Republic of the Philippines
V CIVIL AVIATION AUTHORITY OF THE PHILIPPINES

MEMORANDUM CIRCULARND, -9 82-2025

TO ALL CONCERNED

FROM DIRECTOR GENERAL

SUBJECT AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR
NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING AMENDMENT 94
TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL
TELECOMMUNICATIONS - RADIO NAVIGATION AIDS

REFERENCE/S:

1) Philippine Civil Aviation Regulations- Air Navigation Services Part 6 Aeronautical
Telecommunications Governing Radio Navigation Aids

2) ICAO Annex 10 Volume I, Amendment 93 and 94

3) CAAP Regulations and Standards Management Manual (RSMM)

4) Board Resolution No. 2025-33 dated 28 May 2025

Pursuant to the powers vested in me under the Republic Act 9497, otherwise known as the
Civil Aviation Authority Act of 2008, and in accordance with the Regulations Amendment
Procedure with Board Resolution No. 2025-033 dated 28 May 2025, | hereby approve the
adoption of ICAO Annex 10 Volume | Amendment 94 to the Philippine Civil Aviation
Regulations - Air Navigation Services (CAR-ANS) Part 6.

ORIGINAL REGULATIONS SUBJECT FOR REVIEW AND REVISION:

CAR-ANS PART 6 AERONAUTICAL TELECOMMUNICATIONS

GOVERNING RADIO NAVIGATION AIDS

6.3 SPECIFICATIONS FOR RADIO NAVIGATION AIDS

6.3.1 Specification for ILS

6.3.1.6 Localizer and glide path frequency pairing

6.3.1.6.1 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 CAR-ANS 13.4, 4.2:
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Localizer Glide path
(MHZ) (MHZ=)
108.1 334.7
108.15 334.55
108.3 334.1
108.35 333.95
108.5 2299
108.55 329.75
108.7 S36:5
108.75 330.35
108.9 329.3
108.95 329.15
109.1 331.4
109.15 331.25
109.3 332.0
109.35 331.85
109.5 332.6
109.55 332.45
109.7 333.2
109.75 333.05
109.9 333.8
109.95 333.65
110.1 334.4
1710.15 334.25
110.3 =i e,
110.35 334.85
170.5 329.6
110.55 329.45
110.7 330.2
110.75 330.05
110.9 330.8
110.95 330.65
111.1 331 F
LT RS = I P
5 b B 5 332.3
5 P B B Lo 332.15
T 13-5 332.9
1255 332.75
111.7 333.5
111.75 333.35
111.9 =311
111.95 330.95

Sequence
Number
LA
2
3
4
5
6
7
8
9
10
44
12
13
14
15
16
4_7
18
19
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6.3.3 Specification for VHF omnidirectional radio range (VOR)

6.3.3.2 Radio frequency

6.3.3.2.1 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 or-200-kHz channel spacing is in general use, the frequency
tolerance of the radio frequency carrier shall be plus or minus 0.005 per cent.

6.3.5 Specification for UHF distance measuring equipment (DME)

6.3.5.3.1.2 Coverage

6.3.5.3.1.2.1

6.3.5.3.1 .2.4.. When associated with a VOR, DME/N coverage shall be at least that of the
VOR to the extent practicable.

6.3.5.3.1 .2.2. When assoaated with either an ILS eran-MLS, DME/N coverage shall be at

least that of the respective ILS
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6.3.5.3.1.2.31 DVE/P coverage GRDME/NICOVerage Wheniassociated With aniVILS shall be

at least that provided by the MLS azimuth angle guidance coverage sectors.

6.3.7 Requirements for the Global Navigation Satellite System (GNSS)

6.3.7.1 Definitions

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.

Core satellite constellation(s). The core satellite constellations are GPS, GLONASSl
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6.3.7.2.2.1 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 6.3.7.3.1.1;

b) Global Navigation Satellite System (GLONASS) that provides the Channel of Standard
Accuracy (CSA) navigation-signal as defined in 6.3.7.3:.2;

¢€) e) aircraft-based augmentation system (ABAS) as defined in 6.3.7.3.3;
d) f) satellite-based augmentation system (SBAS) as defined in 6.3.7.3.4;
e) g) ground-based augmentation system (GBAS) as defined in 6.3.7.3.5;
) h) ground-based regional augmentation system (GRAS) as defined in 6.3.7.3.5; and

g) i) aircraft GNSS receiver as defined in 6.3.7.3.6.

6.3.7.2.3 Space and time reference

6.3.7.2.3.1 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 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.

6.3.7.3 GNSS elements specifications

6.3.7.3.1 Core constellations

Page 5 of 490



AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING
AMENDMENT 93 AND 94 TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL TELECOMMUNICATIONS - RADIO NAVIGATION
AIDS

6.3.7.3.1.1 GPS Standard Positioning Service (SPS) (L1,L5)

Note.— Unless otherwise specified, the performance standards in 6.3.7.3.1.1.1 to
6.3.7.3.1.1.7 below apply to single-frequency ranging, using the L1 coarse acquisition (C/A)
code signal or the L5 signal (15 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.

6.3.7.3.1.1.1 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 6D, 6.4.1.1.9, and do not
include atmospherlc or recelver errors as described in Attachment 6D, 4.1.1.2. Ihe%apply

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”), Section 2.3.2.

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

Global average Worst site
95% of 95% of
the time the time
Horizontal position error 98 mB308) 15 m&efH
Vertical position error 1S13m{Assy  733ma2r s

6.3.7.3.1.1.1.2 Time transfer accuracy. The GPS SPS time transfer errors shall not exceed
40 30 nanoseconds 95 percent of the time.

6.3.7.3.1.1.1.3 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 6.3.7.3.1.1.1.3;

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

c) 95" percentile range acceleration error of any satellite — 0.002 m (8.006-ft)-per
second-squared (global average); and

d) 95 percentile range error for any satellite over-all time differences between time of
data generation-and time of use of data — 7.87.0 m (26-ft) (global average).; and

e) 95" percentile range error across all satellites occupying defined slots in the
constellation — 2.0 m (global average).
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6.3.7.3.1.1.2 Auvalilability. The GPS-SPS availability for single-frequency L1 C/A code users
shall be as follows:

>99 per cent horizontal service availability, average location (17 15 m 95 per cent
threshold)

>99 per cent vertical service availability, average location (37 33 m 95 per cent threshold)
>90 per cent horizontal service availability, worst-case location (17 15 m 95 per cent
threshold)

>90 per cent vertical service availability, worst-case location (37 33 m 95 per cent
threshold)

6.3.7.3.1.1.3 Reliability. The GPS SPS reliability relative to the 30 m user range error (URE)
statisticin 3.7.3.1.1.1.3 a) shall be within the following limits:

6.3.7.3.1.1.4 Probability of major service failure.

Note.— The different alert indications are described in the GPS SPS PS, Section 2.3.4.

6.3.7.3.1.1.4.1 Satellite major service failure onset rate (Rsa). The probability that the
instantaneous user range error (URE) of any satellite will exceed 4.42 times the upper

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® per hour.

6.3.7.3.1.1.4.2 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°

6.3.7.3.1.1.4.3 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°%,

6.3.7.3.1.1.5 Continuity. The probability of losing GPS-SPS L1 C/A signal-in-space(SIS)

availability from a slot of the nominal 24-slot constellation due to unscheduled
interruption shall not exceed 2x10* per hour.
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6.3.7.3.1.1.6 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 6D, 4.1.1. Additional information is given
in the GPS SPS PS.

6.3.7.3.1.1.7 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.

6.3.7.3.1.1.78 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 6B, 6.3.1.1.1.1 for L1 and Appendix 6B,
6.3.1.1.1.4 for L5.

6.3.1.1.1.1 for L1 and Appendix 6B, 6.3.1.1.1.4 for L5.

6.3.7.3.1.1.78.1 L1 cCarrier 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).

6.3.7.3.1.1.8.2 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.

6.3.7.3.1.1.78.23 Signal spectrum. The GPS-SPS L1 and L5 signal power shall be contained
within a +12 MHz bands centred on the respective carrier frequencies: (1 563.42 -1

587.42 MHz)centred-onthe for L1 frequency. and 1 164.45 - 1 188.45 for LS.
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6.3.7.3.1.1.78.34 Polarization. The transmitted L1 and L5 RF signals shall be right-hand
(clockwise) circularly polarized.

6.3.7.3.1.1.8.5 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 (I15) and a
quadrature component lagging the in-phase component by 90 degrees (Q5).

6.3.7.3.1.1.78.46 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 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 following ranges of -158.5-dBW-to—153-dBW-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 15 and Q5 channels on L5.

6.3.7.3.1.1.78.57 Modulation. The Each SPS L1 and L5 signal shall be bipolar phase shift
key (BPSK) modulated with a pseudo random noise (PRN) %waeearse%aeqwaﬁeﬁ

%heefﬁreede on L1 shall have a rate of1 023 megachlps per second The codes on I5 and
Q5 shall have a rate of 10.23 megachips per second.

6.3.7.3.1.1.8.7.1 The C/A, 15, and Q5 code sequences shall be repeated each millisecond.

6.3.7.3.1.1.8.7.2 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.

6.3.7.3.1.1.8.7.3 The transmitted code sequence on |5 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 I5 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.

6.3.7.3.1.1.8.74 Signal coherence. All transmitted signals for any satellite shall be
coherently derived from the same on-board frequency standard. On the L5 channel, the
chip transitions of the two modulating signals, I5 and Q5, shall be such that the average
time difference between them does not exceed 10 nanoseconds.

6.3.7.3.1.1.89 GPS time. GPS time shall be referenced to UTC (as maintained by the U.S.
Naval Observatory).

6.3.7.3.1.1.910 Coordinate system. The GPS coordinate system shall be WGS-84.
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6.3.7.3.1.1.1011 Navigation information. The navigation data transmitted by the satellites
on L1 and L5 shall include the necessary information to determine:

Note.— Structure and contents of data are specified in Appendix 6B, 3.1.1.1.2 and
3.1.1.1.3, respeectively for L1, and 6.3.1.1.1.5 and 6.3.1.1.1.6 for L5.

6.3.7.3.1.2 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 L10OC with code division multiple access (CDMA). In
the L3 band, only CDMA signals (L30OC) are broadcast. in-this—section, Except where
otherwise specified, the term GLONASS refers to all satellites in the constellation

transmitting either FDMA or CDMA signals. Standards—relating—enly—to—GLONASS-M
I anal fied finaly.

6.3.7.3.1.2.1 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 6D, 4.1.2.2.

6.3.7.3.1.2.1.1 Positioning accuracy. The GLONASS CSA position errors shall not exceed
the following limits:

e e

Heor Iposttion-errer Gyt T st 1T
J~EﬁlEE;FS'HIBB otrot Qﬂﬂ 0 ;} o | '#

Signals L1OF L10C L30C L1OF - L10C -

L30C L30C

Global average

95% of the time:

Honizontal position emror S5m Sm Sm Sm Sm
Vertical position emror 9m 9m 9m 9m 9m

Worst site

95% of the time:

Horizontal position emror 2m 2m 12m 2m 2m
Vertical position emror 25m 25m 25m 25m 25m

3731212 Time transfer accuracy. The GLONASS CSA time transfer emrors shall not exceed 700
manesecends-the following limits 95 per cent of the time:

Signals LIOF Lioc L3oc LIOF- LI1OC-
130C L30C
40ns 40ns 40ns 401ns 40 ns

6.3.7.3.1.2.1.2 Time transfer accuracy. The GLONASS CSA time transfer errors shall not
exceed 700 nanoseconds the following limits 95 per cent of the time:

Signals L10OF L10C L30C L10OF - L10C -
L30C L30C
40ns 40 ns 40 ns 40 ns 40 ns
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6.3.7.3.1.2.1.3 Range domain accuracy. The range domain error shall not exceed the
following limits:

Signals LIOF L10C L30C L1OF - L10C -
L30C L30C

Range error of any 18m 18m 18Sm 18m 18m

satellite with reliability

specifiedin 3.7.3.1.23

95th percentile range emror 11.7m 11.7m 11.7m 11.7m 11.7m

of any satellite

95th percentile range emror 78m 78m 78m 78m 78m

over all satellites

95th percentile range rate 0014 m's 0014 m/s 0.014m's 0.014 v's 0.014 m's

error of any satellite
95th percentile range 0.005 mv's* 0.005 m/'s* 0.005m/s> 0005m's> 0.005m's®

acceleration error of any
satellite

6.3.7.3.1.2.3 Reliability. The GLONASS CSA reliability shall be within the following limits: at
least99.98 per cent(globalaverage).

Signals LIOF L10C L30C LI1OF - L10C -

L30C 130C
Global average 99.37% 99.37% 99.37% 99.37% 99.37%
Worst single point average  99.14% 90.14% 99.14% 99.14% 99.14%

6.3.7.3.1.2.4 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:

Signals L10OF L1oc L30C L10F - L10C -

L30C 130C
Single satellite failure 1x10%, 1x10°%, 1x10%, 1x10°%, 1x10°%,
(Pa) (70m (70 m (70m (70m (70 m

threshold) threshold) threshold) threshold) threshold)

6.3.7.3.1.2.5 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:
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Signals L1OF L10C L30C LI1OF- L10C -
L30C L30C
Constellation fault (Pecss) 1x10%, 1x10%, 1x10%, 1x10%, 1x10°%,

(70m (70m (70m (70 m (70m
threshold) threshold) threshold) threshold) threshold)

6.3.7.3.1.2.6 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:

Signals L1OF L10C L30C L1OF - L10C -
130C 130C
Signal continuity 2x10° 2x10° 2x10° 2x107 2x107

6.3.7.3.1.2.47 Coverage. The GLONASS CSA coverage shall be at least 99.9 per cent (global
average). cover the surface of the earth up to an altitude of 2 000 km.

Note.— Guidance material on GLONASS accuracy, availability, reliability and coverage is
given in Attachment 6D, 4.1.2.

6.3.7.3.1.2.5.8 L10OF RF characteristics

Note.— Detailed RF characteristics are specified in Appendix 6B, 3.1.2.1.1.

