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1 Statement

China Satellite Navigation Office is responsible for the preparation,
revision, distribution, and retention of BeiDou Navigation Satellite System
Signal In Space Interface Control Document (hereinafter referred to as ICD),

and reserves the right for final explanation of this ICD.

2 Scope

The construction and development of BeiDou Navigation Satellite System
(BDS) is divided into three phases: BDS-1, BDS-2 and BDS-3 in sequence.

This document defines the characteristics of the open service signal B3l
transmitted from the BDS space segment to the BDS user segment. The B3l
signal is transmitted by the BDS-2 and BDS-3 satellites including Medium
Earth Orbit (MEO) satellites, Inclined GeoSynchronous Orbit (IGSO) satellites,

and Geostationary Earth Orbit (GEO) satellites for providing open services.

3 BDS Overview

3.1 Space Constellation

The basic space constellation of BDS-2 consists of 5 GEO satellites, 5
IGSO satellites and 4 MEO satellites. According to actual situation, spare
satellites may be deployed in orbit. The GEO satellites operate in orbit at an
altitude of 35,786 kilometers and located at 58.75E, 80E, 110.5E, 140E, and
160<E respectively. The IGSO satellites operate in orbit at an altitude of 35,786
kilometers and an inclination of the orbital planes of 55 degrees with reference
to the equatorial plane. The MEO satellites operate in orbit at an altitude of
21,528 kilometers and an inclination of the orbital planes of 55 degrees with
reference to the equatorial plane.

1 BDS-SIS-ICD-B31-1.0
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The basic space constellation of BDS-3 consists of 3 GEO satellites, 3
IGSO satellites, and 24 MEO satellites. According to actual situation, spare
satellites may be deployed in orbit. The GEO satellites operate in orbit at an
altitude of 35,786 kilometers and are located at 80E, 110.5E, and 140<E
respectively. The IGSO satellites operate in orbit at an altitude of 35,786
kilometers and an inclination of the orbital planes of 55 degrees with reference
to the equatorial plane. The MEO satellites operate in orbit at an altitude of
21,528 kilometers and an inclination of the orbital planes of 55 degrees with
reference to the equatorial plane.

The BDS space constellation shall gradually take a transition from

BDS-2’s to BDS-3’s and provides open services for users worldwide.

3.2 Coordinate System

The BeiDou Coordinate System is adopted by BDS, with the abbreviation
as BDCS. The definition of BDCS is in accordance with the specifications of
the International Earth Rotation and Reference System Service (IERS), and it is
consistent with the definition of the China Geodetic Coordinate System 2000
(CGCS2000). BDCS and CGCS2000 have the same ellipsoid parameters. The
definition of BDCS is as follows:

(1) Definition of origin, axis and scale

The origin is located at the Earth’s center of mass. The Z-Axis is the
direction of the IERS Reference Pole (IRP). The X-Axis is the intersection of
the IERS Reference Meridian (IRM) and the plane passing through the origin
and normal to the Z-Axis. The Y-Axis, together with Z-Axis and X-Axis,
constitutes a right-handed orthogonal coordinate system.

The length unit is the international system of units (SI) meter.

(2) Definition of the BDCS Ellipsoid

The geometric center of the BDCS Ellipsoid coincides with the Earth’s

2 BDS-SIS-ICD-B31-1.0
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center of mass, and the rotation axis of the BDCS Ellipsoid is the Z-Axis. The
parameters of the BDCS Ellipsoid are shown in Table 3-1.
Table 3-1 Parameters of the BDCS Ellipsoid

No. Parameter Definition
1 Semi-major axis a=6378137.0 m
2 Geocentric gravitational constant 11=3.986004418x10* m®/s?
3 Flattening =1/298.257222101
4 Earth’s rotation rate 0,=7.2921150x10° rad/s

3.3 Time System

The BeiDou navigation satellite system Time (BDT) is adopted by the
BDS as time reference. BDT adopts the international system of units (SI)
second as the base unit, and accumulates continuously without leap seconds.
The start epoch of BDT is 00:00:00 on January 1, 2006 of Coordinated
Universal Time (UTC). BDT connects with UTC via UTC (NTSC), and the
deviation of BDT to UTC is maintained within 50 nanoseconds (modulo 1

second). The leap second information is broadcast in the navigation message.

4 Signal Specifications

4.1 Signal Structure

The B3l signal is composed of the carrier frequency, ranging code and
navigation message. The ranging code and navigation message are modulated
on carrier. The B3I signal is expressed as follows:

S{33I (t) = AB3IC{33I (t) D{33l (t) Cos (2 TCf3t+ (p{33l)

where,
Superscript j: satellite number;

3 BDS-SIS-ICD-B31-1.0
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Aggz: amplitude of B3l;

Cga: ranging code of B3l;

Dg3: data modulated on ranging code of B3l;
f5: carrier frequency of B3l;

@gay: carrier initial phase of B3l.

4.2  Signal Characteristics

4.2.1 Carrier Frequency

The signal carrier frequencies on board of the same satellite shall be
coherently derived from a common reference frequency source. The nominal
frequency of the B3l signal is 1268.520 MHz.

4.2.2 Modulation Mode

The B3l signal is modulated by Binary Phase Shift Keying (BPSK).
4.2.3 Polarization Mode

The B3l signal shall be Right-Hand Circularly Polarized (RHCP).
4.2.4 Carrier Phase Noise

The phase noise spectral density of the un-modulated carrier will allow a
third-order phase locked loop with 10 Hz one-sided noise bandwidth to track the

carrier to an accuracy of 0.1 radians (RMS).
4.2.5 Received Power Levels on Ground

The minimum received power levels on ground of the B3l signals are
specified to be -163dBW. They are measured at the output of a 0 dBi RHCP user

receiving antenna (or 3dBi linearly polarized user receiving antenna) when the
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satellites are above a 5-degree elevation angle.

4.2.6 Signal Multiplexing Mode

The signal multiplexing mode is Code Division Multiple Access (CDMA).

4.2.7 Signal Bandwidth

The bandwidth of the B3I signal is 20.46 MHz (centered at carrier
frequency of the B3I signal).

4.2.8 Spurious
The transmitted spurious signal shall not exceed -50dBc.

4.2.9 Signal Coherence

(1) The random jitters of the ranging code phase differentials (including

satellite equipment group delay differential) between B1l, B2l and B3l shall be

less than 1ns (10).
(2) The random jitter of the initial phase differential between the B3l

ranging code and the corresponding carrier shall be less than 3°(1o) (relative to

the carrier).

4.2.10 Equipment Group Delay Differential

The satellite equipment group delay is defined as the delay between the
signal radiated output of a specific satellite (measured at the antenna phase
center) and the output of that satellite’s on-board frequency source. The
equipment group delay of B3l is regarded as the reference equipment group
delay which is included in the clock correction parameter a, broadcasted in the
navigation message. The uncertainty of this delay shall be less than 0.5ns (1o).

The equipment group delay differential between the B1l signal and the B3l

5 BDS-SIS-ICD-B31-1.0
2018-02



©2018 China Satellite Navigation Office

signal is given in Tgp;. The equipment group delay differential between the B2l
signal and the B3l signal is given in Tgp,. Tgp: and Tgp, are broadcast in the

navigation message, the uncertainties of which shall be less than 1ns (1o).
4.3 Ranging Code Characteristics

The chip rate of the B3I ranging code (hereinafter referred to as Cpgg)) is
10.23 Mcps, and the code length is 10230 chips.

The Cgg is generated by truncating a Gold code which is the result of
truncating and XORing two linear sequences G1 and G2. The G1 and G2
sequences are respectively derived from two 13-bit linear shift registers, and its
period is 8191 chips. The generator polynomials for G1 and G2 are as follows:

GL(X)=XB+ X" +X3+X+1
G2(X)=XB+ X2+ X0+ X O+ X+ X+ X+ X +1

The generator of Cgg is shown in Figure 4-1.

N
Shift control clock
ll|2|3|4|5|6|7|8|9|10|...|13I CA sequence
A A A Y A
> Register phase is
""" 1111111111100
Reset control clock| i -
N Set to initial phases ( ‘1 in total) |of (fromleftioright) | ¥ Ranging code
I I
Set to initial phases (different satellites correspond to
different initial phases)
Y x R Yovov CB sequence
1| - |s|e|7]8]o]w]uln]s] q
N

Figure 4-1 The generator of Cgjy,

The code sequence generated by G1 is truncated with the last one chip,
making it into a CA sequence with a period of 8190 chips. The CA sequence
with a period of 8191 chips is generated by G2. The Cgs with a period of 10230
chips is generated by means of Modulo-2 addition of CA and CB sequences.
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The G1 sequence is set to initial phase at the starting point of each ranging

code cycle (1ms) or when the phase of G1 sequence register is ‘1111111111100°.

The G2 sequence is set to initial phase at the starting point of each ranging code

cycle (Ims). The initial phase of G1 sequence is “1111111111111°. The initial

phase of G2 sequence is formed by shifting different times from status

‘1111111111111, and different initial phases correspond to different satellites.

The phase assignment of G2 sequence is shown in Table 4-1.

Table 4-1 Phase assignment of G2 sequence

: Initial phase -
SV ID Satellite type Ra:grlrr:gecrgde numberpof SZ Imt;z:qireﬁzigf G2
sequence
1 GEO satellite 1 4 1010111111111
2 GEO satellite 2 11 1111000101011
3 GEO satellite 3 13 1011110001010
4 GEO satellite 4 22 1111111111011
5 GEO satellite 5 30 1100100011111
6 MEO/IGSO satellite 6 36 1001001100100
7 MEO/IGSO satellite 7 44 1111111010010
8 MEOQO/IGSO satellite 8 48 1110111111101
9 MEO/IGSO satellite 9 88 1010000000010
10 MEO/IGSO satellite 10 104 0010000011011
11 MEO/IGSO satellite 11 116 1110101110000
12 MEO/IGSO satellite 12 129 0010110011110
13 MEO/IGSO satellite 13 376 0110010010101
14 MEO/IGSO satellite 14 418 0111000100110
15 MEO/IGSO satellite 15 458 1000110001001
16 MEO/IGSO satellite 16 682 1110001111100
17 MEO/IGSO satellite 17 696 0010011000101
18 MEO/IGSO satellite 18 707 0000011101100
19 MEO/IGSO satellite 19 1078 1000101010111
20 MEO/IGSO satellite 20 2069 0001011011110
21 MEO/IGSO satellite 21 2248 0010000101101

