellite;
the partial denvative of position error in the y-direction with respect to psendo-range smor on the i™ satellite;
the partial derrvative of position error in the vertical direction with respect to psende-ranze error on the 1% satellite;
the ghdepath angle for the final approach path (3.6.4.5.1);
the mumber of rangmg sources used in the position solufion; and
the ranzing sowrce mdex for ranging sowrces used i the position solution;
an awborme determmed parameter depending on the active GAST.
For GASTA Bor C: Dy=10;
For GAST D: Dy 15 caleulated as the magnitude of the vertical projecton of the difference between the 30-second
and 100-second position selutons;
an awborne determmed parameter depending on the active GAST.
ForGASTA Bar C: D=0
For GAST D: Dy 15 caleulated as the magmitude of the lateral projection of the difference between the 30-second
and 100-second posihon soluhons.

Note ] — The airborne 30-second and 100-zecond position selurions, Dy and D are defined in RTCA MOPE DO-233D.

Note 2 — The coordinate reference frame iz defined zuch thar x iz along mrack positive forward, y iz cresstrack positive
Igft in the local level tangent plans and v iz the pesitive up and orthogonal fo x and y.
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36.55.1.12 For a general-least-squares posihon solution, the projechon matrx 5 15 defined as:

x,1 Sx,I o Sx,h
g=|1 2 S”'“:(Gfxw:-cﬁ}’xc-'xw

Sy1 Sz - Syn

Ser R v S

T 1 0 ]
wel @
o 0 gl

i R 2 2 2 -
where 67w =0 “pr_gmii + G “mopni + F _aini + O i
where

Sy gdi = 15 dependent on the active GAST.
For GAST A, B or C or the GBAS positioning service: gy gy = O g for the 1* rangmg source as defined
i (3.6.4.2);
For GAST IV: Gp_gdi = Spr_gnd 30 for the 1" ranging source (3.6.4.11};

Gugey =  the residual tropospheric uncertainty for the 1" ranging source (3.6.5.3};

Guwasi = the residual ionospheric delay (due to spatial decomelation) uncertamty for the i* ranging source (3.6.5.4); and

Cpairi = J rE‘:“‘,HI[E!],:I + ammwﬂ:(]':'.h] the standard deviation of the awcraft contmbution to the conected psendo rnge
error for the 1" ranging souwrce. The total areraft contribution imcludes the receiver contribution (3.6.8.2.1)
and a standard allowance for anframe multipath;

where

Guuipat(EL) = 0.13 + 0,332 5182 the standard model for the contribution of airframe multipath (in metres);

ElL = the elevation angle for the i* ranging source (m degrees); and

Az = the azinouth for the 1" ranging source taken counterclockwise for the x axis (in degrees).

Note.— To improve readability, the subscript i was emitted from the projection mamix s equarion.

365512 Faulted measurement conditions. When the Tvpe 101 message is broadcast without B parameter blocks, the
values for VPLy; and LPLy, are defined as zero. Otherwise, the vertical protection level (VFLy;) and lateral protection level
(LPLy), assuming that a latent fault exists in cne, and only one reference recerver, are:

VPLy, = max [VPL] + Dy

LFLy; = max I_-.LPI.]]"'DI.
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where VFL, and LFL, for j=1to 4 are

VPL
LPI'.I
Dy
Dy

and

B_vert,
B_lat
By

Ko

¥
TyertHI
2
T at 11

a_HIL

[B_wart)| + Kud Gverpn ; and

|B_latj| + Fmi o ;

zn awbome determimed parameter dependmg on the actrre GAST (3.6.53.1.1.1%;
zn awbome determimed parameter dependmg on the actrve GAST (3.6.5.3.1.1.1%;

N
=p(s_vert, ® B);

Yiii(slay x By

the broadeast differences between the broadcast pseudo-range comrections and the comections obtained
exchiding the j* reference receiver measurement for the 1™ ranging source;

the multipher derived from the probability of mizzed detection grven that the ground subsystem 1= faulted;
E.H_1 [5_1.-'erq"' X u'_Hii":I ;

Yo, (slar =% o HL);

MYy
(I.I_) T pe_and st G'Jpr_uu"' Gju'qnu"' & ionci;

Opr_gnds 15 dependent on the actve GAST.

For GAST A, B or C: o _guii = G _gad for the 1" ranping source as defined m (3.6.4.2);
For GAST D Gy gud = Gpe_snd_ for the i" ranging source (3.6.4.11);

& gai, G |.ru.andcs jone) @re as defined m 3.6.5.5.1.1.2;

M,

U

the number of reference recervers used to compute the psendo-range cormmections for the ™ rangmg source
{mdicated by the B values); and
the mumber of reference receivers used to compute the pseudo-range comections for the # ranging source,

exchiding the ¥ reference recerver.

Note.— A larenr fanlt includes any evvoneous measurement(z) thar is not immediately derecrad by the ground subsystem,
such thar the broadeast dara are gffecred and there iz an induced position ervor in the aircrgft subsysrem.

365513 Defimtion of K multiphers for GBAS approach services. The multipliers are grven m Table B-133.
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Table B-135, K-multipliers for GBAS approach services

Mi
Multiplier Jihosd 2 3 4
Eftna 6.56 5.782 5.81 3847
Eaa Mot used 1935 2598 1878

Nate— For GAST A supported by Type J0I mezsapes broadras: without the B parameser block.

363352 GBAS positioning service. The signal-m-space honzontal protection level 15 an upper confidence bound on the
horizontal ervor m the position relative to the GBAS reference point defimed as:

HPL = MAXN{HPLy, HPL, HEB}

363321 Nermal measurements comditions. The honzontal protection level (HPLpg), assuming that nommal
measurement condifions (Le. no faults) exist mn all reference recervers and on all ranging sources, 15 caleulated as:

HP‘LHII = Kﬂ'md, KJ!idln.'l_}Cll

where:
a4

I:lrm jar 3

d; = Liz 500

dy = Il 500

dr_\' = Elﬂ-l Sx.lf':.r.la;-l
Sy = the partial dervative of position error in the x-direction with respect to pseudo-range emor on the 1 satellite
Sy = the partial derivative of position error in the y-direction with respect to pseudo-range emor on the i satellite
Etwdpes =  the mulhpher denved from the probabality of fault-free mizsed detection
N = the number of ranging sources used in the position selution
1 = the ranging source mdex for ranging sources used m the position solution
Gy = the pseudo-range emor term as defined m 363511

Note.— For the GEAS pesitioning service, the x and v axes define an arbitrary orthogonal bazis in the horvizental plane.

365522 Faulted measurement conditions. When the Type 101 message 15 broadeast without B parameter blocks, the
value for HPLy, 15 defined as zero. Otherwise, the horizontal protection level (HPLy ). assuming that a latent fault exists in
one and only one reference receiver, 1s:
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where HPL, forj=1to 4 1s:

= |E_hf'ﬂj| + Enrru_mhdm_hv,m

and
[
B_horz _\]|(z Ex,B,,j (ZS‘. B,,j
By = the broadeast differences between the broadeast pseudo-range corrections and the comechions obtamed
excliding the j* reference recerver measurement for the i* ranging source.
B pos = the multipher denved from the probability of mizzed detection given that the ground subsvstem 1= fanlted.

[ ;

dHI +d H? |/d HI?-d HI\
| T ¥ X ¥ 2
Idm:|_|n:-|'.]nl1. = | + | 5 + I:l_Hlm

2

\ N

N

d_HI= Z 25 HI
N

4_HI’= Z 2,0 HI?

i=l
N
d_HlIY:Z seispam_HI
=

Note.— For the GBAS positioning sevvice, the x and v axes define an arbitrary orthogonal baziz in the horizomtal plane.

Y M
o _HI1f = (_) For_gndi + 'I;r ai T 'Til-mpui III.II-:II'II:I\.i.
M, = the number of reference receivers used to compute the psendo-range comections for the i* ranging source
(mdicated by the B values).
U, = the number of reference receivers used to compute the pseudo-ranze comections for the i ranging source,

exchiding the j* reference receiver.

Note— A latent fault includes any erroneous measurementis) that is not immediately detected by the ground subsysiem,
such that the broadcast data are qffected and there iz an induced position error in the aireraft subsystem.

3633523 Definition of K multpliers for GBAS positioning sevvice. The multipher Enng pos 15 equal to 100 and the
multiplier Ky pes, 15 equal to 3.3
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3.6.5.6 ALERT LIMITS

Note 1.— Guidance concerning the calculation of alert limits, including approaches associated with
channel numbers 40000 to 99 999, is provided in Attachment D, 7.13.

Note 2. — Computation of alert limits depends on the active service type.

3.6.5.6.1 GAST C and D alert limits. The alert limits are defined in Tables B-136 and B-137. For
aircraft positions at which the lateral deviation exceeds twice the deviation at which full-scale
lateral deflection of a course deviation indicator is achieved, or vertical deviation exceeds twice the
deviation at which full-scale fly-down deflection of a course deviation indicator is achieved, both
the lateral and vertical alert limits are set to the maximum values given in the tables.

3.6.5.6.2 GAST A and B alert limits. The alert limits are equal to the FASLAL and FASVAL taken from
the Type 4 message for approaches with channel numbers in the range of 20 001 to 39 999. For
approaches with channel numbers in the range 40 000 to 99 999, the alert limits are stored in the
on-board database.

3.6.5.7 Channel number. Each GBAS approach transmitted from the ground subsystem is
associated with a channel number in the range of 20 001 to 39 999. If provided, the GBAS
positioning service is associated with a separate channel number in the range of 20 001 to 39 999.
The channel number is given by:

Channel number = 20 000 + 40(F — 108.0) + 411(S)

where

F = the data broadcast frequency (MHz)
S = RPDS or RSDS

And

RPDS = the reference path data selector for the FAS data block (as defined in 3.6.4.5.1)
RSDS = the reference station data selector for the GBAS ground subsystem (as defined in
3.6.4.3.1)

Tahle B-136. GAST C and D lateral alert hmat

Honzontal distance of areraft position

from the LTP/FTP as translated

along the final approach path Lateral alert lomit
(metres) (matres)
D =873 FASLAL
873 =D = 7 500 0.0044D (m) + FASLAL - 385
D= T 500 FASLAT = 2915
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Table B-137. GAST C and IV vertical alert limit

Hewght above LTP/FIP of awrcraft posihon

translated onto the final approach path Vertical alert limit
(feet) (metras)
H=2M FASVAL
200 =H =1 340 0.02925H (i) + FASVAL - 535
H=1340 FASVAL +33.35

For channel numbers transmitted in the additional data block 2 of Type 2 message (as defined in
3.6.4.3.2.1), only RSDS are used.

Note 1.— When the FAS is not broadcast for an approach supported by GAST A or B, the GBAS
approach is associated with a channel number in the range 40 000 to 99 999.

Note 2.— Guidance material concerning channel number selection is provided in Attachment D, 7.7.

3.6.5.8 EPHEMERIS ERROR POSITION BOUND

Note.— Ephemeris error position bounds are computed only for core satellite constellation ranging
sources used in theposition solution (j index) and not for other types of ranging sources (SBAS
satellites or pseudolites) that are not subject to undetected ephemeris failures. However, the
calculations of these position bounds use information from all ranging sources used in the position
solution (i index).

3.6.5.8.1 GBAS approach. The vertical and lateral ephemeris error position bounds are defined as:
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VEB = MAX{VEB,}+ Dy
]

LEB =MAX{LEB)}+ Dv
]

The vertical and lateral ephemenis error position bounds for the j® core satellite constellation ranging source used in the position
solution are grven by:

[
VEE = |5_vertj|meEJ + Kg o |Z s_Vert] X aj

1=l

)

]
LEB.I = |5_1'itl|| Ealrpcj + Kmd_n-l |IZ 5_1-31';? X I:F:I2
\ 1=1

where:

Dy = an anbome determined parameter dependmg on the actve GAST (3.6.53.1.1.13;
Dy =  an arbome deternmined parameter depending on the actve GAST (3.6.35.1.1.1);
5_vert ) 15 defmed m 3.6.5.5.1.1;
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5_|.ﬂt: ar] is dEﬁﬂdlﬂjﬁSjl-l

Tar is defined in 3.6.5.4;

M is the mmber of ranging sources usad in the position soluten;

o is defined in 3.6.5.5.1.1;

By iz the brosdeast ephemenis decorralatdon parameter for the j* ranging source. The sounce of this parametar

depends on the active GBAS approach service nype:
GAST A Bor C: Po =P from the Type 1 or Type 101 Message comesponding to the * mnging smrce.

(3.6.423)
GAST I B,; = Py, from the Type 11 Messaga corresponding to the j* ranging source (3.6.4.11.3);

Eoac iz the broadcast ephemens missed detecdon mmltplier for GAST A-C associated with the samellite
constellaton for the j'* ranging source. The source of this parameter depends on the active GBAS approach
service fype:

GAST A Bor C: Eos o= Eog cors o Ko o o10evass 35 obtamed from the Type 2 Message Additional Dam
blodk 1 (3.6.43.1);

GAST I o =)= B = noora 07 Bl & myines ss 85 obiained from the Type 2 Messaze Additional Thata block
33464320

346582 GBAS positioning service. The honzoatal ephemeris emor position bound is dafined as:

HEE = MAX{HEE}
j

The horizontal ephemesis emor positien bownd for the jth core satellite constallation ranging source used in the position schrtioa
iz given by:

H:E'E| = |5'h-:l'., Har B+ K’I‘Iﬂ L} ."'.l?'j-rl.q-:l
where:

r U | £
sh-\'.llu.l = 5_,:| + S_F'i

By isasdefinedm 365521

B is as defined n 3.6.5.5.2.1

Har is defined in 3.6.5.4

B is the broadcast ephemeris decormelation parameter for the j* ranging source. The source of this paramstar

does not depand on the active GBAS approach semvice fype In all cases, P=P from the Type 1 or Type 101
Meszage (3.6.4.2.3) comesponding to the j* ranging sowce.

Eodcmm is the broadeast ephameris mizsed detection muldplier for the GRAS posidoning service associated with the
safellite constellation for the | rangme source (Fo o pos o OF Fand o pos onomass)

Qewier 15 a5 definedin 3.6.5.5.2.1

36359 Jonospheric grodient error

The maxinmm undetectad 30-second smoothed comected psendo-range emor due to an ionospheric gradient (E1G) is calonlated
bazed on the broadeast paramesters YEIG and MEIG, as

B = Tew + Mep=Desg
wheare

Yao =  maximum vahe of By (metres) o the Type 2 message;
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Mpo
Dro

slope of mavirum By (mukm) in the Type 2 messags:
the distance in kilomemes betwesn the LTP location for the selectad spproach breadoast in the Type 4
Message and the GBAS reference point in the Type 2 messaze.

3646 MESSAGE TABLES

Each GBAS meszage shall be coded in accordsnce with the comesponding meszage format defined in Tables B-138 through
B-144.

Noge.— Message ppe siructure iz dgffned in 1.6.4.1.

Table B-138. Type 1 psendo-range corrections message

Data comtent Bits uzed Ramge of value: Rasolution
Modified Z-count 14 Owll¥eos 0l1s
Additional message flag 2 0te3 1
bhmmber of measurements (1¥) 3 Qio 18 1
Measurament hipe 3 0te7 1
Ephemeris decomelation parameses () 3 001275 107" mm 5x 10" mm
Ephemeris CRC 16 — —
Source gvailability duration i Otel540s 10z
For M measurement blocks
Ranging source [D 3 1 to 255 1
Issus of data (JOD) 3 0 to 235 1
Psendo-range comecton (FRC) 16 =317.67m 0.0lm
Range rate comection (FRC) 16 =32.767T m's 0.001 m's
Gy gl 8 Oto508m 002 m
B 3 =H35m 0.05m
B; 3 =535m 005m
B: 3 =H.35m 0.05m
B. 3 =535m 0.05m
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Table B-132. Type 101 GEAS psendo-range correction: message

Diata comtent Btz uzed Range avalues Resolutron
Modified F-count 14 Omwlleeos 0ls
Addinonal message flag 2 Oio3 1
Fumber of messurements (1) 5 0w 18 1
Measurarment rype 3 Ota 7 1
Ephemeris decomelation parameser (F) B 001275 = 107" mm 5= 10" mm
Ephemeris CRC 16 — —
Source availability duration g 002540 0=
Fumber of B parameters 1 Dor4 —
Spare 7 —_ —
For I measurement blocks
Fanging source I ] 1t 255 1
Tssue of data (TOD) 8 0o 255 1
Pzeudo-range comection (FRC) 16 =32767m 00l m
Bange rate comection (FRC) 16 =32 767 m's 0.1 m's
Tpr gadt 8 Ot 50.8m 02 m
B parameter block (if providad)
B ] =254m 02m
B 8 =254m 02m
B: 8 =254m 02m
B. ] =254m 02m

Table B-140. Type 11 pseudo-range corrections (30-second smoothed pendo-ranges) message

Dt comrent Birz uzed Range gfvalues Resolution
Modified Z-coumt 14 0-11980 z=c 0.1 sec
Addinonal meszaze flag 2 0-3 1
Fhonber of messurements 5 o-18 1
Bleasurament rype i -7 1
Ephemeris decomrelation parameter I (Po) g 0-1275 = 10" m'm 5= 107" mm
(Mowes 1, 3)
For M measurement hlocks:
Bsnging source ID 2 1-255 1
Psendo-range comecton (FRCx) 16 =327467Tm 0.01m
Bange rate comection (BRCw) 14 =32 T6T m's 0.001 m's
Sigma PR end D (0 ga o) (Mote 7) 8 0-508m 002 m
Sigma_ PP gnd 30 (G g w) (Mot 2) g 0-508m 002Zm

Nodes

I For SRAS sareliwes, the parmamerer is sed o all seros

P 30 mdbeares dhe sowree i prvalid

3 Paremcier is associaed wish the first rornmied meenremsenr Slock
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Table B-141. Tvpe ! GBAS-related data message

Dt comtant Bits used Range afvalues Rasolution
GBAS reference receivers 2 2104 —
Ground sccuracy desiznator letter 2 — —
Spare 1 — —
GBAS confinnity infegrity desizmator 3 Oto7 1
Local magnetic varistion 11 =180° 025"
Beserved and set fo zero (00000) 5 — —
R ——— g 00255« 10+ mm 0.1 = 10" m'm
Pefractvity index B 16 w0 781 3
Scale height B 01025500 m 100 m
Refractivity uncertzinty B 0 to 255 1
Latitude 32 =00.0° 0.0005 ancsec
Longimde 32 =180.0° 0.0005 arcsec
(GBAS reference point height 4 =3 88607 m 00lm
Additional data block 1 (if provided)
Peferance staton data selector i Qmdd 1
Maxinmm use distance (D) B 210510 km 2km
Eond ¢ o o8 B 0101275 0.05
| B 0to12.75 0.05
Bt ¢ pos ot.0ass B 0to12.75 0.05
Ead cotomass B 010 12.75 0.05
Additional data blocks (repested for all
provided)
Additional data block lensth B 210 255 1
Additional data block number B 210 255 1
Additional data parameters Variable - —

Note— Mulriple additional dasa docks may be appended to a Tvpe ] messase.
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Table B-142. Type 3 npull me:ssaze

Data content Bitr used Range g values Resolution
Fillar ariable (Mote) H'A WA

Note — The number af byites m the fillere ffeld is 10 Less tham the message kmgth field m the mezzage header as defined m

F634
Table B-143. Type 4 FAS data message
Dt comntent Btz uzed Range g values Resolutten
For M data sets
Diata sat lenzth g 210 212 1 bore
FAS data block 304 — —
FAS vertical alert limit‘approach stams g
{1y when sssocisted spproach 0t 50.8 m 02m
performance desisnator (APD) is
coded as 0
{2y -when associsted approach Ote254m 01lm
performance desimnator{APD) is
not coded as 0
FAS lateral alert limit/approach statns 8 0o 50.8m 02m
Table B-144. Type 5 predicted ranging source availability message
Dt content Btz wsed Reange af values Resolution
Modified F~conmt 14 Otel 1908 0.ls
Spare 2 — —
Thonber of impacted sources (14) g 0t 31 1
For M impacted soarces
Banping source I g 110255 1
Somrce availability sense 1 — —
Source gvailability duration ) Otal270s 10s
Mhonber of obstmcted approaches (A) i 0o 255 1
For A obstmucted approaches
EFeference path data sslector g 0w 48 —
Fhonber of impacted sources for this
approach (3.) g 11031 1
For M, mmpacted renging sources for this approach
Banping source I g 110255 1
Somrce availability sense 1 — —
Source availability duration T Otol270s 10s
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3.67 HNON-ATRCEAFT ELEMENTS

3671 PERFORMANCE

316711 Aeccuracy

3.6.7.1.1.1 The root-mean-square (BMMS) (1 sigma) of the ground subsystem contnbution to the corrected 100-second
smoothed pseudo-range accuracy for GPS and GLOMASS satellites shall be:

(30 +a,e-8urt0)?