Editorial note.— Renumber paragraphs 6.3.7.3.2.5.1t0 6.3.7.3.2.5.5.2as 6.3.7.3.1.2.8.1 t0
6.3.7.3.1.2.8.5.2.

6.3.7.3.1.2.9 L30C RF characteristics

Note.— Detailed RF characteristics are specified in Appendix 6B, 3.1.2.1.5.

6.3.7.3.1.2.9.1 Carrier frequency. GLONASS L30C navigation signals shall be broadcast at
the carrier frequency of 1 202.025 MHz using code division multiple access (CDMA).

6.3.7.3.1.2.9.2 Signal spectrum. GLONASS CSA L30C signal power shall be contained
within the 1 190.35 - 1 212.23 MHz band.

6.3.7.3.1.2.9.4 Signal power level. GLONASS L30C 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
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satellite that does not exceed one degree (in the direction causing the signal level to
increase).

6.3.7.3.1.2.9.5 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”).

6.3.7.3.1.2.9.5.1 GLONASS L30C navigation signals shall contain two components using
the same BPSK(10)-modulated binary train: an in-phase data component and a
guadrature-phase pilot component identified as L30Cd and L30Cp, respectively. The pilot
component leads the data component by p/2 radians.

6.3.7.3.1.2.95.2 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

c) overlay code “00010” with period T=5 ms.

6.3.7.3.1.2.9.53 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.
6.3.7.3.1.2.10 L10OC RF characteristics

Note.— Detailed RF characteristics are specified in Appendix 6B, 3.1.2.1.5.

6.3.7.3.1.2.10.1 Carrier frequency. GLONASS L10C navigation signals shall be broadcast at
the carrier frequency of 1600.995 MHz using code division multiple access (CDMA).

6.3.7.3.1.2.10.2 Signal spectrum. GLONASS CSA L10C signal power shall be contained
within the 1 592.9 - 1 610 MHz band.

6.3.7.3.1.2.10.3 Polarization. The transmitted L10C signal shall be right-hand circularly
polarized.
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6.3.7.3.1.2.10.4 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).

6.3.7.3.1.2.10.5 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”).

6.3.7.3.1.2.10.5.1 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 L10Cp shall be
modulated by binary offset carrier BOC(1,1) modulation.

6.3.7.3.1.2.10.5.2 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.

6.3.7.3.1.2.10.5.3 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

6.3.7.3.1.2:6.11 GLONASS time. GLONASS time shall be referenced to UTC(SU) (as
maintained by the National Time Service of Russia).

6.3.7.3.1.2:7.12 Coordinate system. The GLONASS coordinate system shall be PZ-90.
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Note.— Conversion from the PZ-90 coordinate system used by GLONASS to the WGS-84
coordinates is defined in Appendix 6B, 3.1.2.5.2.

6.3.7.3.1.2:8.13 Navigation information. The navigation data transmitted by the satellite
shall include the necessary information to determine:

e) time transfer to UTC; and
f) constellation status:;
g) ionospheric delay effects (L10C, L30C only); and

h) satellite orientation in umbra (L10C, L30C only).
Note.— Structure and contents of data are specified in Appendix 6B, 3.1.2.1.2 and
3.1.2.1.3, respectively.

6.3.7.3.1 Core constellations

6.3.7.3.1.3 Galileo Open Service (Galileo OS) (E1, E5)

6.3.7.3.1.3 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 E1 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 6B, 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 6D, 4.1.3.

6.3.7.3.1.3.1 Paositioning accuracy. The Galileo position errors shall not exceed the
following limits:
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Signals El ESa El-E5a

Global average 95% of the time
Horizontal position error over a measwrement period of 30days Sm S5m  S5m

Vertical position error over a measurement period of 30 days 8§m 8m 8m

Worst site 95% of the time
Honzontal position error over a measurement period of 30days 10m 10m 10m

Vertical position error over a measurement period of 30 days 16m 16m 16m

6.3.7.3.1.3.2 Time determination accuracy. The Galileo UTC time determination error shall
not exceed 30 nanoseconds, 95 per cent of the time.

6.3.7.3.1.3.3 Range domain accuracy. The Galileo range domain error shall not exceed the

following limits:
Signals El E5a El-ESa

99 9th percentile range error of any satellite (worst-case location) 20m 20m 20m

99 9th percentile range error of any satellite (zlobal average) 10m 10m 10m
95th percentile range error of any satellite (global average) Tm Tm 7m
95th percentile range error over all satellites (global average) 2m 2m 2m

95th percentile range rate error of any satellite (global average) Smm/s Smm's 5mm's

Note 1.— The ranging accuracy considers only healthy Galileo OS SIS above a minimum
elevation angle of 5 degrees.

Note 2.— Single-frequency (E1 or E5a) ranging accuracy includes broadcast group delay
(BGD) errors. BGD definition is specified in Attachment 6D, 4.1.3.3.2.

6.3.7.3.1.3.4 Availability. The Galileo OS availability shall be as follows:

Signals El ESa El-ESa
Average location
Horizontal service availability overa  99% 99% 99%
measurement period of 30 days (10 m 95% threshold)  (10m95% (10m95%
threshold) threshold)
Vertical service availability over a 9% 99% 99%
measurement period of 30 days (16 m 95% threshold) (16 m95% (16m95%
threshold) threshold)
Worst-case location:
Honzontal service availability overa  90% 90% 90%
measurement period of 30 days (10 m 95% threshold) (10 m95% (10m95%
threshold) threshold)
Vertical service availability over a 90% 90% 90%
measurement period of 30 days (16 m 95% threshold) (16 m95% (16m95%
threshold) threshold)

6.3.7.3.1.3.5 Galileo integrity support data
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Note.— Galileo integrity support data is specified for measurements derived from Galileo
signals received above a 5-degree elevation angle.

6.3.7.3.1.3.5.1 Probability of satellite failure ( ). 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

e AN

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 6B, 3.1.3.1.3.4.

Note 2.— Galileo URA corresponds either to oura,or for dual-frequency users or to Oura,sr
for single-frequency users, as specified in 6.3.7.1.3.5.3and 6.3.7.1.3.5.4.

Note 3.— definition is further specified in Attachment 6D, 4.1.3.6.1.

6.3.7.3.1.3.5.2 Probability of constellation failure ). 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

[ A

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 6B, 3.1.3.1.3.4.

Note 2.— Galileo URA corresponds either to oura,pr for dual-frequency users or to Oura,sr
for single frequency users, as specified in 6.3.7.1.3.5.3 and 6.3.7.1.3.5.4.

Note 3.— definition is further specified in Attachment 6D, 4.1.3.6.2.

6.3.7.3.1.3.5.3 Galileo URA for dual-frequency (oura,or). Galileo ouraor shall not exceed 6 m.

Note 1.— ourapr applies to a dual-frequency E1-E5a signal combination.
Note 2.— ourapr is defined in Attachment 6D, 4.1.3.6.3.

6.3.7.3.1.3.5.4 Galileo URA for single-frequency (ourasr). Galileo ourasr shall not exceed 6.5
m for E1 and 7.5 m for E5a.

Note .— ourasris defined in Attachment 6D, 4.1.3.6.4.

6.3.7.3.1.3.5.5 Galileo oscp. Galileo gsep shall not exceed 2.5 m for both E1 and E5a.
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Note.— Galileo ogep is defined in Attachment 6D, 4.1.3.6.5.

6.3.7.3.1.3.5.6 Galileo fault rates and . Galileo shall not exceed /h
and Galileo  shall not exceed /h.
Note.— Fault rates are defined in Appendix 6B, 3.4.1.1.2.

6.3.7.3.1.3.6 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:

Signals El ESa

[Tl

1-E5a

Contimuty 410~ per hour 4>x10 per hour 410~ per hour

6.3.7.3.1.3.7 Galileo URA for dual-frequency (ouraor). Galileo ourapr Shall not exceed 6 m.
Note 1.— gurapor applies to a dual-frequency E1-E5a signal combination.
Note 2.— gurapris defined in Attachment 6D, 4.1.3.6.3.

6.3.7.3.1.3.8 Galileo URA for single-frequency (oura,sr). Galileo ourasr shall not exceed 7.5 m.
Note 1.— ourasr applies to a single-frequency user, either E1 or E5a.
Note 2.— oOurasr is defined in Attachment 6D, 4.1.3.6.4.

6.3.7.3.1.3.9 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:

Signals El Eja El-E5a

Continuity 4x10~ per hour 4x10* per hour 4x107 per howr

6.3.7.3.1.3.10 Coverage. The Galileo OS shall cover the surface of the earth up to an
altitude of 30.48 km.

6.3.7.3.1.3.11 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. AItBOC 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.— AItBOC modulation is specified in Appendix 6B, 3.1.3.1.1.3.13.
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Note 3.— Detailed Galileo signals RF characteristics are specified in Appendix 6B,
3.1.3.1.1.

6.3.7.3.1.3.11.1 E1 radio frequency (RF) characteristics

6.3.7.3.1.3.11.1.1 EL1 carrier frequency. Each Galileo satellite shall broadcast E1 signal at
the carrier frequency of 1575.420 MHz using CDMA.

6.3.7.3.1.3.11.1.2 EL1 signal spectrum. The Galileo signal power on E1 shall be contained
within a 24.552 MHz band centred on the E1 frequency.

6.3.7.3.1.3.11.1.3 EL1 signal polarization. The transmitted E1 RF signal shall be right-hand
circularly polarized.

6.3.7.3.1.3.11.1.4 E1 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.

6.3.7.3.1.3.11.1.5 E1 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.

6.3.7.3.1.3.11.1.6 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 6B, 3.1.3.1.1.2.7.

6.3.7.3.1.3.11.2 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 (hereinafter referred to as “Galileo OS SIS ICD”).

6.3.7.3.1.3.11.2.1 EDba carrier frequency. Each Galileo satellite shall broadcast E5a signal at
the carrier frequency of 1 176.45 MHz using CDMA.

6.3.7.3.1.3.11.2.3 Eb5a signal polarization. The transmitted E5a RF signal shall be right-hand
circularly polarized.
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6.3.7.3.1.3.11.2.4 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.

6.3.7.3.1.3.11.2.5 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.

6.3.7.3.1.3.11.2.6 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-1), and the 10.23 megachips per second E5a pilot channel
ranging code (E5a-Q).

6.3.7.3.1.3.11.3 E5b radio frequency (RF) characteristics

Note.— Additional information concerning the overall E5 signal modulation is given in
Galileo OS SIS ICD.

6.3.7.3.1.3.11.3.1 E5b carrier frequency. Each Galileo satellite shall broadcast E5b signal at
the carrier frequency of 1207.14 MHz using CDMA.

6.3.7.3.1.3.11.3.2 E5b signal spectrum. The Galileo signal power on E5b shall be contained
within a 20.460 MHz band centred on the E5b frequency.

6.3.7.3.1.3.11.3.3 E5b signal polarization. The transmitted E5b RF signal shall be right-
hand circularly polarized.

6.3.7.3.1.3.11.3.4 E5b minimum siagnal 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.

6.3.7.3.1.3.11.3.5 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.

6.3.7.3.1.3.11.3.6 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-1), and the 10.23 megachips per second E5b pilot channel
ranging code (E5b-Q).
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6.3.7.3.1.3.12 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 6B, 3.1.3.4.1.

6.3.7.3.1.3.13 Coordinate system. The Galileo coordinate system shall be Galileo
Terrestrial Reference Frame (GTRF).

Note.— GTRF details are specified in Appendix 6B, 3.1.3.5.2.

6.3.7.3.1.3.14 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.

Note.— Structure and contents of data are specified in Appendix 6B, 3.1.3.1.2 and
3.1.3.1.2, respectively.

6.3.7.3.1.4 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 B2a. 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 (MEO) 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.

6.3.7.3.1.4.1 Space and control segment accuracy

Note.— The following accuracy standards do not include atmospheric or receiver errors
as described in Attachment 6D, 4.1.4.2. They only apply under the condition that the
aircraft receiver uses healthy satellites.
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6.3.7.3.1.4.1.1 Positioning accuracy. The BDS position errors shall not exceed the
following limits:
Signals B1I B1C Bla BI1C-B2a
Global average 95% threshold:
Honzontal posthon over a 9m 9m 9m Sm
measurement penod of 7 days
Vertical pomition emor over a 15m I5m ISm I5m
measurement penod of 7 days
Worst site 95% threshold:
Honzontal positon emor over a I5m I5m I5m 15m
measurement penod of 7 days
Vertical pomtion emor over a 2m 2m 2m 22m
measurement penod of 7 days
6.3.7.3.1.4.1.2 Time transfer accuracy. The BDS OS time transfer error shall not exceed 50
nanoseconds, 95 per cent of the time.
6.3.7.3.1.4.1.3 Range domain accuracy. The BDS range domain error shall not exceed the
following limits:
Signals Bll B1C B2a Bl1C-B2a
Range ervor of any satellite wath i15m ISm 15m 15m
reliability specified m 3.7.3.1. 43
S5th percennle error of any 46m 46m 46m 46m
:ztelhl'e over a measurement
penod of 7 days (global average)
95th percennle range rate exvor of 0.02 m per 0.02 m per 0.02 m per 0.02 m per
any satellite (global average) second second second second

95th percennle range acceleration

0.008 m per

0.008 m per

0.008 m per

0.008 m per

emror of any satellaite (global second second second second
average) squared squared squared squared
6.3.7.3.1.4.2 Availability. The BDS OS availability shall be as follows:
Signals BlI BIC Bla BIC-B2a

Average location:

Honzontal service
availability over a
measurement penod of
7 days

Vertical service
availability over a
measwement penod of
7 days

Worst-case location:

Honizontal service
availability over a
measwement penod of
7 days

Vertical service
availability over a
measwement penod of
7 days

= 99% (15m95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

Z 90% (22 m 95%
threzhold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

2= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

2 90% (15 m 95%
threshold)

= 90% (22 m 95%

threshold)

= 99% (15 m 95%
threshold)

= 99% 22 m 95%
threshold)

= 90% (15m 95%
threshold)

= 90% (22 m 95%
threshold)

Note. — Availability applies under the condition that the aircraft receiver uses healthy

satellites.
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6.3.7.3.1.4.3 Reliability. The BDS OS reliability relative to the 15 m range error
requirementin 3.7.3.1.4.2 shall be within the following limits:

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.