BDS-SIS-ICD-B31-1.0
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: Initial phase -
SV ID Satellite type Ra:lgjjrl:sec;ede numberpof *C*SZ Imt;z;zzszig G2
sequence
22 MEO/IGSO satellite 22 2574 0010110001010
23 MEO/IGSO satellite 23 2596 0001011001111
24 MEO/IGSO satellite 24 2731 0011001100010
25 MEO/IGSO satellite 25 4294 0011101001000
26 MEO/IGSO satellite 26 4436 0100100101001
27 MEO/IGSO satellite 27 4647 1011011010011
28 MEO/IGSO satellite 28 4978 1010111100010
29 MEO/IGSO satellite 29 4986 0001011110101
30 MEO/IGSO satellite 30 1 0111111111111
31 MEO/IGSO satellite 31 5209 0110110001111
32 MEO/IGSO satellite 32 5539 1010110001001
33 MEO/IGSO satellite 33 6061 1001010101011
34 MEO/IGSO satellite 34 6488 1100110100101
35 MEO/IGSO satellite 35 7130 1101001011101
36 MEO/IGSO satellite 36 7165 1111101110100
37 MEO/IGSO satellite 37 7403 0010101100111
38 MEO/IGSO satellite 38 5879 1110100010000
39 MEO/IGSO satellite 39 1681 1101110010000
40 MEO/IGSO satellite 40 5080 1101011001110
41 MEO/IGSO satellite 41 5938 1000000110100
42 MEO/IGSO satellite 42 3983 0101111011001
43 MEO/IGSO satellite 43 6208 0110110111100
44 MEO/IGSO satellite 44 7223 1101001110001
45 MEO/IGSO satellite 45 2996 0011100100010
46 MEO/IGSO satellite 46 1814 0101011000101
47 MEO/IGSO satellite 47 6906 1001111100110
48 MEO/IGSO satellite 48 6144 1111101001000
49 MEO/IGSO satellite 49 4713 0000101001001
50 MEO/IGSO satellite 50 7406 1000010101100
51 MEO/IGSO satellite 51 7264 1111001001100
52 MEO/IGSO satellite 52 1766 0100110001111
8 BDS-SIS-ICD-B3I-1.0
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: Initial phase -
SV ID Satellite type Ra:l?rl:gec;ede numberpof *C*SZ Imt;z;zzzzigf G2
sequence
53 MEO/IGSO satellite 53 5347 0000000011000
54 MEO/IGSO satellite 54 3515 1000000000100
55 MEO/IGSO satellite 55 7951 0011010100110
56 MEO/IGSO satellite 56 7054 1011001000110
57 MEO/IGSO satellite 57 3884 0111001111000
58 MEO/IGSO satellite 58 6067 0010111001010
59 GEO satellite 59 4230 1100111110110
60 GEO satellite 60 3803 1001001000101
61 GEO satellite 61 869 0111000100000
62 GEO satellite 62 3683 0011001000010
63 GEO satellite 63 1205 0010001001110

* Range code number sequences 1 through 37 have priority to be used by the satellites to
ensure the backward compatibility with the existing receivers.

** Initial phase numbers mean the shift times from the state of all ‘1’ to the current state.

*** |nitial phase sequences are from left to right.

5 Navigation Message
5.1 General

5.1.1 Navigation Message Classification

Navigation messages are formatted in D1 and D2 based on their rate and
structure. The rate of D1 navigation message which is modulated with 1 kbps
secondary code is 50 bps. D1 navigation message contains basic navigation
information (fundamental navigation information of the broadcasting satellites,
almanac information for all satellites as well as the time offsets from other
systems); while D2 navigation message contains basic navigation and wide area
differential information (the BDS integrity, differential and ionospheric grid
information) and its rate is 500 bps.

The D1 navigation message is broadcast by the B3I signals of MEO/IGSO

9 BDS-SIS-ICD-B31-1.0
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satellites. The D2 navigation message is broadcast by the B3l signals of GEO

satellites.

5.1.2 Navigation Message Information Type and Broadcasting

The broadcasting schemes of the basic navigation information and wide
area differential information are shown in Table 5-1. The detailed structure, bit

allocations, contents and algorithms will be described in later chapters.

10 BDS-SIS-ICD-B31-1.0
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Table 5-1 Navigation message information contents and their broadcasting scheme

. . No. of :
Message information content I;)it(s) Broadcasting scheme

Preamble (Pre) 11
Subframe ID (FralD) 3 Occurring every subframe
Seconds of week (SOW) 20

Week number (WN) 13

User range accuracy index 4

(URAI)

Autonomous satellite health 1

flag (SatH1)

Equipment  group  delay 10

differential (Tep1, Tep2) D1: broadcast in subframes 1, 2 and 3,

repeated every 30 seconds.
Age of data, clock (AODC) 5

D2: broadcast in the first five words of
74 | pages 1~10 of subframe 1, repeated
every 30 seconds.

Clock correction parameters
(tOCa aOa ala aZ)

Age of data, eph i _
(A?SBE)a o epnEmers S Updating rate: every 1 hour.

Ephemeris parameters
(t061\/K9 ea (D: Ana MO: QOa

Basic navigation information of the broadcasting satellite

all||a1es A1aAa Ul 1Seapeo.q ‘uoljewlojul uolebiAeu aiseg

Q1 iOa IDOT) CUCa CUSa CTC1 371
Cr51 Cim Cis)
lonosphere model parameters 64

(otn, Pn, N=0~3)

D1: broadcast in subframe 4 and

Page number (Pnum) 7 subframe 5.
D2: broadcast in subframe 5.

D1: broadcast in pages 1~24 of
subframe 4 and pages 1~6 of subframe
2 5.

D2: broadcast in pages 37~60, 95~100
of subframe 5.

Identification of expanded
almanacs (AmEpID)

Almanac

11 BDS-SIS-ICD-B31-1.0
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Message information content N;i.tzf Broadcasting scheme
D1: broadcast in pages 1~24 of
subframe 4 and pages 1~6 of subframe 5
for SV ID 1 through 30; broadcast in
pages 11~23 of subframe 5 for SV ID 31
through 63 by using time-sharing
Almanac parameters method, and identified through AmEpID
(toas VA , €, ©, Mo, Qo, O, 5;, | 178 and AmID.
aoo,a:’:u Ar,nI’D)’ 0> 220, 22> Oy D2: broadcast in pages 37~60, 95~100
' of subframe 5 for SV ID 1 through 30;
time-sharing  broadcast in  pages
103~115 of subframe 5 for SV ID 31
through 63 and identified by AmEpID |
and AmID. §
Updating period: less than 7 days. §
D1: broadcast in page 8 of subframe 5. Qo
\(/\\//\(;ilk)number of alamanac 8 D2: br_oadcas_t in Eage 36 of subframe 5. f—gj’
a Updating period: less than 7 days. .
D1: broadcast in pages 7~8 of subframe S:
5 for SV ID 1 through 30; broadcast in | 3
page 24 of subframe 5 for SV ID 31 | 5
through 63 by using time-sharing | =
medtrx)d,lgnd identified through AmEpID gé':
: : and AmID.
Health mformat.lon for 30 9>43 | D2: broadcast in pages 35~36 of §>
satellites ( Hea;, i=1~43) subframe 5 for SV ID 1 through 30; | =.
broadcast in page 116 of subframe 5 for | @
SV ID 31 through 63 by wusing | ®
time-sharing method, and identified 2
through AmEpID and AmID. T
Updating period: less than 7 days. =
» | Time parameters relative to
£ | UTC (Aoutc, Awurtc, Atys, 88
3 | Atisr, WNLsr, DN)
w
E Time parameters relative to D1: broadcast in pages 9~10 of
S | GPS time (Aops, Acps) 30 | subframe 5.
g D2: broadcast in pages 101~102 of
B Tim_e parameters relative to 30 subframe 5.
& | Galileo time (Aocal, Ascal) Updating period: less than 7 days.
é Time parameters relative to
= GLONASS time(AOGLo, 30
AicLo)
12 BDS-SIS-ICD-B3I-1.0
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. . No. of :
Message information content Bits Broadcasting scheme
Page number for basic navigation D2: broadcast in pages 1~10 of
information (Pnum1) 4 subframe 1.
S
Page number for integrity and . . _ @
differential correction information 4 5 2: broadcast in pages 1~6 of subframe E
(Pnum2) ' S
>
Satellite health flag for integrity and D2: broadcast in pages 1~6 of subframe ;
differential correction information 2 2. g
(SatH?2) Updating rate: every 3 seconds. %
QD
Identification of expanded BDS . o
. . . p . D2: broadcast in pages 1~6 of subframe 5
integrity and differential correction 2 4 po
information (BDEpID) S
D2: broadcast in pages 1~6 of subframe | =
BDS satellite identification of BDS 2 for SV ID 1 through 30; broadcast in %
integrity and differential correction | 1>63 | pages 1~6 of subframe 4 for SV ID 31| &
information (BDID;, i=1~63) through 63. =
Updating rate: every 3 seconds. gé_
=
Regional user rande accuracy index D2: broadcast in pages 1~6 of subframe §
g . g y 4>24 | 2, subframe 3 and subframe 4. S
(RURAL;, i=1~24) _ _ @
Updating rate: every 18 seconds. =
<
- o
c . H - J—
S S _| Equivalent clock correction D2: broadcast in pages 1~6 of subframe gh
299 (At i=1-18) 13>24 | 2, subframe 3 and subframe 4. 3
S5 " Updating rate: every 18 seconds. 8
o5 S
% o 2 . o
s User differential range error D2: broadcast in pages 1~6 of subframe g
ol : 424 | 2 and subframe 4. =1
Ro-= index (UDREL;, i=1~18) . ) &
8s Updating rate: every 3 seconds. 4
2
()
m
Grid i heri tical G
ri ionospheric  vertica %
S delay at grid point (dr) 9>820 2
o2 yagndap g D2: broadcast in pages 1~13, 61~73 of | =
2€ subframe 5. @
o . . g
8L Updating rate: every 6 minutes. 3
§E Grid  ionospheric  vertical 45320 ’
delay error indiex (GIVEI)
13 BDS-SIS-ICD-B3I-1.0
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5.1.3 Data Error Correction Coding Mode

The navigation message encoding involves both error control of
BCH(15,11,1) and interleaving. The BCH code is 15 bits long with 11
information bits and error correction capability of 1 bit. The generator
polynomial is g(X)=X"+X+1.

The navigation message bits are grouped every 11 bits in sequence first.
The serial/parallel conversion is made and the BCH(15,11,1) error correction
encoding is performed in parallel. Parallel/serial conversion is then carried out
for every two parallel blocks of BCH codes by turns of 1 bit to form an

interleaved code of 30 bits length. The implementation is shown in Figure 5-1.

. » BCH(15,11,1) encoding >
Serial/
parallel Parallel/

Input | converting cor\:‘\e/g?tlin Output
for each by turnsg ’
block of of 1 bit

11 bits » BCH(15,11,1) encoding | »

Figure 5-1 Error correction encoding and interleaving of down-link navigation message

The implementation of BCH (15,11,1) encoder is shown in Figure 5-2.
Initially the four stages of the shift register are all reset to zero, Gatel is on and
Gate2 is off. The 11 bits of information block X are sent into a dividing circuit
g(X). Meantime the information bits are sent out of the encoder through gate
“or” as the output. The dividing operation finishes when all the 11 bits have
been sent in and then the states of the four register stages represent the parity
check bits. Now switch Gate 1 off and Gate 2 on. The four parity check bits are
shifted out of the encoder through gate “or” to form a 15 bits code in
combination with the output 11 bits of information block. Then switch Gatel on
and Gate2 off and send in the next information block and the procedure above is
repeated again.

14 BDS-SIS-ICD-B31-1.0
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A

Gatel |«
L DO »é-» D1 — D2 [—»{ D3 »g}» Gate2t

Input information block X

Figure 5-2 BCH(15, 11, 1) encoder
For the received navigation message by receivers near ground a
serial/parallel conversion by turns of 1 bit is required first, followed by an error
correction decoding of BCH(15,11,1) in parallel. Then a parallel/serial
conversion is carried out for each 11 bits block to form a 22 bits information

code in sequence. The processing is shown in Figure 5-3.