RMSpr g = M +(az)F
Y
where
M = the number of GINS5 reference recervers, as mdicated in the Type 2 message parameter (3.6.4.3), or,
when this parameter 15 coded to indicate “not applicable”, the value of M 15 defined as 1;
n = nth ranging source;
B, = alevation angle for the n™ ranging source; and

parameters defined in Tables B-72 and B-73 for each of the defined ground acouracy designators (GADS).

ag, ap, a2, and By

Note | — The GBAS grownd subsystem accuracy requiremiant iz detarmined by the GAD letter and the number of reference
PECETVETS.

Notwe 1 — The ground subsystem coniribution fo the corrected 100-second smoothed prewdo-range arror speciifed by the
curves dgfimed im Tables B-72 and B-73 and the contribution to the SBAS sarellites do mot include airergft noize and airorglt

multiparh.

Table B-145. GBAS — GPS acouradcy requirement parameters

Ground accuracy [ i a (-7 a:
designator letter (adesreas) {memres) {memras) (desreas) {meTres)
A =5 0.5 1.65 143 .08
B =5 0.146 1.07 15.5 .08
C =35 0.15 0.24 15.5 04
5035 0.24 1] — 004

Table B-144. GBAS — GLONASS aciuracy requirement parameters

Cround accuracy &, T a; (2% a2
designator leiter fdegreas) (meres) (memres) (degreas) (metras)
A =5 1.58 518 143 0.073
B =5 0.3 212 155 0.073
C =35 0.3 1.48 155 0.042
51035 048 1] — 0.042
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367112 TheFMS of the ground subsystem contribnmon to the corrected 100-second smoothed psendo-range acouracy
for SBAS satellites chall be:

1.8
BME., g = — (metres)
Zgnd A

where M iz as defined in 3.6.7.1.1.1.

Nove — @AD classifications jor 5BAS ramging sources are under davelopmeni.

3.6.7.1.2 Integrity
3.6.7.1.2.1 GBAS ground subsystem integrity risk
3.6.7.1.2.1.1 Ground subsystem integrity risk for GBAS approach services

3.6.7.1.2.1.1.1 Ground subsystem signal-in-space integrity risk for GBAS approach service types A, B
or C. For a GBAS ground subsystem classified as FAST A, B or C, the integrity risk shall be less than
1.5 x 10-7 per approach.

Note 1.— The integrity risk assigned to the GBAS ground subsystem is a subset of the GBAS signal-
in-space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.1) has been excluded and
the effects of all other GBAS, SBAS and core satellite constellations failures are included. The GBAS
ground subsystem integrity risk includes the integrity risk of satellite signal monitoring required in
3.6.7.3.3.

Note 2.— GBAS signal-in-space integrity risk is defined as the probability that the ground subsystem
provides information which when processed by a fault-free receiver, using any GBAS data that could
be used by the aircraft in the service volume, results in an out-of-tolerance lateral or vertical relative
position error without annunciation for a period longer than the maximum signal-in-space time-to-
alert. An out-of-tolerance lateral or vertical relative position error is defined as an error that exceeds
the GBAS approach services protection level and, if additional data block 1 is broadcast, the
ephemeris error position bound.

3.6.7.1.2.1.1.2 Ground subsystem signal-in-space integrity risk for GBAS approach service type D. For
a GBAS ground subsystem classified as FAST D, the integrity risk for all effects other than errors
induced by anomalous ionospheric conditions shall be less than 1.5 x 10-7 per approach.

Note 1.— The integrity risk assigned to the GBAS ground subsystem classified as FAST D is a subset
of the GBAS signal in-space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.1) has
been excluded and the effects of all other GBAS, SBAS and core satellite constellations failures are
included.

Note 2.— For GAST D, the GBAS signal-in-space integrity risk is defined as the probability that the
ground subsystem provides information which when processed by a fault-free receiver, using any
GBAS data that could be used by the aircraft in the service volume, in the absence of an ionospheric
anomaly, results in an out-of-tolerance lateral or vertical relative position error without
annunciation, for a period longer than the maximum signal-in-space time-to-alert. An out-of-
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tolerance lateral or vertical relative position error is defined as an error that exceeds the GBAS
approach services protection level and the ephemeris error position bound. For GAST D, out-of-
tolerance conditions caused by anomalous ionospheric errors are excluded from this integrity risk as
the risk due to ionospheric anomalies has been allocated to and is mitigated by the airborne
segment.

3.6.7.1.2.1.1.3 Ground subsystem integrity risk for GAST D. For a GBAS ground subsystem classified
as FAST D, the probability that the ground subsystem internally generates and transmits non-
compliant information for longer than 1.5 seconds shall be less than 1 x 10-9 in any one landing.

Note 1.— This additional integrity risk requirement assigned to FAST D GBAS ground subsystems is
defined in terms of the probability that internal ground subsystem faults generate non-compliant
information. Non-compliant information in this context is defined in terms of the intended function
of the ground subsystem to support landing operations in Category Il minima. For example, non-
compliant information includes any broadcast signal or broadcast information that is not monitored
in accordance with the standard.

Note 2— Environmental conditions (anomalous ionosphere, troposphere, radio frequency
interference, GNSS signal multipath, etc) are not considered faults; however, faults in ground
subsystem equipment, used to monitor for or mitigate the effects of these environmental conditions,
are included in this requirement. Similarly, the core satellite constellation ranging source faults are
excluded from this requirement; however, the ground subsystem’s capability to provide integrity
monitoring for these ranging sources is included. Monitoring requirements for ranging source faults
and ionosphere environmental conditions are separately specified in 3.6.7.3.3.2, 3.6.7.3.3.3 and
3.6.7.34.

Note 3.— Faults that occur in ground receivers used to generate the broadcast corrections are
excluded from this requirement if they occur in any one, and only one, ground receiver at any time.
Such faults are constrained by the requirement in 3.6.7.1.2.2.1.2 and the associated integrity risk
requirements in 3.6.7.1.2.2.1 and 3.6.7.1.2.2.1.1.

3.6.7.1.2.1.2 Ground subsystem time-to-alert for GBAS approach services

3.6.7.1.2.1.2.1 Maximum time-to-alert for approach services

3.6.7.1.2.1.2.1.1 For a ground segment classified as FAST A, B, C or D, the GBAS ground subsystem
maximum time to-alert shall be less than or equal to 3 seconds for all signal-in-space integrity

broadcast.
Note 1.— The ground subsystem time-to-alert above is the time between the onset of the out of

tolerance lateral or vertical relative position error and the transmission of the last bit of the message
that contains the integrity data that reflects the condition (see Attachment D, 7.5.14).

Note 2— For FAST D ground subsystems, additional range domain monitoring requirements apply as

to detect and alert the airborne receiver of out-of-tolerance differential pseudo-range errors.
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3.6.7.1.2.1.2.1.2 For a ground segment classified as FAST A, the GBAS ground subsystem maximum
signal-in-space time-to-alert shall be less than or equal to 5.5 seconds when Type 101 messages
are broadcast.

3.6.7.1.2.1.3 Ground subsystem FASLAL and FASVAL

3.6.7.1.2.1.3.1 For message Type 4 FAS data blocks with APD coded as 1, 2, 3 or 4, the value FASLAL
for each FAS block, as defined in the FAS lateral alert limit field of the Type 4 message shall be no
greater than 40 metres, and the value FASVAL for each FAS block, as defined in the FAS vertical
alert limit field of the Type 4 message, shall be no greater than 10 metres.

3.6.7.1.2.1.3.2 For message Type 4 FAS data blocks with APD coded as zero, the value FASLAL and
FASVAL shall be no greater than the lateral and vertical alert limits given in Annex 10, Volume |,
3.7.2.4 for the intended operational use.

3.6.7.1.2.1.4 Ground subsystem signal-in-space integrity risk for GBAS positioning service. For GBAS
ground

subsystem that provides the GBAS positioning service, integrity risk shall be less than 9.9 x 10-8
per hour.

Note 1.— The integrity risk assigned to the GBAS ground subsystem is a subset of the GBAS signal in-
space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.2) has been excluded and the
effects of all other GBAS, SBAS and core satellite constellations failures are included. The GBAS
ground subsystem integrity risk includes the integrity risk of satellite signal monitoring required in
3.6.7.3.3.

Note 2.— GBAS signal-in-space integrity risk is defined as the probability that the ground subsystem
provides information n which when processed by a fault-free receiver, using any GBAS data that
could be used by the aircraft, results in an out-of-tolerance horizontal relative position error without
annunciation for a period longer than the maximum time-to-alert. An out of-tolerance horizontal
relative position error is defined as an error that exceeds both the horizontal protection level and the
horizontal ephemeris error position bound.

3.6.7.1.2.1.4.1 Time-to-alert for GBAS positioning service. The GBAS ground subsystem maximum
time-to-alert shall be less than or equal to 3 seconds when Type 1 messages are broadcast and
less than or equal to 5.5 seconds when Type 101messages are broadcast.

Note.— The time-to-alert above is the time between the onset of the out-of-tolerance horizontal
relative position error and the transmission of the last bit of the message that contains the integrity
data that reflects the condition.

3.6.7.1.2.2 Protection level integrity risk

3.6.7.1.2.2.1 For a GBAS ground subsystem that provides GBAS approach services, the protection
level integrity risk shall be less than 5 x 10-8 per approach.
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Note.— For approach services, the protection level integrity risk is the integrity risk due to undetected
errors in the 100-second smoothed position solution relative to the GBAS reference point greater than
the associated protection levels under the two following conditions:

a) normal measurement conditions defined in 3.6.5.5.1.1 with DV and DL set to zero; and
b) faulted measurement conditions defined in 3.6.5.5.1.2 with DV and DL set to zero.

Note.— The ground subsystem bounding of the 100-second smoothed GAST D position solution will
ensure that the 30 smoothed GAST D position solution is bounded.

3.6.7.1.2.2.1.1 Additional bounding requirements for FAST D ground subsystems. The overt (used in
computing the protection level VPLHO) and olat (used in computing the protection level LPLHO) for
GAST D formed, based on the broadcast parameters (defined in 3.6.5.5.1.1.1) and excluding the
airborne contribution, shall satisfy the condition that a normal distribution with zero mean and a
standard deviation equal to overt and olat bounds the vertical and lateral error distributions of the
combined differential correction errors as follows:

¥ ¥
J £ (x)dx < Q{E] for all Ea 0 and
¥

¥
J £ (dx < Q(2) forall 220

—T

whers
f(x) = probabibity density function of the differential vertical or latera]l posthon emor excluding the airbomes
contribution, and
o 2
Qi) = ,:____l'x e zdt

The &,z (nzed In compunng the protecton lavel VPLy:) and & g (used in computing the protection level LPLy,) for GAST
D formed, baszed on the broadeast parameters (defined m 3 6.5.5.1.2) and excluding the awbome contibubion, shall bound the
combined differential correchion errors (as defined abeve) formed by all possible subsets with one reference recemver exeluded.

Note 1.— The airborne contribution is addressed in 3.6.8.3.2.1 in combination with the use of the
standard airborne multipath model defined in 3.6.5.5.1.1.2.

Note 2.— The combined differential correction errors refer to code-carrier-smoothed corrections
based on 100-second smoothing time constant.

3.6.7.1.2.2.1.2 For a GBAS ground subsystem classified as FAST D, the rate of faulted measurements
from any one, and only one, reference receiver shall be less than 1 x 10-5 per 150 seconds.

Note.— Faulted measurements can occur from faults within the receiver or from environmental
conditions unique to a single reference receiver location.

3.6.7.1.2.2.2 For a GBAS ground subsystem that provides the positioning service, protection level
integrity risk shall be less than 10-9 per hour.

DEPARTMENT OF CIVIL AVIATION, MYANMAR 371



MCAR, PART-5, ANS SECTION-9, VOLUME |

Note.— The GBAS positioning service protection level integrity risk is the integrity risk due to
undetected errors in the horizontal position relative to the GBAS reference point greater than the
GBAS positioning service protection level under the two following conditions:

a) normal measurement conditions defined in 3.6.5.5.2.1; and
b) faulted measurement conditions defined in 3.6.5.5.2.2.
3.6.7.1.3 Continuity of service

3.6.7.1.3.1 Continuity of service for Category | precision approach and APV. The GBAS ground
subsystem continuity of service shall be greater than or equal to 1 - 8.0 x 10-6 per 15 seconds.

Note.— The GBAS ground subsystem continuity of service is the average probability per 15-second
period that the VHF data broadcast transmits data in tolerance, VHF data broadcast field strength is
within the specified range and the protection levels are lower than the alert limits, including
configuration changes that occur due to the space segment. This continuity of service requirement is
the entire allocation of the signal-in-space continuity requirement from Chapter 3, Table 3.7.2.4-1,
and therefore all continuity risks included in that requirement must be accounted for by the ground
subsystem provider.

3.6.7.1.3.2 Additional continuity of service requirements for FAST D. The probability of a GBAS
ground subsystem failure or false alert, excluding ranging source monitoring, causing an
unscheduled interruption of service for a period equal to or greater than 1.5 seconds shall not
exceed 2.0 x 10-6 during any 15 second interval. The probability that the ground subsystem
excludes any individual fault-free ranging source from the Type 1 or Type 11 corrections due to a
false detection by the ground integrity monitors shall not exceed 2.0 x 10-7 during any 15 second
interval.

Note 1.— Loss of service includes failures resulting in loss of the VHF data broadcast, failure to meet
the VHF data broadcast field strength, failures resulting in transmission of out-of-tolerance VHF
broadcast data, and alert due to an integrity failure. Guidance material on the potential causes of
loss of service and monitor false detections are contained in Attachment D, 7.6.2.1.

Note 2.— Continuity for FAST D is defined as the probability that the ground subsystem continues to
provide the services associated with the intended ground subsystem functions. Total aircraft
continuity of navigation system performance in the position domain must be evaluated in the context
of a specific satellite geometry and aeroplane integration. Evaluation of position domain navigation
service continuity is the responsibility of the airborne user for GAST D. Additional information
regarding continuity is given in Attachment D, 7.6.2.1.

3.6.7.1.3.3 Continuity of service for positioning service

Note.— For GBAS ground subsystems that provide the GBAS positioning service, there may be
additional continuity requirements depending on the intended operations.
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3.6.7.2 FUNCTIONAL REQUIREMENTS
3.6.7.2.1 General
3.6.7.2.1.1 Data broadcast rates

3.6.7.2.1.1.1 A GBAS ground subsystem shall broadcast message types as defined in Table B-147
according to the service types supported by the ground subsystem.

3.6.7.2.1.1.2 Each GBAS ground subsystem shall broadcast Type 2 messages with additional data
blocks as required to support the intended operations.

Note.— Guidance material concerning usage of the Type 2 message additional data blocks is
provided in Attachment D,7.17.

3.6.7.2.1.1.3 Each GBAS ground subsystem which supports GBAS approach service type (GAST) B, C
or D shall broadcast FAS blocks in Type 4 messages for these approaches. If a GBAS ground
subsystem supports any approach using GAST A or B and does not broadcast FAS blocks for the
corresponding approaches, it shall broadcast additional data block 1

in the Type 2 message.

Note.— FAS blocks for APV procedures may be held within a database on board the aircrafft.
Broadcasting additional data block 1 allows the airborne receiver to select the GBAS ground
subsystem that supports the approach procedures in the airborne database. FAS blocks may also be
broadcast to support operations by aircraft without an airborne database. These procedures use
different channel numbers as described in Attachment D, 7.7.

3.6.7.2.1.1.4 When the Type 5 message is used, the ground subsystem shall broadcast the Type 5
message at a rate in accordance with Table B-148.

Note.— When the standard 5 degree mask is not adequate to describe satellite visibility at either the
ground subsystem antennas or at an aircraft during a specific approach, the Type 5 message may be
used to broadcast additional information to the aircraft.

3.6.7.2.1.1.5 Data broadcast rates. For all message types required to be broadcast, messages
meeting the field strength requirements of Chapter 3, 3.7.3.5.44.1.2 and 3.7.3.54.4.2.2 and the
minimum rates shown in Table B-148 shall be provided at every point within the service volume.
The total message broadcast rates from all antenna systems of the ground subsystem combined
shall not exceed the maximum rates shown in Table B-148.

Note.— Guidance material concerning the use of multiple antenna systems is provided in
Attachment D, 7.12.4.

3.6.7.2.1.2 Message block identifier. The MBI shall be set to either normal or test according to the
coding given in 3.6.3.4.1.
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Table B-147. BAS message fypes for supported service fypes

Message ppe GAST 4 - Note 1 GAST B - Note | GAST € - Note I GAST D - Note |
MT1 Optional - Note 2 Required Faquired Pequired
MT 2 Pequired Required Faquired Pequired
MT2-ADE 1 Optional -Note3  Optional -No3  Optional - Note 3 Fequired
MT2-ADE 1 Optional -Note4  Optional -Moe4  Optional - Note 4 Optional
MT2-ADE 3 Not used Mot usad Not wed Pequired
MT2-ADE 4 Fecommended Fecommended Fecommended Fequired
MT3-Noee 5 Fecommended Recommendsd Recommended Pequired
MT 4 Optional Required Fequired Fequired
MT 5 Optional Optiozal Optionzl Optional
MT11 - Note 6 Not used Mot usad Not wed Pequired

MT 101 Optional - Note 2 Mot allowed Not allowed Mot allowed
Note 1. Defimiton of termer:

*  Required Message needs o be oramwitied whin mppormiag the sorvice npe;
* Opoiomal Mersage frarsmisson & opnonal when smpormmg the sersoe e (o wsed by some o all arborme sibopsems);

* Recommended: e of the message i optiomal. bay recomswended when suppormmg the service pe;

*  Norused Message 13 nor aed by aivbore subsysems for this seroe e

*  Norafowed Message tremswission is nof alffowed when supporing the service Dipe.

Noie 2 Crrourd subsysems suppormmg (GAST A service tipes may broadoast Type [ or 107 Messages, burnas bosh (fnidarce maemial conoeming wsage
afthe Type 100 message 15 provided m Arischosenr [ 7 18

Note 3 MT2-AT 15 requatred if posinioning service i5 affered.

Nt d— MT2-ADN2 13 roquared (FRRAS service e offered.