6.3.7.3.1.4.4 Probability of major service failure

Note.— The standards apply under the condition that the satellite is broadcasting a
healthy indication.

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 1x107.

6.3.7.3.1.4.4.2 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 6x107.

Note 1.— For B1I 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 6B, 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 6B, section
3.1.4.25.

Note 3.— The mapping between BDS B1l SIS status and BDS B1I flags contained in the
navigation data message is specified in Appendix 6B, 3.1.4.1.3.1.3. The mapping between
BDS B1C and B2a SIS status and BDS B1C and B2a flags contained in the navigation data
message is specified in Appendix 6B, 3.1.4.1.3.2.7.2.

6.3.7.3.1.4.5 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:
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Signals BlI BIC Bla
MEO 2x107 per hour 2x107 per hour 2x107 per hour
IGSO 5x107 per hour 2x107 per hour 2x10” per hour

Note.— Continuity applies under the condition that the satellite is broadcasting a healthy
indication.

6.3.7.3.1.4.6 Coverage. BDS OS shall cover the surface of the earth up to an altitude of 1
000 km.

6.3.7.3.1.4.7 Radio frequency (RF) characteristics
Note.— Detailed BDS OS signals RF characteristics are specified in Appendix 6B, 3.1.4.1.1.

6.3.7.3.1.4.8 B1l radio frequency (RF) characteristics

6.3.7.3.1.4.8.1 B1lI carrier frequency. Each BDS-3 MEO or IGSO satellite shall broadcast a
BDS B11 OS signal at the carrier frequency of 1 561.098 MHz using code division multiple
access (CDMA).

6.3.7.3.1.4.8.2 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.

6.3.7.3.1.4.8.3 Bll signal polarization. The transmitted B11 RF signal shall be right-hand
circularly polarized.

6.3.7.3.1.4.8.4 B1l signal power levels

6.3.7.3.1.4.8.4.1 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.

6.3.7.3.1.4.8.4.2 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.

6.3.7.3.1.4.8.5 Bl1I signal modulation. The BDS OS B1l signal shall be binary phase shift key
(BPSK) modulated.
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6.3.7.3.1.4.9 B1Cradio frequency (RF) characteristics

6.3.7.3.1.4.9.1 BI1C 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.

6.3.7.3.1.4.9.2 BI1C signal spectrum. The BDS OS signal power on B1C shall be contained
within a 32.736 MHz band centred on the B1C frequency.

6.3.7.3.1.4.9.3 B1C signal polarization. The transmitted B1C RF signal shall be right-hand
circularly polarized.

6.3.7.3.1.4.9.4 B1C signal power levels

6.3.7.3.1.49.4.1 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.

6.3.7.3.1.4.9.42 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 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.

6.3.7.3.1.4.9.5 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.

6.3.7.3.1.4.10 B2a radio frequency (RF) characteristics

6.3.7.3.1.4.10.1 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.
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6.3.7.3.1.4.10.2 B2a signal spectrum. The BDS OS signal power on B2a shall be contained
within a 20.46 MHz band centred on the B2a frequency.

6.3.7.3.1.4.10.3 B2a signal polarization. The transmitted B2a RF signal shall be right-hand
circularly polarized.

6.3.7.3.1.4.10.4 B2a signal power levels

6.3.7.3.1.4.10.4.1 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.

6.3.7.3.1.4.10.4.2 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.

6.3.7.3.1.4.10.5 BZ2a 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.

6.3.7.3.1.4.11 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 6B, 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.
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6.3.7.3.1.4.13 Navigation information. The navigation data transmitted by the satellites
shall include the necessary information to determine:

a) satellite time of transmission;
b) satellite position;

¢) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.

6.3.7.3.2 Reserved
6.3.7.3.3 Aircraft-based augmentation system (ABAS)

6.3.7.3.3.1 Performance. The ABAS function combined with one or more of the -

other-GNSS-elements 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 6.3.7.2.4 for the intended
operation.

Note. — For GNSS receivers supporting the ABAS function, the requirements to be
resistant to interference, as specified in 6.3.7.4, apply.

6.3.7.3.3.2 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 6B, 3.4.1.

6.3.7.3.4 Satellite-based augmentation system (SBAS)

Note.— All SBAS have to fulfil the requirements introduced in this section and in
Appendix 6B, 3.5 except when a specific condition is mentioned in the requirement such
as the provision of optional functions.

6.3.7.3.4.1 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 3.7.3.4.34).

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.
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6.3.7.3.4.1.1 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
6.3.7.2.4, throughout the SBAS coverage area.

Note.— For L1 SBAS, Mmessage Types 27 or 28 eanJeel used to comply with the integrity
requirements in the coverage area. SeeVApPendix 6By a5 Zdizy Additional guidance on
the rationale and interpretation of this requirement is provided in Attachment 6D, 3.3
and 6.2.3.

6.3.7.3.4.2 Functions. SBAS shall perform one or more of the following functions:
a) L1 SBAS ranging provide an additional L1 pseﬂde'range ranging signal with an

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 6B, 3.5.7.4); and

d) L1 SBAS precise differential correction: determine and transmit the L1 ionospheric
corrections and associated integrity data (Appendix 6B, 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 6B, 3.5.14.2); and

f) DFMC 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 6B, 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 preC|S|on approach operatlons |nclud|ng Category l. i

preetsren—appreaeh—The IeveI of performance that can be achleved 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.
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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.

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.

6.3.7.3.4.32.1 Ranging. When SBAS is providing a ranging service, the following Standards
shall apply:

6.3.7.3.4.3.12.%.1-Excluding atmospheric effects, the range error for the ranging signal
from SBAS satellites shall not exceed 25 m (82 ft) (95 per cent).

6.3.7.3.4.3.22:1.2-The probability that the SBAS L1 range error exceeds 150 m (490 ft) in
any hour shall not exceed 10°.

6.3.7.3.4.3.32:1.3 The probability of unscheduled outages of the ranging function from an
SBAS satellite in any hour shall not exceed 107.

6.3.7.3.4.3.42.%.4 The range rate error shall not exceed 2 m (6.6 ft) per second.

6.3.7.3.4.3.52.%.5 The range acceleration error shall not exceed 0.019 m (0.06 ft) per
second-squared.

6.3.7.3.4.43 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 6.3.7.2.4.

Note 1.— An SBAS system can have different service areas corresponding to different
types of operation (e.g. APV-I, Category I, etc.).

Note 2.— The coverage area is that area within which the SBAS broadcast can be received
(i.e. the geestationary union of SBAS satellites footprints).

Note 3.— SBAS coverage and service areas are discussed in Attachment 6D, 6.2.

6.3.7.3.4.5.-4 RF characteristics for the SBAS L1 signal

Note.— Detailed RF characteristics are specified in Appendix 6B, 3.5.2 for L1.

6.3.7.3.4.5.14:1 L1 carrier frequency. The L1 carrier frequency shall be 1 575.42 MHz.
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6.3.7.3.4.5.24.2-L.1 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 6B, 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 6D, 6.4.6.

6.3.7.3.4.5.34.3 L1 SBAS satellite signal power level

6.3.7.3.4.5.3.143:1-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 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.

6.3.7.3.4.5.3.24.3.2 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.

6.3.7.3.4.5.44.4 Polarization. The broadcast signal on L1 shall be right-hand circularly
polarized.

6.3.7.3.4.5.54.5-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.

6.3.7.3.4.6 RF characteristics for the SBAS L5 signal
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Note.— Detailed RF characteristics are specified in Appendix 6B, 3.5.9 for L5.

6.3.7.3.4.6.1 L5 carrier frequency. The L5 carrier frequency shall be 1 176.45 MHz.

6.3.7.3.4.6.2 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.

6.3.7.3.4.6.3 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.

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.

6.3.7.3.4.6.4 Polarization. The broadcast signal on L5 shall be right-hand circularly
polarized.

6.3.7.3.4.6.5 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 6B, 3.5.9.

6.3.7.3.4.7 Timing
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6.3.7.3.4.57.1 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.

6.3.7.3.4.7.2 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 6B, 3.5.11.4 broadcast by DFMC SBAS) shall not exceed 1 microsecond.

6.3.7.3.4.86 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;

c) 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 6B, 3.5.3 and 3.5.4,
respectively.

6.3.7.3.4.9 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;

c) 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 6B, 3.5.10 and 3.5.11,
respectively.

6.3.7.3.5 Ground-based augmentation system (GBAS) and ground-based regional
augmentation system (GRAS)

6.3.7.3.5.4.1 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
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117.950 MHz. The separation between assignable frequencies (channel spacing) shall be
25 kHz.

Note 1.— Guidance material on ILS/VOR/GBAS frequency assignments and geographical
separation criteria is given in Attachment 6B,—72.1 the Handbook on Radio Frequency
Spectrum Requirements for Civil Aviation (Doc 9718, Volume ).

6.3.7.3.6 Aircraft GNSS receiver

6.3.7.3.6.1 The aircraft GNSS receiver shall process the signals of those GNSS elements
that it intends to use as specified in Appendix 6B, 3.1.1 (for GPS), Appendix 6B, 3.1.2 (for
GLONASS), Appendix 6B, 3.1.3 (for Galileo), Appendix 6B, 3.1.4 (for BDS), Appendix 6B 3.3
(for combined GPS-and-GLONASS core satellite constellations), Appendix 6B, 3.4 (for
ABAS), Appendix 6B, 3.5 (for SBAS) and Appendix 6B, 3.6 (for GBAS and GRAS).

6.3.7.4 Resistance to interference

6.3.7.4.1 GNSS shall comply with performance requirements defined in 6.3.7.2.4 and
Appendix 6B, 3.7 in the presence of the interference environment defined in Appendix
6B, 3.7.

Note.— GPRS-and-GLONASS 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 previding-a
radionavigation-satellite service (RNSS). Those frequency bands also include global
allocations to the and aeronautical radionavigation service (ARNS). Both aeronautical uses
of those services are considered “safety services” and are afforded special spectrum
protection status fer—RNSS 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
1164 -1 215 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.

APPENDIX 6B. TECHNICAL SPECIFICATIONS FOR THE GLOBAL NAVIGATION SATELLITE
SYSTEM (GNSS)

3.1 Core constellations

3.1.1 Global Positioning System (GPS) Standard Positioning Service (SPS) (L1 and L5)
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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 L1 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).

3.1.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 40 dB below
the unmodulated L1 carrier over the allocated channel bandwidth.

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 1 0.6 dB for all
GPS-II satellite generations and 0.3 dB for all GPS-III satellite generations.

Note.— The loss in signal power is the difference between the broadcast power in a-2:046
MHz an allocated bandwidth and the signal power recovered by a noise-free, loss-free
receiver with 1-chip correlator spacing and a-2:046-MHz the same bandwidth.

3.1.1.1.1.4 L1 Cearselacquisition (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 to-produce-one-of 36-unique Gi(t) patterns-defined-in-Table B-1. 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:

The initialization vector for the G1 and G2 sequences shall be “1111111111". The code

phase-assignments shall-be-as-shown-in-Table B-1. 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 Bdata 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.

Editorial note.— Renumber paragraphs 3.1.1.2.1 to 3.1.1.2.6.2 as 3.1.1.1.2.1 to
3.1.1.1.2.6.2. Delete Table B-1 and renumber subsequent tables accordingly.
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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-3.

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.

Table B-3. User range accur CACYy

URA Correspondms
index URA (meters) Nominal URA Accwsacs TAURA

(] 0.00 < URA =240 2m 240 m

1 240 <= URA = 3 .40 28m 340 m
2 340 < URA =485 4m 485m

3 485 < URA =685 5. 7m 685 m
- 6.85 < URA = 965 8m 965 m

S 965 < URA = 1365 11.3m 1365m
6 1365 < URA =< 24 00 16 m 24 00 m
7 24 00 < URA = 48.00 32m 4800 m
8 48.00 < URA = 96.00 64 m 96.00 m
=] 96.00 < URA < 192.00 128 m 192.00 m
10 192 .00 < URA = 384.00 256 m 38400 m
11 384 .00 < URA = 768.00 512 m 768.00 m
12 768.00 = URA = 1 536.00 1024 m 1 536.00m
13 1 536.00 < URA = 3 072.00 2048 m 307200 m
14 307200 <URA =6 14400 4 096 m 614400 m
15 6 144 00 < URA Pe-netuseNo accuracy prediction is N/A

(or no accuracy prediction 1s available - SPS available - SPS users are advised to
users are adwvised to use the SV at theiwr own use the SV at their own nisk
nsk)

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:

The 5 LSBs shall indicate the health of the signal components in accordance with

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.
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Table B-X. Codes for health of satellite signal components

MSB LSB Indication
0 0 0 0 0 ALL SIGNALS OK
1 1 1 0 0 SATELLITE IS TEMPORARILY OUT — do not use this satellite
during cumrent pass
1 1 1 0 1 SATELLITE WILL BE TEMPORARILY OUT —use with caution

1 1 1 1 0 ONE OR MORE SIGNALS ARE DEFORMED*. HOWEVER
THE RELEVANT URA PARAMETERS ARE VALID

1 1 1 1 1 MULTIPLE ANOMALIES PRESENT (other than those anomalies
or conditions that would result in either of the two satellite
temporary outages as codified above.)

All other combinations SATELLITE EXPERIENCING CODE MODULATION AND/OR
SIGNAL POWER LEVEL TRANSMISSION PROBLEMS. The
user may not be able to acquire the satellite or may expenence
intermittent tracking problems if satellite 1s acquired.

*Deformed means one or more signals do not meet the requirements i IS-GPS-200K. Section 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 10DC shall be different from any value transmitted by the satellite during the

preceding I hours 7-days.

Note.— The relationship between the IODC and the Issue of Data, Ephemeris (IODE)
terms is defined in 3.1.1.1.3.2.2.

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.