» BCH(15,11,1) decoding >
Serial/ parallel/

Input | parallel Serial Output
——» converting transforming ———»
by turns for each 11
of 1 bit bits

» BCH(15,11,1) decoding |—»

Figure 5-3 Processing of received down-link navigation message

The decoding logic of BCH(15,11,1) is shown in Figure 5-4. The initial
states of the four register stages are all zeros. BCH codes are sent in bit by bit
into a division circuit and a fifteen stages buffer simultaneously. When all
fifteen bits of a BCH code are inputted, the ROM list circuit forms a fifteen-bit
table based on the states D3, D2, D1 and DO of the four register stages. Then the
15 bits in the table and 15 bits in the buffer are Modulo-2 added and an error
corrected information code obtained is output. The ROM table list is shown in
Table 5-2.

15 BDS-SIS-ICD-B31-1.0
2018-02



©2018 China Satellite Navigation Office

BCH code input

A 4

Gatel |-

A
—>€}V DO =<

Y

A
>= D1 » D2 » D3
A \ 4 \ 4 A
ROM list circuit
Y Y VY VY VYYVYVYVYYYVYYVYYVYYY
15 stage buffer
|—> Decoder output

Figure 5-4 BCH(15,11,1) decoding logic

Table 5-2 ROM table list for error correction

D3D,D1Dg 15 bits data for error correction
0000 000000000000000
0001 000000000000001
0010 000000000000010
0011 000000000010000
0100 000000000000100
0101 000000100000000
0110 000000000100000
0111 000010000000000
1000 000000000001000
1001 100000000000000
1010 000001000000000
1011 000000010000000
1100 000000001000000
1101 010000000000000
1110 000100000000000
1111 001000000000000
The interleaving pattern of 30 bits code is as follows:
Xi| X | X | XS XX PP | PP PP PP P
16 BDS-SIS-ICD-B3I-1.0
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where, X{ is the information bit, subscript i stands for the bit in BCH code of
block i and i=1 or 2; superscript j stands for the information bit j in block i and
j=1to 11; P;" is the check parity bit, subscript i stands for the bit in BCH code
of block i and i=1 or 2; superscript m stands for the parity bit m in BCH code of
block i and m=1 to 4.

5.2 D1 Navigation Message

5.2.1 Secondary Code Modulated on D1

For D1 navigation message of rate 50 bps, a secondary code of
Neumann-Hoffman (NH) code is modulated on ranging code. The period of NH
code is selected as long as the duration of a navigation message bit. The bit
duration of NH code is the same as one period of the ranging code. Shown as in
Figure 5-5, the duration of one navigation message bit is 20 milliseconds and
the ranging code period is 1 millisecond. Thus the NH code (0, 0, 0, 0, 0, 1, 0, 0,
1,1,0,1,0,1,0,0,1, 1, 1, 0) with length of 20 bits, rate 1 kbps and bit duration
of 1 millisecond is adopted. It is modulo-2 added to the ranging code

synchronously with navigation message bit.

NH code NAV message
Ranging _ - o
code N TN
NAV 0 1 o | 0 1 N
message ! ! ! ! L

<——FPeriod (1 bit duration of NAV message)————&

NH 100 0 0 0ft]o ofZ[T]o[T]o[T]o ofL[i]L]o0!

code 1% |

\

Ranging

code —— Ranging code period (1 bit duration of NH code) —
Figure 5-5 Secondary code and its timing
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5.2.2 D1 Navigation Message Frame Structure

The navigation message in format D1 is structured in the superframe,
frame and subframe. Every superframe has 36000 bits and lasts 12 minutes.
Every superframe is composed of 24 frames (24 pages). Every frame has 1500
bits and lasts 30 seconds. Every frame is composed of 5 subframes. Every
subframe has 300 bits and lasts 6 seconds. Every subframe is composed of 10
words. Every word has 30 bits and lasts 0.6 second.

Every word consists of navigation message data and parity bits. In the first
word of every subframe, the first 15 bits is not encoded and the following 11
bits are encoded in BCH(15,11,1) for error correction. So there is only one
group of BCH code contained and there are altogether 26 information bits in the
word. For all the other 9 words in the subframe both BCH(15,11,1) encoding for
error control and interleaving are involved. Each of the 9 words of 30 bits
contains two blocks of BCH codes and there are altogether 22 information bits
in it. (reference paragraph 5.1.3)

The frame structure in format D1 is shown in Figure 5-6.

< Superframe 36000 bits, 12 min >
Framel | Frame2 | ...... Framen | ...... Frame 24
— Frame 1500 bits, 30 sec S

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

- -~ —
—_ -
- -~ —

<« Subframe 300 bits, 6 sec———»]

Word 1 Word2 | ... Word 10

— = =
— -~ — >~
- ~ - ~
— ~ < — -
— - — -~
— —

«——Word 1, 30 bits, 0.6 sec—»| [«—Word 2~10, 30 bits, 0.6 sec—»

~

26 information bits | 4 parity bits 22 information bits 8 parity bits

Figure 5-6 Frame structure of navigation message in format D1
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5.2.3 D1 Navigation Message Detailed Structure

The main information contents of navigation message in format D1 are
basic navigation information, including fundamental navigation information of
the broadcasting satellites (seconds of week, week number, user range accuracy
index, autonomous satellite health flag, ionospheric delay model parameters,
satellite ephemeris parameters and their age, satellite clock correction
parameters and their age and equipment group delay differential), almanac and
BDT offsets from other systems (UTC and other navigation satellite systems). It
takes 12 minutes to transmit the whole navigation message.

The D1 frame structure and information contents are shown in Figure 5-7.
The fundamental navigation information of the broadcasting satellite is in
subframes 1, 2 and 3. The subframes 4 and 5 are divided into 24 pages and shall

be used to broadcast almanac and time offsets from other systems for all the

satellites.
Subframe 1 | Subframe 2 | Subframe 3 ||| |
- Subframe 4 Subframe 5
Fundamental NAV information
of the broadcasting satellite
Almanac and

time offsets from other systems

Figure 5-7 Information contents of navigation message in format D1
The bit allocations of format D1 are shown in Figure 5-8~5-11. Thereinto,
pages 11~24 of subframe 5 are used to broadcast the expanded almanac
information which contain the almanac parameters and the satellite health
information for SV ID 31 through 63.
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»  Direction of data flow MSB first >
MSB LSB
< Subframe 1 (300 bits) bits allocation >
» Word 1 <
SU’JNf[jme Pﬁge 1 12 |16 |19 |27/31 61 91 121 151 181 211 241 271
1' N/A Pre | Rev |FralD|SOW p | SOW [SatH1AODGURAI| 5 | WN | to toc |Top1|Tepz|p|Tep2| @0 | o1 p| @ | o Bo p Bo | Br | B2 | B3 p B | a | a p| % | & |p| & (AODEL
11bits| 4bits | 3bits | 8bits 12bits| 1bit | Sbits | 4bits 13bits| 9bits 8bits |10bits| 4bits 6bits | 8bits | 8bits 8bits | 8bits | 6bits 2bits | 8bits | 8hits | 4bits 4bits |11bits| 7hbits 17hits| 5bits 17bits| 5bits
8MSBs 12LSBs 9MSBS¢ 8LSBs¢ 4MSBsf GLSBST 6MSBs 2LSBs 4MSBS? 4LSBS¢ 7MSB$¢ 17LSBs ¢5MSBS 17LSBS¢
Figure 5-8 Bit allocation for subframe 1 in format D1
» Direction of dataflow ——————  MSB first >
MSB LSB
< Subframe 2 (300 bits) bits allocation >
————» Word 1€¢—
Subframe Page
No. No. L 12 16 19 27 31 61 91 121 151 181 211 241 271
s NA Pre | Rev |FralD|SOW p SOW/| An p An | Cyu p Cuw | Mg p Mo e 5] e |p Cus | Cre p Cr | Crs p Cs | JA p JA | toe p
11bits| 4bit | 3bits | 8bits 12bits|10bits 6bits |16bits 2bits |20bits 12bits| 10bits 22bits 18bits| 4bits 14bits| 8bits 10bits|12bits 20bits| 2bits
8MSB¢ 12LSBsT10MSBsT GLSBSTIGMSBST 2LSBsT20MSBsT 12LSBsT10MSBsT 22LSBsT

amses? 1a1sms 4 amses? 10158 12msed 2005854 2msest

Figure 5-9 Bit allocation for subframe 2 in format D1
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»  Direction of data flow MSB first g
MSB LSB
< Subframe 3 (300 bits) bits allocation >
F——— Word 1 «—
SUb,\I:fme P,\?gé 12 16 19 27|31 61 91 121 151 181 211 241 271
3 na | e | Rev |FraiD|SOW| o 1SOW | tee || toe o [p| do | Cic Cic | @ [p| Q| Cis |p| Cis [IDOT||IDOT| Qo || Q| © |p| © |Rev |,
11bits| 4bits | 3bits | 8bits 12bits|10bits 5bits |17bits 15bits| 7bits 11bits|11bits 13bits| 9bit 9bits [13bits 1bit [21bits 11bits|11bits 21bits| 1bit
8M$BsT 12LSBST * ¢ 5LSBsT17MSBsT 15LSBsT 7MSBsT 11LSBsT11MSBsT 13LSBsT ngssT gLSBsf 13MSBsT 1LSBT21MSBsT 11LSBsf11MSB¢ ZlLSBsT
* These are data bits next to MSBs and before LSBs.
Figure 5-10 Bit allocation for subframe 3 in format D1
»  Direction of data flow MSB first »
MSB . . . LSB
< Subframe 4. 5 (300 bits) bits allocation >
——— Word 1 «—
Subframe Page
No. No. L1 2731 5361 91 121 151 181 : 211 241 271
4 1-p4 | Pre | Rev PralDISOW|, 1SOW) Rev |Prum| A |p| YA |p| &1 | B |p| Qp| Qo) € | & Jp| O |t | Q fpl Q@ |pl @ |Mojp) Mo AMEPID,
5 1~6 11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 22bits 11bits|11bits 22bits 2bits [17bits| 3bits 13bits| 8bits | 1bit 16bits| 6bits 18bits| 4bits 20bits| 2bits
8MSBs 12L.SBS| 2MSBs 22L.SBs 22MSBS¢ ZLSBST 3MSBs¢ lSLSBs? 1MSB 16LSBs GMSBST 18LSBST4MSBS¢ 20LSBST

Figure 5-11-1 Bit allocation for pages 1 through 24 of subframe 4 and pages 1 through 6 of subframe 5 in format D1

(Note: AmEpID is the identification of expanded almanacs in format D1, and its specific definitions are given in section 5.2.4.14)