Node 3 MT3 15 recommended (AST A, B O or reguired (ST do be used omly ;1 onder 1o meet sl scoupamcy requiremsenis i 567,414
Noie 6 (midanee marieria conceming usage of she Tipe JJ message fs prevaaied i Anacksem 0, 720
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Table B-148. (BAS VHF data broadcast rates

Mezzage type Miramum Broadcast rare Mmomum broadeast raie
1 or 101 For each measunsrment typs: For each messurement fype:
A1l mezsarement blocks once per frams (Mote) Al measurement blocks once per shot
2 Cince per 2 consecutive fames Cmce per frames (except as stated
36T741.2)
3 Fuate depends on message length and scheduling of other Cmce per slot and eizht fimes per
maszages (see 3.8.7.4.1.3) frame
4 All FAS blocks once per 20 consecusive frames AN FAS blecks once par frame
5 All impacted spurces once per 20 conseonive frames All impacted sources once per 5
consernave Tames
11 For each measuramsnt fyps: For each measurement fype:
Al mezsrement blocks once per fams (see Mote) Al measurement blocks once per shot

Mare — e Tiype {, Type 1) or Tipe 100 message or wo Type 1 Tipe 1 or Type 100 messages ta ave linded wong the addimons message
Mg deseribed m 3642 584 M0 For SA411

3.6.7.2.1.3 VDB authentication

3.6.7.2.1.3.1 Recommendation.— All GBAS ground subsystems should support VDB authentication
(see 3.6.7.4).

3.6.7.2.1.3.2 All ground subsystems classified as FAST D shall support VDB authentication (see
3.6.7.4).

3.6.7.2.2 Pseudo-range corrections

3.6.7.2.2.1 Message latency. The time between the time indicated by the modified Z-count and the
last bit of the broadcast Type 1 or Type 101 message shall not exceed 0.5 seconds.

3.6.7.2.2.2 Low-frequency data. Except during an ephemeris change, the first ranging source in the
Type 1, Type 11 or Type 101 message shall sequence so that the low-frequency data (as defined in
3.6.4.2.1 for Type 1 message, 3.6.4.11.1 for Type 11 message and 3.6.4.10.1 for Type 101 message)
for each core satellite constellation’s ranging source are transmitted at least once every 10
seconds. During an ephemeris change, the first ranging source shall sequence so that the low-
frequency data for each core satellite constellation’s ranging source are transmitted at least once
every 27 seconds. When new ephemeris data are received from a core satellite constellation’s
ranging source, the ground subsystem shall use the previous ephemeris data from each satellite
until the new ephemeris data have been continuously received for at least 2 minutes but shall
make a transition to the new ephemeris data before 3 minutes have passed. When this transition is
made to using the new ephemeris data for a given ranging source, the ground subsystem shall
broadcast the new ephemeris CRC for all occurrences of that ranging source in the low-frequency
information of Type 1 or Type 101 message in the next 3 consecutive frames. For a given ranging
source, the ground subsystem shall continue to transmit data corresponding to the previous
ephemeris data until the new CRC ephemeris is transmitted in the low-frequency data of Type 1 or
Type 101 message (see Note). If the ephemeris CRC changes and the IOD does not, the ground
subsystem shall consider the ranging source invalid.
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Note.— The delay before the ephemeris transition allow sufficient time for the aircraft subsystem to
collect new ephemeris data.

3.6.7.2.2.2.1 Recommendation.— The ephemeris decorrelation parameter and the ephemeris CRC
for each core satellite constellation’s ranging source should be broadcast as frequently as possible

3.6.7.2.2.3 Broadcast pseudo-range correction. Each broadcast pseudo-range correction shall be
determined by combining the pseudo-range correction estimates for the relevant ranging source
calculated from each of the reference receivers. For each satellite, the measurements used in this
combination shall be obtained from the same ephemeris data. The corrections shall be based on
smoothed code pseudo-range measurements for each satellite using the carrier measurement
from a smoothing filter and the approach service type specific smoothing parameters in
accordance with Appendix B, 3.6.5.1.

3.6.7.2.2.4 Broadcast signal-in-space integrity parameters. The ground subsystem shall provide
opr_gnd and B parameters for each pseudo-range correction in Type 1 message such that the
protection level integrity risk requirements defined in 3.6.7.1.2.2 for GAST A, B, and C are satisfied.
At least two B values that are not using the special coding (as defined in 3.6.4.2.4) shall be
provided with each pseudo-range correction. The ground subsystem shall provide opr_gnd and, if
necessary, B parameters for each pseudo-range correction in Type 101 message such that the
protection level integrity risk requirements defined in 3.6.7.1.2.2 are satisfied.

Note.— Broadcast of the B parameters are optional for Type 101 messages. Guidance material
regarding the B parameters in Type 101 messages is contained in Attachment D, 7.5.11.

3.6.7.2.2.4.1 Broadcast signal-in-space integrity parameters for FAST D ground subsystems. Ground
subsystems that support GAST D shall provide Sigma_PR_gnd_D in the Type 11 message and B
parameters for each pseudo-range correction in the Type 1 message, such that the protection level
integrity risk requirement defined in 3.6.7.1.2.2.1 is satisfied.

3.6.7.2.2.4.2 For FAST D systems broadcasting the Type 11 message, if opr_gnd is coded as invalid
in the Type 1 message, then the Sigma_PR_gnd_D for the associated satellite in the Type 11
message shall also be coded as invalid.

3.6.7.2.2.5 Recommendation.— Reference receiver measurements should be monitored. Faulted
measurements or failed reference receivers should not be used to compute the pseudo-range
corrections.

3.6.7.2.2.6 Repeated transmission of Type 1, Type 2, Type 11 or Type 101 messages. For a given
measurement type and within a given frame, all broadcasts of Type 1, Type 2, Type 11 or Type 101
messages or linked pairs from all GBAS broadcast stations that share a common GBAS
identification, shall have identical data content.

3.6.7.2.2.7 Issue of data. The GBAS ground subsystem shall set the 10D field in each ranging source
measurement block to be the IOD value received from the ranging source that corresponds to the
ephemeris data used to compute the pseudo-range correction.
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3.6.7.2.2.8 Application of signal error models. lonospheric and tropospheric corrections shall not be
applied to the pseudo-ranges used to calculate the pseudo-range corrections.

3.6.7.2.2.9 Linked pair of Type 1, Type 11 or Type 101 messages. If a linked pair of Type 1, Type 11 or
Type 101 messages is transmitted then,

a) the two messages shall have the same modified Z-count;
b) the minimum number of pseudo-range corrections in each message shall be one;

c) the measurement block for a given satellite shall not be broadcast more than once in a linked
pair of messages;

d) the two messages shall be broadcast in different time slots;
e) the order of the B values in the two messages shall be the same;

f) for a particular measurement type, the number of measurements and low-frequency data shall
be computed separately
for each of the two individual messages;

g) in the case of FAST D, when a pair of linked Type 1 messages are transmitted, there shall also be
a linked pair of Type 11 messages; and

h) if linked message types of Type 1 or Type 11 are used, the satellites shall be divided into the
same sets and order in both Type 1 and Type 11 messages.

Note.— Type 1 messages may include additional satellites not available in Type 11 messages, but the
relative order of those satellites available in both messages is the same in Type 1 and Type 11
messages. Airborne processing is not possible for satellites included in the Type 11 message, but also
not included in the associated Type 1 message.

3.6.7.2.2.9.1 Recommendation.— Linked messages should only be used when there are more
pseudo-range corrections to transmit than will fit in one Type 1 message.

3.6.7.2.2.10 Modified Z-count requirements

3.6.7.2.2.10.1 Modified Z-count update. The modified Z-count for Type 1, Type 11 or Type 101
messages of a given measurement type shall advance every frame.

3.6.7.2.2.10.2 If message Type 11 is broadcast, the associated Type 1 and Type 11 messages shall
have the same modified Z-count.

3.6.7.2.2.11 Ephemeris decorrelation parameters

3.6.7.2.2.11.1 Ephemeris decorrelation parameter for approach services. For ground subsystems that
broadcast the additional data block 1 in the Type 2 message, the ground subsystem shall
broadcast the ephemeris decorrelation parameter in the Type 1 message for each core satellite
constellation ranging source such that the ground subsystem integrity risk of 3.6.7.1.2.1.1.1 is met.
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3.6.7.2.2.11.2 Ephemeris decorrelation parameter for GAST D. Ground subsystems classified as FAST
D shall broadcast the ephemeris decorrelation parameter in the Type 11 message for each core
satellite constellation ranging source such that the ground subsystem signal-in-space integrity risk
of 3.6.7.1.2.1.1.2 is met.

3.6.7.2.2.11.3 GBAS positioning service. For ground subsystems that provide the GBAS positioning
service, the ground subsystem shall broadcast the ephemeris decorrelation parameter in the Type
1 message for each core satellite constellation’s ranging source such that the ground subsystem
signal-in-space integrity risk of 3.6.7.1.2.1.4 is met.

3.6.7.2.3 GBAS-related data

3.6.7.2.3.1 Tropospheric delay parameters. The ground subsystem shall broadcast a refractivity
index, scale height, and refractivity uncertainty in a Type 2 message such that the protection level
integrity risk requirements defined in 3.6.7.1.2.2 are satisfied.

3.6.7.2.3.2 GCID indication

3.6.7.2.3.2.1 GCID indication for FAST A, B or C. If the ground subsystem meets the requirements of
3.6.7.1.2.1.1.1, 3.6.7.1.22.1, 3.6.7.1.3.1, 3.6.73.2 and 3.6.73.3.1 but not all of 3.6.7.1.2.1.1.2,
3.6.7.1.2.1.1.3, 3.6.7.1.2.2.1.1, and 3.6.7.1.3.2 the GCID shall be set to 1, otherwise it shall be set to 7.

Note.— Some of the requirements applicable to FAST D are redundant with the FAST A, B and C
requirements. The phrase “not all of” refers to the condition where a ground subsystem may meet
some of the requirements applicable to FAST D but not all of them. Therefore, in that condition, the
GCID would be set to 1, indicating that the ground subsystem meets only FAST A, B or C.

3.6.7.2.3.2.2 GCID indication for FAST D. If the ground subsystem meets the requirements of
36.7.1.21.11,3.6.7.1.211.2,3.6.7.1.2.1.1.3,3.6.7.1.2.2.1.1,3.6.7.1.2.2.1,3.6.7.1.3.1, 3.6.7.1.3.2,
3.6.7.3.2 and 3.6.7.3.3, the GCID shall beset to 2, otherwise it shall be set in accordance with
3.6.7.23.2.1.

3.6.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service types and shall not be used.
3.6.7.2.3.3 GBAS reference antenna phase centre position accuracy. For each GBAS reference
receiver, the reference antenna phase centre position error shall be less than 8 cm relative to the

GBAS reference point.

3.6.7.2.3.4 Recommendation.— GBAS reference point survey accuracy. The survey error of the
GBAS reference point, relative to WGS-84, should be less than 0.25 m vertical and 1 m horizontal.

Note.— Relevant guidance material is given in Attachment D, 7.16.

3.6.7.2.3.5 lonospheric uncertainty estimate parameter
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3.6.7.2.3.5.1 lonospheric uncertainty estimate parameter for all ground subsystems. The ground
subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 message such
that the protection level integrity risk requirements defined in 3.6.7.1.2.2 are satisfied.

3.6.7.2.3.5.2 lonospheric uncertainty estimate parameter for FAST D ground subsystems. The ground
subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 message,
additional data block 3, such that the protection level integrity risk requirements defined in
3.6.7.1.2.2 are satisfied.

Note.— Guidance material concerning FAST D position domain error bounding for ionospheric errors
may be found in Attachment D, 7.5.6.1.3 and 7.5.6.1.4.

3.6.7.2.3.6 For ground subsystems that provide the GBAS positioning service, the ground
subsystem shall broadcast the ephemeris error position bound parameters using additional data
block 1 in the Type 2 message.

3.6.7.2.3.7 Recommendation.— All ground subsystems should broadcast the ephemeris error
position bound parameters using additional data block 1 in the Type 2 message.

3.6.7.2.3.8 For ground subsystems that broadcast additional data block 1 in the Type 2 message,
the following requirements shall apply:

3.6.7.2.3.8.1 Maximum use distance. The ground subsystem shall provide the maximum use
distance (Dmax). When the positioning service is provided the ground subsystem integrity risk in
3.6.7.1.2.1.4 and the protection level integrity risk in 3.6.7.1.2.2.2 shall be met within Dmax. When
approach service is provided, the maximum use distance shall at least encompass all approach
service volumes supported.

3.6.7.2.3.8.2 Ephemeris missed detection parameters. The ground subsystem shall broadcast the
ephemeris missed detection parameters for each core satellite constellation such that the ground
subsystem integrity risk of 3.6.7.1.2.1 is met.

3.6.7.2.3.8.3 GBAS positioning service indication. If the ground subsystem does not meet the
requirements of 3.6.7.1.2.1.4 and 3.6.7.1.2.2.2, the ground subsystem shall indicate using the RSDS
parameter that the GBAS positioning service is not provided.

3.6.7.2.3.9 If the VHF data broadcast is transmitted at more than one frequency within the GRAS
service area, each GBAS broadcast station within the GRAS ground subsystem shall broadcast
additional data blocks 1 and 2.

3.6.7.2.3.9.1 Recommendation.— The VHF data broadcast should include additional data block 2
parameters to identify channel numbers and locations of adjacent and nearby GBAS broadcast
stations within the GRAS ground subsystem.

Note.— This facilitates the transition from one GBAS broadcast station to other GBAS broadcast
stations in the GRAS ground subsystem.
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3.6.7.2.4 Final approach segment data

3.6.7.2.4.1 FAS data points accuracy. The relative survey error between the FAS data points and the
GBAS reference point shall be less than 0.25 metres vertical and 0.40 metres horizontal.

3.6.7.2.4.2 Recommendation.— The final approach segment CRC should be assigned at the time of
procedure design, and kept as an integral part of the FAS data block from that time onward.

3.6.7.2.4.3 Recommendation.— The GBAS should allow the capability to set the FASVAL and
FASLAL for any FAS data block to “1111 1111" to limit the approach to lateral only or to indicate
that the approach must not be used, respectively.

3.6.7.2.4.4 LTP/FTP for FAST D. For an approach that supports GAST D, the LTP/FTP point in the
corresponding FAS definition shall be located at the intersection of the runway centre line and the
landing threshold.

Note.— Airborne systems may compute the distance to the landing threshold using the LTP/FTP. For
GAST D approaches, the LTP/FTP is to be at the threshold so that these distance-to-go computations
reliably reflect the distance to the threshold. 3.6.7.2.4.5 FPAP location for FAST D. For an approach
that supports GAST D, the FPAP point in the corresponding FAS definition shall be located on the
extended runway centre line and the AlLength offset parameter shall be coded to correctly indicate
the stop end of the runway.

3.6.7.2.5 Predicted ranging source availability data

Note.— Ranging source availability data are optional for FAST A, B, C or D ground subsystems and
may be required for possible future operations.

3.6.7.2.6 General functional requirements on augmentation

3.6.7.2.6.1 Recommendation.— GBAS ground subsystems classified as FAST C or FAST D should
provide augmentation based on GPS at a minimum.

3.6.7.2.6.2 Recommendation.— Ground subsystems classified as FAST C should be able to process
and broadcast corrections for at least 12 satellites of each core constellation for which differential
corrections are provided.

3.6.7.2.6.3 Ground subsystems classified as FAST D shall be able to process and broadcast
differential corrections for at least 12 satellites of one core constellation.

Note.— Technical validation has only been completed for GAST D when applied to GPS.

3.6.7.2.6.4 Recommendation.— Whenever possible, differential corrections for all visible satellites
with an elevation greater than 5 degrees above the local horizontal plane tangent to the ellipsoid
at the ground subsystem reference location should be provided for each core constellation for
which augmentation is provided.
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Note.— The phrase “whenever possible” in this context means whenever meeting another
requirement in these SARPs (e.g. 3.6.7.3.3.1) does not preclude providing a differential correction for a
particular satellite.

3.6.7.3 MONITORING
3.6.7.3.1 RF monitoring

3.6.7.3.1.1 VHF data broadcast monitoring. The data broadcast transmissions shall be monitored.
The transmission of the data shall cease within 0.5 seconds in case of continuous disagreement
during any 3-second period between the transmitted application data and the application data
derived or stored by the monitoring system prior to transmission. For FAST D ground subsystems,
the transmission of the data Type 11 messages shall cease within 0.5 seconds in case of continuous
disagreement during any 1-second period between the transmitted application data and the
application data derived or stored by the monitoring system prior to transmission.

Note.— For ground subsystems that support authentication, ceasing the transmission of data means
ceasing the transmission of Type 1 messages and/or Type 11 messages if applicable or ceasing the
transmission of Type 101 messages. In accordance with 3.6.7.4.1.3, the ground subsystem must still
transmit messages such that the defined percentage or more of every assigned slot is occupied. This
can be accomplished by transmitting Type 2, Type 3, Type 4 and/or Type 5 messages.

3.6.7.3.1.2 TDMA slot monitoring. The risk that the ground subsystem transmits a signal in an
unassigned slot and fails to detect an out-of-slot transmission, which exceeds that allowed in
3.6.2.6, within 1 second, shall be less than 1 x 10-7 in any 30-second period. If out-of-slot
transmissions are detected, the ground subsystem shall terminate all data broadcast transmissions
within 0.5 seconds.

3.6.7.3.1.3 VDB transmitter power monitor. The probability that the horizontally or elliptically
polarized signal’'s transmitted power increases by more than 3 dB from the nominal power for
more than 1 second shall be less than 2.0 x 10-7 in any 30-second period.

Note.— The vertical component is only monitored for GBAS/E equipment.

3.6.7.3.2 Data monitoring

3.6.7.3.2.1 Broadcast quality monitor. The ground subsystem monitoring shall comply with the
time-to-alert requirements given in 3.6.7.1.2.1. The monitoring action shall be one of the following:

a) to broadcast Type 1 or Type 101 messages with no measurement blocks; or

b) to broadcast Type 1 or Type 101 messages with the opr_gnd,i field set to indicate the ranging
source is invalid for every ranging source included in the previously transmitted frame; or

¢) to terminate the data broadcast.

Note.— Monitoring actions a) and b) are preferred to c) if the particular failure mode permits such a
response, because actions a) and b) typically have a reduced signal-in-space time-to-alert.
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3.6.7.3.3 Integrity monitoring for GNSS ranging sources

3.6.7.3.3.1 The ground subsystem shall monitor the satellite signals to detect conditions that will
result in improper operation of differential processing for airborne receivers complying with the
tracking constraints in Attachment D, 8.11. The monitor time-to-alert shall comply with 3.6.7.1.2.
The monitor action shall be to set opr_gnd to the bit pattern “1111 1111" forthe satellite or to
exclude the satellite from the Type 1, Type 11 or Type 101 message.

3.6.7.3.3.1.1 The ground subsystem shall use the strongest correlation peak in all receivers used to
generate the pseudorange corrections. The ground subsystem shall also detect conditions that
cause more than one zero crossing for airborne receivers that use the early-late discriminator
function as described in Attachment D, 8.11.

3.6.7.3.3.2 For FAST D ground subsystems, the probability that the error at the landing threshold
point (LTP) of any runway for which the ground subsystem supports GAST D, |Er|, on the 30-second
smoothed corrected pseudo-range (see 3.6.5.2) caused by a ranging source fault, is not detected
and reflected in the broadcast Type 11 message within 1.5 s shall fall within the region specified in
Table B-149. Ranging source faults for which this requirement applies are:

a) signal deformation (Note 1.);

b) code/carrier divergence;

C) excessive pseudo-range acceleration, such as a step or other rapid change; and
d) erroneous broadcast of ephemeris data from the satellite.

Note 1.— Refer to Attachment D, 8.11 for further information on GAEC-D avionics relating to signal
deformation fault.