Note.— Tep 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 (to, ar, an and a).

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.
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Table B-6. Ephemeri: parameter:

Number Scale factor Effective
Parameter of bits™ (LSB) nng"™ Units
IODE 8
Cn 16* 23 metres
An 16" zo semi-circles/second
My 32° 23 senu-circles
€ 16’ Y s radians
e 32 S 0.03 dimensionless
Ca 16 2 radians
VA 32 S 2530108192 metres'?
ton 16 2 604 784 seconds
Ci 16 2> radians
OMEGA; 32’ - semi-circles
Ca 16 29 radians
iy 32 - semi-circles
Cre 16’ 2} metres
© 32 23 senu-circles
OMEGADOT 24 zo £633%107t00 semi-circles/second
DOT 14 2 semu-circles/second

Parameters so indicated are two's complement, with the sign bit (= of -) occupying the MSB

**  See Figure B-6 for complete bit allocation in subframe

*** Unless otherwise indicated in this column, effactive range is the maximum range artamable with the indicated bit
allocation and scale factor

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 1). 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) be different

from-that transmitted priorto the change (Note 2).

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=4hours,
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.
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3.1.1.1.33 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
epr|C|t repeats each page shaII contain dlfferent data in Words 3 through 10. ?hejaages

listed in Table B-Y.

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-Y. Subframes 4 and 5 data

Subframe | Page(s) Data
4 1,6,11, 16 and 21 Reserved
2.3,4.5.7.8,9and 10" | Almanac data
12, 19, 20, 22, 23 and 24 | Reserved
13 NMCT**
14 and 15 Reserved for system use
17 Special messages™*
18 Ionospheric and UTC data
25 A-S flags/SV configurations and SV health
5 1 through 24 Almanac data
25 SV health data

* Page 10 of subframe 4 is only sent from satellites broadcasting PRN codes 1 — 32
(and will contain almanac data for PRN 32): it is not used by satellites broadcasting
PRN codes 33 — 63.

**Page not intended for aviation use.
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Editorial note.— Delete remainder of existing 3.1.1.3.3 to 3.1.1.3.3.9 in toto and insert
new paragraphs from 3.1.1.1.4 to Table B-L5-4 as follows:

3.1.1.1.4 L5 SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS

3.1.1.1.41 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.

3.1.1.1.43 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.

3.1.1.1.44 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).

3.1.1.1.4.4.1 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.

Table B-L5-1. Composite L5 transmitted signal phase **

Nominal composite L5 signal phase* 5 Coiestine >
0° 0 0
-90° 1 0
+90° 0 1
180° 1 1
* Relative 10 0, 0 code state with positive angles leading and negative angles lagging
** Based on the composite of two L5 carrier componeants at the same power

3.1.1.1.45 Code generation. The |15 and Q5 code patterns 15(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,
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XA(t) and XBli(nl;, t) or XA(t) and XBQi(nQ;, t), where nl;and nQ; are the initial states of XBlI;
and XBQ:; 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.

that are specified in IS-GPS-705F, Tables 3-la and Ib. The XBliand XBQ; 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 XBIli and XBQ; codes shall be:

a) XA: X+ X2+ X9+ X+ 1; and
b) XBliand XBQi: X + X2 +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 XBl; and XBQ; codes shall be synchronized with the XA code.

3.1.1.1.48 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.

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.
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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-L5-2.

Note.—See 1S-GPS-705F for details on the content and application of the data contained
in each message type.

Table B-L5-2. CNAV message types

Message type Content
0 Default message (empty)
10 Ephemerss, accuracy, health parameters
11 Ephemeris, accuracy, health parameters
30 SV Clock. accuracy, 1onosphere, group delay

SV Clock, accuracy, almanac
SV Clock, accuracy, earth orientation parameters
SV Clock, accuracy, UTC parameters

34 SV Clock, accuracy, differential correction parameters
35 SV Clock, accuracy, GPS/GNSS time offset

36 SV Clock, accuracy, text messages

37 SV Clock, accuracy, midi almanac

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-L5-3).
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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-L5-4.
The URANED1 value shall be related to the URANED1 index as:

|
URAneD1 =57

7!
A

Where

N =14 + URA\eD1 index
The URA\ep2 value shall be related to the URAwen: index as:

1
URA.\'ED: = ._:’_—-‘T
where

N = 28 + URA\ep; index

Note.— URAEep, URANepo, URANep1 @and URANep2 are used to compute the integrity assured
URA (IAURA).

Table B-L5-3. Elevation-dependent user range accuracy URA:p

Page 42 of 490



AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING
AMENDMENT 93 AND 94 TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL TELECOMMUNICATIONS - RADIO NAVIGATION

AIDS

URAs=p index URA:> (m)
15 6 144 00 < URA=p (accuracy
prediction not available)
14 307200 <~ URAs> = 614400
13 1536.00 < URA=p = 3 072.00
12 768.00 < URAs=p = 1 536.00
11 384 00 < URA=> = 768.00
10 192.00 < URAs> = 384.00
9 96.00 < URA=> = 192.00
8 48.00 < URAs> = 96.00
Y ; 2400 < URA=> = 48.00
6 13.65 <= URAs = 2400
5 9.65 < URAsp = 13.65
4 6.85 < URAs> = 9.65
3 485 <~ URAs =685
2 340<URAs =485
1 240 < URA=> =340
0 1.70 < URA=> =240
-1 120<URA= =170
-2 085 <URAs =120
-3 0.60 < URAzx = 0.85
- 043 < URAs = 0.60
-5 030 <URAs> =043
-6 021 < URAs =0.30
-7 0.15 <URA= =0.21
-8 0.11 <URA=p = 0.15
-9 0.08 < URAs> = 0.11
-10 0.06 < URAs> = 0.08
-11 0.04 <« URAs> = 0.06
-12 003 <URA=> =004
-13 0.02 < URAs> =0.03
-14 001 < URAs = 0.02
-15 URAsp = 001
-16 Accuracy prediction not
available

URAxz=no index URAxzoo (m)
15 6 144 .00 < URAxzno (accuracy
prediction not available)
14 3 072.00 < URAx=00 = 6 144.00
13 1 536.00 < URAx=n0 = 3 072.00
12 768.00 < URAxzno = 1 536.00
11 38400 < URAx=n0 = 768.00
10 192 00 < URAx=m0 = 384 .00
9 96.00 < URAx=mo = 192.00
8 48.00 < URAx=no = 96.00
7 2400 < URAx=no = 48.00
6 13.65 < URAx=no = 24.00
5 9.65 < URAN=Do = 13.65
4 6.85 < URAw=no = 9.65
3 4 85 < URAw=mo = 6.85
2 3.40 <“URAxzno =485
1 240 < URAx=no = 3.40
0 1.70 < URAxzno = 2.40
-1 1.20 < URAx=no = 1.70
-2 0.85 < URAx=no <= 1.20
-3 0.60 < URAy=n0 = 0.85
-4 0.43 < URAx=n0 = 0.60
= 030 < URAx=no = 0.43
-6 021 < URA=oo = 0.30
=7/ 0.15 < URAx=no < 0.21
-8 0.11 < URAsx=no = 0.15
-9 0.08 < URAx=no = 0.11
-10 0.06 < URAx=n0 = 0.08
-11 0.04 < URA=0 = 0.06
-12 003 <= URAsx=no = 0.04
-13 0.02 < URA=no = 0.03
-14 0.01 < URAx=no = 0.02
-15 URANs00 = 0.01
-16 Accuracy prediction not
available

Table B-L5-4. Non-elevation-dependent user range accuracy URAneno
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3.1.1.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION
3.1.1.2.1 GPS PROTOCOLS FOR SINGLE-FREQUENCY L1 USERS

.?;..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 tis defined as:

t= to, — (Atas
where

t = GPS system time (corrected for beginning and end-of-week crossovers);
tsy = satellite time at transmission of the message;
(Ats)1 = the satellite PRN code phase offset P

(Ats)r = ar+anlt—to +anft—te)2+At— Teo

where

af, ar1 and an and to, are contained in subframe 1; and
At. = the relativistic correction term (seconds)

At = Fe VA sin Ex

where

e and A are contained in subframes 2 and 3;
Eyis defined in Table B-15; and

= %
Bir % = -4.442807633(10) ** s/m"

where

W = WGS-84 universal gravitational parameter (3.986005 x 10'*m3/s?)
c = the speed of light in a vacuum (2.99792458 x 108 m3/s?)

3.1.1.2.1.3 Satellite position. The current satellite position (X, Y« Zi) is defined as shown in
Table B-15.

3.1.1.2.1.4 lonospheric correction. The ionospheric correction (Tionow1) is defined as:
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e e |
Fx [50x107° + AMP (1-5+5)] Ix| <15 (seconds)

Tlor.o.l.l=
Fx(5.0x107) Jx| 21.57

3.1.1.2.1.4.1 The terms used in computation of ionospheric delay are as follows:

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

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

gX)= Zg:.\':

=0
where g =1for0,1,3,4,5,6,7,10, 11, 14, 17, 18, 23, 24, and 0 otherwise.
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=1tey— Atsv

where Aty 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 = tsy — (Atsv)isis Or t = tsy — (Afsv)L50s.

3.1.1.2.2.3 zSatellite position. The current satellite position (X« Yi, Z) shall be calculated as
shown in Table B-L5-5.

Note— The ephemeris parameters: t,., A4, A, g, g, Mya, 8 & e, 22, o, /3.5 Cou Ciows Co
w Crea, Con, and Coc, are provided in CNAV message Types 10 and 11.

3.1.1.2.2.4 Integrity assured user range accuracy (IAURA)
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3.1.1.2.24.1 Composite IAURA. The composite IAURA value shall be the RSS of an
elevation-dependent (ED) component and a non-elevation-dependent (NED) component.

]
IAURA = [(adjusted IAURAzp)* + IAUR A3z

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-L5-3, and the equation:

adjusted IAURAep = URAep (Sin(E+90))
where
E is the satellite elevation angle in degrees (E > 0)
3.1.1.2.2.43 Non-elevation-dependent (NED) accuracy estimate. The non-elevation-

dependent IAURA value (in metres) shall be computed using the upper bound value of
URA\eoo and the equation:

IAURANep = URARNEDO + URANED1X(t—top+ 604,800X(WN - WNop)
when t - top + 604,800x(WN - WN,p) < 93,600 seconds

and

IAURANED = URANEDO + URANED1X(t - top + 604,800X(WN - WNop) + URANEDZX(t - top + 604,800'(
WN - WN,p) - 93,600)?
when t - top + 604,800%(WN - WN,p) > 93,600 seconds

where
t = GPS system time

WN, WNop, top, URAnepo, URANep1, URANep2 are obtained from message Types 10, 30 to 37,
and Table B-L5-4.

3.1.1.2.2.5 Estimated L5 group delay differential for single-frequency users.

Note.— Inter-signal biases for L1/L5 dual-frequency users are corrected via the
ionosphere-free pseudo-range described in 3.1.1.2.2.7.

3.1.1.2.2.5.1 For the single-frequency L5 I5 user, the satellite clock time, corrected for the
L1/L5 inter-signal bias, shall be as follows:
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(Atsy)ysis = Atgy — Top + ISCpg)s

3.1.1.2.2.5.2 For the single-frequency L5 Q5 user, the satellite clock time, corrected for the
L1/L5 inter-signal bias, shall be as follows:

(Atgy) ss = Aty — Tgp + 1SCy50s
Note.— Tep, ISCisis and ISCisgs are provided in CNAV message Type 30.

3.1.1.2.2.6 lonospheric correction. For L5, the single-frequency ionospheric correction
defined in 3.1.1.2.1.4 shall be multlplled by Y15, (Mionots = Y15Tiono,L1), where yis = (f|_1/f|_5)2 = (1
575.42/1 176.45)2 = (154/115)>.

3.1.1.2.2.7 L1/L5 ionospheric correction for dual-frequency users.

3.1.1.2.2.7.1 The ionosphere-free pseudo-range for the dual-frequency (L1 C/A and L5 15)
user shall be as follows:

(PRLS.’S ™ )’LSPRL.:,A) i C(ISCLSIS - )’LSISCLLC,A)

PR =
1-75

= Clgp

where

PR = pseudo-range corrected for ionospheric effects,

PRi = pseudo-range measured on the channel indicated by the subscript,

ISCi = inter-signal correction for the channel indicated by the subscript, provided in CNAV
message Type 30,

TGD = L1 P(Y) and L2 P(Y) inter-signal correction, provided in CNAV message Type 30,

¢ = speed of light, and

y15 = (fu/fs)? = (1 575.42/1 176.45)? = (154/115)2.

3.1.1.2.2.7.2 The ionosphere-free pseudo-range for the dual-frequency (L1 C/A and L5 Q5)
user shall be as follows:

PRichs—7Y cPRr-f +C ISCr- 68 —Y ISC 1C/A
PR=( 15¢s — Y1s ric/a) + ( 15¢s — Yiséolyy )-CTG:J

1
L= Vis

where
PR, PRI, ISCi, TGD, c and y15 are as defined above.