21

BDS-SIS-ICD-B3I-1.0

2018-02



©2018 China Satellite Navigation Office

» Direction of data flow ——— — MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation »
—— Word 1 «—
Sut;\f:)ame F;\?ge 1 27|31 53| 61 91 121 151 181 211 241 mn
' " | Pre | Rev |FralD|SOW P SOW/| Rev |[Pnum|Heal p Heal [ Hea2 | Hea3 P Hea3 |Head | p|l oo |p| o [p| o || - [P Heal5|Heal6|Heal7|Heal8| p Heal8|Heal9| Rev P
5 7 |11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 7bits | 9bits | 6bits 3bits | 9bits 1bit | 9bits | 9bits | 3bits 6bits | 9bits | 7bits
8MSBST 12|_sssj ZMSBsT 7Lsssf eMSBsT 3LSBST 1LSB f 3MSBS GLSBST

Figure 5-11-2 Bit allocation for page 7 of subframe 5 in format D1

> Direction of data flow ———— MSB first >
MSB . . .
< Subframe 5 (300 bits) bits allocation LSB:
———— Word 1 «—
Sut;\lj:)ame Plfllge 1 27 |31 53| 61 o1 121 151 181 211
' % ["Pre | Rev |FralD[sow p SOW| Rev |Pnum|Hea20 P Hea20|Hea21 p p p Hea27|Hea28|Hea29 p Hea30| WNa | o, p toa Rev P 24bits
5 8 |11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7hits | 2bits 7hits | 9bits | 4bits | 9bits | Sbits 9bits | 8bits | 5hits 3bits | 63bits | Parity of 3 words
sMSst 12|_5st ZMSst 7|_5st 4LSBsT SMSBsT 3Lsssj
Figure 5-11-3 Bit allocation for page 8 of subframe 5 in format D1
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»

> Direction of data flow MSB first »
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
————» Word 1 «—
Sut:\ll‘rame Pl\?ge 1 27 |31 61 91 121 151 181 211
o o Pre Rev |FralD| SOW P SOW/| Rev [Pnum| Rev P Rev P Rev |Aqgcps | Aieps P Aicps | Aocal P Agcal | Atcal P AgcLo | AcLo P AicLo| Rev P 24bits
5 9 |11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 22bits 6bits [14bits| 2bits 14bits| 8bits 6bits [16bits 14bits | 8bits 8bits [58bits|  Parity of 3 words
BMSst 12|_5st ZMSBsT 14|_SBsT BMSBsT eLSBsT 8MSBST SLSBsf
Figure 5-11-4 Bit allocation for page 9 of subframe 5 in format D1
> Direction of data flow MSB first
MSB . . . LSB
< Subframe 5 (300bits) bits allocation >
——— Word 1 «—
Subframe Page
No. No. Lt 27|31 61 91 121 151
5 10 Pre | Rev |FralD|SOW p SOW| Rev |Pnum| At g P At s| Atisg | WNisr p AouTtc P Aoutc | Awtc P Aiutc | DN | Rev P 40bits
11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 6bits | 8bits 8bits 22bits 10bits 12bits 12bits | 8bits [90bits Parity of 5 words
BMSst lZLSBsT ZMSBST 6LSBsT 22MSBsT 10LSBsT 12MSBsT lZLSBsT

Figure 5-11-5 Bit allocation for page 10 of subframe 5 in format D1
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> Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300bits ) bits allocation >
—> Word]l «—
Sutlr\lﬁ:ne Pl(l? 1 27|31 53] 61 91 121 151 181 211 241 271
) " | Pre | Rev |FralD|SOW p |SOW| Rev |Pnum JA P JA pl @ | [p| Qp| Q) € d, P 5 | ta | O P Q| o pl @ Mo P Moy |AmID P
5 11-23 | 11pits| 4bits | 3bits | 8bit 12bits| 1bit | 7bits | 2bits 22bits| * [11bits|11bits| [22bits 2bits |17bits| 3bits 13bits| 8bits | 1bit 16bits| ebits 18bits| 4bits 20bits| 2bits
SMSBST 12LSBST ZMSBST 22|_5st 22MSBsT 2|_SBsT 3MSBsT 13|_SBsT lMSBT 16LSBST 6MSBST 18LSBsT4MSB¢ ZOLSBST

Figure 5-11-6 Bit allocation for page 11~23 of subframe 5 in format D1
(Note: When AmEpID is equal to “11”, pages 11 through 23 of subframe 5 are used to broadcast the almanac parameters. Otherwise, pages 11

through 23 of subframe 5 are defined as reserved pages, i.e., bits 51 through 300 of these pages are reserved.)

» Direction of data flow ————————— MSB first >
MSB o _ LSB
< Subframe 5 (300bits) bits allocation »>
F———» Wordl €«——
Subframe  Page 27 | 31 53| 61 91 121 151 181 211 241 27

No. No.

5 24 Pre | Rev | FralD [ SOW [ | SOW | Rev (Pnum | Heas [ | Heas | Heas | Heasy || Heass [ Heasw | (5] .. |p| ... |p]| .. Heas | | Heas | AmID | Rev | | Rev | ] Rev |,
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 7bits | 9bits | 6bits 3bits | 9bits 4bits 5bits | 2bits | 15bits 22bits 22bits

8MSBST 12LSBST 2MSB§ 7LSBf 6MSBST 3LSBST 4MSB§ 5LSBST

Figure 5-11-7 Bit allocation for page 24 of subframe 5 in format D1
(Note: When AmEpID is equal to “11”, page 24 of subframe 5 is used to broadcast the satellite health information. Otherwise, page 24 of

subframe 5 is defined as a reserved page, i.e., bits 51 through 300 of this page are reserved.)
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5.2.4 D1 Navigation Message Content and Algorithm

5.2.4.1 Preamble (Pre)

Bits 1 through 11 of each subframe are preamble (Pre) of
11100010010~ from modified Barker code of 11 bits. SOW count occurs
at the leading edge of the preamble first bit which is for time scale

synchronization.

5.2.4.2 Subframe identification (FralD)

Bits 16, 17 and 18 of every subframe are for subframe identification
(FralD). The detailed definitions are as follows:
Table 5-3 FralD definitions

Code 001 | 010 | 011 | 100 | 101 | 110 111

Identification of

1 2 3 4 5 Rev Rev
subframe

5.2.4.3 Seconds of Week (SOW)

Bits 19~26 and bits 31~42, altogether 20 bits of the each subframe
are for seconds of week (SOW) which is defined as the number of
seconds that have occurred since the last Sunday, 00:00:00 of BDT. The
SOW count occurs at the leading edge of preamble first bit of the

subframe.

5.2.4.4 Week Number (WN)

There are altogether 13 bits for week number (WN) which is the
integral week count of BDT with the range of O through 8191. Week
number count started from zero at 00:00:00 on Jan. 1, 2006 of BDT.
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5.2.4.5 User Range Accuracy Index (URAI)

The user

range accuracy (URA)

IS used to describe the

signal-in-space accuracy in meters. There are 4 bits for the user range
accuracy index (URAI). The range of URAI is from 0 to 15. See Table
5-4 for the corresponding relationship between URAI and URA.

Table 5-4 Corresponding relationship between URAI and URA

Code URAI (N) URA range (meters, 10)
0000 0 0.00 <URA <2.40
0001 1 2.40 <URA<3.40
0010 2 3.40 <URA<4.85
0011 3 4.85<URA<6.85
0100 4 6.85 <URA <9.65
0101 5 9.65 <URA<13.65
0110 6 13.65 <URA <24.00
0111 7 24.00 <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 < 1536.00
1101 13 1536.00 < URA <3072.00
1110 14 3072.00 <URA < 6144.00
1111 15 URA > 6144.00

When an URAI is received by the user, the corresponding URA (X)

is computed by the following equations:

If0<N <6, X =2V
If6<N<15, X =2"?%

If N=15, it means the satellite is in maneuver or there is no accuracy

prediction;
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If N=1, 3 and 5, X should be rounded to 2.8, 5.7, and 11.3 meters,

respectively.

5.2.4.6 Autonomous Satellite Health flag (SatH1)

The autonomous satellite health flag (SatH1) occupies 1 bit. “0”

means broadcasting satellite is good and “1” means not.

5.2.4.7 lonospheric Delay Model Parameters (a,, B)

There are 8 parameters, altogether 64 bits for ionospheric delay

model. All the 8 parameters are in two’s complement. See Table 5-5 for

details.
Table 5-5 lonospheric delay model parameters
Parameter No. of bits Scale factor (LSB) Units
ao 8 2% s
o 8 2721 s/m
a2 8 2% s/m?
03 8" 2724 s/n
Bo 8" 2t s
B1 8" 21 s/m
B2 8" 2 s/n?
Bs 8" 2 s/

* Parameters so indicated are two’s complement, with the sign bit (+ or -)
occupying the MSB.

The user computers the vertical ionospheric delay correction 1 ()

with the 8 parameters and Klobuchar model as follows:
5x10 + A, cos[ 2 =90400) 1+ 504001< A4

Ilz(t) = A,
5x10°° |t —50400| > A,/4

where, 1,(t) is the vertical ionospheric delay in seconds for B1l, t is the
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local time (range 0~86400 sec) for the place under the intersection point
(M) of ionosphere and the direction from receiver to satellite. It is

computed as:

t=(t, +A,,>43200/m)[modulo 86400]
where, te is the SOW in BDT computed by user. Ay is geodetic longitude
of the Earth projection of the ionospheric intersection point in radians.
A, is the amplitude of Klobuchar cosine curve in the day time

computed from the a,.

n

, A, >0

WA

0 » A, <0

3
A, =20

Ay is the period of cosine curve in seconds. It is computed from the

Pn..
172800 , A,>172800
3 n
Ac=13 B, bm/|',  172800> A, =72000
72000 , A, <72000

where, ¢,,is the geographic latitude of earth projection of the ionosphere
intersection point in radians. The geographic latitude ¢,, and longitude

L, oOf the intersection point M are computed as:

by, = arcsin(sing, - cosy +cos, - siny - CosA)

Ay = A, +arcsin(—smw'smAJ
Cosd,,

where, ¢,, and x,, are in radians.¢,is the user’s geographic latitude in
radians. A is the satellite azimuth from the user location in radians. W is

the Earth’s central angle in radians between the user location and

ionospheric intersection point. It is computed as:

R +h
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where, R is the mean radius of the Earth (6378 km). E is the satellite
elevation from the user’s location in radians. h is the height of ionosphere
(375 km).

Is1(t) is defined as the ionospheric delay along the B1l propagation
path (in seconds), which can be obtained from 1,(t) through the equation

as follows:
1

1-( R -cosEj
R+h

For B3I, users need to multiply a factor k;3(f) to calculate the

I BLI (t) =

_15(0)

ionospheric delay along the B3l propagation path, and its value is as

follows:

f2 (1561.098)2

k(==L =] =———
1(1) f2 11268.520

where, f; refers to the nominal carrier frequency of B1l, f; refers to the
nominal carrier frequency of B3I, and the unit is MHz.
The dual-frequency (B1l and B3l) user shall correct the ionospheric

delay by applying the expression as follows:

PRB3I - k1,3(f) ) PRBlI C- k1,3(f) 'TGDl

PR = +
1- k1,3(f) 1- k1,3(f)

where,

PR: pseudorange corrected for ionospheric effects;

PRgy,: pseudorange measured on Bll(corrected by the satellite clock
correction but not corrected by Tgp: );

PRg3,: pseudorange measured on B3l;

Tep1: equipment group delay differential on B1l;
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C: the light speed, and its value is 2.99792458x10° m/s.