Note 2.— Upon detection, a ranging source fault may be reflected in the Type 11 message by either:
a) removing the correction for the associated satellite from the Type 11 message; or
b) marking the satellite as invalid using the coding of apr_gnd_D (see 3.6.4.11.4).

Note 3.— The acceptable probability of a missed detection region is defined with respect to
differentially corrected pseudorange error. The differentially corrected pseudo-range error, |Er|,
includes the error resulting from a single ranging source fault, given the correct application of GBAS
ground subsystem message Type 11 broadcast corrections (i.e. pseudo-range correction and range
rate corrections defined in 3.6.4.11) by the aircraft avionics as specified within 3.6.8.3. Evaluation of
Pmd performance includes GBAS ground subsystem fault-free noise. The growth of |Er| with time
should consider the data latency of the ground subsystem, but not the airborne latency, as described
in Attachment D, 7.5.14.

Note 4.— Additional information regarding the ranging source fault conditions and monitoring
requirements for FAST Dground subsystems may be found in Attachment D, 7.5.14. Missed messages
do not need to be considered as part of compliance with this requirement.
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Table B-149. Pni e parameters

Probability of Mizsed Detection FProudo-range Ervor (mafres |
Pra mma = 1 0= Bl =075
Pond iwar < 1027511 195 0.75<|E =27
Pos < 108 27 =B

3.6.7.3.3.3 For FAST D ground subsystems, the probability that an error at the landing threshold
point (LTP) of any runway for which the ground subsystem supports GAST D, |Er|, greater than 1.6
metres on the 30-second smoothed corrected pseudo-range (see 3.6.5.2), caused by a ranging
source fault, is not detected and reflected in the broadcast Type 11 message within 1.5 seconds
shall be less than 1 x 10-9 in any one landing when multiplied by the prior probability (Papriori).
Ranging source faults for which this requirement applies are:

a) signal deformation (Note 1);

b) code/carrier divergence;

) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note 1.— Refer to Attachment D, 8.11 for further information on GAEC-D avionics relating to signal
deformation fault.

Note 2.— It is intended that the prior probability of each ranging source fault (Papriori) be the same
value that is used in the analysis to show compliance with error bounding requirements for FAST C
and D (see Appendix B, 3.6.5.5.1.1.1).

Note 3.— Upon detection, a ranging source fault may be reflected in the Type 11 message by either:
a) removing the faulty satellite correction from the Type 11 message; or

b) marking the satellite as invalid using the coding of apr_gnd_D (see 3.6.4.11.4).

Note 4.— Additional information regarding the ranging source fault conditions and monitoring

requirements for FAST D ground subsystems may be found in Attachment D, 7.5.14. Missed messages
do not need to be considered as part of compliance with this requirement.

3.6.7.3.4 lonospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (|Er|) in the 30-second smoothed
corrected pseudo-range at the landing threshold point (LTP) for every GAST D supported runway
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that: a) is caused by a spatial ionospheric delay gradient, b) is greater than the EIG value computed
from a broadcast Type 2 message, and c) is not detected and reflected in the broadcast Type 11
message within 1.5 seconds shall be less than 1 x 10-9 in any one landing. The FAST D ground
subsystem shall limit the Type 2 broadcast parameters to ensure that the maximum EIG at every
LTP supporting GAST D operations shall not exceed 2.75 metres, except when operational
requirements are demonstrated to permit it.

Note 1.— The total probability of an undetected delay gradient includes the prior probability of the
gradient and the monitor(s) probability of missed detection.

Note 2.— Validation guidance for ionospheric gradient mitigation this requirement can be found in
7.5.6.1.8.

Note 3.— To broadcast Type 2 parameters such that EIG exceeds 2.75 m for a specific LTP supporting
GAST D operations, a tailored analysis will demonstrate that the resulting GAST D continuity and
availability supports the intended operation. Guidance for assessing acceptability of EIG exceeding
2.75 m can be found in 7.5.13.1.

3.6.7.4 FUNCTIONAL REQUIREMENTS FOR AUTHENTICATION PROTOCOLS
3.6.7.4.1 Functional requirements for ground subsystems that support authentication

3.6.7.4.1.1 The ground system shall broadcast the additional data block 4 with the Type 2 message
with the slot group definition field coded to indicate which slots are assigned to the ground
station.

3.6.7.4.1.2 The ground subsystem shall broadcast every Type 2 message only in one of a set of slots
defined as the MT 2 sanctioned slots. The first slot in the group of MT 2 sanctioned slots
corresponds to the SSID coding for the ground subsystem. Slot A is represented by SSID = 0, B by
1, Cby 2, and H by 7. The group of MT 2 sanctioned slots then also includes the next slot after the
slot corresponding to the station SSID if it exists in the frame. If there is not an additional slot
before the end of the frame, only the SSID is included in the set.

Note.— For example, the MT 2 sanctioned slot group for SSID = 0 would include slots {A, B} while the
MT 2 sanctioned slot group for SSID = 6 would include slots {G, H}. The MT 2 sanctioned slot group
for SSID = 7 includes slot {H} only.

3.6.7.4.1.2.1 The set of slots assigned to a ground station shall include at a minimum all the slots in
the MT 2 sanctioned slots as described in 3.6.7.4.1.2.

3.6.7.4.1.3 Assigned slot occupancy. The ground subsystem shall transmit messages such that 89 per
cent or more of every assigned slot is occupied. If necessary, Type 3 messages may be used to fill
unused space in any assigned time slot.

Note 1.— More information on the calculation of the slot occupancy is provided in Attachment D,
7.21.

Note 2.— The requirement applies to the aggregate transmissions from all transmitters of a GBAS
ground subsystem. Dueto signal blockage, not all of those transmissions may be received in the
service volume.
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3.6.7.4.1.4 Reference path identifier coding. Every reference path identifier included in every final
approach segment data block broadcast by the ground subsystem via the Type 4 messages shall
have the first letter selected to indicate the SSID of the ground subsystem in accordance with the
following coding.

Coding: A =SSID of 0
X = SSID of 1
Z = SSID of 2
J =SSID of 3
C =SSID of 4
V = SSID of 5
P =SSID of 6
T =SSID of 7

3.6.7.4.2 Functional requirements for ground subsystems that do not support authentication

3.6.7.4.2.1 Reference path indicator coding. Characters in this set: {A X ZJ CV P T} shall not be used
as the firstcharacter of the reference path identifier included in any FAS block broadcast by the
ground station via the Type 4 messages.

3.6.8 AIRCRAFT ELEMENTS

3.6.8.1 GNSS receiver. The GBAS-capable GNSS receiver shall process signals of GBAS in
accordance with the requirements specified in this section as well as with requirements in 3.1.3.1
and/or 3.2.3.1 and/or 3.5.8.1.

Note.— In order to ensure the required performance and functional objectives for GAST D are
achieved, it is necessary for the airborne equipment to meet defined performance and functional

standards. The relevant minimum operational performance standards are detailed in RTCA DO-
253D.

3.6.8.2 PERFORMANCE REQUIREMENTS
3.6.8.2.1 GBAS aircraft receiver accuracy

3.6.8.2.1.1 The RMS of the total aircraft receiver contribution to the error for GPS and GLONASS
shall be:
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BMS; wir (Ba) < 8p + & = @™

where
i = the n® ranming source; .
6. =  the elevadon angls for the 0™ ranging source; and
g8, and 8 = s dafined in Table B-150 for GPS and Table B-151 for GLOMNASS.

2 The BEMS of the total sircraft recelver conmibution 1o the emmor for SBAS satellites shall be as defined in
3.5.8.2.1 for each of the defined aircraft accuracy designators

Note— The airergft recenver confribuiion does not include the measurement arvor mduced by airframe muliipath.

Table B-150. Aircraft GPS receiver accuracy requirement

Airergft accuracy 2, 1 aj Bs
designator degreas) {meres) (memras) (degrees)

A =5 0.1s 043 4.0

B =5 011 0.13 4

Table B-151. Aircraft GLONASS receiver accuracy requirement

Airergft accuracy 2, 1 aj Bs
designator degrees) {meres) (memras) (degrees)

A =5 03o 0.e 37

B =5 0.105 0.25 55

3.6.8.2.2 VHF data broadcast receiver performance

3.6.8.2.2.1 VHF data broadcast tuning range. The VHF data broadcast receiver shall be capable of
tuning frequencies in the range of 108.000 — 117.975 MHz in increments of 25 kHz.

3.6.8.2.2.2 VHF data broadcast capture range. The VHF data broadcast receiver shall be capable of
acquiring and maintaining lock on signals within £418 Hz of the nominal assigned frequency.

Note.— The frequency stability of the GBAS ground subsystem, and the worst-case doppler shift due
to the motion of the aircraft, are reflected in the above requirement. The dynamic range of the
automatic frequency control should also consider the frequency-stability error budget of the aircraft
VHF data broadcast receiver.

3.6.8.2.2.3 VHF data broadcast message failure rate. The VHF data broadcast receiver shall achieve a
message failure rate less than or equal to one failed message per 1 000 full-length (222 bytes)
application data messages, within the range of the RF field strength defined in Chapter 3,
3.7.3.5.4.4 as received by the airborne antenna. This requirement shall apply when the variation in
the average received signal power between successive bursts in a given time slot does not exceed
40 dB. Failed messages include those lost by the VHF data broadcast receiver system or which do
not pass the CRC after application of the FEC.
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Note 1.— An aircraft VHF data broadcast receiving antenna can be horizontally or vertically
polarized. Due to the difference in the signal strength of horizontally and vertically polarized
components of the broadcast signal, the maximum total aircraft implementation loss for horizontally
polarized receiving antennas is 4 dB higher than the maximum loss for vertically polarized receiving
antennas. For guidance in determining aircraft implementation loss see Attachment D, 7.2.

Note 2.— It is acceptable to exceed the signal power variation requirement in limited parts of the
service volume when operational requirements permit. Refer to Attachment D, 7.12.4.1 for guidance.

3.6.8.2.2.4 VHF data broadcast time slot decoding. The VHF data broadcast receiver shall meet the
requirements of 3.6.8.2.2.3 for all message types required (see 3.6.8.3.1.2.1) from the selected GBAS
ground subsystem. These requirements shall be met in the presence of other GBAS transmissions
in any and all time slots respecting the levels as indicated in 3.6.8.2.2.5.1 b).

Note.— Other GBAS transmissions may include: a) other message types with the same SSID, and b)
messages with different SSIDs.

3.6.8.2.2.5 Co-channel rejection

3.6.8.2.2.5.1 VHF data broadcast as the undesired signal source. The VHF data broadcast receiver
shall meet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired co-channel VHF
data broadcast signal that is either:

a) assigned to the same time slot(s) and 26 dB below the desired VHF data broadcast signal power
at the receiver input or lower; or

b) assigned different time slot(s) and no more than 72 dB above the minimum desired VHF data
broadcast signal field strength defined in 3.7.3.5.4.4 .

3.6.8.2.2.52 VOR as the undesired signal. The VHF data broadcast receiver shall meet the
requirements specified in 3.6.8.2.2.3 in the presence of an undesired co-channel VOR signal that is
26 dB below the desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.5.3 ILS localizer as the undesired signal. The VHF data broadcast receiver shall meet the
requirements specified in 3.6.8.2.2.3 in the presence of an undesired co-channel ILS localizer signal
that is 26 dB below the desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.6 Adjacent channel rejection. The level of ILS localizer or VOR undesired signals shall be
measured as the power in the RF carrier.

Note.— Even though Smax is the maximum desired VHF data broadcast signal power, it is also used
to limit the maximum adjacent channel undesired signal power at the receiver input.

3.6.8.2.2.6.1 First adjacent 25 kHz channels (+25 kHz). The VHF data broadcast receiver shall meet
the requirements specified in 3.6.8.2.2.3 in the presence of an undesired signal with power levels at
the receiver input up to Smax offset by 25 kHz on either side of the desired channel that is either:
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a) 18 dB above the desired signal power when the undesired signal is another VHF data
broadcast signal assigned to the same time slot(s); or

b) equal in power at the receiver input when the undesired signal is VOR; or
) equal in power at the receiver input when the undesired signal is ILS localizer.

3.6.8.2.2.6.2 Second adjacent 25 kHz channels (£50 kHz). The VHF data broadcast receiver shall
meet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired signal with power
levels at the receiver input up to Smax offset by 50 kHz on either side of the desired channel that is
either:

a) 43 dB above the desired signal power when the undesired signal is another VHF data
broadcast source assigned to the same time slot(s); or

b) 34 dB above the desired signal power when the undesired signal is VOR.

) 34 dB above the desired signal power at the receiver input when the undesired signal is
ILS localizer.

3.6.8.2.2.6.3 Third up to thirty-ninth adjacent 25 kHz channels (+75 kHz to +975 kHz ). The VHF data
broadcast receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of an
undesired signal with power levels at the receiver input up to Smax offset by 75 kHz to 975 kHz on
either side of the desired channel that is either:

a) 46 dB above the desired signal power when the undesired signal is another VHF data
broadcast signal assigned to the same time slot(s); or

b) 46 dB above the desired signal power when the undesired signal is VOR or

c) 46 dB above the desired signal power at the receiver input when the undesired signal
is ILS localizer.

3.6.8.2.2.6.4 Fortieth and beyond adjacent 25 kHz channels (1 MHz or more). The VHF data
broadcast receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of an
undesired signal offset by 1 MHz or more on either side of the desired channel that is either:

a) 46 dB above the desired signal power at the receiver input when the undesired signal with
power levels at the receiver input up to Smax is another VHF data broadcast signal assigned
to the same time slot(s); or

b) 46 + AP dB above the desired signal power at the receiver input when the undesired signal
is a VOR with power levels at the receiver input up to Smax — AP dB and AP ranges from 0 to
14 dB; or

c) 46 + AP dB above the desired signal power at the receiver input when the undesired signal
is an ILS localizer with power levels at the receiver input up to Smax — AP dB and AP ranges
from 0 to 14 dB.
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Note 1.— AP equals Smax minus the undesired signal power at the receiver input with the following
two constraints. AP equals 0 dB when the undesired power reaches Smax. AP equals 14 dB when the
undesired power (s 14 dB or more below Smax.

Note 2.— The requirements in items b) and ¢) accommodate a third order intermodulation between
the undesired signal and the local oscillator in the first mixer of the RF front-end of the VDB receiver;
it is similar to the FM intermodulation immunity in 3.6.8.2.2.8.3 where N1 is the undesired signal and
N2 is the local oscillator.

3.6.8.2.2.6.5 Receiver recovery from short-term excess undesired signal power. The VHF data
broadcast receiver shall meet the requirements specified in 3.6.8.2.2.3 within 187.5 milliseconds
(equivalent duration of three VDB slots) after encountering an adjacent channel interference signal
(ILS localizer or VOR) whose power is above Smax for no more than 2.5 seconds and by no more
than 9 dB at the receiver input.

Note 1.— This requirement supports brief excessive power received during ILS localizer and VOR
overflight. The duration of the excess power is limited by the continuity of the operation, e.g. the
opportunity to receive three Type 1 messages in every 3.5 second window (refer to 3.6.8.3.4.1) without
excess power for GAST C. For GAST D, no excess power is allowed when the timeout is 1.5 seconds
(refer to 3.6.8.3.4.3). A VDB undesired signal never exceeds the maximum allowed field strength of
the desired VDB signal within the service volume.

Note 2.— Figure B-20 shows a graphical representation of the VDB receiver regions of operation in
the presence of an undesired ILS localizer or VOR signal in the fortieth or beyond adjacent 25 kHz
channel, as a function of D/U and undesired signal power.

3.6.8.2.2.7 Rejection of off-channel signals from sources inside the 108.000 — 117.975 MHz band.
With no on-channel VHF data broadcast signal present, the VHF data broadcast receiver shall not
output data from an undesired VHF data broadcast signal on any other assignable channel.

3.6.8.2.2.8 Rejection of signals from sources outside the 108.000 — 117.975 MHz band

3.6.8.2.2.8.1 VHF data broadcast interference immunity. The VHF data broadcast receiver shall meet
the requirements specified in 3.6.8.2.2.3 in the presence of one or more signals having the
frequency and total interference levels specified in Table B-152.

3.6.8.2.2.8.2 Desensitization. The VHF data broadcast receiver shall meet the requirements specified
in 3.6.8.2.2.3 in thepresence of VHF FM broadcast signals with signal levels shown in Tables B-153
and B-154.
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Table B-151. Mazimum levels of undesired sigmals

Meaximum level of undesired mgnals af

Frequency the recerver input (dB abova Sma)
50 kHz up to 88 MHz -12

88 MHz - 107900 MHz (cee3.682282and3682283)
108.000 MHz - 117975 MHEz Excluded

118.000 MHz 43

118.025 MHz -4

118.050 MHz up to 1 660.5 MHz -12

Nedes.

1. The relmonshup s [mear bereeen angle adacer poirts desigrzted by the atove frequencies.
3 These meierforenos (MM requirements may mod be adequare fo emaere companbidity betwean FHF daty Srogaasr

receraers and VHF commuicarion systems, partilarly for arengft dhen wser the vernically podarzed conpanent of the
FHF daty broadeas, Witow! cooradmation betwoen OO aad NAV frequencies aragrments or respect of a guard
bt ar dhe dop end af dhe 112 - 117975 MI: band, the macimmm levels quoied af the fowest (YN FIF chanmels
(TR0, TIA0OR3E 180060, TIS025, 1180533 JI8 04166, 115.05) may be exceeded af the mped of e FTNE
recervers. fn that case, some mears i atermate the COA stgneds ar the mpar of the VT recetvers e, amtemma
separaion) will have & be implemenied The fine! companibality will have fo be asmred when equipmens {5 sl
an the @rorar,
Y Sagixthe mervrmmm desired FHF date Sroadeast gl power af the receteer mpar.

Table B-153. Desensitization frequency and power requirements
that apply for VDB frequoencies from 108015 to 111.975 MHz

Maximum level of undesired signals

Fraquency af the receiver mput (dB above Snol
28 MHz < f= 102 MHz 16

104 MH= 11

106 MH= i

107.9 MHz -&

Notes.

1. The reimionghp ix [mear bevween angle adyarers pormx destgrmied by de above frequencies.
1 This dewenwinranion requiremens v nor appdied for FM oormers above 107, 7 Wz and FTOR chorvely ar 1& 025 or

T8 050 MTTz. Sew Atgwchmerns 0 T 2022
¥ Sas o the meromm desired FTH dote Srogaloant gl power af the receteer reput.
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Table B-154. Desensitization frequoency and power requirements
that apply for VDB frequencies from 112 000 to 117975 MHz

Muaximum level of undesired sigmals

Fregquency ar the receiver mput (dB above 5o
B8 MHz < f< 104 MHz 16

104 MHz 11

107 MHz ]

107.9 MH=

Nogex

. The relmonshp o fmear berween angle adacers poirts desigreied By the above Foquencies,
S 17 e mercrnen dewired FITF date Sroadeas s power of the receveer reput.

3.6.8.2.2.8.3 VHF data broadcast FM intermodulation immunity. The VHF data broadcast receiver
shall meet the requirements specified in 3.6.8.2.2.3 in the presence of interference from two-signal,
third-order intermodulation products of two VHF FM broadcast signals having levels in accordance
with the following:

2N1T + N2 +3[23 -Smax] <0
for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz and

2N1 + N2 + 3 [23 - Smax - 20 Log (Af/0.4)] <0

for VHF FM sound broadcasting signals below 107.7 MHz

where the frequencies of the two VHF FM sound broadcasting signals produce, within the receiver,
a two signal, third-order intermodulation product on the desired VDB frequency.

N1 and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals at the VHF data
broadcast receiver input. Neither level shall exceed the desensitization criteria set forth in
3.6.8.2.2.8.2.