Table B-L5-5. Elements of coordinate systems for L5 CNAV data
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ty=t—1tis
Ay = Aggp +4A
Ak:Aﬂ+Atk

AnA — Ann +-I,Ah|)‘k
ny, =ng+A4n,
My = Mg + naty

M, =E, —e,sinE,

Time from ephemens reference epoch’
Semu-major axis at reference time ™
Semu-major axis

Computed mean motion

Mean motion difference from computed value

Cormected mean motion
Mean anomaly
Kepler's equation for eccentnic anomaly (may be solved by 1teration)

Suty = Couy 5in 24 + Co cOs 204
8ty = Cycn 5in 204 + Crun 5in 26n
Sik = Cin 5in 2y + Ci cOs 204
=+ Sy
n=Ai(l-e,cosE) + On

iy = ig + ig_nty + Siy

x'y = rycos uk}
¥ = rsinuy

Q= Oggp + 4D

Oy = 0y + (20 )8 - Ot
X = X') cos ) - y'pcos iy sin Oy
Z = Yysinig

¢ tis GPS system time 3¢ time of Tan

} True anomaly

_y (3mV) [V1—e*sinE /(1 —ecosE;)
He—gan 1c05ij_un (co:Ek—e)/(l—eco:Ek)
e~cosv
E; =cos™? {m} Eccentnic anomaly
h=w+w Argument of latitude

Second Harmonic Perturbations
Argzument of latitude correction
Radius comection

Inclination comrection

Cormected argument of lantude
Corrected radms

Corrected mclination

Positions i orbital plane

Rate of nght ascension™
Comected longtude of ascending node

Yk = X'jsin 0y - ¥y cos igcos nh} Earth-Centred, Exrth-Fixed coordmates

is. GPS tme d for tamsit Sme (rangespesd of light) Furthermars, t, i3 the actual tecal

0 Ay =26559 710 metres
00 (opr = =26 x 107" semi-curclov/seccad

time difference beravsa the time t and e epoch tixs t.. a3nd must account for bemnning or end-of-wesk crossovars. That is, if § is meater &
302 300 seccads, subzact §04 800 seconds Soem ¢, Iy, 23 Joss than -302 400 seconds, add 604 800 seconds to o,

3.1.1.3 AIRCRAFT ELEMENTS

3.1.1.3.17 GPS RECEIVER

3.1.1.3.1.1 Reserved. Satellite—execlusion.—The receiver—shall-exclude-any marginal-or
unhealthy satellite.

Editorial note.— Renumber paragraphs 3.1.3.1.2 to 3.1.4 as 3.1.1.3.1.2 to 3.1.1.4.

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. The

_ receiver shall monitor the IODC and IODE values, and te update
ephemeris and clock databased upon a detected change in one or both of these values.
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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 L1OF (L1 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”).

Editorial note.— Renumber paragraphs from 3.2.1.1.1 to 3.2.1.1.5 as 3.1.2.1.1.1 to
3.1.2.1.1.5.

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.

Editorial note.— Renumber paragraphs from 3.2.1.2.1 to 3.2.1.2.4.2 as 3.1.2.1.2.1 to
3.1.2.1.2.4.2.

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.

Editorial note.— Renumber paragraphs from 3.2.1.3.1 to 3.2.1.3.6 as 3.1.2.1.3.1 to
3.1.2.1.3.6.

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.
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Editorial note.— Renumber paragraphs from 3.2.1.4.1 to 3.2.1.4.3 as 3.1.2.1.4.1 to
3.1.2.1.4.3 and replace the reference to Attachment D, 4.2.7.1 in 3.2.1.4.1 with a reference
to Attachment D, 4.1.2.7.1.

3.1.2.1.5 L10C, 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 11/2 radians as shown in Figure B-7A.

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 L30C signal shall contain L30Cd data and L30Cp pilot components of
equal power levels. These components shall occupy phase quadratures | and Q,
respectively. L30Cd leads L30Cp by 1/2 radians as shown in Figure B-7A.

3.1.2.1.53 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 in Recommendation 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.
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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).

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 L10OCd 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-7B. 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-19A.

Table B-19A. Parameters of L10Cd service fields
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Number e
Field B of bits sigmficant Value range Umt Descniption

bt
Preamble 12 1 010111110001 - Constant ime stamp
Type & 1 0-63 - Type of a current string

i 6 1 0-63 - ID number of a satellite that ransmuats
this navigation message. SV ID number
“0" 15 reserved and can only be enabled
upon termination of combined use of
GLONASS CDMA and FDMA signals.
H’ 1 1 0,1 - healthy (“07) or unhealthy (“17)
nawvization sizmal
Fd 1 1 0.1 - validity (“07) or mvalidity (¥17) of the
data transoutted m the cwrrent stmng
Pl - Ground control call This field 15 not used by user recervers

P2 1 Atmbute of SV onentation regime: SV 13 Sun-pointing (“07) or performs
noon’mudmight trn manoceuvre (“17)

j§ 00.01.10.11 - Indication of the expected UTC(SU)
comrection at the end of current quarter on
GMT. UTC(SU) comrections shall result
in the comrespondmg corrections of
L10Cd time

00 — no correction planned;

01 — day length 15 mncreased by 1 =;

10 — comrection decision 15 pending:

11 —day length 15 reduced by 1 s.

A 1 1 0.1 - Indication of the expected L10Cd signal
time comrection at the end of the next
strng:

A =0 — no comrection 15 planned

A =1 - comrection 15 planned

The combinationof A=1and KP =11
1n the cwavent string denotes that the next
string will be a Type 1 anomalous stng
of 1 5 duration. The combination of A =
1 and KP = 01 1n the cumrent sting
denotes that the next string will be 2
Type 2 anomalous string of 3 s duration

£

TS 16 1 0-43199 2s Time stamp digits expressed m 2-second
mntervals within a current day mm L10Cd
tme.

CRC 16 1 Check bits of the cychic 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-
7C. 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- 7D.

3.1.2.1.6.4.5 L10OCd nominal strings CRC. The CRC (250,234) generator polynomial shall
have the following form:

gD =1+X+ xSy 10, ¥l 413 414 416

A 234-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of
the preamble and ending with the 184th bit of the data field). At the encoder’s output, a
250-bit encoded block shall be generated by adding 16 check bits.

3.1.2.1.6.4.6 L10Cd anomalous string Type 1 CRC. CRC (125,109) shall be used in L10Cd

Type 1 strings. It shall be generated similarly to code (250,234) except for the number of
bits delivered to the input (109 instead of 234).
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3.1.2.1.6.4.7 L10Cd anomalous strings Type 2 CRC. CRC (375,351) shall be used in L10Cd
Type 2 strings. The CRC (375,351) generator polynomial shall have the following form:

gD =1+ X+ e xdsxd+x0+xT+x10, 1l yl4 . 17 L 418 23 y24

A 351-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of
the preamble and ending with the 301st bit of the data field). At the encoder’s output, a
375-bit encoded block shall be generated by adding 24 check bits.

3.1.2.1.6.5 L30C message characteristics

3.1.2.1.6.5.1 The L30Cd navigation message shall be transmitted at 100 bits/s. The
message shall consist of 300-bit strings of 3-second duration as well as of 200- and 400-
bit anomalous strings of 2- and 4-second duration, respectively.

3.1.2.1.6.5.2 L30OCd strings structure. Each L30Cd nominal string shall consist of 57-bit
service fields, a 219-bit long data field and 24-bit long CRC service field, as shown in

Figure B-8A. Transmission of a string shall start with bit 1 (the first bit of the preamble)
and end with bit 300 (the last bit of CRC).

3.1.2.1.6.5.3 L30Cd service fields shall be as shown in Table B-19B.

Table B-19B. Parameters of L30Cd service fields

Numt Least

Field = significant Value range Ut Descnipton
of bits bat
Preamble | 20 1 ©00000100100101001110 - Constant ime stamp
Type [3 1 0-63 - Type of 2 current sone
TS 15 1 0-—28799 3s Time stamp digits expressed in

3-second intervals within a curent
day 1n L30Cd nme

3 6 1 0-63 - ID mmpmber of a satellite thar
oansputs tis DAVIZANon message
SV ID number “0” is reserved, and
czn only be enabled upon
termunation of combined use of
GLONASS CDMA and FDMA

signals

H 1 1 0.1 - healthy (“07) or unhealthy (~17)
navization signal

1 1 0.1 - walidity (“07) or nvalidity (<17) of

the data ransmitted in the cwrent
string

Pl - Ground control call This Seld is not used by user receivers

P2 1 Ammbute of SV conentation re;ime. SV is Sun-poinnng (07) or performs

noon midmight tum mancewvre (<17)
EP 2 1 00,01.10,11 - Indicanon of the expected

UTC(SU) cormrection at the end of
current gquarter on GMT. UTC(SU)
corrections shall result in the
cormresponding corrections of
L30Cd tme

00 — no correction planned.

01 — day length is increased by 1 s
10 — cotrection decision is pending;
11 — day length isreduced by 1 s

A 1 1 0,1 - Indication of the expected I30Cd
signal ntme correction at the end of
the nex: sming

A =0 —no correction is planned

A =1 - comracton 1s planned

The combinationof A=1and KP =
11 in the current sting denotes that
the pext sting will be a Type 1
anomalous sring of 1 s duration
The combinanonof A=1and KP =
01 in the current stnng denotes that
the next smng willbe a Type 2
anomalous string of 3 s duration

CRC 23 1 Check bits of the cyclic code

3.1.2.1.6.54 L30OCd anomalous strings. Anomalous strings shall be indicated by strings
Types 1 and 2. Strings of Type 1 shall be used to indicate the leap second corrections of
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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-8B. 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-8C.

3.1.2.1.6.5.5 L30cd nominal strings CRC. The CRC (300,276) generator polynomial shall
have the following form:

eMals X+ P+ rt e P+ 10407+ 00 pily pids b7, pl8, yB, p2.

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 L30OCd 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 L30OCd 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-20A.

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-20A. Types of L10Cd strings and their content
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Stnng type Content
10,11, 12 Immediate data (ephemens, tume, health flags, Fi Fy)
20 Almanac
25 Earth rotation parameters. 1onosphenc model parameters, UTC(SU) and mternational atonue
tune (TAI) offset model parameters.
16 SV attitude parameters during noon/midnight tum manoewvre
31.32 Lonz-term dynamic model parameters
50 International Satellite System for Search and Rescue (COSPAS—SARSAT) notices of recerpt
60 Text messages
0 For technological tasks. Not used by user recervers.
1 Anomalous string used at the moment of leap second comrection (-1 =)
2 Anomalous string used at the moment of leap second comrection (+1 2)
Note: Stnng Types 10. 11 and 12 compose a data packet; therefore, string Type 11 always follows string Type 10
and stnng Type 12 always follows stnng Type 11.

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-20B.

Note.— Additional information concerning the data content of the L30Cd service and
data fields is given in the GLONASS CDMA ICD L3 band.

Table B-20B. Types of L30Cd strings and their content

Stnng type Content

10,11,12 Immediate data (ephemens, time, health flags, F: Fy)
20 Almanac
25 Earth rotation parameters, 1onosphenc model parameters, UTC(SU) and mtemational atomue

tme (TAI) offset model parameters
16 SV attitude parameters dunng noon/mudmght turn manoeuvre
31,32 Long-term dynamuc model parameters

60 Text messages
0 For technological tasks. Not used by user receivers.
1 Anomalous stnng used at the moment of leap second comrection (-1 )
2 Anomalous stnng used at the moment of leap second comection (+1 )

Note:
Type 10 and string Type 12 always follows stning Type 11

Stning Types 10, 11 and 12 compose a data package; therefore, smng Type 11 always follows stning

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-21C
shows values of FE and FT and the corresponding errors.

Table B-21C. Ephemeris and time accuracy factors

Fp Fy -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -
c.m 001 [ 002 | 003 | 004 [ 006 | 0.08 0.1 0.15 0.2 0.3 04 0.6
Fy Fy -3 -2 -1 0 1 2 3 - 5 7 8
G, m 0.7 08 0.9 1 2 25 B 5 7 10 12 14
Fe Fy 9 10 11 12 13 14 15

c.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.
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Note.— Long-term dynamic model parameters enable the usage of immediate data to
propagate the orbit for a 4-hour interval.

3.1.2.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.1.2.2.1 Parity checking algorithm for FDMA data verification. The algorithm shown in
Table B-22 and as detailed below shall be 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 (bss, bss,
..., b1o, bg), and the 8 LSBs are the check bits of Hamming code length of 4 (38, 37, ..., B2,
B1).

3.1.2.21.2 To correct 1-bit errors within the string the following checksums are
generated: (¢4, ¢, ..., C7), 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:

3.1.2.2.2 SATELLITE CLOCK CORRECTION PARAMETERS

3.1.2.2.2.1 GLONASS system-time-is-determined-as GLONASS system time shall be
determined using FDMA data as:

tGLONASS = ty + Tn(ts) - Yn(ts) (tk - tb)
where ti, Tn(ts), Yn(ts) are parameters described in 3.1.2.1.3.1.

3.1.2.2.2.2 GLONASS system time shall be determined using CDMA data as:

I ' . od 2 7
Lovomass = M0y | 1‘2‘7(-‘”) +7'(2, )4 -7 (5, )-An - 6/ (3, '

, o T ey 77 (1) 7. (1)
Im-q--u +7' (t)+1. (8, )1, -<< i e A>>.86400
An = -

1+ (8,)-1.(8,)

where

T tipmary 1s the signal time of received signal from satellite j and
v/t ). Yn). S ). 7.(8). 7. (1, )are parameters transmitted in CDMA signals within string of
Types 10. 11 and 12 as shown in Table B-20A and Table B-20B.

3.1.2.2.2.23 GLONASS system time is related offset to National Time Service of Russia
(UTC(SV)) time-as-indicated shall be determined using FDMA data as:
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turcsu) = teronass + Tc — 03 hours 00 minutes
where
Tc is a parameter described in 3.1.2.1.3.4 and

03 hours 00 minutes is the continuous time shift caused by the difference between
Moscow time and Greenwich time.

3.1.2.2.2.4 GLONASS system time offset to UTC(SU) shall be determined using CDMA data
as:

+7,(2,)+ A1, -7, (2, )— 10800 ]

~
-

I
s
(o

IJI NS

taomus TI 8 )-8, _<<f.;-,~‘ ““‘SZ:.E(‘)” ’-,ﬁ >>86400

1-7.(1,)

where

r.\t ), 7t ) are parameters transmitted in CDMA signals wathun string of Types 10, 11 and 12 as shown
in Table B-20A and Table B-20B; and

10 800 seconds is the continuous time shift caused by the difference between Moscow
time and Greenwich time.

3.1.2.2.3 SATELLITE POSITION

3.1.2.2.3.1 i ition is defined ing epheme om
G%:GNASS—HaVIﬂaHGH—aS—fHdmed—H%—-F&ble%% The current satelllte centre of mass
position shall be defined using ephemeris parameters from GLONASS navigation, as
indicated in Table B-17 for GLONASS FDMA signals, in Table B-20A for L10C and in Table
B-20B for L3OC.