5.2.4.8 Age of Data, Clock (AODC)

Age of data, clock (AODC) is updated at the start of each hour in

BDT, and it is 5 bits long with definitions as follows:

Table 5-6 AODC definitions

AODC Definition
<25 Age of the satellite clock correction parameters in hours
25 Age of the satellite clock correction parameters is two days
26 Age of the satellite clock correction parameters is three days
27 Age of the satellite clock correction parameters is four days
28 Age of the satellite clock correction parameters is five days
29 Age of the satellite clock correction parameters is six days
30 Age of the satellite clock correction parameters is seven days
31 Age of the satellite clock correction parameters is over seven days

5.2.4.9 Clock Correction Parameters (., ag, a;, a)

Clock correction parameters are t,, ag, a; and a, in 74 bits altogether.
toc IS the reference time of clock parameters in seconds with the effective
range of 0~604792. Other 3 parameters are two’s complement.

The value of t,. shall monotonically increase over the week and shall
change if any of the clock parameters change. Normally, clock correction
parameters are updated every one hour and at the start of BDT hours. The
value of t, are integral points.

New navigation message will be uploaded when abnormality occurs,
the clock correction parameters may be updated at non-integral points. At
this time, t,c will change and no longer be integral points.
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When the value of t,. has not been integral points (i.e., there has
been an update at a non-integral point recently), if the clock correction
parameters being updated at non-integral points again, t,. will change

correspondingly to ensure it is different from the previous value.

Whether it is normal or not, clock correction parameters are always

updated at the start of a superframe.

The definitions of clock correction parameters are listed in Table

5-7.
Table 5-7 Clock correction parameters
Parameter | No. of bits | Scale factor (LSB) | Effective range Units
too 17 2° 604792 s
2 24 2% — s
a 22" 20 — sls
a 11" 2766 — s/s?

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying

the MSB.

The system time computation is as follows:

The user is able to compute BDT at time of signal transmission as:

t=ty — Aty

where, t is BDT in seconds at time of signal transmission; ty, is the
effective satellite ranging code phase time in seconds at time of signal
transmission; Aty is the offset of satellite ranging code phase time in
seconds and is given by the equation:

Atsy = 89 + a1(t — too) + At — tog)” + AL,
where, t can be replaced by t, regardless of its sensitivity.

At, Is the correction term to relativistic effect with value of

At, =F-e-J/A -sinE,
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e is the orbit eccentricity, which is given in ephemeris of the
broadcasting satellite;

JA is the square root of semi-major axis of satellite orbit, which is
given in ephemeris of the broadcasting satellite;

Ex is eccentric anomaly of satellite orbit, which is given in
ephemeris of the broadcasting satellite;

F= —Zum/Cz;

1 = 3.986004418x10* m?/s?, is the value of geocentric gravitational
constant;

C = 2.99792458x10° m/s, is the light speed.

5.2.4.10 Equipment Group Delay Differential (Tgp1,Tep2)

The equipment group delay differential (Tgp1, Tep2) in the satellite is
10 bits long respectively. It is in two’s complement with sign bit (+ or -)
occupying MSB. Sign bit “0” means positive and “1” means negative.
The scale factor is 0.1 and the unit is nanoseconds.
The single-frequency B1l user should make a further correction as
follows:
(Atg)u = Aty —Top1
The single-frequency B2l user should make a further correction as
follows:
(Aty)p2r = Atyy—Top2
where, Atg, is the offset of satellite ranging code phase time in seconds
and the detailed algorithm is defined in paragraph 5.2.4.9.
Because the B3l equipment group delay is included in the clock
correction parameter ao, there is no need to make a further correction for

the single-frequency B3l user.
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5.2.4.11 Age of Data, Ephemeris (AODE)

Age of data, ephemeris (AODE) is updated at the start of each hour

in BDT, and it is 5 bits long with definitions as follows:

Table 5-8 AODE definitions

AODE Definition
<25 Age of the satellite ephemeris parameters in hours
25 Age of the satellite ephemeris parameters is two days
26 Age of the satellite ephemeris parameters is three days
27 Age of the satellite ephemeris parameters is four days
28 Age of the satellite ephemeris parameters is five days
29 Age of the satellite ephemeris parameters is six days
30 Age of the satellite ephemeris parameters is seven days
31 Age of the satellite ephemeris parameters is over seven days

5.2.4.12 Ephemeris Parameters (t,, VA, e, ®, An, My, Qo, Q. i,
IDOT, Cuc; Cus; Crc, Crs, Cic, Cis)

The ephemeris parameters describe the satellite orbit during the
curve fit interval, including 15 orbit parameters and an ephemeris

reference time. The update rate of ephemeris parameters is one hour.

The value of t,, shall monotonically increase over the week and shall
change if any of the ephemeris parameters change. If t,. changes then t,.
shall also change. Normally, ephemeris parameters are updated every one
hour and at the start of BDT hours. The value of t. are integral points.

New navigation message will be uploaded when abnormality occurs,
the ephemeris parameters may be updated at non-integral points. At this

time, t,e will change and no longer be integral points. When the value of
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tee has not been integral points (i.e., there has been an update at a
non-integral point recently),if the ephemeris parameters being updated at
non-integral points again, t,. will change correspondingly to ensure it is

different from the previous value.
Whether it is normal or not, ephemeris parameters are always
updated at the start of a superframe.

The definitions of ephemeris parameters are listed in Table 5-9.

Table 5-9 Ephemeris Parameters definitions

Parameter Definition
toe Ephemeris reference time
JA Square root of semi-major axis
e Eccentricity
® Argument of perigee
An Mean motion difference from computed value
Mo Mean anomaly at reference time
O Longitude _of ascending node of orbital of plane computed according to
reference time
Q Rate of right ascension
io Inclination angle at reference time

IDOT Rate of inclination angle

Cuc Amplitude of cosine harmonic correction term to the argument of latitude

Cus Amplitude of sine harmonic correction term to the argument of latitude

Cr Amplitude of cosine harmonic correction term to the orbit radius

Crs Amplitude of sine harmonic correction term to the orbit radius

Cic Amplitude of cosine harmonic correction term to the angle of inclination

Cis Amplitude of sine harmonic correction term to the angle of inclination
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Characteristics of ephemeris parameters are shown in Table 5-10.

Table 5-10 Ephemeris parameters characteristics

Parameter | No. of Bits | Scale factor (LSB) | Effective Range Units
toe 17 2° 604792 s
JA 32 219 8192 m*2
e 32 2% 0.5 —
® 32" 231 +1 m
An 16" 043 +3.73x107 /s
Mo 32" 231 +1 m
Qo 32" 231 +1 m
) 24" 043 +9.54x10”’ /s
io 32" 231 +1 m
IDOT 14" 043 +9.31x10™° /s
Cuc 18" 231 +6.10x10° rad
Cus 18" 231 +6.10x10 rad
Cre 18" 26 +2048 m
Crs 18" 26 +2048 m
Cic 18" 231 +6.10x10°° rad
Cis 18" 231 +6.10x10 rad

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying

the MSB.

The user receiver shall compute the satellite antenna phase center

position in BDCS according to the received ephemeris parameters. The

algorithms are listed in Table 5-11.
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Table 5-11 Ephemeris algorithm for user

Computation

Description

i = 3.986004418>10* m®/s?

Geocentric gravitational constant of BDCS

Q, =7.2921150x10°° rad/s

Earth’s rotation rate of BDCS

n=3.1415926535898

Ratio of a circle’s circumference to its
diameter

A= (\/K)2 Computed semi-major axis

Ny = % Computed mean motion (radians/sec)

t o—t_t Computed time from ephemeris reference
) e epoch

n=n,+An Corrected mean motion

M, =M, +nt, Computed mean anomaly

M, =E, —esinE,

Kepler’s Equation for Eccentric anomaly
solved by iteration (radians)

V1-e®sinE,

sinv, =
1-ecosE,
Computed true anomaly
coskE, —e
cosvV, = ————
1-ecosE,
o, =V, +o Computed argument of latitude

du, =C,.sin(2¢, )+ C,. cos(2¢, )
8rk = Crs Sin(2¢k)+ Crc COS(Z(I)k)
ol =C; Sin(2¢k)+ Ci COS(2¢k)

Argument of latitude correction
Radius correction

Inclination correction

u, =0, +0u,

Corrected Argument of latitude parameters

r. =A(l—ecosE, )+ar,

Corrected radius

I, =1, +IDOT-t, +3i,

Corrected inclination

X, =TI, COSU,
Y, =r.sinu,

Computed satellite positions in orbital plane
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Q, =Q, +(Q_Qe)tk ~Q.t,, Corrected longitude of ascending node in
BDCS;
X, =X, c0sQ, —y, cosi, sinQ, MEO/IGSO satellite coordinates in BDCS;

Y, =X, SInQ, +y, cosi, cosQ,
Z, =Yy,sini,

Q, =Q,+0t, —Q.t_, Corrected longitude of ascending node in

inertial coordinate system;
Xek =X, €C0sQ, —y, cosi, sinQ,

Yo =X, SINQ, +Y, cosi, cosQ,
Zo =Y, Sini,

GEO satellite coordinates in user-defined
inertial system;

)\;: “R, (Ot )R (-5) éi: GEO satellite coordinates in BDCS;
Z, Zoy
where,
1 0 0

Ry(p)=|0 +cose +sine
0 —sing +coso

+cose +sing 0
R,(p)=|—-sing +cose O
0 0 1

* In the equations, “t” is the time of signal transmission in BDT. “t¢” is the total time
difference between t and ephemeris reference time to, after taking account of
beginning or end of a week crossovers. That is, subtract 604800 seconds from ty if ty
is greater than 302400, add 604800 seconds to ty if tk is less than -302400 seconds.

5.2.4.13 Page number (Pnum)

Bits 44 through 50, 7 bits altogether of subframe 4 and subframe 5
are the page numbers (Pnum). Both subframe 4 and subframe 5 have 24
pages (i.e., pages 1 through 24) which are identified through the page
number (Pnum).

The almanac parameters of SV ID 1 through 24 are arranged in
pages 1 through 24 of subframe 4. The almanac parameters of SV ID 25
through 30 are arranged in pages 1 through 6 of subframe 5. The page
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number corresponds to the SV ID one by one. Furthermore, the almanac
parameters of SV ID 31 through 43, 44 through 56, and 57 through 63
can be arranged in pages 11 through 23 of subframe 5 by using the

time-sharing broadcasting scheme.

5.2.4.14 Identification of Expanded Almanacs (AmEpID)

AmEpID is the identification of the expanded almanac information,
which has a length of 2 bits. AmEpID is provided to enables the user to
detect whether pages 11 through 24 of subframe 5 are used to broadcast
the expanded almanac information (i.e., the almanac parameters and the
satellite health information of SV ID 31 through 63).

When AmEpID is equal to “11”, pages 11 through 23 of subframe 5
can be 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 are reserved.

5.2.4.15 Almanac Parameters (t,, VA, e, ®, Mo, Qo, Q, 8, a9, a1
AmID)

Almanac parameters are updated within every 7 days.
Definitions, characteristics and user algorithms of almanac

parameters are listed in Tables 5-12, 5-13, 5-14 and 5-15 respectively.