Af = 108.1 - f1, where f1 is the frequency of N1, the VHF FM sound broadcasting signal closer to
108.1 MHz.

Smax is the maximum desired VHF data broadcast signal power at the receiver input.
Note.— The FM intermodulation immunity requirements are not applied to a VHF data broadcast

channel operating below 108.1 MHz, hence frequencies below 108.1 MHz are not intended for
general assignments. Additional information is provided in Attachment D, 7.2.1.2.
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3.6.8.3 AIRCRAFT FUNCTIONAL REQUIREMENTS

Note.— Unless otherwise specified, the following requirements apply to all GBAS airborne equipment
classifications as described in Attachment D, 7.1.4.3.

3.6.8.3.1 Conditions for use of data

3.6.8.3.1.1 The receiver shall use data from a GBAS message only if the CRC of that message has
been verified.

3.6.8.3.1.2 The receiver shall use message data only if the message block identifier is set to the bit
pattern “1010 1010".

3.6.8.3.1.2.1 GBAS message processing capability. The GBAS receiver shall at a minimum process
GBAS message types in accordance with Table B-155.

Table B-155. Airborne squipment message type processing

GRAS airborne equipmeant Mirdmum mezzage

classification (G4EC) vpes processed

GAEC A MT 1 or 101, MT 2 (inchuding ADB 1 and 2 if provided)
GAEC B MT 1, MT 2 (inchading ADE 1 and 2 if provided), MT 4
GAEC C MT 1, MT 2 (inchading ADB 1 if provided), MT 4
GAECD MT 1, MT 2 (inchading ADB 1. 2, 3 and 4), MT 4, MT 11

3.6.8.3.1.2.2 Airborne processing for forward compatibility

Note.— Provisions have been made to enable future expansion of the GBAS Standards to support
new capabilities. New message types may be defined, new additional data blocks for message Type 2
may be defined and new data blocks defining reference paths for inclusion within message Type 4
may be defined. To facilitate these future expansions, all equipment should be designed to properly
ignore all data types that are not recognized.

3.6.8.3.1.2.2.1 Processing of unknown message types. The existence of messages unknown to the
airborne receiver shall not prevent correct processing of the required messages.

3.6.8.3.1.2.2.2 Processing of unknown Type 2 extended data blocks. The existence of message Type 2
additional data blocks unknown to the airborne receiver shall not prevent correct processing of the
required messages.

3.6.8.3.1.2.2.3 Processing of unknown Type 4 data blocks. The existence of message Type 4 data
blocks unknown to theairborne receiver shall not prevent correct processing of the required
messages.

Note.— While the current SARPs include only one definition of a data block for inclusion within a
Type 4 message, future GBAS Standards may include other reference path definitions.
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3.6.8.3.1.3 The receiver shall use only ranging source measurement blocks with matching modified
Z-counts.

3.6.8.3.1.4 If Dmax is broadcast by the ground subsystem, the receiver shall only apply pseudo-
range corrections when the distance to the GBAS reference point is less than Dmax.

3.6.8.3.1.5 The receiver shall only apply pseudo-range corrections from the most recently received
set of corrections for a given measurement type. If the number of measurement fields in the most
recently received message types (as required in Appendix B, 3.6.7.2.1.1.1 for the active service type)
indicates that there are no measurement blocks, then the receiver shallnot apply GBAS corrections
for that measurement type.

3.6.8.3.1.6 Validity of pseudo-range corrections

3.6.8.3.1.6.1 When the active service type is A, B or C, the receiver shall exclude from the differential
navigation solution any ranging sources for which opr_gnd in the Type 1 or Type 101 messages is
set to the bit pattern "1111 1111".

3.6.8.3.1.6.2 If the active service type is D, the receiver shall exclude from the differential navigation solution
any ranging source for which opr_gnd_p in the Type 11 message or gpr_gnd in the Type 1 message is set to the bit
pattern “1111 1111".

3.6.8.3.1.7 The receiver shall only use a ranging source in the differential navigation solution if the
time of applicability indicated by the modified Z-count in the Type 1, Type 11 or Type 101 message
containing the ephemeris decorrelation parameter for that ranging source is less than 120 seconds
old.

3.6.8.3.1.8 Conditions for use of data to support approach services

3.6.8.3.1.8.1 During the final stages of an approach, the receiver shall use only measurement blocks
from Type 1, Type 11 or Type 101 messages that were received within the last 3.5 seconds.

Note.— Guidance concerning time-to-alert is given in Attachment D, 7.5.14.

3.6.8.3.1.8.2 GCID indications

3.6.8.3.1.8.2.1 When the active service type is A, B or C, the receiver shall use message data from a
GBAS ground subsystem for guidance only if the GCID indicates 1, 2, 3 or 4 prior to initiating the
final stages of an approach.

3.6.8.3.1.8.2.2 When the active service type is D, the receiver shall use message data from a GBAS
ground subsystem for guidance only if the GCID indicates 2, 3 or 4 prior to initiating the final

stages of an approach.

3.6.8.3.1.8.3 The receiver shall ignore any changes in GCID during the final stages of an approach.
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3.6.8.3.1.8.4 The receiver shall not provide approach vertical guidance based on a particular FAS
data block transmitted in a Type 4 message if the FASVAL received prior to initiating the final
stages of the approach is set to “1111 1111".

3.6.8.3.1.8.5 The receiver shall not provide approach guidance based on a particular FAS data block
transmitted in a Type 4 message if the FASLAL received prior to initiating the final stages of the
approach is set to “1111 1111".

3.6.8.3.1.8.6 Changes in the values of FASLAL and FASVAL data transmitted in a Type 4 message
during the final stages of an approach shall be ignored by the receiver.

3.6.8.3.1.8.7 The receiver shall use FAS data only if the FAS CRC for that data has been verified.

3.6.8.3.1.8.8 The receiver shall only use messages for which the GBAS ID (in the message block
header) matches the GBAS ID in the header of the Type 4 message which contains the selected FAS
data or the Type 2 message which contains the selected RSDS.

3.6.8.3.1.8.9 Use of FAS data

3.6.8.3.1.8.9.1 The receiver shall use the Type 4 messages to determine the FAS for precision
approach.

3.6.8.3.1.8.9.2 The receiver shall use the Type 4 messages to determine the FAS for approaches
which are supported by GBAS approach service type (GAST) A or B associated with a channel
number between 20 001 and 39 999.

3.6.8.3.1.8.9.3 The receiver shall use the FAS held within the on-board database for approaches
which are supported byGBAS approach service type (GAST) A associated with a channel number
between 40 000 and 99 999.

3.6.8.3.1.8.10 When the GBAS ground subsystem does not broadcast the Type 4 message and the
selected FAS data are available to the receiver from an airborne database, the receiver shall only
use messages from the intended GBAS ground subsystem.

3.6.8.3.1.9 Conditions for use of data to provide the GBAS positioning service

3.6.8.3.1.9.1 The receiver shall only use measurement blocks from Type 1 messages that were
received within the last7.5 seconds.

3.6.8.3.1.9.2 The receiver shall only use measurement blocks from Type 101 messages that were
received within the last 5 seconds.

3.6.8.3.1.9.3 The receiver shall only use message data if a Type 2 message containing additional
data block 1 has been received and the RSDS parameter in this block indicates that the GBAS
positioning service is provided.

3.6.8.3.1.9.4 The receiver shall only use messages for which the GBAS ID (in the message block
header) matches the GBAS ID in the header of the Type 2 message which contains the selected
RSDS.
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3.6.8.3.2 Integrity

3.6.8.3.2.1 Bounding of aircraft errors. For each satellite used in the navigation solution, the receiver
shall compute a oreceiver such that a normal distribution with zero mean and a standard deviation
equal to oreceiver bounds the receiver contribution to the corrected pseudo-range error as
follows:

fﬂxhi-:-_qu} fmﬂ%_{."m

]rﬂx]ﬂxii o) foran L =0
e T

where

fix) = probability density Sonction of the residual sircraft psewdo-range ermor and

Q:m:é[ &7 dt.

X

3.6.8.3.2.2 Use of GBAS integrity parameters. The aircraft element shall compute and apply the
vertical, lateral and horizontal protection levels described in 3.6.5.5 using the GBAS broadcast
opr_gnd, oN, hO, overt_iono_gradient, and B parameters as well as the opr_air parameter. If a Bi,;
parameter is set to the bit pattern “1000 0000" indicating that the measurement is not available,
the aircraft element shall assume that Bij has a value of zero. For Category | precision approach
and APV, the aircraft element shall verify that the computed vertical and lateral protection levels
are smaller than the corresponding vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3 Use of satellite ephemeris data

3.6.8.3.3.1 IOD check. The receiver shall only use satellites for which the 10D broadcast by GBAS in
the Type 1 or Type 101 message matches the core satellite constellation 10D for the clock and
ephemeris data used by the receiver.

3.6.8.3.3.2 CRC check. The receiver shall compute the ephemeris CRC for each core satellite
constellation’s ranging source used in the position solution. The computed CRC shall be validated
against the ephemeris CRC broadcast in the Type 1 or Type 101 messages within one second of
receiving a new broadcast CRC. The receiver shall immediately cease using any satellite for which
the computed and broadcast CRC values fail to match.

3.6.8.3.3.3 Ephemeris error position bounds

3.6.8.3.3.3.1 Ephemeris error position bounds for Category | precision approach and APV. If the
ground subsystem provides additional data block 1 in the Type 2 messages, the aircraft element
shall compute the ephemeris error position bounds defined in 3.6.5.8.1 for each core satellite
constellation’s ranging source used in the position solution within 1s of receiving the necessary
broadcast parameters. The aircraft element shall exclude from the position solution satellites for
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which the computed vertical or lateral ephemeris error position bounds (VEBj or LEB)) are larger
than the corresponding vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3.3.2 Ephemeris error position bound for the GBAS positioning service. The aircraft element
shall compute and apply the horizontal ephemeris error position bound (HEB)) defined in 3.6.5.8.2
for each core satellite constellation’s ranging source used in the position solution.

3.6.8.3.4 Message loss

3.6.8.3.4.1 For Category | precision approach, the receiver shall provide an appropriate alert if no
Type 1 or Type 101 message was received during the last 3.5 seconds.

3.6.8.3.4.2 For APV, the receiver shall provide an appropriate alert if no Type 1 and no Type 101
message was received during the last 3.5 seconds.

3.6.8.3.4.3 For the airborne equipment operating with GAST D as the active service type, the

receiver shall provide an appropriate alert or modify the active service type if any of the following
conditions are met:

a) The computed position solution is less than 200 ft above the LTP/FTP for the selected approach
and no Type 1 message was received during the last 1.5 seconds.

b) The computed position solution is less than 200 ft above the LTP/FTP for the selected approach
and no Type 11 message was received during the last 1.5 seconds.

¢) The computed position solution is 200 ft or more above the LTP/FTP of the selected approach
and no Type 1 message was received during the last 3.5 seconds.

d) The computed position solution is 200 ft or more above the LTP/FTP of the selected approach
and no Type 11 message was received during the last 3.5 seconds.

3.6.8.3.4.4 For the GBAS positioning service using Type 1 messages, the receiver shall provide an
appropriate alert if no Type 1 message was received during the last 7.5 seconds.

3.6.8.3.4.5 For the GBAS positioning service using Type 101 messages, the receiver shall provide an
appropriate alert if no Type 101 message was received during the last 5 seconds

3.6.8.3.5 Airborne pseudo-range measurements

3.6.8.3.5.1 Carrier smoothing for airborne equipment. Airborne equipment shall utilize the standard
100-second carrier smoothing of code phase measurements defined in 3.6.5.1. During the first 100
seconds after filter start-up, the value of shall be either:

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds since filter
start-up.
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3.6.8.3.5.2 Carrier smoothing of airborne equipment operating with GAST D as the active service type.
Airborne equipment operating with GAST D as the active service type shall utilize 30-second carrier
smoothing of code phase measurements as defined in 3.6.5.1.

Note.— For equipment that supports GAST D, two sets of smoothed pseudo-ranges are used. The
form of the smoothing filter given in 3.6.5.1 is the same for both sets, and only the time constant
differs (i.e. 100 seconds and 30 seconds). Guidance concerning carrier-smoothing for GAST D is given
in Attachment D, 7.19.3.

3.6.8.3.6 Service type specific differential position solution requirements. The airborne equipment
shall compute all position solutions in a manner that is consistent with the protocols for
application of the data (see 3.6.5.5.1.1.2).

Note.— The general form for the weighting used in the differential position solution is given in
3.6.5.5.1.1.2. Exactly which information from the ground subsystem is used in the differential position
solution depends on the type of service (i.e. positioning service vs. approach service) and the active
approach service type. The specific requirements for each service type are defined in RTCA DO 253D.
Additional information concerning the normal processing of position information is given in
Attachment D, 7.109.

3.7 Resistance to interference
3.7.1 PERFORMANCE OBJECTIVES
Note 1.— For GNSS receivers not using differential corrections from an augmentation system, the

resistance to interference is measured with respect to the following core satellite constellation
performance parameters:

Tracking arror (1 sigma)
GP3 L (single-frequency equipment) 03im
GPS LI (dual-frequency equipment) 0.15m
GPSLS 013 m
GPSL]-Lij*= 040 m
GLONASS LIOF 0.50 m
GLONASSLIOC 0.30m
GLONASS L3OC 010 m
GLONASS LIOC-LIOC++ 0.43 m
(alileo EI-Eja%* 040 m
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Tracking arror (1 sizma)
Oralilen E1 0.15m
Galileo Ela fLiim
EDERIT 060 m
BDERIC 0.20m
EDE Rln 0.15m
BDE RIC-Rlg*+ 040 m
*  The acenracy budge for the sacking ervor s specified for smoothed measarements

w Oefers wo dual-frequessy domosplere e ol o- AR METRFCI R

Note 2.— This tracking error neither includes contributions due to signal propagation such as
multipath, tropospheric and ionospheric effects nor ephemeris and GPS, GLONASS, Galileo and BDS
satellite clock errors.

Note 3.— For SBAS receivers, the resistance to interference is measured with respect to parameters
specified in 3.5.8.2.1, 3.5.84.1, and 3.5.15.3.2.

Note 4.— For GBAS receivers, the resistance to interference is measured with respect to parameters
specified in 3.6.7.1.1 and 3.6.8.2.1.

Note 5.— The signal levels specified in this section are defined at the antenna port. Assumed
maximum aircraft antenna gain in the lower hemisphere is —10 dBic.

Note 6.— The performance requirements are to be met in the interference environments defined
below. This defined interference environment is relaxed during initial acquisition of GNSS signals
when the receiver cannot take advantage of a steady-state navigation solution to aid signal
acquisition.

Note 7.— If not specified, the equipment performance objectives and requirements specified for a
particular constellation apply whether the equipment supports only that constellation (single
constellation equipment) or that constellation and other constellation(s) (multiple constellation
equipment).

3.7.2 CONTINUOUS WAVE (CW) INTERFERENCE

3.7.2.1 GPS L1 AND SBAS L1 RECEIVERS

Note.— Less interference power is tolerated by the interference thresholds for GPS L1 and SBAS L1
receivers than for the dual-frequency L1/L5 receivers in the band 1 480 — 1 565 MHz described in

3.7.2.3.

3.7.2.1.1 After steady-state navigation has been established, GPS L1 and SBAS L1 receivers shall
meet the performance objectives with CW interfering signals present with a power level at the
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antenna port equal to the interference thresholds specified in Table B-156 and shown in Figure B-
31 and with a desired GPS L1 and SBAS L1 level of —164 dBW at the antenna port.

3.7.2.1.2 During initial acquisition of the GPS L1 and SBAS L1 signals prior to steady-state
navigation, GPS L1 and SBAS L1 receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in TableB-156.

3.7.2.2 GLONASS RECEIVERS

3.7.2.2.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band (except those identified in 3.7.2.2.1.1) shall meet the performance objectives with CW
interfering signals present with a power level atthe antenna port equal to the interference
thresholds specified in Table B-157 and shown in Figure B-32 and with a desired signal level -166.5
dBW at the antenna port.

Table B-156. CW interference thresholds for GFS L1 and SBAS L1 receivers
in steady-state navigation

Frequency range fi af the

mterference sigmal Interference thresholds for necenvars in sieady-sfate maviganon
fi=1315MHz —4.5 dBW
1315 MHz < £ =1 500 MH=z Linearly decreasing from —4 5 dBW w -38 dBW
1 500 MHz < £ =1 525 MHz Linearly decreasing from —38 dBEW to —42 dBW
1525 MHz < f < 1 565.42 MH= Linearly decreasing from —42 dBW to —150.5 dBW
1 56542 MHz < £ < 1 58542 MHz -150.5 dBW
1 58542 MHz < £ < 1 6§10 MH= Linearly increasing from —150 5 dBW to —60 dBW
1610 MHz < £<1 6§18 MH=z Linearly increasing from —&0 dBW to —12 JBW™
1 618 MHz < £ <02 000 MH=z Linearly increasing from —42 dBW to —8.5 dBW™
1 618 MHz < f; = 1 §26.5 MHz Linearly increasing from —5) dBW 1o -22 dBW**
1 626.5 MHz < f; < 2 () MHz Linsarly increasing fom —22 dBW to -85 dBT™*
fi = 2 000 MHz -85 dBW

*  Applies to aircmdt installations whess thars: ar no on-board wtellits commmmications.
Appliss to aircmdt installations whes them am on-board satelli%: commumications

3.7.2.2.1.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band used for all phases of flight (excluding those used for the precision approach phase of
flight) and put into operation before 1 January 2017 shall meet the performance objectives with
CW interfering signals present with a power level at the antenna port 3 dB less than the
interference thresholds specified in Table B-157 and shown in Figure B-32 and with a desired
signal level of —166.5 dBW at the antenna port.
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Table B-157. CW imterference thresholds for GLONASS FDAMA sizmals receivers
in L1 band in steady-state navigation

Froquency ramge f, af the
interferance signal

Interference thresholds for receivers
in sTeady-siane navigaton

fi=1315MH=
1315 MH= < f =1 562 15625 MH=

1 562.15625 MHz < f; < 1 58365625 MH=
1 583 65625 MH= < f < 1 5020525 MH=

1 5392 9525 MHz = f = 1 50936 MH=
1§09 36 MHz <~ f; < 1 613.65625 MHz

1 51365625 MH= < £ < 1 63515625 MH=
1 §13.65625 MHz = f; =1 §26.1 5625 MHz

1 635.15625 MHz < f; < 2 000 MHz
1 626.15825 MHz < f; < 2 000 MHz
£ = 2 000 MHEz

—4. 5 dBW

Linearly decreasimg fom —4.5 dBW to —42 dBW
Linearly decreasing fom —42 dBW to —20 dBW
Limearly decreasing from —80 dBW o —149 dBW
-149 dBW

Linearly increasing from —149 dBW to —20 dBW
Linearly increasing from —80 JBW to —42 JBW*
Linearly increasing from —80 dBW to —22 JBTR™*
Linearly increasing from —47 dBW o —8.5 dBW™
Linearly increasing from —22 dJBW to —8.5 BT
-85 dBW

*  Apples to airc@dt instllxticns whess them: am no co-board sallie commmmications.
Appliss to aircmdt installations whers thare &5 co-board satellite coprramications.

3.7.2.2.1.2 After steady-state navigation has been established, GLONASS CDMA signals receivers in
L1 and L3 bands shall meet the performance objectives with CW interfering signals present with a
power level at the antenna port equal to the interference thresholds specified in Tables B-158 and
B-159 and shown in Figures B-33 and B-34 and with a desired signal level of —-161.5 dBW at the

antenna port.