3.1.2.2.3.2 Recalculation of ephemeris from instant tb to instant ti within the interval (| Ti|
= |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 y and
the second zonal harmonic of the geopotential J2 Owhich 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:
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where

J?= second zonal harmonic of the geopotential (1 082 625.75 x 10-9); and

w = earth’s rotation rate (7.2921151467 x 10~° radians/s).

3.1.2.2.3.3 Recalculation of ephemeris from instant tb to instant ti within the interval (| ti|
= |ti- tv| £ 4 hours) for CDMA signals shall be performed as in 3.1.2.2.3.2, except that this

model includes additional accelerations modelled by a fourth-degree polynomial to
accommodate the extended interval as described below:

davy " 3 2"“2‘ e >
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= 2 e
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dVy [ 3 pad S5g2 2 3 iz
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Gy = AQug + Gy (t —tp) + Gt — £5)° + Qra(f — £3)% + @y (t — 1)

ay = Aayo +ayi(t —tp) +ay2(t —£5)° + aya(t — £5)% + ayalt — 13)°

= Aagy +az(t—tp) +am(t — )% +an(t—1)° + az(t —15)*

Coordinates, velocity vector components at the time tb, and perturbing accelerations
x",y",z" shall be transmitted in CDMA signals within string of Types 10, 11 and 12. The
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long-term dynamic model parameters for the fourth-degree polynomials, accelerations
ax,ay, and a,, shall be transmitted in CDMA signals in strings of Types 31 and 32.

3.1.2.24 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.

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

3.1.2.25.1 The ionospheric correction for a single-frequency receiver shall be defined as:

I
- for pseudo-ranges. nx AS;,,, =040364 —f—

I
- for velocities, m/s: AF jo, =040364 -f— |

where
fis the signal carrier frequency, in GHz;

le is the total electron content (TEC) integrated along the signal propagation path, 1x10'

m2s-1,
lc is the rate of change of TEC integrated along the signal propagation path, 1x10'" m2s™.

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 GNSS{GLONASS) RECEIVER
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3.1.2.3.1.1 Reserved Satellite-exclusion—The receiver shallexclude-any satellite designated

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.

3.1.2.3.14 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 -1 or k =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.

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:
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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.

Editorial note.— Renumber paragraphs from 3.2.4t0 3.2.4.3as 3.1.2.4t03.1.2.4.3

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.

3.1.2.4.42 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.

Q L10¢d ) Q L3oc
BL;;%E(;) \  division BPSE(10)
BOC(1,1)) uitplexing

L1SC I L30Cd
scscseadg | BPSK(10)

Figure B-7A. L10C and L30C signal structure
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1 5 10 15 20 25 30 35 40 45 50

Preamble Type i Pl TS
12 [ 6 3 2] 16

f
#Y P2EKPA
65 70 75 80 85 100

(2722222222227

105 110 115 120 125 130 135 140 145 150

777

155 160 165 170 175 180 185 190 195 200

7777

205 210 215 220 225 230 235 240 245 250

0

16

Figure B-7B. General structure of L10Cd data string

 EE | 10 15 20 25 30 35 40 45 50
- = - - X - - < - = =
Preamble Type ] =l Pl TS
12 [] 6 U 4 |]2] 16
t
H 1Y P2EPA

S5 60 65 70 75 80 8 9% 9 100

105 110 115 120 125
2277

Figure B-7C. Anomalous L10Cd data string Type 1

Page 62 of 490



AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING
AMENDMENT 93 AND 94 TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL TELECOMMUNICATIONS - RADIO NAVIGATION
AIDS
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277 777777

205 210 215 220 225 230 235 240 245 250

7777777777777

255 260 265 270 275 280 285 290 205 300

7722722 7722222222 2%

305 310 315 320 325 330 3535 345 350

340
277777 777

355 360 365 370 375

CcRC
2

AN

Figure B-7D. Anomalous L10Cd data string Type 2

1 5 10 15 20 25 30 35 40 45 50
Preamble Type TS i il"
20 6 15 L
Loy
- N 65 70 75 80 85 90 95 100
DM
P2 KPA

105 110 115 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

7277227777777

205 210 215 220 225 230 235 240 245 250

D227

255 260 265 270 275 280 285 200 2905 300

7777 cre

24

Figure B-8A. General structure of L30Cd data string
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Preamble Type 15 b}
20 6 15 6
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4 1213 119
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105 110 115 120 125 130 135 140

145 150

D272/

155 160 165 170 175 180 185 190

L2222
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195 200
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Figure B-8B. Anomalous L30Cd data string Type 1
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205 210 215 220 225 230 235 240 2345 250
’// T T 2
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o / = // / //” //= A ?«
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Preamble Z Z A
L 20 1 s6
35S 360 365 370 375 380 385 390 395 300
A, CRC l
| |

23

Figure B-8C. Anomalous L30Cd data string Type 2

3.1.3 Galileo Open Service (Galileo OS)
3.1.3.1 NON-AIRCRAFT ELEMENTS

3.1.3.1.1 GALILEO RF CHARACTERISTICS
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3.1.3.1.1.17 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.

3.1.3.1.1.2 E1 RF characteristics

3.1.3.1.1.2.1 E1 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 EL1 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-Branqing code (Cei.s). 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 E1-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 (Cgic). 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.

Page 65 of 490



AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING
AMENDMENT 93 AND 94 TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL TELECOMMUNICATIONS - RADIO NAVIGATION
AIDS

Note.— Additional information concerning the E1-C ranging codes is given in Galileo OS
SIS ICD, Chapter 3 and Annex C.

3.1.3.1.1.25 E1-B data component generation. The E1-B data component shall be
generated from the E1 navigation data stream (Deis) and the E1-B ranging code (Ceig),
modulated with two in-phase CBOC subcarriers of 1.023 MHz and 6.138 MHz,
respectively, as shown in Figure GAL-1.

Note.— The subcarrier-free component of the E1 navigation data component — that is,
before CBOC modulation — is denoted as egi-s. Additional information concerning eei.s
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 (Ceic) modulated with two anti-phase CBOC
subcarriers of 1.023 MHz and 6.138 MHz, respectively, as shown in Figure GAL-1.

Note.— The subcarrier-free component of the E1 pilot component — that is, before CBOC
modulation — is denoted as eeic. Additional information concerning eei.c generation is
given in Galileo OS SIS ICD, 2.3.3.

3.1.3.1.1.2.7 E1 signal modulation. The E1-B/C composite binary signal shall be generated
from the CBOC modulation of the binary signal components, egs and egc, and the
subcarriers, as illustrated in Figure GAL-1.

Note.— Additional information concerning E1-B/C generation is given in Galileo OS SIS
ICD, 2.3.3.

’ + 7 8¢ 3
Diia E1-B

Figure GAL-1. Modulation scheme for the E1 CBOC signal
3.1.3.1.1.3 E5a and E5b RF characteristics
3.13.1.13.1 Eba signal components. The E5a signal shall comprise two signal

components: E5a-I navigation data component with a navigation data symbol rate of 50
symbols per second and E5a-Q pilot component.

Page 66 of 490



AMENDMENT TO PHILIPPINE CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVICES (CAR-ANS) PART 6 ADOPTING
AMENDMENT 93 AND 94 TO ICAO ANNEX 10 VOLUME | - AERONAUTICAL TELECOMMUNICATIONS - RADIO NAVIGATION
AIDS

3.1.3.1.1.3.2 Eba signal power split. The E5a signal power shall be equally split between
the E5a-l and E5a-Q components.

3.1.3.1.1.3.3 Eba-lranging code (Cesa1). 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 (Cgsa0). 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 Eba-l data component generation. The E5a data component shall be
generated from the E5a navigation data stream (Desa-) and the E5a-I ranging code (Cesa.).

Note.— The subcarrier-free component of the E5a navigation data component — that is,
before AltBOC modulation — is denoted as egsa..

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 (Cgsa-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 ES5b signal shall comprise two signal
components: E5b-I 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.

3.13.1.13.9 E5b-l ranging code (Cespy). 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 (Cesp-o0). 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 Eb5b-I data component generation. The E5b data component shall be
generated from the E5b navigation data stream (Desp.)) and the ranging code (Cesp-).

Note.— The subcarrier-free component of the E5b navigation data component — that is,
before AltBOC modulation — is denoted as egsp...

3.1.3.1.1.3.12 E5b-Q pilot component generation. The E5b pilot component shall be
generated from the ranging code (Cesp-q).

Note.— The subcarrier-free component of the E5b pilot component — that is, before
AltBOC modulation — is denoted as egsp-o.

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 egsa, €esa-q, €esb1and €esh-g, as illustrated in Figure GAL-2.

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.

ARS0C
MUX

Figure GAL-2. Modulation scheme for the E5 AItBOC signal

3.1.3.1.1.4 Code assignments to satellites
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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-1 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-l message shall be transmitted as a sequence of frames as indicated
in Figure GAL-3. 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.

F/NAV MESSAGE

L Frame (600 seconds)
= 12 subframes

\L Subframe (50 seconds)
= 5 pages

Page (10 seconds)

Figure GAL-3. F/NAV message structure

3.1.3.1.2.1.2 Page structure. Each page structure shall contain the following elements
structured as indicated in Table GAL-1:

*+ 12 synchronization block symbols
+ 488 interleaved message block symbols

Table GAL-1. F/NAV page layout
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Syne. F/NAV symbols Total (symbols)
12 488 500
F/NAV word (bits) Tal (bits) Total (bits)
Page type Nav. data (RC
6 208 pL} 6 pLr

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 GAL-4 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.

7] }LTU
)

Figure GAL-4. F/NAV convolutional encoding scheme

- Ifﬁ .

( o« O ‘

3.1.3.1.2.1.6 Eba-l interleaving procedure. The E5a-I 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 GAL-2.

Table GAL-2. E5a-l interleaver matrix
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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 GAL-5. 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 GAL-5.

I'NAV
MESSAGE

‘ l : Frame (720 seconds)
= 24 subframes
| l : Subframe (30 seconds)
=15 pages
|£ Nomunal page (2 seconds)

Figure GAL-5. I/NAV message structure

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
GAL-4. 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.
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3.1.3.1.2.24 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 GAL-3:

a) 10 synchronization block symbols; and
b) 240 interleaved message block symbols.

Table GAL-3. I/NAV subpage layout

Sync. INAV subpage (even or odd) symbols Total (symbols)
10 240 230
I/NAV subpage (even or odd) bits Tal (bits) Total (bits)
114 6 120

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 GAL-4. 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 GAL-4. 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 CAR-ANS Parts 2,6, 7, 8,9 and 13.

Table GAL-4. I/NAV nominal page with bits allocation

| EIB |
Evenlodd=1 | .D28¢ \1\)2;2 Reserved | gap | Spare | CRC | Reserved | 5 Total
Type=0 | 51 1 AR CP : 2 (bits)
1 1 16 40 p3) 3 24 g B 120
ey Page g e Total
Even'odd=0 Tvpe=0 Data word (172) Tail (bits)
1 1 112 5 120
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Note 1.— Even/odd field (1 bit) indicates the part of the page (O=even/1=o0dd) that is
broadcast.

Note 2.— Page type field (1 bit) equal to 0 indicates the nominal page type.

Note 3.— Data field consists of a nominal data word (described in 3.1.3.1.2.2.4) of 128 bits
(comprising 112 bits of data (1/2) and 16 bits of data (2/2)).

3.1.3.1.2.2.9 I/INAV 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 GAL-6 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.

.@ e
feﬂ I : @ EHEH T~
: N W il

Figure GAL-6. Convolutional encoding scheme

3.1.3.1.2.2.10 E1-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 GAL-5.

Table GAL-5. E1-B interleaver matrix

Columns—
Rows Ci|C|GC|...| C | Co
Ry S1| Se | Siz| ... | Saas | Sass
R, 2 | S0 | Sis Sy | Sas
R Ss | Su1 | Sis | ... | S227 | Sass
R; S, s | S Sy | Sz
Rs Ss | Si6 | Sas | ... | Sa32 | Sase
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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 1.— 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 GAL-6.

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 17, k+1 is a designator for
“satellite number 27, 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
typesis given in Galileo OS SIS ICD, 4.2.4.

Table GAL-6. F/NAV E5a-l page types content

Page type Page content
Odd 1 IODnav. SVID. clock comection. SIS accuracy index (SISA). ionosphenc comection
subframe broadcast group delay (BGD), signal health status (SHS), Galileo system time (GST) and

data validity status (DVS)

IODnav. ephemens (1/3) and GST

IODnav, ephemenis (2/3) and GST

IODnav. ephemens (3/3). GST-UTC conversion. GST-GPS conversion and time-of-week

(TOW)

5 I0Da, almanac week number, almanac reference time, almanac for satellite k+3(n-1)2 and
almanac for satellite (k+1)+3(n-1)/2 part 1; where n is the number of the subframe

I0Dnav, SVID, clock comrection. SISA. 1onosphenc correction, BGD, SHS, GST and DVS
IODnav. ephemeris (1/3) and GST

IODnav, ephemeris (2/3) and GST

IODnav. ephemens (3/3), GST-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)/2;
where n is the mmunber of the subframe

s ot

Even
subframe

O dn WD e

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 SIS ICD, 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 Kk, 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. I/NAV E1-B word types content

Word type Word content
0 Spare word
1 IODnav and ephemeris (1/4)
2 IODnav and ephemeris (2/4)
3 IODnav and ephemeris (3/4)
4 I0Dnav, SVID, ephemeris (4/4) and clock correction
5 Tonospheric correction, BGD, SHS, GST and DVS
6 GST-UTC conversion and TOW
7 I0Da, almanac for satellite k (part 1), almanac reference time and almanac

reference week number

8 IODa, almanac for satellite k (part 2) and satellite k+1 (part 1)

9 IODa, almanac reference time, almanac reference week number, almanac
for satellite k+1 (part 2) and satellite k+2 (part 1)

10 IODa, almanac for satellite k+2 (part 2) and GST-GPS conversion
parameters

16 Reduced clock and ephemeris data (CED) parameters*

17,18, 19,20 FEC2 Reed-Solomon for clock and ephemeris data (CED)*
22 Integrity support message (ISM)**

*Note 1.— Receivers are not required to process this word type for GNSS air navigation
applications.