Table 5-12 Almanac parameters definitions

Parameter Definition
toa Almanac reference time
JA Square root of semi-major axis
e Eccentricity
® Argument of Perigee
38 BDS-SIS-ICD-B3I-1.0

2018-02




©2018 China Satellite Navigation Office

Mo Mean anomaly at reference time
Q% Longitude of'ascending node of orbital plane computed according
to reference time
QO Rate of right ascension
Oi Correction of orbit reference inclination at reference time
EN) Satellite clock bias
a1 Satellite clock rate
AmID Identification of time-sharing broadcasting

AmID has a length of 2 bits, and its value is effective when AmEpID
is equal to “11”. AmID can be used to identify the expanded almanac
information (i.e., the almanac parameters and the satellite health
information of SV ID 31 through 63) which are time-sharing broadcasted
in pages 11 through 24 of subframe 5.

The user shall use AmEpID first to determine whether pages 11
through 23 of subframe 5 are used to broadcast the almanac parameters.
When AmEpID is equal to “11”, the user shall further use AmiID to
identify the almanac parameters of SV ID 31 through 63 in pages 11
through 23 of subframe 5; otherwise, the value of AmID is invalid and the
user shall not use pages 11 through 23 of subframe 5. The broadcasting
scheme for the almanac parameters of SV ID 31 through 63 is defined in
Table 5-13.

Table 5-13 Broadcasting scheme for the almanac parameters of SV ID 31~63

AmEpID AmID Pnum SVID
01 11~23 31~43
10 11~23 44~56
11 11~17 57~63
11
18~23 Reserved
00 11~23 Reserved
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Table 5-14 Almanac parameters characteristics

Parameter | No. of Bits | Scale factor (LSB) | Effective range Units
toa 8 21 602112 s
JA 24 2 8192 m'2
e 17 2% 0.0625 —
® 24" 23 +1 T
Mo 24" 2% +1 n
Qo 24" 2% +1 n
O 17" 238 — nls
8i 16" 21 — T
a 11" 220 — s
a 117 2% — s/s

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying

the MSB.

Table 5-15 Almanac algorithms for users

Computation

Description

i = 3.986004418>10* m®/s?

Geocentric gravitational constant of BDCS

Q, =7.2921150x10°° rad/s

Earth’s rotation rate of BDCS

A= (\/K)2 Computed semi-major axis

n, = \/% Computed mean motion (rad/sec)

t, =t- toa* Computed time from Almanac reference epoch
M, =M, +n,t, Computed mean anomaly

M, =E, —esinE,

Kepler’s equation for eccentric anomaly by
iteration (radians)

V1-e?sinE,

sinv, =
1-ecosE,
coskE, —e
cosV, = ——————
1-ecosE,

Computed true anomaly
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O, =V, +o Computed argument of latitude

. =A(l—ecosE,) Corrected radius

Computed satellite positions in orbital plane

{xk =T, COS P,

Y =Icsing,
Q, =0, +(Q-Q)t, —Q.t, Corrected longitude of ascending node
i=i +8, Orbit inclination at reference time

X, =X, C0sQ, —y, cosisinQ,
Y, =X, sinQ, +Yy, cosicosQ,
Z, =Y,sini

Computed GEO/MEOQO/IGSO satellite
coordinates in BDCS

* In the equations, “t” is the time of signal transmission in BDT. “t;” is the total time
offset between time t and Almanac reference time to, taking account of beginning or
end of a week crossover. That is, subtract 604800 seconds from ti if ty is greater than
302400, add 604800 seconds to t if ti is less than -302400.

** For MEO/IGSO satellites, 10=0.30 semi-circles; for GEO satellites, i,=0.00.

Almanac time computation is as follows:

t =ty — Aty
where, t is BDT in seconds at time of signal transmission; ts, is the

effective satellite ranging code phase time in seconds at time of signal
transmission; At is the offset of satellite ranging code phase time in
seconds and is given by the equation:

Aty= ap + ag(t—toa)
where, t can be replaced by tg, regardless of its sensitivity. The almanac
reference time t,, is counted from the starting time of almanac week
number (WN,).

5.2.4.16 Almanac Week Number (WN,)

Almanac week number (WN,) of 8 bits is the BDT integer week
count (Modulo 256) with effective range of 0 to 255.
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5.2.4.17 Satellite Health Information (Hea;, i=1~43)

The satellite health information (Hea;) occupies 9 bits. The 9" bit
indicates the satellite clock health flag, while the 8" bit indicates the B1l
signal health status, the 7" bit indicates the B2I signal health status, the
6" bit indicates the B3I signal health status and the 2™ bit indicates the

information health status. The definitions are in Table 5-16.

Table 5-16 Satellite health information definitions

Bit allocation Information code Health information definition
Bit 9 0 Satellite clock normal
(MSB) 1 *
) 0 B1l signal normal
Bit 8 . "
1 B1l signal abnormal
) 0 B21 signal normal
Bit7 - =
1 B2l signal abnormal
) 0 B3I signal normal
Bit 6 - =
1 B3I signal abnormal
) 0 Reserved
Bit 5~3
1 Reserved
0 Navigation message valid
Bit 2 1 Navigation message invalid (I0D over
limit)
Bit 1 0 Reserved
(LSB) 1 Reserved
* The satellite clock is unavailable if the other 8 bits are all “0”; the satellite is in
failure or permanently shut off if the last 8bits are all “1”; the definition is reserved
if the other 8 bits are in other values.
** The signal power is 10 dB lower than nominal value.

Hea; (i=1~30) correspond to the satellite health information of SV ID
1 through 30. By using time-sharing broadcasting scheme, Hea; (i=31~43)
correspond to the satellite health information of SV ID 31 through 43, 44
through 56, and 57 through 63.
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The user shall use AmEpID first to determine whether page 24 of
subframe 5 is used to broadcast the satellite health information. When
AmEpID is equal to “11”, the user shall further use AmID to identify the
satellite health information of SV ID 31 through 63 in page 24 of
subframe 5; otherwise, the value of AmID is invalid and the user shall not
use page 24 of subframe 5. The broadcasting scheme for the satellite
health information of SV ID 31 through 63 is defined in Table 5-17.

Table 5-17 Broadcasting scheme for Hea; (i=31~43)

AmEpID AmID Hea; SVID
01 ) 31~43
1=31~43
10 44~56
11 n i=31~37 57~63
i=38~43 Reserved
00 i=31~43 Reserved

5.2.4.18 Time Parameters relative to UTC ( Agure, Aiute, AtLs,
WN_sg, DN, Aty o)

These parameters indicate the relationship between BDT and UTC.

Definitions of the parameters are listed in Table 5-18.

Table 5-18 Parameters relative to UTC

Parameter No. of bits Scale factor(LSB) | Effective range Units
Aoutc 32" 230 — s
Awrc 24 20 — sls
Atis 8" 1 — s
WN_ sk 8 1 — week
DN 8 1 6 day
Aty s 8" 1 — s

* Parameters so indicated are two’s complement, with the sign bit (+ or —)
occupying the MSB.
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Aoutc: BDT clock bias relative to UTC,;

Aiutc: BDT clock rate relative to UTC;

At s: Delta time due to leap seconds before the new leap second
effective;

WN_sr: Week number of the new leap second, and its value consist
of eight bits which shall be a modulo 256 binary representation of the
week number to which the DN is referenced. The absolute value of the
difference between the untruncated WN and WN, se values shall not
exceed 127.

DN: Day number of week of the new leap second,;

At se: Delta time due to leap seconds after the new leap second
effective;

Conversion from BDT into UTC:

The broadcast UTC parameters, the WN_ sz and DN values make
users compute UTC with error not greater than 1 microsecond.

Depending upon the relationship of the effectivity time of leap
second event and user’s current BDT, the following three different cases
of UTC/BDT conversion exist.

1) Whenever the effectivity time indicated by the WN_sr and the DN
values is not in the past (relative to the user’s present time), and
the user’s current time tg is prior to DN+2/3, the UTC/BDT
relationship is given by:

turc = (te — Atyrc)[modulo 86400], seconds
Atyre = Aty s + Agutc + Asutc *tg, seconds
where, te is the SOW in BDT computed by user.

2) Whenever the user’s current time tg falls within the time span of
DN+2/3 to DN+5/4, proper accommodation of leap second event
with possible week number transition is provided by the following

equation for UTC:
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turc =W[modulo(86400 + At_sr — At 5)], seconds
where,
W=(tg — Atyrc — 43200)[modulo 86400] + 43200, seconds
Atyre = Atis + Agout + Arute Xtg, seconds
3) Whenever the effectivity time of leap second event, as indicated
by the WN_sr and DN values, is in the past (relative to the user’s
current time), and the user’s current time tg is after DN+5/4, the
UTC/BDT relationship is given by:
turc = (te — Atyrc)[modulo86400], seconds
where,
Atyre = Aty e + Agutc + Arute Xte, seconds

The parameter definitions are the same with those in case 1).

5.2.4.19 Time Parameters relative to GPS time  ( Aygps, Aicps )

These parameters indicate the relationship between BDT and GPS

time as in Table 5-19. (Not broadcast temporarily)

Table 5-19 Time parameters relative to GPS time

Parameter No. of Bits Scale factor (LSB) Units
Aoces 14" 0.1 ns
Aicps 16" 0.1 ns/s

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying
the MSB.

Agcps: BDT clock bias relative to GPS time;
Aicps: BDT clock rate relative to GPS time.
The relationship between BDT and GPS time is as follows:

teps = tg — Atgps

where, Atgps = Aggps + A1cpsXE; te is the SOW in BDT computed by user.
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5.2.4.20 Time Parameters relative to Galileo time(Aoca, Aical)

These parameters indicate the relationship between BDT and Galileo

time as in Table 5-20. (Not broadcast temporarily)

Table 5-20 Time parameters relative to Galileo time

Parameter No. of Bits Scale factor (LSB) Units
Aocal 14" 0.1 ns
Agcal 16" 0.1 ns/s

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying
the MSB.

Agca: BDT clock bias relative to Galileo system time;
Aica: BDT clock rate relative to Galileo system time.
Relationship between BDT and Galileo system time is as follows:
tca = e — Algal
where, Atgy = Agcal + Arca™e; teis the SOW in BDT computed by user.

5.2.4.21 Time Parameters relative to GLONASS time (AocLo, AicLo)

These parameters indicate the relationship between BDT and
GLONASS time as in Table 5-21. (Not broadcast temporarily)

Table 5-21 Time parameters relative to GLONASS time

Parameter No. of Bits Scale factor (LSB) Units
AocLo 147 0.1 ns
AscLo 16~ 0.1 ns/s

* Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying
the MSB.

AocLo: BDT clock bias relative to GLONASS time;
AicLo: BDT clock rate relative to GLONASS time.
Relationship between BDT and GLONASS time is as follows:

toLo = te —Atglo
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where, AtgLo = AosLo + AcLoXE; teis the SOW in BDT computed by

user.
5.3 D2 Navigation Message

5.3.1 D2 Navigation Message Frame Structure

The navigation message in format D2 is structured with superframe,
frame and subframe. Every superframe is 180000 bits long, lasting 6
minutes. Every superframe is composed of 120 frames each with 1500
bits and lasting 3 seconds. Every frame is composed of 5 subframes, each
with 300 bits and lasting 0.6 second. Every subframe is composed of 10
words, each with 30 bits and lasting 0.06 second.