Table B-158. CW interferemce thresholds for GLONASS CDMA signals receivers
in L] band in steady-state navigation

Fregquency range fi af the
interference signal

Invarference thresholds for recetvers
in steady-siate RaOVIEaiion

f<1315MH=

1315 MHz < ;< 1 562.15625 MHz

1 552.15625 MHz < f; = 1 583.65625 MH=
1 583.65625 MHz < £ = 1 5820525 MH=z
15920525 MHz < £ < 1 60036 MH=
160036 MHz < f = 1 61365625 MH=

1 61365625 MHz < £ = 1 63515625 MH=
1 61365625 MHz < £ = 1 62615625 MH=

—4.5d8W

Linearly decreasing from —4.5 dBW to —42 dBW
Linsarly decreasing from —2 dBW to —80 dBW
Linearly decressing from —80 dBW to —140 dBW
-140 dBW

Linearly incressing from —149 dBW to —80 4B
Linearly increasing from —80 dBW to —42 dBW*
Linearly increasing from —30 dBW to —22 dBW™**
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Fregquency range [ af the Interference thresholds for recervars
Interference signal in steady-siate Ravigaion
1 635.15625 MHz < f; < 2 000 MHz Linearly increasing from —42 dBW to —8.5 dBW™
1 62615625 MHz < £, < 2 000 MHz Linearly increasing from —22 dBW 1o —8.5 ABW**
£ = 2 000 MHz 8.5 dBW

*  Applies to aircraft installaticns where there are no on-beard satllite commmeenications.
*+  Applics to zircraft installations wher thare am on-board satellite copmnications.

Table B-159. LW imterference thresholds for GLONASS CDALA signals receivers
im L3 band in steady-state mavigation

Fregquency range fi af the Tnterference threzholds for recaivers
iniarference signal in steady-state navigation

f= 908 MH= —4.5 dBW

908 MHz < f;</1 155.775 MHz Linearly decreasing from —4.5 dBW to —42 dBW
1155775 MHz < £;= 1 178.775 MHz Linearly decreasing from —42 dBW to -73 dBW
1178775 MHz < £ = 1 191.775 MH= Linsarly decreasing from -73 dBW 1o —-143 ABW
1191775 MHz < £;= 1 212.275 MHz -143 dBW

1212275 MHz < £;= 1 224 875 MHz Linearly increasing from —143 dBW to —73 dBW
1224875 MHz < f; = 1 244375 MHz Linearly increasing from —73 dBW to —42 dBW
1244375 MHz < f; = 1 492,125 MHz Linearly increasing from —42 dBW to —4.5 dBW
f=1482.125 MH=z —4.5 d8W

3.7.2.2.2 During initial acquisition of the GLONASS FDMA signals in L1 band prior to steady-state
navigation, GLONASS receivers shall meet the performance objectives with interference thresholds
6 dB less than those specified in Table B-157.

3.7.2.2.2.1 During initial acquisition of the GLONASS CDMA signals in L1 and L3 bands prior to
steady-state navigation, GLONASS receivers shall meet the performance objectives with
interference thresholds 6 dB less than those specified in Tables B-158 and B-159.

3.7.2.3 GPS L1/L5, GALILEO ET1/E5A AND DFMC SBAS receivers

3.7.2.3.1 During initial L5/E5a acquisition prior to steady-state navigation, and after steady-state
navigation has been established, DFMC SBAS receivers processing signals centred on L1/E1 and
L5/E5a frequencies shall meet the performance objectives with CW interfering signals present with
a power level at the antenna port equal to the interference thresholds specified in Table B-160 and
shown in Figure B-35, and with a desired SBAS L5 signal level of =162.5 dBW, with a desired GPS L5
signal level of -159.4 dBW, and with a desired Galileo E5a signal level of —160.4 dBW at the
antenna port.

3.7.2.3.2 After steady-state navigation has been established, DFMC SBAS receivers processing
signals centred on L1/E1 and L5/E5a frequencies shall meet the performance objectives with CW
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interfering signals present with a power level at the antenna port equal to the interference
thresholds specified in Table B-160 and shown in Figure B-35, and with a desired GPS L1 and SBAS
L1 signal level of —163 dBW and with a desired Galileo E1 signal level of -162.25 dBW at the
antenna port. During initial L1/E1 acquisition, DFMC SBAS receivers shall meet the performance
objectives with interference levels that are 6 dB below what is specified in Table B-160.

Note.— CW interference thresholds for DMFC SBAS receivers determine the interference power levels
applicable for the frequency ranges defined in Table B-160.

3.7.2.4 BDS RECEIVERS

3.7.2.4.1 After steady-state navigation has been established, BDS B1l receivers shall meet the
performance objectives with CW interfering signals present with a power level at the antenna port
equal to the interference thresholds specified in Table B-161 and shown in Figure B-36A and with a
desired BDS signal level of -164.5 dBW at the antenna port. During initial acquisition prior to
steady state navigation, BDS B1l receivers shall meet the performance objectives with 6 dB less
than those specified in Table B-161.

3.7.2.4.2 After steady-state navigation has been established, BDS B1C/B2a receivers shall meet the
performance objectives with a power level at the antenna port equal to the interference thresholds
specified in Table B-162 and shown in Figure B-36B and with desired BDS signal levels of —163.5
dBW for B1C and —160.5 dBW for B2a at the antenna port. During initial acquisition prior to steady
state navigation, BDS B1C/B2a receivers shall meet the performance objectives with 6 dB less than
those specified in Table B-162.

Table B-161. CW interference thresholds for BDNS B1I receivers
in steady-state navigation

Froguency ramge f of the Interference thrasholds for recenvars
mterfErace signal in steady-shaee avigaiion

fi= 1465 MH=z -18 dBW
1465 MHz <= £ <=1 528 MHz Linearly decreasing fom -18 d8W o -30 ABW
1 528 MHz = £ =01 550,052 MH= Linearly decreasing fom -30 dBW o -150.5 dBW
1 5500052 MHz < £ = 1 363.144 MHz -150% dBW
1 563,144 MHz < f;, = 1 610 MHz Linearly increasing from —150.5 dBW to —50 dBW
1610 MHz <= £<=1 618 MHz Linearly increasing from —50 dBW to —42 dBW™
1 618 MHz < £ = 2 000 MH= Linearly increasing from —42 dBW to —8.5 dEW™*
1 610MHz < £ <=1 626.5 MHz Linearly increasing from —50 dABW 1o -2 dBW™=*
1 626.5 MHz < f; < 2 (00 MH= Linearly increasing from —22 dBW to —8.5 dBW**
£ =2 00D MHz -85 dBW

Appliss w0 aircmdt installations whers tham am no oo-board satellite commmmications.
Apples to aircmdt installations where tham am on-board samllis commmmications
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Table B-162. W interference thresholds for BDNS B1C/B2a receivers
in steady-state mavigation

Frequency range f of the

inferfieranca signal Interference thresholds for receivars
fi = 1 0 BH=z -4 4dBW
1 000 MHz = £ <21 100.45 MH= Linearly decreasing fom —24 dBW o —4 dBW
110045 MHz < £ <1 14845 MH= Linearly decreasing from 44 dBW to 54 dBW
1 148,45 MHz < £ < 1 16545 MHz Linearly decreasing from —54 dBW to -145 dBW
1 166,45 MHz < £ = 1 18545 MHz -145 dBW
1 186,45 MHz < £ =2 1 20545 MHz Linearly increasing from —145 dBW to 54 dBW
1 205.45 MHz < £ = 1 252 45 MHz Linearly increasing from —54 dBW to —43 dBW
125245 MHz <=1 315 MHz Linearly increasing fom —43 dBW 1o —3% dBW
1315 MHz < £ = 1 525 MH= Linearly increasing from —39 dBW to —31.5 dBW
1525 MHz < £ =1 531 MHz Linearly decreasing from —31.5 dEW to —34 dBW
1 531 MHz = £ = 1 536 MHz Linearly decreasing from —34 dBW to 55 dBW
1 536 MHz < £ < 1 565.42 MH=z Linearly decreasing from -85 dBW to 1505 dBW
1 55542 MHz < £ < 1 58542 MHz 1505 dBW
1 58542 MHz < f; = 1 610 MHz Linearly increasing fom —150.5 dBW to —50 dBW
1610 MHz = £ <1 6§18 MHz Linearly increasing fom —§0 dBW to —42 JBW™
1 618 MHz = £ =2 ({H) MHz Linearly increasing from —42 dBW to —8.5 dBW*
1 618 MHz = £ =1 626.5 MHz Linearly increasing from —50 dBW o -2 dBW™*
1 626.5 MHz < f; < 2 () MH= Linearly increasing from —22 dBW to —8.5 BT **
fi = 2 D00 MHz -85 dBW

*  Applies o aircmft installaticns whess them am no on-board satllite commmmications.
Applics to airemft installations whess thare am on-board wimllit commmmications

3.7.3 BAND-LIMITED NOISE-LIKE INTERFERENCE
3.73.1 GPS LT AND SBAS L1 RECEIVERS

3.7.3.1.1 After steady-state navigation has been established, GPS L1 and SBAS L1 receivers shall
meet the performance objectives with noise-like interfering signals present in the frequency range
of 1 575.42 MHz +Bwi/2 and with power levels at the antenna port equal to the interference
thresholds specified in Table B-169 and shown in Figure B-37 and with the desired signal level of —
164 dBW at the antenna port.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

3.7.3.1.2 During initial acquisition of the GPS L1 and SBAS L1 signals prior to steady-state
navigation, GPS L1 and SBAS L1 receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Table B-83.
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3.7.3.2 GLONASS RECEIVERS

3.7.3.2.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band (except those identified in 3.7.3.2.1.1) shall meet the performance objectives while
receiving noise-like interfering signals in the frequency band fk +Bwi/2, with power levels at the
antenna port equal to the interference thresholds specified in Table B-170 and shown in Figure B-
38 and with a desired signal level of —166.5 dBW at the antenna port.

3.7.3.2.1.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band used for all phases of flight (excluding those used for the precision approach phase of
flight) and put into operation before 1 January 2017 shall meet the performance objectives while
receiving noise-like interfering signals in the frequency band fk +Bwi/2, with power levels at the
antenna port 3 dB less than the interference thresholds specified in Table B-170 and shown in
Figure B-38 and with a desired signal level of -166.5 dBW at the antenna port.

Note.— fk is the centre frequency of a GLONASS channel with fk = 1 602 MHz + k x 0.5625 MHz
and k = -7 to + 6 as defined in Table B-15 and Bwi is the equivalent noise bandwidth of the
interference signal.

3.7.3.2.1.2 After steady-state navigation has been established, GLONASS CDMA signals receivers in
L1 and L3 bands shall meet the performance objectives while receiving noise-like interfering
signals in the frequency band fk +Bwi/2, with power levels at the antenna port equal to the
interference thresholds specified in Tables B-163 and B-164 and shown in Figures B-39and B-40
and with a desired signal level of —=161.5 dBW at the antenna port.

3.7.3.2.2 During initial acquisition of the GLONASS FDMA signals receivers in L1 band prior to
steady-state navigation, GLONASS receivers shall meet the performance objectives with
interference thresholds 6 dB less than those specified in Table B-170.

3.7.3.2.2.1 During initial acquisition of the GLONASS CDMA signals in L1 and L3 bands prior to
steady-state navigation, GLONASS receivers shall meet the performance objectives with
interference thresholds 6 dB less than those specified in Tables B-163 and B-164.

Table B-162. Inferferemce threshold for band-limited moise-like interference to GLONASS CDAA L] signals
receivers in L1 band in steady-state navization

Interference bandwidih Interference thrashold
0 Hz < Bw; = 1 kHz -149 dBW
1 kHz < Bwi < 10 kHz Lingarly increasing fom —149 to -143 dBW
10 kHz < Bw; < 0.5 MHz -143 dBW
0.5 MHz < By, = 10 MHz Lingarly increasing from —143 to -130 dBW
10 MHz < Bw, -130 dBW
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Anmex 10 — Aeronamiical Commnnicamons Folume I

Table B-164. Imterferemce threshold for band-bEmited noise-like inferferemce to GLONASS CDALA
signals receivers in L3 band in steady-state navigation

Tnterference bandwidih Interference threshold
0 Hz < Bw; < 1 kHz -143 dBW
1 kHz <. Bw;< 1 MHz Linearly increasing from —143 to —140 dBW
1 MHz < Bw; < 20 MHz Linearly increasing from —140 to —125.0 dBW
20 MHz <- Bw, -126.9 dBW

3.7.3.3 GPS L1/L5, GALILEO ET/E5A AND DFMC SBAS RECEIVER

3.7.3.3.1 During initial L5/E5a acquisition prior to steady-state navigation, and after steady-state
navigation has been established, GPS L1/L5, Galileo E1/E5a and DFMC SBAS receivers processing
signals centred on L1/E1 and L5/E5a frequencies shall meet the performance objectives with noise-
like interfering signals present in the frequency range of 1 176.45 MHz +Bwi/2 and with power
levels at the antenna port equal to the interference thresholds specified in Table B-165 and shown
in Figure B-41 and with a desired SBAS L5 signal level of —-162.5 dBW, with a desired GPS L5 level
of —159.4 dBW and with a desired Galileo E5a level of —-160.4 dBW at the output of the antenna.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

3.7.3.3.2 After steady-state navigation has been established, GPS L1/L5, Galileo E1/E5a and DFMC
SBAS receivers processing signals centred on L1/E1 and L5/E5a frequencies shall meet the
performance objectives with noise-like interfering signals present in the frequency range of 1
575.42 MHz +Bwi/2 and with power levels at the antenna port equal to the interference thresholds
specified in Table B-169 and shown in Figure B-37 and with the desired GPS and SBAS L1 signal
levels of —163 dBW and with the desired Galileo E1 signal level of -162.25 dBW at the antenna
port. During initial L1/E1acquisition, DFMC SBAS receivers shall meet the performance objectives
with interference thresholds 6 dB less than those specified in Table B-83.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.
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Tahle B-165. Interference threzhold for band-limited noize-like interference to
GPS L1LE, Galiles EVEZA and DEAMC SBAS receivers

Interference bandwidth Interference threshold for recervers
0 Hz = Bw, = 1kHz= -145.0 dBW
1 kHz = Bw, = 10 kHz Linearly mereazsing from 14350 to -137.5 dBW
10 kHz < Bw= 100 kHz Linearly increasing from -137.5 to -133.9 dBW
100 kHz = Bw, = 1 MHz Linearly mereazing from -133 9 to -133.0 dBW
1 MHz = Bw; < 10 MH= Linearly mereasing from —133.0 to -131.7 dBW*
10 MHz = Bw, = 40 MHz Linearly increasmng from -131.7 to -127.0 dBW*

*  The mrerfrence tiresheld is nof fo eoceed -] 34.0 dABWMH: M the frequency range | 176,45 =10 MHz

3.7.3.4 BDS RECEIVERS

3.7.3.4.1 After steady-state navigation has been established, BDS B1l receivers shall meet the
performance objectives with noise like interfering signals present in the frequency range of
1561.098 MHz +Bwi/2 and with power levels at the antenna port equal to the interference
thresholds specified in Table B-166 and shown in Figure B-42A and with a desired B1l signal level
of —164.5 dBW at the output of the antenna. During initial acquisition of the BDS B1l signals prior
to steady-state navigation, BDS receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Table B-166.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

3.7.3.4.2 After steady-state navigation has been established, BDS B1C receivers shall meet the
performance objectives with noise-like interfering signals present in the frequency range of 1
575.42 MHz +Bwi/2 and with power levels at the antenna port equal to the interference thresholds
specified in Table B-167 and shown in Figure B-42B and with a desired B1C signal

level of —163.5 dBW at the output of the antenna. During initial acquisition of the BDS B1C signals
prior to steady-state navigation, BDS receivers shall meet the performance objectives with
interference thresholds 6 dB less than those specified in Table B-167.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.
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Tahle B-166. Interference threzhold for band-limited noise-like interference to

BD¥S B1I receivers in steady-state navigation

Interferemnce threshold for receiverz

Interference bandwidth in steady-state navigarion

0 Hz = Bw; = T00 Hz -150.5 dBW

700 Hz = Buwy = 10 kH= Linearly mmereazmmg from —130.5 dBW to —143.5 dBW
10 kHz = Bwy = 100 kH= Linearly increazing from -143.5 dBW to —140.5 dBW
100 kHz = Bw; = 1 MH= -140.5 dBW

1 MHz = Bw; = 4.096 MH= Linearly increzzing from —140.5 dBW to —134 4 dBW
4.096 MHz = Bw; = 10 MH= Linearly increazing from -134 4 dBW to —126 dBW
10 MHz = Bw; -126.0 dBW

*  The mrerference thresheld is nor fo eoceed -140. 5 dBFMHE in the frequency range | 561008 = 2. 044 WWHz.

Tahle B-167. Interference threzhold for band-limited neize-like interference to
BDS BIC receivers in steady-state navigation

Interference threshold for receivers

Interference bandwidth in steady-siate navigation
0 Hz = Bw; = 700 H= -150.5 dBW
700 Hz = Bw, = 10 kHz Linearly increasing from —150.5 to —143.5 dBW
10 kHz = Bw, = 100 kH= Linearly inereaszing from —143 .5 to 1405 dBW
100 kHz = Bw; = 1 MH= -140.5 dBW
1 MHz = Bw; < 20 MH= Linearly increazing from —140.5 to 1275 dBW*
20 MH= = Bw,; = 30 MHz Linearly increasing from —127.5 to -121.1 dBW*
30 MHz = Bw; = 40 MH= Linearly increazing from 1211 to 1195 dBW=
40 MHz = Bwr; -119.5 dBW*

*  The mrerference thresheld is not to evcead —140 5 dBWAH: i the frequency range | 57542 210 Mz

3.7.3.4.3 After steady-state navigation has been established, BDS B2a receivers shall meet the
performance objectives with noise-like interfering signals present in the frequency range of 1
176.45 MHz +Bwi/2 and with power levels at the antenna port equal to the interference thresholds
specified in Table B-168 and shown in Figure B-42C and with a desired B2a signal level of —160.5
dBW at the output of the antenna. During initial acquisition of the BDS B2a signals prior to steady-
state navigation, BDS receivers shall meet the performance objectives with interference thresholds
6 dB less than those specified in Table B-168.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.
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Tahle B-168. Interference threshold for band-limited noise-like inferference to
BD% Bla receivers in steady-state navigation

Interference threshold for recervers in steady-siaie

Interference bandwidth navigation
0 Hz = Bw; < 1kHz -145.0 dBW
1 kHz = Bw, = 10 kHz Linearly mmereasing from —145.0 to -137.5 dBW
10 kHz = Bw, = 100 kH= Linearly increasing from —137.5 to —133.9 dBW
100 kHz = Bwi = 1 MH= Linearly imcrez=simg from —133.9 to -133.0 dBW
1 MHz = Bw, = 10 MH=z Linearly mmereasing from —-133.0 to -131.7 dBW*
10 MHz = Bwi= 40 MHz Linearly imcreasing from -131.7 to =127.0 dBW*

*  The mrenerence threshold is nof fo @oceed —1 34.0 dBWAMHEE in the frequency range 1 17645 10 MHz.

3.7.3.5 Pulsed interference. After steady-state navigation has been established, the GNSS receiver
shall meet the performance objectives while receiving pulsed interference signals with
characteristics according to Table B-171 where the interference threshold is defined at the antenna
port.

3.7.3.6 GNSS receivers shall not output misleading information in the presence of interference
including interference levels above those specified in 3.7.

Note.— Guidance material on this requirement is given in Attachment D, 10.5.
3.8 GNSS aircraft satellite receiver antenna

3.8.1 Antenna coverage. The GNSS antenna shall meet the performance requirements for the
reception of GNSS satellite signals from 0 to 360 degrees in azimuth and from 0 to 90 degrees in
elevation relative to the horizontal plane of an aircraft in level flight.