**Note 2.— Galileo ISM is defined in the Galileo OS SIS ICD Issue 2.1 and it contains ISD
information supporting ARAIM as described in 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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3.1.3.1.34.1 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 SISICD, 5.1.9.3and 5.1.12.

3.1.3.1.3.4.2 SISA. The SISA shall be encoded as shown in Table GAL-8.

Table GAL-8. SISA index

SISA SIS accuracy value (m)
O to 49 Om to 0.49 m with 1 cm resolution
50 to 74 0.50 m to 0.98 m with 2 cm resolution
75 to 99 1. 00 mto 1 96 m with 4 cm resolution
100 to 125 200 m to 600 m with 16 cm resolution
126 to 254 Spare
255 No Accuracy Prediction Available (NAPA)

3.1.3.1.3.4.3 SISA shall be coded as shown in Table GAL-9.

Table GAL-9. SISA parameters

Parameter Definition BITS  Scale factor Units
SISA (E1, E5a) SIS accuracy index for dual-frequency E1-ESa 8 NA  Dimensionless
SISA (E1. ESb) SIS accuracy index for dual-frequency E1-ESb 8 NA  Dimensionless

3.1.3.1.3.4.4 Signal health status (SHS). The SHS index shall be encoded according to the
values stated in Table GAL-10.

Table GAL-10. Signal health status index

SHS mdex Signal status definition
0 Signal OK
1 Signal 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
valuesin Table GAL-11.

Table GAL-11. Data validity status index
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Data vahdity RS
g St Signal status defimtion
0 Nawigation data valid (NDV)
1 Working without guarantee (WWG)

3.1.3.1.34.6 The mapping between the values of the SIS status flags shall be as presented
in Table GAL-12.

Table GAL-12. Galileo OS SIS status vs SIS status flags

SIS status ?‘u“s‘;‘;‘e e |
SHS DVS SISA
Healthy |NO Ok NDV Not NAPA
NO Out of service Any value Any value
Unhealthy | NO In test Any value Any value
YES NA NA NA
NO Ok WWG Any value
Marginal | NO Ok Any value NAPA
NO Will be out of service Any 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
[/NAV signals.

Note.— Additional information concerning the dummy page is given in Galileo OS SIS ICD,
4.2.5and 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 I0Ds are defined for the ephemeris, satellite clock correction
parameters and SISA (“/ODnav’) and the almanacs (“/ODa”).
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3.1.3.1.3.7.1 The IODnav value broadcast by a Galileo satellite in a set of navigation data
(ephemeris and clock corrections) shall be unique with respect to any other 10Dnav
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
PX)=X3+ X"+ X34+ X124+ X+ X+ X8+ X7+ X+ X3+
Note.— The CRC code is calculated in accordance with section 3.9 of this Appendix.

3.1.3.2.1.1 The F/NAV CRC information field, M(X), shall be computed using the equation:

214

'
M(X) = 2‘ m X34 =m X213 e m X2 4 b m, X My,

M(X) shall be formed from the 6-bit E5a-l page type identifier and the 208-bit data field.
Bits shall be arranged in the order transmitted from the Galileo satellite, such that m1
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corresponds to the first transmitted bit of the page type identifier, and m214 corresponds
to bit 208 of the data field.

3.1.3.2.1.2 The I/NAV nominal page CRC information field, M(X), shall be computed using
the equation:

RO = o R S O M X = IR O e e T e s K ¥ g gr e X T

14
M2 X® +my X7 + o+ My X+ My ez

M(x) shall be formed from the even (e)/odd (0) fields, page type fields, data word fields
(1/2 and 2/2), reserved 1 field, SAR (on E1-B only) and spare fields. In nominal mode the
CRC shall be computed for the even and odd subpages of the same frequency and shall
always be broadcast in the odd subpage.

3.1.3.2.2 Satellite clock correction parameters. The predicted offset of the physical
satellite signal time of transmission (TOT) relative to the satellite signal TOT in GST shall
be computed for the dual-frequency signal combination using the following formula:

TOTc(X) = TOTm(X) - AtSV(X)
where

+ (X)=(f1,f2) is the dual-frequency combination f1 and f2 used for the clock model;

« TOTc(X) is the corrected satellite TOT in GST for the signal combination X;

« TOTm(X) is the physical satellite TOT for the signal combination X retrieved

through pseudo-range measurements; and

« AtSV(X) is the satellite time correction for the signal combination X computed by means
of the time correction data retrieved from the navigation message, as follows:

Atsy (X)=ato(X)+aa (X)[t-toc(X)]+ar2(X)[ t-toc(X)]2+Ak:
where

+ aro(X), an(X), ar2(X) and «c(X) are parameters transmitted in F/NAV signals page Type 1 and
I/NAV signals word Type 4 as indicated in 3.1.3.1.3;

« toc(X) is the reference time for the clock correction;

+ tis the GST time in seconds; and

+ Atr, expressed in seconds, is a relativistic correction term, given by Atr=F e AY?
sin(E) where the orbital parameters (e, AY?) are transmitted in F/NAV signals page Type
2 and I/NAV signals word Type 1 as indicated in 3.1.3.1.3, E is the calculated eccentric
anomaly and F = -2uY?/c? = -4.442807309 x 10-10 s/m"2,

3.1.3.2.2.1 Asingle-frequency user receiver processing pseudo-ranges from the frequency

f1 shall apply the following correction to the satellite clock correction Afsv defined in
paragraph 3.1.3.2.2:
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Assy ()= Disy (/1,/2)-BCA/1./2)

where

BGD(fy,f2) is the broadcast group delay transmitted in F/NAV signals page Type 1 and
I/NAV signals word Type 5 as indicated in 3.1.3.1.3 and defined as follows:

TR, — TR,

BGD(fy.f2) = :
=0

where

- fy and f> denote the carrier frequencies of E1 and E5a, respectively; and

+ TR1 and TR2 are the group delays of the signals whose carrier frequencies
are respectively f1 and fa.

3.1.3.2.2.2 Asingle-frequency user receiver processing pseudo-ranges from the frequency
f> shall apply the following correction to the satellite clock correction Atsy defined in
paragraph 3.1.3.2.2:

Aty (f2) = Aty (fu. f2) — (%)- BGD(fy.f2)

3.1.3.2.3 GST-UTC conversion algorithm and parameters. The UTC time turc 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 (WN_sF)
to which DN is referenced. “Day one” of DN shall be the first day relative to the end/start
of week and the WN_sk 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:

Case A:

Whenever the leap second adjustment time indicated by WN.se and DN is not in the past
(relative to the user’s present time), and the user’s present time does not fall in the time
span which starts six hours prior to the effective time, and ends six hours after the
effective time, turc shall be computed as follows:

tyre = (tz — Atyrc)[Modulo 86400]
where Atyre = Aty + Ay + A, (ts — tor + 604800(WN — WN,,))

Case B:
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Whenever the user’s current time falls within the time span of six hours prior to the leap
second adjustment time to six hours after the adjustment time, turc shall be computed as
follows (Atyrc as defined in Case A):

ture = W[Modulo (86400 + Aty sz — At )]
where W = (t; — Atyrc — 43200)[Modulo 86400] + 43200

Case C:

Whenever the leap second adjustment time is in the “past” (relative to the user's current
time), and the user's present time does not fall in the time span which starts six hours
prior to the leap second adjustment time, and ends six hours after the adjustment time,
turc shall be computed as follows:

tyrc = (tz — Atyrc) [Modulo 86400]

vic

where Atyre = Aty + Ay + A, (tg — to, + 604800(WN — WN,,))

« Ao, A1, Ats, tor, WNo, WNisr, DN and Afse are GST to UTC time conversion
parameters transmitted in in F/NAV signals page Type 4 and I/NAV signals word Type 6 as
indicated in 3.1.3.1.3;

« teis the GST as estimated by the user through its GST determination algorithm; and

« WN is the week number to which te is referenced.

3.1.3.24 Satellite position. The Earth-Centred, Earth-Fixed (ECEF) coordinates of the
satellite antenna phase centre position at GST time t shall be computed using the
following equations:

x =x'cos(Q) - y'cos(i)sin(Q)
¥y =x5in(Q) = y'cos(ijcos(Q)

z =ysin(i)

where
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2 =0, + (8 — wg)t, — wete, corrected longitude of ascending node
x'=rcosu position m orbital plane
=rsinu position m orbital plane
i 22 di comrected inchinaton
i=ig+0i +5-tx

dt
r=A(l-ecosE) ~ or corrected radms
u=% + ou corrected argument of latitude
A= @A"=)F semi-major axis
or = Cpsin2® — C,cos2¥ radms correction
ou = Cusin2d + Cycos2d argument of latitude correction
6i = Ciusin2® — Cucos2P mchinatton comrection
d=v—o argument of latitude

v = tan~!{5inv true anomaly

’7 1
/cos v’

vVi—e?sinE/
-1 /{1 —ecosE)
= tan — =
1 (cosE—e)/
/(1 —ecosE)

te =t —sdf te 715 Galileo system time and 1; 15 the actual total
nme difference between the time t and the epoch
e 2o, (fa. for the almanacs) which accounts for

beginning or end of week crossovers

M =E-ezin(E) Kepler's equation for eccentric anomaly E

M= My—nt mean anomaly

n = ny=dn corrected mean motion

Dol [T, computed mean motion (rad’s)

o = v /a2

M, 4n e 4’7 Q, i, . 0, diidt C,, C_. C,. C,. C,, C.,, ephemens parameters transmitted mn in FNAV

o signals page Types 2, 3 and 4. as well as I'NAV
signals word Types 1, 2, 3 and 4 as mdicated
3.1313

x=3.1415926535898 ratio of a curcle’s circumference to 1ts diameter

pu=3.986004418 x 10 m’/s? geocentnic gravitational constant

o= 72921151467 x 10 rad/s mean angular velocity of the earth

c=299792458 m/s speed of light in a vacuum

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).

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
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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 I0ODnav with
higher value does not necessarily mean that it tags more recent data. The only valid
comparison between IODnav 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 (toe). The receiver shall not rely on
performance commitments in Chapter 6.3, 6.3.7.3.1.3, if the age of tOe exceeds four
hours.

Note.— See Attachment 6D, 4.1.3.11 for guidance material on the age of tee.

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 6D, 4.1.3.9 for GST guidance material.

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 6D, 4.1.3.10 for additional information on GTRF.

3.1.4. BeiDou Navigation Satellite System (BDS) Open Service (OS) (B1l, B1C and B2a)
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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

3.14.1.1.1.1 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 B1lI correlation loss. The correlation loss due to payload distortions shall not
exceed 0.6 dB on B1I.

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 BDS-1.
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Figure B BDS-1. Generator of Cs1

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 B1l
ICD’), section 4.3.

3.1.4.1.1.3 B1C RF characteristics

3.1.4.1.1.3.1 B1C correlation loss. The correlation loss due to payload distortions shall not
exceed 0.3dB 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 (C gic daa ). 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 BI1C pilot ranging code (C gic 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.

3.1.4.1.1.3.6 B1C data component (S gic daa ) generation. The B1C data component shall be
generated from the navigation message data (D gic daa ) and the ranging code (C gic_data)
modulated with the sine-phased BOC(1,1) subcarrier scgic_data.
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3.1.4.1.1.3.7 B1C pilot component (S gic_daa ) generation. The B1C pilot component shall be
generated from the ranging code (C gic daw) Modulated with the QMBOC(6, 1, 4/33)
subcarrier . The subcarrier shall be composed of a BOC(1, 1) subcarrier S“gic_data 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.

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.

3.1.4.1.1.43 B2a signal power split. The B2a signal power shall be equally split between
the B2a data component and the B2a pilot component.

3.14.1.1.4.4 B2a data ranging code (Cgza 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 B2apilot ranging code (Cgza nilot). 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.

3.1.4.1.1.4.6 B2a data component (Sgza piot) generation. The B2a data component shall be
BPSK(10) modulated from the navigation message data (Dg2a piot) and the ranging code
(C BZa_piIot) .

3.1.4.1.1.4.7 B2a pilot component (Sg2a piot) generation. The B2a pilot component shall be
BPSK(10) modulated from the ranging code C P only.

Note.— Additional information concerning B2a modulation is given in BDS OS B2a ICD,
section 4.2.

3.1.4.1.2 DATA STRUCTURE.
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3.1.4.1.2.1 B11 D1 message characteristics

3.1.4.1.21.1 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 BDS-2.

Note.— Additional information concerning the NH code is given in BDS OS B1l 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).

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.

Superframe 36000 bats, 12 mur—»

Frame 1 | Frame2 Framen . Frame 24

j¢——————————————Frame 1500 bats, 30 sec >

Subframe 1 | Subframe 2 | Subframe 3 | Subfiame 4 | Subframe 5

Subfiame 300 bits, 6sec— 3

Word1 | Word 2 e Word 10

fe——Word 1. 30 bits, 0.6 sec—>| Je—Word 2~10, 30 bits, 0.6 sec—

26 information bits | 4 panty bits 22 information bits | S panty bits

Figure B BDS-2. Frame structure of the D1 navigation message

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.
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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 001 010 011 100 101 110 111
Subframe identification 1 2 3 4 5 Reserved Reserved

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 B1C 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 BDS-3.

After Emvor comrection coding .
- 1800 symbols 183 >

72 symbols 1200 symbols

Subframe 1 Subframe? “

& BCHQLS . 1 g Sty -foras | Sy~ four
BCHGLR wabernl DPC200,100) - m.:'““'—q

Before Emor comrecting code .
|+ 878 bits >
MSB LSB
Subframe] Subframe?2
14 bats 600 bats
“- Subframe 3
264 bats

Figure B BDS-3. Basic frame structure of B-CNAV1

3.14.1.2.2.2 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
OSB1C 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 BDS-4.

Note.— Additional information concerning 64-ary LDPC (88,44) encoding is given in BDS
OSB1C ICD, section 6.2.2.3.