Every word is composed of navigation message data and parity bits.
The first 15 bits in word 1 of every subframe is not encoded, and the last
11 bits is encoded in BCH(15,11,1) for error correction. For the other 9
words of the subframe both BCH(15,11,1) encoding and interleaving are
involved. Thus there are 22 information bits and 8 parity bits in each

word. See Figure 5-12 for the detailed structure.

- Superframe of 180000 bits, 6 min >

Frame 1 | Frame 2 Frame n Framel20

—
-
— -~
- ~ -
i ~
— ~ <
— -~

Frame of 1500 bits, 3 sec———»
Subframel|Subframe2|Subframe3|Subframe4|Subframe5

— ~
— -~
— -~
— ~
— -~
— -~
— ~
— ~

e« Subframe of 300bits, 0.6 sec———
Word 1 Word 2 Word 10

— ~ — ~
— ~ — ~
— ~ — ~
— -~ — ~
— ~ -

—

«——\Word 1, 30 bits, 0.06 secc—{<«—Word 2~10, 30 bits, 0.06 sec—

NAV message data, 26 bits 4 Parity bits NAV message data, 22 bits 8 Parity bits

Figure 5-12 Structure of navigation message in format D2
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5.3.2 D2 Navigation Message Detailed structure

Information in format D2 includes: the basic navigation information
of the broadcasting satellite, almanac, time offset from other systems,
integrity and differential correction information of BDS and ionospheric
grid information as shown in Figure 5-13. The subframe 1 shall be
subcommutated 10 times via 10 pages. The subframe 2, subframe 3 and
subframe 4 shall be subcommutated 6 times each via 6 pages. The

subframe 5 shall be subcommutated 120 times via 120 pages.

- m“m Subframe 2 Subframe 3 Subframe 4
Subframe 1

N~ _—/

Basic NAV information of Integrity and differential correction Almanac, ionospheric grid points and
the broadcating satellite information of BDS time offsets from other systems

Subframe 5

Figure 5-13 Information contents of navigation message in format D2
The bit allocation for each subframe in format D2 is shown in

Figures 5-14 through 5-18. Thereinfo, pages 1 through 6 of subframe 4
are used to broadcast the expanded BDS integrity and differential
correction information, pages 103 through 116 of subframe 5 are used to
broadcast the expanded almanac information, and the 150 LSBs of pages
1 through 10 in subframe 1, pages 14 through 34, pages 74 through 94
and pages 117 through 120 of subframe 5 are reserved.
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» Direction of data flow ——— MSB first >
MSB .
< 150 MSBs of Subframe 1 (300bits) LSB,
——— Wordl «———
Subframe Page 1 12 16 19 27 | 31 61 91 121
No. No.
Pre Rev | FralD | SOW p SOW [Pnuml| SatH1 |AODC P URAI| WN toc P toc | Top1 p Tep2 | Rev p
1 1 | 11bits | 4bits | 3bits | 8bits 12bits | 4bits | 1bit | 5bits 4bits | 13bits | Sbits 12bits | 10bits | | 10bits [12bits
SMSBf lZLSBﬂ 5LSBsf 12LSB£
Figure 5-14-1 Bit allocation for 150 MSBs of page 1 of subframe 1 in format D2
» Direction of data flow ——— MSB first >
MSB . LSB
< 150 MSBs of Subframe 1 (300bits) >
—— Word 1 «—
SUtl)\lfroame P:Ige 1 12 16 19 27 |31 61 91 121
' " | Pre | Rev |FralD|sow P SOW [Pnuml| o p| % oy oy 03 |p| O3 Bo B1 B2 p B2 Bs Rev P
1 2| 11bits | 4bits | 3bits | 8bits | | 12bits | 4bits | 6bits 2bits | 8bits | 8bits | 4bits 4bits | 8bits | 8bits | 2bits 6bits | 8bits | 8bits

BMSBST 12LSBST 6MSBS¢ 2LSBS¢ 4MSBs 4LSBs 2MSBs 6LSBs

Figure 5-14-2 Bit allocation for 150 MSBs of page 2 of subframe 1 in format D2
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Subframe Page

No.
1

» Direction of data flow MSB first >
MSB ] ) LSB
< 150 bits MSBs of Subframe 1 (300bits)
> Word 1 «—
Sutl)\lf:)ame Pﬁge 1 12 16 19 27 |31 61 91 121
' " | Pre | Rev |FralD|sow p | SOW [Prum1| Rev |, | Rev Rev | @ |o| & | & |Rev |,
1 3| 11bits | 4bits | 3bits | 8bits | | 12bits | 4bits | 6bits 22bits | | 10bits | 12bits | | 12bits | 4bits | 6bits
8MSBS¢ 12LSBS¢ lZMSBS¢ 12LSBST4MSBST
Figure 5-14-3 Bit allocation for 150 MSBs of page 3 of subframe 1 in format D2
» Direction of data flow ——— MSB first >
MSB . .
4 150 bits MSBs of Subframe 1 (300bits) LSB,
> Word 1 «—
No 1 12 16 19 27 |31 61 91 121
| Pre | Rev |FralD|sow p|SOW |Prumll a | | & | @& |p| @ |AODE| An || Cy Rev 5
4 11bits | 4bits | 3bits | 8bits 12bits | 4bits | 6bhits 12bits | 10bits 1bit | Sbits [ 16bits 14bits 8bits

8MSBs 12LSBs

* These are data bits next to MSBs and before LSBs.

4 1asestiomsesd  wsst

14MSBs

Figure 5-14-4 Bit allocation for 150 MSBs of page 4 of subframe 1 in format D2
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» Direction of data flow ——— MSB first >
MSB 150 bits MSBs of Subframe 1 (300bits) LSB,
——— Word 1 «—
Subframe Page
No. No. 1 12 16 19 27|31 61 91 121
1 5 Pre | Rev [FralD | SOW p SOW |Pnuml| Cy. | Mg P Mo P My | Cus P Cus e Rev P
11bits | 4bits | 3bits | 8bits 12bits | 4bits | 4bits | 2bits 22bits 8hits | 14bits 4bits | 10bits | 8bits
smsas? 1205854 asPomses?  + A sLsee 1amses? aLses® 1omses
* These are data bits next to MSBs and before LSBs.
Figure 5-14-5 Bit allocation for 150 MSBs of page 5 of subframe 1 in format D2
» Direction of data flow ——— MSB first >
MSB ) . LSB
150 bits MSBs of Subframe 1 (300bits) S >
— » Word 1 «—
Sut')\ll‘rame P'\?ge 1 12 |16 |19 |27]31 61 o1 121
0. 0.
Pre | Rev |FralD|SOW | | SOW Pnuml| e || e JA b JA b JA | Cic | Rev p
1 6 | 11bits | 4bits | 3bits | 8bits | | 12bits | 4bits | ebits | | 16bits | 6bits | | 22bits| | 4bits | 10bits | 8bits
8MSBsf 12LSBsf * ¢ 16|_SBsT 6MSBs¢ *T 4LSBsT 10MSBsT
* These are data bits next to MSBs and before LSBs.
Figure 5-14-6 Bit allocation for 150 MSBs of page 6 of subframe 1 in format D2
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» Direction of data flow ——— MSB first

MSB
150 bits MSBs of Subframe 1 (300bits) LSB

\ 4

\ 4

—— Word 1l «—

Subframe Page
1 12 16 19 27 |31 61 91 121

No. No.
Pre | Rev |FralD | SOwW p SOW | Pnuml | Cj. P Cic Cis toe p toe i P i Rev P
1 7| 11bits | 4bits | 3bits | 8bits 12bits | 4bits |6bits| ' | 2bits | 18bits | 2bits | | 15bits | 7bits | | | 14bits | 8bits
8MSBST 12LSBsT * T 2LSBsT 2MSBsT 15LSBsT 7MSBsT * f
* These are data bits next to MSBs and before LSBs.
Figure 5-14-7 Bit allocation for 150 MSBs of page 7 of subframe 1 in format D2
» Direction of data flowv ——— MSB first >
MSB ) . LSB
150 bits MSBs of Subframe 1 (300bits) >
> Word 1 «—
Subframe Page
No. No. 1 12 16 19 27 |31 61 91 : 121'
Pre | Rev |FralD|SOW P SOW |Pnuml| g P i Cre P Ce | Cis QO P QO | Rev P
1 8 | 11bits | 4bits | 3bits | 8bits | ' | 12bits | 4bits | 6bits Sbits | 17bits 1bit | 18bits| 3bits 16bits | 6bits
SMSBsf 12LSBsf * T 5LSBsT17MSBsT 1LSBT 3MSBsT * T
* These are data bits next to MSBs and before LSBs.
Figure 5-14-8 Bit allocation for 150 MSBs of page 8 of subframe 1 in format D2
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» Direction of data flow ——— MSB first >
MSB ) .
< 150 bits MSBs of Subframe 1 (300bits) LSB
> Word 1 «——
SUt’)\];Lame p,\"lige 1 12 16 19 27 | 31 61 91 121
' " | Pre | Rev |FralD| SOW p | SOW |Pnum1 O | p| Q |p| Q| o || o |Rev |,
1 9 | 11bits | 4bits | 3bits | 8bits 12bits | 4bits | Sbits | 1bit 22bits| ' | Obits | 13bits| | 14bits | 8bits
8MSBsT 12LSBsT 5LSBsﬁ 1MSB$ * ﬁ 9|_SBs?13MSBs$ *4?
* These are data bits next to MSBs and before LSBs.
Figure 5-14-9 Bit allocation for 150 MSBs of page 9 of subframe 1 in format D2
» Direction of data flow —— MSB first >
MSB 150 bits MSBs of Subframe 1 (300bits) LSB,
——» Word 1 «—
SUtl):;roame Plj'ge 1 12 16 19 27 |31 61 91 121
' " | Pre | Rev |FralD|sow p | SOW |Pruml| @ [IDOT| , [IDOT| Rev |, | Rev || Rev |,
1 10 | 11bits | 4bits | 3bits | 8bits 12bits | 4bits | 5bits | 1bit 13bits | Obits | | 22bits | " | 22bits
8MSBs 12LSBs 5LSBST1MSBT 13LSBST
Figure 5-14-10 Bit allocation for 150 MSBs of page 10 of subframe 1 in format D2
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» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 2 (300 bits) bits allocation >
—— Word 1 «—
Subframe Page
No. No. L 27|31 61 91 96 121 151 | 172 181|211 |241 |27 276
i Pre | Rev [FralD|SOW P SOW | Rev [Pnum2|SatH2 | BDID, p P BDID3, | Rev P Rev P Rev | UDREI, p p p UDREl;s | RURAI; Aty p
2 (i=1~6)| 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 4bits | 2bits | 1bit | 1bit 17bits 22bits 21bits 1bit ’ ’ ’ 4bits 4bits 13bits
SMSst 12|_5st . o lMSBT
Satellite Identification for RURAI and At of BDS
< Integrity and differential | «—UDREI of BDS (18 Parameters altogether)—<« where 1=3(i-1)+1
correction information of BDS -
Figure 5-15 Bit allocation for subframe 2 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 3 (300 bits) bits allocation >
—» Word 1 «—
Subframe Page
No. No. 1 12 16 19 27| 31 61 91 121 151 181 211 241 271
i Pre | Rev |FralD|SOW p SOW | Rev [ RURAI;; | Atj, p Ati; | RURAIz [ Atz p Atz | Rev p Rev Rev p Rev p Rev p Rev Rev p
3 (i=1~6) 11bits| 4bits | 3bits | 8bits 12bits| 1bit 4bits 5bits 8hits 4bits [ 10bits 3bits | 19bits 22bits 22bits 22bits 22bits 22bits 22bits
8MSBs 12LSBs 5MSBs 8LSBs 10MSBs 3LSBs
«— RURAI and At of BDS E—
where i2=3(i-1)+2; i3=3(i-1)+3