3.8.2 Antenna gain. The minimum passive antenna element gain for single-frequency antennas
shall not be less than that shown in Table B-172 for the specified elevation angle above the
horizon. For these antennas, the maximum passive antenna element gain shall not exceed +4 dBic
for elevation angles above 5 degrees. The minimum passive antenna element gains at both
frequencies for dual-frequency antennas shall comply with Table B-173 for the specified elevation
angles above the horizon. For these antennas, the maximum passive antenna element gain shall be
limited to +4 dBic for elevation angles above75 degrees.

3.8.3 Polarization. The GNSS antenna polarization shall be right-hand circular (clockwise with
respect to the direction of propagation).

3.8.3.1 Axial ratio. For single-frequency antennas, the axial ratio shall not exceed 3.0 dB as
measured at boresight. For dual-frequency antennas, the axial ratio shall be less than or equal to 3
dB over the operating frequency range as measured in a region extending from boresight down to
40 degrees off boresight across all azimuth angles.

3.8  Cyclic redundancy check
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Each CRC shall be calculated as the remainder, R(x), of the Modulo-2 division of two binary polynomials as

follows:

k

M R

G{K:I mod 2 G(K:I

where
k = the number of bits 1n the particular CRC;
Mi{x} = the nformaton field which consists of the data items to be protected by the particular CEC represented az a
polymomaal;
Gix) = the generator polynomial specified for the particular CRC;
Qix}) = the quotient of the division; and
Bix) = the remamder of the division, contains the CEC:
k
Rix) =Z rx = ol et L 4t
1=1
Table B-169, Interference threshold for band-limited woize-like interference
to GPS L1 and SBAS L1 receivers in steady-ztate navigation
Interference threshold for recefvers
Interference bandwidth in steady-state navigation

0 Hz = Bw; = T H= -150.5 dBW
700 He = Bw, = 10 kHz Linearly inereazing from —150.53 to —143.5 dBW
10 kH=z = Bwy = 100 kH= Linearly increasing from —143.5 to —140.5 dBW
100 kHz = Bwi < | MH=z -140.5 dBW
1 MHz = Bw; < 20 MH= Linearly increazing from —140.5 to -127.5 JBW*
20 MHz = Bw,; = 30 MH= Linearly increasing from —127.5 to -121.1 dBW*
30 MHz = Bw; = 40 MH=z Linearly increasing from —121.1 to -119.5 dBW*
40 MHz = Bwr -119.5 dBW#

* The mterference threshold is not fo excead —140.5 dBWMHE: ;v the freguency range | 57542 =10 MHz.
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Tahle B-170. Imterference thresheld for band-limited noize-like interference
to GLONASS FDALA sizmals receivers in L] band in zteady-state navization

Interference bandwidth Interference threshold
0 Hz = Bw; =< 1 kHz -149 dBW
1 kHz = Bw, = 10 kH= Linearly inereazing from —149 to —143 dBW
10 kHz = Bw, = 0.5 MHz -143 dBW
0.5 MHz = Buy = 10 MH= Linearly increasing from -143 to -130 dBW
10 MHz= = Bw; -130 dBW
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Table B-171. Interferemce thresholds for pulsed interference

GPS LI,
Galileo L1 GLONASS GLONASS

and 5BAS L] FDAMA CDMA BEDSBIC EDSBII
Frequency range for in-band 157542 MHz 15928525 MHz 10 1191.775 MHz to 157542 MHz 1 561.08 MHz
and near band =20 MHz 160936 MHz 1212275 MHz' =210 MHz =146 MHz

15820525 MHz to 1
609,36 MHz

Interference threshald (Pulse -0 dBW =20 ABW -0 dBW /=20 dBW -0 dBW =20 dBW
peak power) for in-band snd
near-band interferance
Interference threshald (Pulse 0 dBW(*) 1 dBW 0dBW / 0 dBW 0 dBW 1 dBW
peak power) outside the m-
band snd near band frequency
ranges (out of band
interference)
Pulse width =125 ps <250 ps <250 ps /=250 ps =125 ps <125 ps
Pulse duty cycle =1% <1% =%/ <1% =]1% =1%
Interference signal bandwidth =1 MHz =500 kHz =] MHz/ =500 kHz »1 MHz =1 MHz
for m band and near-band
interference

Note 1.— The interference signal iz additve white Gaussian noise centrad around the carrier frequency and with bandwidth and
pulse characteriztics specified in the tabla.

Note I — In-band, near-beand and out-gf-band imterference refers fo the centre frequency of the miarferance signal.

Note 3. — Cur-gf-band mrerference i5 intarference, the centre frequency of which is located on either side from the cenmre
Jrequency af the frequency range for in-band and near-band ar a distance of @ leazt 250 per cent of the bandwidth of thiz frequency
PARER.

Note 4— The signal bandwidth speciffes the minmum bandwidth of the notze-Iike signal with a power as large as the interference
threshold that is pulsed with the specifed pulse width and duty cvele.

Note J— (%) When conzidering the L1 channel of an LILT receiver, this value i related to non-aeronauiical pulsed mierferences
with a carrier frequency within 1 215 MHz - 2 000 MHz. Thiz table does not describe non-geronauiical pulsed mterferences in the
anvironment fo be considered for the LI chamme! in an LIS receiver (se¢ Aftackment D, 4.4.3 for firther guidance).
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Table B-171. Alinimum antenna gain — single-frequency antennas for GPS (L1),

GLONASS (L10F), BDS (B1C), BDS (BLI), and/er SBAS L1

Elevation angle degreas Minimum gain dBic
0 -70
5 -535
10 -40
15 to 90 -235

Table B-173. Minimum antenna gain - dual-frequency antennas for GPS (LLLE),
GLONASS (L10C/LY0C), Galileo (ELVEZa), BDS (B1C/B2a) and/or SBAS (L1/LE)

Elevation angle degrees Minimum gain dBic

0 —7.0

5 -4.3

10 -3.0

15 -13

30 05

=73 15
1
1
1
L]
I x1 Epoch 243 bps
i
1025 1023 ) 1023 1023 i
1 025-bit Goid Cijde (1025 Kops) ’ — = 1ms -—
Al al &2 alE F 4
30id Cooe Epochs
1 [1 000 per second) T 1
] ]

| Data (50 cps)
I |
L 20 mes ol

Figure B-1. C/A code fiming relationships
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SUBFRAME 1
SUBFRAME 2
SUBFRAME 3

SUBFRAME 4
(23 pages)

SLIBFRAME 3
(23 pages)

TLM HW GPS week number, 5V accuracy and health

TLM HW Ephemsris paramebsrs

TLM HW Ephemsris paramebsrs

TLM HW Almarac and healkh for satelliies 25-32, special messages,
sateliie configuration, flags, ionosphenc and UTC

TLM HOAY Almarac and healh for satellites 1-24 and almanac reference
time and GFS wesk number

Figure B-2. Frame structure
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Preamble Reserved Barity
100101 1[MSB L5B
1 2 3456 7 8(9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24|25 26 27 28 29 30
Figure B-3. TLM word format
TOW count message Subframe Parity
D
‘- —————_————————— ————— - [ ——————— —=
12 3 4 5 B 7 8 9 10 11 12 13 14 15 96 47 18 19 20 4 22 23 24 25 % 27T B 29 3
Figure B-4. HOW format
End'start of week — | | =1 0s
403 182 403196 ] 2 3 4 5 & 7
Decimal equivalent of actual TOW counts
— Subframe epochs — — ‘ Bs o
100 799 0 1 2
Decimal equivalent of HOW mess age TOW count
Moes:
1.0 To ad in rapid ground lock-on, the HOW of each subframe contains a truncaled TOW count.
210 The HOW is the second word in each subframe.
30 The HOW message TOW courtt consists of the 17 M5Bz of the actal TOW court at the start af the ne xf subframe.
4.0 To convert from the HOW meszage TOW count to the acfual count af the start of the next subframe, muhiply by four.
5 The first subframe stars syncimonously with the end'star of each epoch.
Figure B-5. Time line relationship of HOW
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‘ DIRECTION OF DATAFLOW FROMSY — MSB FIRST ——|
‘ 150 BITS ——— 3 SECONDS N
a |.| L I i1} |.| 4 L]
+—WORD 1—s{e—W0RD 2—| ..rc:-ft1|:|a '+ HCHI:I-’-—l-i-l—WCHD 5
SUBFRAME PAGE i
NO. No. 3 5t raf7a o 124
TLM HOW W I
- ol p t|p || zagms™ |p| 248w |p
1 NA | 2mms 7 BiTS 10
BITS
Y T
CAORPON L2 —2 BITS L2 P DATAFLAG — 1 BIT
URA INDEX — 4BIT§ —————|
Sy HEALTH — & BITS 2 M58s ——100C — 10 BITS TOTAL
4 DIRECTION OF DATAFLOW FROMSY — MSB FIRST ——
‘ 150BITS —— 3 SECONDS .
+— WORD a—u{q—wcﬂn 7 WORD 8 —t-ld—WCHD 9—p|q—wm:- -
151 181 W |211|ene 244 77+
T i 3 a
1 wa | METES™ Pl S0 1z e el P e
! BITS* |3 BTS 1687 | |emTs|16BMS 228ITS
F
BL58s IODC — 10 BITS TOTAL
#+ RESERVED
P = 6 PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (1 of 11)
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. DIRECTION OF DATAFLOW FROMSV—— MSBFIRST
" 150 BITS — 3 SECONDS >
e woRD -—»}-—wmn 2 NORD 3—»|q—wm:- 4—+—WD RODS —s
SUBFRAME PAGE
HO. wo | 31 B e 1 i ral
LM HOW IODE| Cm An _
- NIA c|P t{p| 8 P 8 |p| 24mms P
£ : 22BITS 2 BITS BITS | 16BITS 16BITS | BITS
Y T
MR LS8s
Mp — 32 BITS TOTAL |
" DIRECTION OF DATAFLOW FROMSY — MSB FIRST
. 150BITS — 3 SECONDS .
. m | " | WINYET | n P
4—— WORD 4 WORD 7t WORD & ¢ WORD § —p—WORD 10—
151 167 181 241 o7 24 271 a7
C r :
2 NI ““ g | mems |f| ¥ | & |P| 2Ems p| = t|F
< : %6 BITS |BITS 16BITS |BITS 16 BITS
L T J T r
MSEs LSEs MSEs LSBs
2—31BITSTOTAL | | E_mams rom—L— 1
FIT INTERVAL FLAG — 1 BIT
ADDO — SBITS
P=§ PARITY BITS
t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C = TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (I of 11)
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fig — 32 TS TOTAL

DIRECTION OF DATA FLOAW FROM SV

MZEE FIRST ——

" DIRECTION OF DATA FLOW FROM 3V MSE FIRST
" 150 BITS 3 SECONDS »
" P ¥ Ll TT) 9 Ll WINETY
e WORD _+_w-:}ﬁn 2 | YORD 3 | WORD 4_+_WDRD —
SUBFRAME PAGE
MO, MO | 31 s 7 B4 124 137
TLM HOW Cig Cis
3 Nl c|P P 8 |P| 24BITS P B |p
: 22BITS 22 BITS 16 BITS | BITS 16 BITS | BITS
MSEs LS8s MSEs

| ig— 32 BITS TOTAL—

P =& PARITY BITS

C=TLM BITS 23 AND 24 WHICH ARE RESERVED

|—i=,— 32 BITS TOTAL

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION

Figure B-6. Data format (3 of 11}

- 10 BTS — 3 SECONDS »
«—— WORD E—p-|-1—'|.'a'CIRD ?—p-|-q—WZRD B—.-|4—l.r.'|:ﬂ:- S—p-|-|—'-'l.IDHD 10—
151 181 211 241 7 |z7e

Cre ) 0DE| IDOT
3 -~ MBTS |P g |p #BmS |P pla | 14 |t|p

: 16BITS | BITS 24 BITS BTs| BITS

M;BE _gh
L58: ' 1 @ — 32 BITS TOTAL
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« DIRECTION OF DATAFLOWFROM SV — MSE FIRST
+ 150 BITS —————3 SECONDS .
l+— WORD 1—#}e—WORD 2 —s|4——WORD 3 —s|+—WORD 4 —sf+— WORD 5 —
_ g
SUBFRAME  PAGE
NO. NO. |1 31 & |69 W |ew 121
1 LM HOW e ba : &
5 THRLU N CF t|P P _ __|F N P
e 22 BITS 22 BITS 1687S | |sBms| wmTs| [16ETS BAITS
DATA:—-EB'E;TI T
SVID —6 BITS SV HEALTH
" DIRECTION OF DATAFLOW FROMSY — MSB FIRST
. 150 BITS— 3SECONDS .
I TR} I Ll 1 1
e WORD E—rlq—WDHD? sl e—1i0RD —s]e woﬂng—.|q—w0m: o —
151 181 211 241 271 279|290
1 r 0 @ M
s THRU 1A F c P F ¢ P F P
e 24 BITS 24 BITS 2 BITS 24BITS

111

8MSBs | 3LSBs
ag — 1 BITSTOTAL |

ay — 11 BITSTOTAL

P =& PARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C =TLMBITS 23 AND 24 WHICH ARE RESERVED

Mote — Fages 2, 3 4, 5 7, 8 9 and 10 of subframe 4 have the same format as pages 1 through 24 of subframe 3

Figure B-6. Data format (4 of 11)
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‘ DIRECTION OF DATA FLOW FROM SV WSE FIRST ———
150 BITS 3 SECONDS

-—WCHD —|-|-—'|.'.|'C-HD 2—-14—1#:3 RD 3—-|q—w::| RD 4—|+|—wn ADS —»
SUSFRAME  PAGE
ND. NO. 31 53 73 2 12

o SV HEALTH S\ HEALTH
e, aw . toa | WN, gETssy |- | emTsEv |
5 & 22BITS 2 BITS 8 BITS|E BITS 91-’ sV E;-’ Sf v [sV |E‘-’ sV
FYry =
DATA ID — 2 BITS
Sy PAGE] ID — 6 BITS
* DIRECTION OF DATA FLOW FROM SV WSE FIRST
150 BITS 3SECONDS
q—wmn F.~—|-|-¢—'|.'.|'DHD 1—.+|—w::| RD E-—LIA—WCI RD E!—l-|-|—'|.'.|'OHD 1:'—-
271
154 184 241 241 74
Sy HEALTH S\ HEALTH Sy HEALTH SV HEALTH
EOITSSV || “&BASEV |o| 6 BTSEY 8BTSV {o| | ygpmem || p
5 P su|sv|su REIEIEIE IR EIEIEIE
a0l a1 f42] |43] 44|15 18] 471818 [20] |21|=22|23]|2¢
IBITS T

* RESERVED FOR 5YSTEM USE
tt RESERVED
P=& PARITY BITS
t =2 MNOM-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVELD

Figure B-6. Data format (5 of 11)
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3 DHZ:TION OF DATA FLOW FROM 3V ——————— MSE FIRST
150 BTS ———— 3SECONDS .
q—WCIHEI —rlq—'n'a‘OHD 2—-}.—1&31 5—-{-—1#:11“ —p}-—wm:- 5 —
_ 51
SUBFRAME  FAGE
N NO. 1 34 53 |6s &1 124
LM HOW
. 1,6, 11 | t|r 16 | zapmse |P| 28BITS™ |FP
i | 22mITS 22 BITS BITS
T Y
DATA ID — 2 BITS ———
SV [PAGE} 1D — & BITS

4 DIRECTION OF DATA FLOW FROM SV — WMSBFIRST
150 BTS—— 3SECONDS .
4_w::|H|:| a_+_w0HD T_.|.._w::ﬂ E-_..|.|_1.I'|'CIL _..|.q_'|.'.|'0RD 10—
151 181 291 241 |24 7
4 1,6, 11 Memse |p| spmse |p| 24@mse |plee | g p| 22BITS™ |t|P
6421 BITS| BTSH

* RESERVED FOR SYSTEM USE

"+ RESERVED

F =EPARITY BITS

t =2 NON-INFORMATION BEARING BITS USED FOR PARITY COMPUTATION
€ =TLM BITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (6 of 11)
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Figure B-6. Dhata format (7 of 11)

DIRECTION OF DATA FLOW FROM 5V MSE FIRST
* 150 275 3SECONDS -
WORD 4 : WORD 2 : MWORD 3 : WORL 4 : WORD 5
_ _ i1
SUSFRAME PAGE
MO ML 1 31 53 |63 g1 124
TLM HOW
s 12, 19, 20, cle t| e 18 p| 2aBmse 24BITSH™ | P
22’235 24 22BITS 22 BITS BITS
.*
DATAID — 2 BITS
S [PAGE D—EBITS
DIRECTION OF DATA FLOW FROM 5v MSE FIRST
150 85 3SECONDS
WORD & : WORD T : MWORD B : WORD 9 : VWOFD) 10 e
151 181 211 241 |24 7
4 21,2 215'&29; pTse |p| mBmse [p| 24BTEe [Plewm | 15 22BITS* |1
22362 BITS| BT
v RESERVED FOR SYSTEM USE
v RESERVED
P =& PARITY BITS
{ =2 HONANFORMATION BEARING BITS USED FOR PARITY COMPUTATION
£ =TLMBITS23 AND 24 WHICH ARE RESERVED

DEPARTMENT OF CIVIL AVIATION, MYANMAR

421




MCAR, PART-5, ANS SECTION-9, VOLUME |

+ DIRECTION OF DATA FLOW FROM 5V WS FIRST ——
150 BT —————— 3 SECONDS 3
l—— WORD 1—+|—WI:IHD E—u-lq—'.'-u’l:lﬁ'_‘l a_..|.._'.r—1::ﬁ£: 4_+_n-.~cﬁ-_‘n 5 — 3
SUBFRAME  FAGE 1
O, MO, 1 31 gslas 7 g1 | hor iz hae har
TLM HOW oy | = Y By | B [Bs
| 1 cfe 1P g |le pP|le |8 |5 P& |8 |8 |P
ZIEITS =2 BITS ars|ems| |gmslems (eS| |sms|ems|ems
T "
DATAID —2 BITS |

SV [PAGE) D—&EBITS

DIRECTION OF DATA FLOW FROA 5V
150 BITS —— 3 5ECOMDS

4—— WORD 6—sfe——WORD T—s}+——WORD B —+|+— WORD 5—s}+—WORD 10 ]

M5B FIRST —

151 181 ey N 3 L TR T - T =T - T
Ay W [l ON | Psr| |
il 18 I Al Ple |8 | &[rl s |8 [5 Pl 8 [gmse [P
24BITS 4 BTS BITS |BITS|BITS| |2ITS [BITS|[BITS| |BITS

i 1 i

M5Bs L5Bs

Ag —32 BITS TOTAL W sF

" RESERVED FOR SYSTEM USE
P =6 PARITY BITS

I =2 HONINFORMATION BEARIMG BITS USED FOR PARITY COMPUTATION
C=TLMBITS 23 AND 24 WHICH ARE RESERVED

Figure B-6. Data format (8 of 11)
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Figure B-6. Data format (9 of 11)