Direction of data flow MSB first
264 bits

PagelD Messaze dana CRC
6 bits 234 bits 24 bits

Figure B BDS-4. Frame structure for B-CNAV1 subframe 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 BDS-5.
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Figure B BDS-5. B-CNAV2 basic frame structure

3.1.4.1.23.2 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.

3.1.4.1.23.2.1 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 B11ICD, BDS OS B11 ICD and BDS OS B2a ICD.

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
BDS-1.

Note.— Additional information concerning B1l D1 content and application of the data is
given in BDS OS B11ICD, section 5.2.4.
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Table B BDS-1. B1l D1 navigation message content

Sutiframe Page Data conrenr
rnumber mumber
Week mumber (WIN). user range accuracy ndex (URAT) autonomous satellhite
7 N4 health flag (SatiH1l), onosphere model parameters (a.. B., =0 - 3), egqupment
s sroup delay dafferential (TGoi.Toa), clock comrection parameters (to.. 30. 33, a2).
age of data. clock (AODC). age of data. ephemens (AODE)
2 N4 Ephemenis parameters (1 2) (VA _e. An M, C.. C.. C... CD
3 N4 Ephemen=s parameters (2/2) (tu.. ®. Q. Q . 1o, IDOT, Cie, C)
- 1-24 =
3 1= Proum, almanac parameters (to.. VA e o My Q4 5. a0 as AmEpID)
~ 3 7 Prum health informatnon for 19 satellites (Hea,, =1 - 19)
5 s Poum_ health mmformation for 11 satellites (HHea., =20 - 30). week number of
B almanac (WNL). te..
Poum fime parameters relative to GPS time (Ascess. Ajgers). e parameters
5 S relanve to GLONASS nme (Ascro. & 1GLo). ime parameters relative to Galileo
time (Aoce. AiGa)
5 10 Poum. fime parameters relative to UTC (Asurc. Asurce. Atis, At sp. WiN . DND)
5 11 -23 Proum, almanac parameters (toe. VA | e, o, Mo Q5. Q . Ou. A0, a3, AmID)
> 23 Poum health information for 14 satellites (Hea,. =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 BDS-2.

Note.— Additional information concerning URAI is given in BDS OS B1I1 ICD, section 5.2.4.5
and section 5.2.3, Figure 5-8.

Table B BDS-2. Relationship between URAI and URA

Code URAI URA range (m, lo)
0000 0 000<=URA =240
0001 1 240=URA=340
0010 2 340<URA =485
0011 3 485<URA =685
0100 - 685<URA<=9.65
0101 5 9.65 < URA < 13.65
0110 6 1365<URA=24.00
0111 7 2400 < URA=48.00
1000 8 48.00 <« URA < 96.00
1001 9 96.00 < URA < 192.00
1010 10 192,00 < URA = 384.00
1011 11 384.00 = URA = 768.00
1100 12 768.00 < URA =1 536.00
1101 13 1536.00 < URA <3 072.00
1110 14 3072.00<=URA =6 144.00
1111 15 URA > 6 144.00

3.14.1.3.1.3 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 SatH1lis given in BDS OS B1l ICD, section
5.2.4.6 and section 5.2.3, Figure 5-8.
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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 ldentification 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 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 ldentification 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 BDS-3.

Table B BDS-3. Broadcasting scheme for the almanac parameters of PRNs 31

through 63
AmFEpID AmID Poum PRN
01 11-23 31-43
10 11-23 44 .56
- 11-17 57-63
11
18-23 Reserved
00 11-23 Reserved
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3.1.4.1.3.2 B1C and B2a data content

3.14.1.3.2.1 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 BDS-5.

Note 1.— Additional information concerning B-CNAV1 data content and application of the
data is given in BDS OS B1C ICD, section 7.

Note 2.— Additional information concerning B-CNAV2 data content and application of the
data is given in BDS OS B2a ICD, section 7.

Table B BDS-4. B1C navigation message information contents

Subframe
number

Data content

1

PRN, SOH

(]

WN, HOW, IODC (issue of data, clock). IODE (issue of data, ephemens)

Data Ephemens I*
blocks* (toe, SatType.AA, A, Ang, Afig, My, €. w)

_ Ephemens II*
(Do, 10, 2, 1o, Cis. Cic. Crs. Cre, Cuus, Cuc)

Clock comrection parameters®
(t..a,.a.a,)

TGD#2e. ISCitca. TGDgicy. Rev, CRC

33'

Page Type 1(PagelD. health status(HS), data integnty flag (DIF). signal
integnty flag (SIF), accuracy integnty flag (AIF), signal-in-space momtored
accuracy index (SISMAI)*** SISAlce, SISAloc*, 1onosphenic delay correction
model parameters*, BDT-UTC time offset parameters*)

Page Type 2 (PagelD, HS, DIF, SIF, AIF, SISMATI*** SISAloc* WNa, 7.
reduced almanac®)

Page Type 3 (PagelD, HS, DIF. SIF, AIF., SISMAI*** SISAloe. earth
onentation parameters (EOP), BDT-GNSS time offset (BGTO) parameters)

Page Type 4 (PagelD, HS, DIF, SIF, AIF, SISMAI*** SISAloc* mudi
almanac¥®)

* Data blocks contamming a set of parameters.

#* At most 63 page types can be defined for subframe 3. Currently. four vahd page types have been
defined: 1,2, 3and 4

#+* SISMA broadcast in B-CNAV1 135 reserved for future use.
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Table B BDS-5. B2a message types and the data content

Message type™= Data content
PRN, MesType, SOW, WN, DIF(Bla), SIF(B2a), AIF(Bla),

SISMAI**** DIF(BIC), SIF(B1C). IODE, ephemens I*

PRN, MesType, SOW, HS, DIF(B2a), SIF(Ba), AIF(B2a),
SISMAI**** DIF(BIC), SIF(B1C). ephemens IT*

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(Bla),
SISMAI**** DIF(BIC), SIF(BIC), clock comechon parameters*,
IODC. Toomeg. ISCuzes. lonosphenc delay comection model
parameters*, Tooaic,

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(Bla),
4 31 SISMAI**** DIF(BIC). SIF(BIC), clock comrection parameters®,
IODC, WNa, toa, reduced almanac parameters*

PRN. MesType, SOW, HSDIF(B2a), SIF(B2a), AIF(B2a),
SISMAI**** DIF(BIC), SIF(BIC), clock comection parameters*,
10DC, EOP

PRN, MesType, SOW, HS, DIF(Bla), SIF(Ba), AIF(Bla),
SISMAI**** DIF(BIC). SIF(BIC). AIFBIC). clock comection

parameters* BGTO parameters*, reduced almanac parameters* JODC,
WNa, toa

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(Ba),
7 34 SISMAI**** DIF(BI1C), SIF(BIC), SISAloc*, clock comection

parameters* JODC, BDT-UTC tume offset parameter*
PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a),

8 40 AIF(B2a) SISMAI**** DIF(BIC), SIF(BIC), SISAloe, SISAloc*,
mud: almanac parameters*

1 10

[

11

(>
[
(=]

‘ Data blocks contaming a set of parameters.

** At most 63 message types can be defined for the B-CNAV2 nawvigation message. Currently, exght
valid message types have been defined: 10, 11. 30, 31, 32,33, 34 and 40

*%%* The broadcast order of the B-CNAV2 message types may be dynamucally adjusted, however
Message Types 10 and 11 are broadcast continuously together.

#*2* SISMAI broadcast in B-CNAV?2 15 reserved for future 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
BDS-6.

Table B BDS-6. Page type definition

Page ID (bmnary) Page type
000000 Invalid
000001 1
000010 2
000011 3
000100 4
Others Reserved

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 BDS-7.
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Table B BDS-7. Message type definition

Message Type (Binary) Message type
000000 Invalid
001010 10
001011 11
011110 30
011111 31
100000 32
100001 33
100010 34
101000 40
Others Reserved

3.1.4.1.3.2.4 |ssue 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 (tee) 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
BDS-8.

Table B BDS-8. Relationship between the IODE values and the ephemeris data age

IODE value Ephemens data age
0-59 Less than 12 hours
60-119 12 hours — 24 hours
120-179 1 day—7 days
180 - 239 Reserved
240 - 255 More than 7 days

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
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correction parameters reference time (t.) 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 I0DC values and the clock
correction data age shall be as in Table B BDS-9.

Table B BDS-9. Relationship between the IODC values and the clock correction data

age
2 MSBs of IODC 8 LSBs of IODC Clock correction data age
0-59 Less than 12 hours
60—119 12 howrs —24 howrs
00 120—-179 1 day—7 days
180 —-239 Reserved
240 —255 More than 7 days
0-59 Less than 12 howrs
60—119 Less than 12 howrs
01 120—-179 Less than 1 day
180 —-239 Reserved
240 —255 No more than 7 days
0-59 More than 12 bours
s0—119 More than 24 hours
10 120—-179 More than 7 days
180 —239 Reserved
240255 More than 7 days
11 Reserved Reserved

3.1.4.1.32.5 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 BDS-10.

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 BDS-10. Definitions of the SHS parameter

SHS value Defimition Description
0 The satellite 15 healthy The satellite provides services
1 The satellste 15 unhealthy or under test The satellite does not provide services
2 Reserved Reserved
3 Reserved Reserved

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 BDS-11.
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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.

Table B BDS-11. Definitions of the satellite integrity status flag parameters

Parameter Value Defimtion

The envor of message parameters broadcast in this signal

.
v
does not exceed the predicoive accuracy

DIF
1 The emror of message parameters broadcast in this signal
exceeds the predictive accuracy
0 This sagnal 15 normal
SIF

1 This 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

¢) marginal: the signal is neither of the two previous states.

3.14.1.3.2.7.2 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 BDS-12.

Table B BDS-12. The mapping between the values of the three flags and B1C/B2a

SISHS
B1C/B2a :
SISHS HS SIF DIF
Healthy 0 0 0
0 0 1
Marginal
273 0 0
Any value 1 01
Unhealthy
01 0/1

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 (SISAce) as well as the satellite orbital radius and satellite clock correction
accuracy (SISAc«c).The SISA index parameters listed below shall be used to calculate SISAce
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and SISAoc and shall be broadcast in B-CNAV1 Subframe 3 for B1C and B-CNAV2 Message
Type 40 for B2a, respectively:

a) SISAlee 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 BDS-12-1;

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 BDS-12-2;

) 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.

Table B BDS-12-1. Mapping between SISA.. index and SISA..

SISA.. index SISA.. (metres)

030

15 G 144 00 — SISA.. (or no accuracy prediction iz available)
14 3 07200 < SISA.. = 6 144.00
i3 1 536.00 < SISA..=3 072.00
12 768.00 < SISA..=1 536.00
11 384.00 < SISA..= 76500
10 192 00 < SISA.. = 384.00
° 96.00 < SISA..= 192.00
s 48.00 < SISA..= 96 00

7 24 00 < SISA..= 4500

o 13 65 < SISA..= 24.00

5 065 < SISA..= 13.65

4 6.85 < SISA..= 9.65

3 4.85 < SISA..= 6.85

2 3 40 < SISA..= 4.55

1 240 < SISA..= 3.40

0 170 < SISA..= 2.40

= 120 = SISApe= 1.70

-2 0.85 < SISA..= 1.20

3 060 — SISA..= 0.85

& 043 - SISA..= 0.60

SISA.e= 0.43

-0 021 SISA..= 0.30
=7 015 SISAw.= 0.21
-5 011 SISA..= 0.15
-9 0.08 < SISA..= 0.11
-10 0.06 SISA..= 0.08
-11 0.04 < SISA..= 0.00
-12 0.03 SISA..= 0.04
-13 002 SISA..= 0.03
-14 0.01 SISA,.. = 0.02
-15 SISd..= 001

No accuracy prediction available — used at own rizk
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Table B BDS-12-2. Mapping between SISA..; index and SISA.c

SISA.. index SISA,. (metres)

13 0 144.00 < SISA .4 (or no accuracy prediction is available)
14 3072.00 < SISA.4=0 144.00

13 1536.00 < SISA.»=3 072.00

12 768.00 < SISd.a = 1 536.00

1 384.00 < SISA.s = 708.00

10 192.00 < SISA.s = 384.00

0 90.00 < SISAu = 192.00

) 48.00 < SISA.s = 96.00

]

24.00 < SISA.a = 48.00

0 13.05 < SISA.a < 24.00
j 9.05 < SISAus = 13.05
4 0.85 < SISdea = 9.05
3 4.85 < SISA < 0.85
2 340 < SISA = 485
1 240 < SISA .= 3.40
0 1.70 < SISA = 2.40
-1 1.20 < SISA < 1.70
-2 0.85 < SISA, < 1.20
-3 0.60 < SISA.s = 0.85
-4 0.43 < SISAus = 0.00
-3 0.30 < SISA.s = 043
-0 0.21 < SISAss = 0.30

0.15 < SISAus = 0.21
011 < SISAsa= 0.15
- 0.08 < SISdos < 0.11
-10 0.00 < SISAus < 0.08

-11 0.04 < SIS = 0.00
-12 0.03 < SISAps = 0.04
-13 0.02 < SISAus = 0.03
-14 0.01 < SIS, = 0.02
-15 SISA.s< 0.01
-10 No accuracy prediction available — used at own risk

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:
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24
G(X) = Zg:k"
=D

where:
Gi=1for0,1,3,4,5,6,7,10, 11,14, 17, 18, 23, 24 and 0 otherwise.
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=1ts - Atsy

where:

t =BDT in seconds at time of signal transmission;

ts» = the effective satellite ranging code phase time in seconds at time of signal
transmission; and

Ats, = the offset of satellite ranging code phase time in seconds defined as:

Atsv =aopt+ a1(t = toc) + aZ(t - toc)2 + Atr
where:

ao, a1and azand 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
At is the relativistic effect correction term defined as:

At, =F.e-JA smE,
where:

e. /A E . .
- 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;
=2u'?/;
b = 3.986004418x10' m3/s?is the value of the earth’s universal gravitational constant;
and

€ =2.99792458x108m/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.
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