+ DIRECTION OF DTA FLOW FROM 54 M58 FIRST ———
+ 150 BITS 3 SECONDS .
j#—— WORD 1——sfe—— WORD 2 ——sf+——WORD 3——#f4—— WORD 4—sfe——WORD 5—»
SUBFRAME  PAGE B
NO. N, 1 31 653 (62 ot 121
- , A-SPO0E B A-SPOOF B A-BPCOF &
M - HOW 1| R & CONRG = 2V CONFIG F B COMFES
4 25 & o o o o Rl T P : ol
zEms 2zEIT2 S Y 1 O i i ! O I e ] ]
F 3
DATAID — 2 BITS
5V (PAGE] ID — & BITS
+ DIRECTION OF DTA FLOW FROM 54 M58 FIRST ———
150 BITS 3 SECONDS
e WORD a_..}-_wmc 7_.+._wc|ﬁ:u n_..|4_ WORD s_p{-_'.mﬁn 10—
2T
151 i 211 (=25 24 1 T
A-BPO0OF B A-BPODF & A-BFOOF & SV HEALTH BV HEALTH
W CONFIG SV CONFIG p BN CONFIO - 6 BITS8v P & BITEEY
4 23 N 5-1:\- ETE :4 915\.- By :'\;I-;\.' o e [EY av [av|av|sv = ET
1F| 18] 18 2021 & 279 24| 25| 2 2 % |30 | 5 25 28 | 2T o= | Z5 =0 21 32
F 9 F 1
2BITS*™ S HEALTH — £ BITS
4EITS
* RESERVED FOR SYSTEM USE
F=§EARITYBITS
1 =2 ROMHNFORMATION BEARING BITS USED FOR FARITY COMPUTATION
C= TLMBEITS 23 AND 24 WHICH ARE RESERVED
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DIRECTION OF DATA FLOW FROM 5V —————— WSB FIRST
150 BITS ——————— 3 SECOMDS
WORD 1——+l+——WORD 2—+}+—woRD 3 | WORD 4—|+—woRD 5
SUBFRAME  PAGE R
HO. M. 1 eS| &3 71 94 iz
LM HOW
ol P t[ P S I e e I el A el I I
N = 3T BITS I2BITS LARAL SEaL ..= 4 2k 5}
L HERENERE [AEREREEE:
Tn 'y
DATA IO — 2 BITS
5V [PAGE) 10— 6 BITS ANAILASILITY INDICATOR — 2 BITS
DIRECTION OF DATAFLOW FROM SV — WSB FIRST
150 BITS ————— 3 SECOMDS
WORD & I WORD 7 I WORD B : WORD § : WORD 1 0 e
iE3 | 181 211 49 ™M
Slalz1el el (elealalelel [alei]e]z slelelz1a] [alz18]¢
L N 0 I P O A O S O P
d 13 4 ] -] | - F L] : ] -] i L] | | - | ] - 5 | - ] ¥ 4 4 -] | ] ]
- L] o L L L] o = - L [ L] o o [ ] - L L] ] -
: I E E T B E i Bl b | & B
'} '] 1 '] 1 1 ] '} i} 1 1 1 '}
P = f BARITY BITS
1 =2 NONANFORMATION BEARING BITS USED FOR RRRITY COMPUTATION
C= TLM BITS 23 AND 24 WHICH ARE RESERVED

Fizure B-6. Data format (10 of 11)
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F

150 BITS

DIRECTION OF DATA FLOW FROM SV
3 SECONDS

MSE FIRST

=

L WORD 1—p }.._'.m:ﬂ:: p |.4—'.'~'CIF'_‘I I |— WORD A — & |-¢—'.'~'EIHD5 —

SUBFRAME  PAGE i
MO, MO 1 34 53| = a1 121
HOWN
4 14,15 ol P t|F 15 = 24 BITE™ F 24 BITE"" P
& 1 22 BITE 22 BITS 2T
3
DATAID — 2 BITS
SV [PAGE) D —GEITS
DIRECTION OF DATA FLOW FROM SV MEB FIRST
I 130 BITS I JI5ECD 'ivl:IE
™ - . - " \
WORD B [ WORD 7 [ \ORD 8 | m{lE—rl-n—-'ﬂ:IHﬂﬂ:—-
121 181 1 241 71
4 14,15 24 BITE"" | zaBmmE- F 24 BITS™ = 24 BITE™ Fl| zzeima= |t|F
& 17

Fizure B-6. Data format (11 of 11)

®  THE IKDICATED PORTIONS OF WORDS 3 THROGH 10 0F PAGES 14 AND 15 ARE RESERWVED FOR SYSTEM USE, WHILE

THOSE OF PAGE 17 ARE RESERVED FOR SPECIAL MESSRAGES
F'= & PARITY EITS
1 =2 NOMINFORMATION BEARING EITS USED FOR PARITY COMPUTATION
C=TLMEITS 23 AMD 24 WHICH ARE RESERVED
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- is -
Frame rumber Sirng number [ 1.75 oL g
1 0 mmediate data KX ME
2 0 for KX MB
3 [ transmitting KX ME 30
I 4 [ slzlle KX ME
: Mon-mmedate dats
. [amanac)
for
15 0 dive saielites KX ME
1 0 Imemiediate data KX ME
2z [ for KX MEB
3 0 transmitting KX ME
I 4 0 saelie KX ME
. Mon-mmediate dala
i Jalmanac) -
. for =
15 0 five satelites KX ME o
i [ mmedizie data KX ME ra
z 0 for KK ME w
3 (K transmitling KX, MBE ;'.
4 0 satallibe KX ME i
I —— a
* Mon-immediale data
. Jadmanac)
for
15 o five satzlitss KX WE
1 i mmegae data FX T3]
2z [ for KX ME
3 0 transmiiting KX ME
v ] 0 sabalite KX MEB
* Mon-immediale data
; Jdmanar)
for
15 0 frve saielites KX ME
1 0 mmediate data KX ME
2z [ for KX MEB
3 0 transmitling KX ME
v 4 v mabalite KX MEBE
. Hon-mmedae data
. [almarac)
L hl
four satelites
14 i Feserved bis KX ME
15 o Resersed Dis KX WE
IE-:I- | I'ﬁ'glﬂ ............ 1|
e .l ‘:'\-.
St numger — T ., .
within =tring : Hamimirg code bits
. © bi-binany code
bi-bimary code !
Figure B-7. Superframe sirocture
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- 20% -
-+ 175 e 03z —
_________ . _._”___l [ | == Jime: mark
Cata bits and checi bits in biHpinary code (T = 10 ms) (T = 10 ms)
1111100 .. 110
| —————————————— | | | — — | |
L] T
g5 1 glg z 1!
A five bk ' Rammig |
! wap——— Dala s In I'EI-'J‘IJ'-'EI:-I'.'I'EIj- —_— g —l
H e | codecheck
[ b
[ | inmave !
[ | bi-bnary cooe |
Cramcien'numbers within string
Mofe — Tp = fme duranion for each ohip
Figure B-10. Data siring soociare
Q \Ltocd e L300
BPSK[1]} divi EFSK] 10}
L10Cp s
BOC 11 mauRiplexing
L15C I L3oCd
_____ - I P 101}

Figure B-11A L10C and L30T signal strocture
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1 g 0 15 0 25 30 35 40 45 50
e o e o ot iy i —+ iy
Ereamtig Type i P1 TS

12 B B 11 4 Iz 16
¥ T
H 1 P2 KP A
33 60 65 o 73 80 &5 a0 85 100

7

184

105 110 115 120 125 130 135 140 145 130

Grzzzzzzz222777z272272

155 160 165 170 we 180 185 150 195 200

Figure B-11B. General stroctore of L10OWCd data string
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1 5 10 15 20 5 30 i5 40 A5 50
Preamible Type i P1 5
12 b b 1|1 4 1Mz -3
FE e
H 1 2 KPR A
55 B0 b5 7o s g0 g5 ad gz 100
35
105 110 15 120 125
........ =
CRC
7
1]

Figure B-11C. Anomalons L1 d data string Type 1
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s
||||||||||||||| - - O —— |
Preambd Tre 1 P TS
12 b b my 4 g 16
LT 3 O
H 1 F2 KP A
=] &0 63 Tl 73 80 &3 1 55 100
301

105 110 115 130 125 130 133 140 145 150

135 L) 163 170 175 150 183 1590 195 20

7

205 210 13 220 225 230 230 240 245 2340

2772277277777

233 260 265 270 27a 280 285 28l 285 00

S 310 315 330 325 33 315 J40 345 350

2777777777777

355 3640 355 37a KT
.....................

]
o
1
]

Figure B-11D. Anomalons L1 d data siting Type 2
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1 3 1a 15 i 25 30 35 20 243 a0
| N I N N N N N N N N I N N N N N N N N |
Preamak Type T3 i

20 & 13 ] 1f1
¥
H 1
53 60 &3 T 5 a0 85 a0 a5 100
1 T T
=
P //
o
4 |1an 219
_I1
P2 KEPA

105 110 15 120 125 130 135 140 145 130

155 L) 165 170 175 180 185 150 155 200

20 210 215 2 225

ﬁ
i

240 245 230

%

255 26 265 270 275 280 285 2ol 295 0
IHE EEEEEEEEE .

A CRC

4

Figure B-12A General strocmre of L3O data string
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1 5 10 15 20 25 50 3% 2t 45 50
| N N N N N N N N N N N N N N N |
Freamale Type T5 ]

20 & 13 G 1{1
F 1
H 1
a5 6O 55 7o [} BO 85 50 85 100
T 11 T _.-"'!
P
7
4 Mz 118
T
— 1 [
P2 KPA

103 110 113 120 1235 130 133 140 145 150

153 160 165 170 175 188 183 1580 1893 200
T T BN T 1T 11 1T 1T 11 W 11T 1T 1T 1 11 W

ﬁ CRC

24

Figure B-11B. Anomalons LA0Cd data string Type 1
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1 5 10 15 i 25 ki 35 40 45 50
T T T T T T 1T T W1 T 1T T T 1T T 1T W T T T T T 1T 11T T T T 1T 1T 117 T T 1117 8
Preamblke Type TS i
20 (] 15 b 11
¥
H 1
5] &0 ] 70 75 B0 85 ai 85 100
i
12
7
4 1| 2 243
Tt T
P2 KPA
105 110 115 120 125 130 135 140 145 150
2
155 150 165 1 173 160 183 1590 195 200
s
205 210 15 2 X235 230 235 240 245 250
7
255 260 265 270 275 Z&0 285 290 295 300
7
M Eall E11] 320 325 Esll 335 o 345 =0
IIIIIIII-IIIIIIII
Freambie
: 7
20 36
355 360 365 370 75 380 35 ol 385 400
I T B T T I T I TI1T N ITITITIIT e
%Z%W%?ﬁ CRC
4

Figure B-12C. Anomalons L30:(Cd data string Type 2
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C,,

J50, ..
ﬂ,.._.. _.S:rl-:l-l'

N
i

'
e T

Figure B-13.

Modulation :cheme for the E1 CBOC signal

':-Lr':l' 1

':_.:, -]

|
% LA
'Dr.l.. ¥
iy
[ .
e ABOC
ALK
L
L
i
—¥
Qe ]

Figure B-14. Modulation scheme for the ES AlfBOC siznal
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FiAY MESSAGE

l Frame (600 S2Congds)
= 12 sulframes
l Subframe [50 seconds)
= § pages

\_L) Page (10 seconds)

Fizure B-15. F/NAV meszage structure

¥

D P .
nput —— g’ N e I s I e '| g Tt outot
- . &b

Figure B-16. F/NAV convolotional encoding scheme
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IiNAY MESSAGE

Frame (720 seconds)
= 24 suibframes

U‘O Subframe [30 seconds)
=15 pages

L) Mominal page (2 seconds)

Fizure B-17. LNAV message structure

i )

& + :@ '{,
il 7] I T
s @ ='é)_"E

i

Figure B-15. Convolutional encoding scheme

Shiift control diock

Resat coniral Sock St b initial phases

- ", HH"'\-\.__ 1
4 &1 sequence
_g1|2|3|4|5|6|." 3|9|1D|11|aeq
Phase selaction Dgi:G:sequm Ranging code
' i ----_-I
1 I
1 i
2 EEEE

Figure B-19. Generator of CB1I
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+# -Superframe 36 000 bits, 12 min i
Frame 1 Frame2 | .. Fram= n Frame 24
4 Frame 1 500 bits, 30 5ec H
Subframe 1 Subframe 2 Sunframe 3 Subdrame 4 Subframe 5
3 Subdrame 300 bits, § sex *
word 1 Wodz | Vord 10
- Ward 1, 30 ets, 0.6 seC H M Word 2~10, 50 it 0.6 sBg ]
26 information bifs 4 parily bits 22 informatian bits & parity bits

Fizure B-Xi.

Frame struciure of the D] navigation message
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Adter Ermar camection coding:

1 500 symibols 18s

Before Emor comecion coding:

Subframe 1 Subdrame 2 =
72 symbols 1 200 symiboks Subdrame 3
528 symbols
e BCHIZLS} Saty-four " Siy-four +
BCH(S! 8) systemLDPC (200, 100] systemLDPC (BE,44)

878 bils ¥
M5B LSE
1
Subframs 1 Subframe 2
i 600 bits
14 bits | Sutdrame 3
264 symboks
Figure B-21. Basic frame structare of B-CNAV]
4 Drirechion of data flow M5H first+
% 264 bits =
MSB L58
FagelD Message dats CRC
& bits 234 pits 24 bits

Fizure B-21. Frame structure for B-CNAV] sobframe 3
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After Emmor comection coding:

o 600 symbots 3 5 M
5:.-11:.':r"'..n-:|!15 Message symbal
head(Pre) 576 symbols
24 symbaks o
|* E-i.:l‘,‘-fﬂur 4
syslemLDPC{SE £8)
Before Erme cormection coding:
|2 58 bits |
MSH LS8
PRN |MesType| SOW Mavigaton Message CRC
Ghits | Ebits | 18 bils 234 bits 24 bits

Figure B-13. B-CNAV] baszic frame structare

G4 (111011
P Pt - Fat
eI o+ e+ )
\T.f L A4
S
. $ | Output symbols
:.I?u;:]ﬂ ;'.I;.E A l—pe SO0 SymBISiS
' - | (Amemating G3G4)
S +‘\ Ao, -'4“\ I
() o+ i
L R - o Symbl
B3 (1119001) clock

Figure B-24. Comvolutional encoding
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DIRECTION OF DATA FLOW FROKM SATELLITE;
MOST SIGHIFICANT BIT (MSE] TRANSMITTED FIRST

230 BITSASECOND

L] Z12-BIT DATA FIELD

25-BIT

T E-BIT MESSAGE TYPE IDENTIFIER (0-53)
B-BIT PREAMELE OF 24 BITS TOTAL IN 3 CONTIGUOWS BLOCKS

Fignre B-25. L1 data block format

¥
Tz T T
6
USER'S IPP
FAS Sy
ho=k -4 )
i
ﬁ F.
' s
} T8, = 4. — &
'*: _1:-1 - 1
& k,

Fignre B-26. IGP mombering convention (four IGEP:)
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Figure B-17. IGP nmombering convention (three IGEs)

DIRECTION OF DATA FLOW FROM SATELLITE
MOST SIGHIFICANT BIT (M5B} TRANSMITTED FIRST

250 BITSISECOND L=
24-8IT
| | 216 BITS DATA FIELD R
[ * '[
£-BIT MESSAGE TYPE IDENTIFIER (L5-0 TO L5-63)

4-8IT PREAMBLE OF 24 BITS TOTAL IN B CONTIGUOUS BLOCKS

Figure B-18. LS data block format
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Samgier PSF )
E
o
3 c
— @ PEF: Pulze Shaping Filtsr
D
E
Ro|a
Samipier BSF |
Q & oz
=N @it
{f-ﬂ- H'I Local Cmeiltator
Ny
o
Figure B-28. Example data modulation
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T
46 [ )
& Momal Cperation Outside Momal, || Owtzide Nommal, [l
o
=
-
=
=]
a
=
&
§
k- Outeide Normal, |
i
1
A4 ] |
Undesired LOC e WOR power st receiver input relsfive o 3__ (dE)
Nofes:

1. The region of fhe figure [abelled "Normal Cperadion”is the ome in whish J.6.5.2.2.6.4 appiies, and consequently 3.6.5.2.2.3
is mef (MFR s 0.001). The Lwer bowndery of the region is the fine plotting the minimum acceptabie DU rahio speciied in
3.6.5.2.2.6.dase funclion of thewndesired power, for velue s ofthe wodesired powerupfo 8,

2 Inffe odherthree regions offive figuee, 3.5.6.2.2.6.4 does rotapply. Comsequently, 1.6.5.2.2.3 may notbe med, and MFR may
beas highas 1.

J. The region labelled "Outside Normal, I"is e one in which the DL radio is lower than fie minimum sccepfabie vaiue defined
in f.8.2.2. 6.4 andiiie undesired poweris lowerorequalio S, .

4. The reqon labeled "Cutside Normal, [° is the ome in which the undesired power is higher than 3 bud lower fhan 5 # 948
The reguirement for receiver recovery from shod-ferm excess wedesimd signal power speciied in J6.6.2.26.5 apples in

5. The region(abefed "Outside Normel, Iisthe one in which the undesired poweris higherthan 3 #9285, Because this region
is putside the expecied peradionsl enviromment, no receiverperformance reguiremends apply.

Fizure B-30. GBAS VDE receiver regions of operation in the presence
of an undesired signal in the fortieth or beyond adjacent 25 EHz channel
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20
{2 00D, 5.5)
{1 626.5,-22 with Eabzom 45
E without Saicom
=4
o [1 610, -60)
£ |
=
F: e o |
=
5
= T
=
120 1
|
-140 1 |
[1585.42, -150.5) thdh (158542, -150.5)
-160 } ; ; } ; ;
1300 1 400 1500 1600 1700 1800 1900 Z D00
Frequency [MHz]
Figure B-31. W inferference thresholds for GPS L1 and SBAS L1 receivers in steady-state navigation
20
45 L (1315,45) 2000, 85
(162615625, -2z) Wi Saloem '
-20 +
= without Sabcom
B4 , ] 3 X
o {1 562.15625, 42) 1 635156235, -42)
]
I N
w
z
A 1 [1 38365625, -B0) 161363625, -H0)
|
s WT
=
=120 1 |
-140 + | l
[1582.9525, -14%) (11 [1 E0%.36, -149)
160 : : : : : :
1300 1400 13500 1600 1700 1800 1900 2 000
Frequency [MHz)
Figure B-32. CW interference thresholds for GLONASS FDAA sisnals receivers

in L] band in steady-state navigation
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k.
a5l o 11315, 45) _ (2000, 85)|
. (1626 15625, -2z) WO SHEEM i
=T —
= | =" Withoul Satcom
8 w0 : |
= [1562.15625, -42) | (1 63513625, -42)
2 f
: \m f
% B0 — [1 583.65625, -80) (1 613.65625, -50)
-E -100 -
: |
9 -
i L
{1592.9525, -149) {1 609,35, -145)
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OUT-OF-BAND INTERFERENCE THRESHOLDS
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GPS LIS, Galileo ELVESA and DFMC SBAS receivers
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ATTACHMENTS
ATTACHMENT A. INTENTIONALLY LEFT BLANK
ATTACHMENT B. INTENTIONALLY LEFT BLANK
ATTACHMENT C. INTENTIONALLY LEFT BLANK

ATTACHMENT D. INFORMATION AND MATERIAL FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

1. DEFINITIONS

Bi-binary. Bi-binary is known as “Manchester Encoding”. It is sometimes referred to as "Differential
Manchester Encoding”. Using this system, it is the transition of the edge that determines the bit.

Chip. A single digital bit of the output of a pseudo-random bit sequence.

Gold code. A class of unique codes used by GPS, which exhibit bounded cross-correlation and off-
peak auto-correlation values.

Selective availability (SA). A set of techniques for denying the full accuracy and selecting the level
of positioning, velocity and time accuracy of GPS available to users of the standard positioning
service signal.

Note.— GPS SA was discontinued at midnight on 1 May 2000.
2. GENERAL

Standards and Recommended Practices for GNSS contain provisions for the elements identified in
Chapter 3, 3.7.2.2. Additional implementation guidance is provided in the Global Navigation
Satellite System (GNSS) Manual (Doc 9849).

Note.— Exce