Figure 5-16 Bit allocation for subframe 3 in format D2
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» Direction of data flow ——————— MSB first >
MSB LSB
< Subframe 4 (300bits) bits allocation >
» Wordl <
Subframe Page | 27| 31 171 181 211 241 on
No. No.
! Pre | Rev | FralD | SOW |, [ SOW Rev | Rev | BDEPID | BDIDy | BDID: |, BDID; | BDIDg; | UDREly, UDREl | UDREly | [, | UDREl, [ UDREl; | UDREly [ RURAL | Aty Aty | Rev |
4 (i=1~6) | 11bits | 4bits | 3bits | 8bits 12bits | 1bit [ 125bits 2bits 1bit 1bit 1bit 1bit 4bits 4bits 1bit 3bits 4bits 4bits 4bits 7bits 6bits | 16bits
8MSBST 12LSBST lMSBT 3LSBST 7MSBST 6LSBST
BDS satellite identification for integrity and . BDS RURAI and At
= differential correction information ] BDS UDREI (6 parameters in total ) where i4=18+i

Figure 5-17 Bit allocation for subframe 4 in format D2
(Note: When BDEpID is equal to “11”, pages 1 through 6 of subframe 4 are used to broadcast the expanded BDS integrity and differential

correction information. Otherwise, bits 171 through 300 of these pages are reserved. )

» Direction of data flow ———  MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «—
Sutl)\ljgame Pl\?ge 1 27 |31 61 91 121 151 181 211 241 m
Pre Rev | FralD [ SOW p SOW | Rev |Pnum | lonl p lonl | lon2 p lon2 | lon3 | lon4d p lon4 p p p p lonll | lon12 p lonl3 | Rev p
5 1 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits [ 13bits | 7bits 6bits 9bits [ 13bits 13bits | 9bits
8MSBsf‘ 12LSBsf‘ 2M$BsT 11LSBsT11MSBsT 2LSBsT// \\‘f7MSBs ‘stSBs 9LSBsf‘
dt3 |GIVE3
9bits | 4bits
Figure 5-18-1 Bit allocation for page 1 of subframe 5 in format D2
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» Direction of data flow ————— MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—> Word 1 «——
Subl\jgame IT\Tge 1 27 |31 61 91 121 151 181 211 241 m
61 Pre | Rev |FralD|SOW |, | SOW | Rev |Pnum lonl6l| , |lon161lon162| , |lon162(lonl63(lon164f , |lonl64) || . [p| .. |p p |lonl71)lon172  (lonl73| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
8Msssj 12Lsssf avsed  11usedimses? ausest i \\tmsss tGLSBs 9LSBST
dr 163 [GIVE 163
9bits | 4bits
Figure 5-18-2 Bit allocation for page 61 of subframe 5 in format D2
» Direction of data flow ———— — MSB first q
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——> Word 1 «——
Subframe Page
No. No. 1L 27|31 61 91 121 151 181 211 241 P!
2 Pre | Rev |FralDSOW | ;| SOW | Rev |Pnum|lonl4 , flonl4|lonl5 |, flonl5|lonl6 [lonl7  , lonl7 | = o f o] .. |p p | lon24 | lon25 lon26 | Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7hits | 2bits 11bits | 11bits 2bits | 13bits | 7hits 6bits 9bits | 13bits 13bits | 9bits

SMSBST 12LSBST ovsed 110ses? msed  ausest mvses?  eLsest

Figure 5-18-3 Bit allocation for page 2 of subframe 5 in format D2
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» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
Subframe Page
No. No. 27|31 61 91 121 151 181 211 241 2
62 Pre Rev | FralD | SOW P SOW | Rev |Pnum (lonl74 P lon174|lonl75 p lon175|lon176(lon177 p lon177 P P lon184|lon185 p lon186| Rev p
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12LSBST 2MSBsT 11LSBsT11MSBsT 2LSBsT 7MSBsT eLSBsT 9LSBST
Figure 5-18-4 Bit allocation for page 62 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . ] . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «—
Subframe Page
No. No. 1 27|31 61 91 121 151 181 211 241 o
3 Pre Rev | FralD | SOW p SOW | Rev |Pnum | lon27 p lon27 | lon28 p lon28 [ lon29 | 1on30 p lon30 p p 1on37 | lon38 p lon39 [ Rev p
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST lZLSBsT 2MSBsT llLSBsTllMSBsT 2|_SBsT 7MSBsT 6LSBsT 9LSBST

Figure 5-18-5 Bit allocation for page 3 of subframe 5 in format D2
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» Direction of data flow MSB first >
MSB L ) LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 m
63 Pre Rev | FralD | SOW P SOW | Rev |Pnum [lon187 P lon187|lon188 p 1on188|lon189(1on190 p 1on190 P P 1on197]lon198 lon199| Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12|_SBsf 2MSBsT 11|_SBsT llMSBsT 2LSBsT 7MSBsT eLSBsT 9|_SBsf
Figure 5-18-6 Bit allocation for page 63 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «—
Subframe Page
No. No. 1 27 |31 61 91 121 151 181 211 241 m
4 Pre Rev | FralD | SOW p SOW | Rev |Pnum | lon40 p lon40 | lon41 p lon41 [ lon42 | lon43 p lon43 p p lon50 | lon51 lon52 | Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits [ 7bits 6bits 9bits | 13bits 13bits [ 9bits
SMSBST 12LSBST ZMSBST llLSBsT llMSBsT 2|.$BsT 7MSBsT GLSBsT 9LSBST

Figure 5-18-7 Bit allocation for page 4 of subframe 5 in format D2
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» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
Subframe Page
No. No. 27|31 61 91 121 151 181 211 241 2
64 Pre Rev | FralD | SOW P SOW | Rev | Pnum [lon200 P 1on200|lon201 p lon201|lon202(1on203 p 1on203 P P lon210{lon211 p lon212| Rev p
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12LSBST ZMSBST 11LSBsT11MSBsT 2LSBsf 7MSBsT eLSBsT 9LSBST
Figure 5-18-8 Bit allocation for page 64 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . ] . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «—
Subframe Page
No. No. 1 27|31 61 91 121 151 181 211 241 o
5 Pre Rev | FralD | SOW p SOW | Rev |Pnum | lon53 p lon53 | lon54 p lon54 [ lon55 | lon56 p lon56 p p lon63 | lon64 p lon65 | Rev p
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12LSBST 2MSBsT llLSBsTllMSBsT 2|_SBsT 7MSBsT GLSBsT 9LSBST

Figure 5-18-9 Bit allocation for page 5 of subframe 5 in format D2
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» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——» Word 1 «—
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 o
65 Pre Rev | FralD | SOW P SOW | Rev |Pnum [lon213 P lon213|lon214 p lon214|lon215(lon216 p lon216 P P lon223|lon224 lon225| Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBsT 12|_SBsf 2MSBsT 11|_SBsT llMSBsT 2LSBsT 7MSBsT eLSBsT 9|_SBsf
Figure 5-18-10 Bit allocation for page 65 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «—
Subframe Page
No. No. 1 27 |31 61 91 121 151 181 211 241 o
6 Pre Rev | FralD | SOW p SOW | Rev |Pnum | lon66 p lon66 | lon67 p lon67 | lon68 | lon69 p lon69 p p lon76 | lon77 lon78 | Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits [ 7bits 6bits 9bits | 13bits 13bits [ 9bits
SMSBST 12LSBST ZMSBST llLSBsT llMSBsT 2|.$BsT 7MSBsT GLSBsT 9LSBST

Figure 5-18-11 Bit allocation for page 6 of subframe 5 in format D2
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» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——» Word 1 «—
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 o
66 Pre Rev | FralD | SOW P SOW | Rev |Pnum [lon226 P lon226|lon227 p lon227|lon228(lon229 p lon229 P P lon236|lon237 p 1on238| Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12Lsssf 2MSBsT 11LSBsT11MSBsT 2LSBsT 7MSBsT eLSBsT 9|_SBsf
Figure 5-18-12 Bit allocation for page 66 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «—
Subframe Page
No. No. 1 27 |31 61 91 121 151 181 211 241 o
7 Pre Rev | FralD | SOW p SOW | Rev |Pnum | lon79 p lon79 | on80 p 1on80 | lon81 | lon82 p lon82 p p 1on89 | 1on90 p lon91 | Rev p
5 11bits | 4bits | 3bits | 8bits 12bits [ 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits [ 7bits 6bits 9bits | 13bits 13bits [ 9bits
SMSBST 12LSBST ZMSBST llLSBsTllMSBsT 2|.$BsT 7MSBsT GLSBsT 9LSBST

Figure 5-18-13 Bit allocation for page 7 of subframe 5 in format D2
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Subframe Page
No. No.

5 67

Subframe Page
No. No.

5 8

» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
27|31 61 91 121 151 181 211 241 2
Pre Rev | FralD | SOW P SOW | Rev |Pnum [lon239 P lon239|lon240 p lon240{lon241(lon242 p lon242 P 1on249]1on250 p lon251| Rev p
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12LSBST ZMSBST 11LSBsT11MSBsT 2LSBsT 7MSBsT GLSBsT 9LSBST
Figure 5-18-14 Bit allocation for page 67 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
27|31 61 91 121 151 181 211 241 2
Pre Rev | FralD | SOW P SOW | Rev |Pnum | lon92 P 1on92 | lon93 p 10n93 [ lon94 | lon95 p lon95 P lon102|lon103 p lon104| Rev p
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

8MSBs 12LSBs

Figure 5-18-15 Bit allocation for page 8 of subframe 5 in format D2

avsedt 11useP 1imsesd  2usest

7MSBST 6LSBS¢
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» Direction of data flow ————————— MSB first >
MSB . - LSB
< Subframe 5 (300 bits) bits allocation >
— Word 1 «———
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 271
68 Pre | Rev |FralD | SOW | ;| SOW [ Rev |Pnum |lon252f , (lon252)lon253| , lon253|lon254(1on255( , lon255| | o f . |p| .. [p| .. |p [lOn262(lon263| ; |lon264| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits [ 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

8MSBs 12LSBs ZMSBST 11LSBST11MSBST 2LSBS¢ 7MSBST GLSBsf 9LSBs

Figure 5-18-16 Bit allocation for page 68 of subframe 5 in format D2

» Direction of data flov ———  —  MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «———
Subframe Page
No. No. LA 27 |31 61 91 121 151 181 211 241 P!
9 Pre | Rev |FralD | SOW |, | SOW [EncFs| Pnum lonl05f , (lon105|lon106 , lon106|lon107(lonl08( , 1lon108| = | . |p| .. [p| .. |p [lonll5S(lonll6| ; jlonll7| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

SMSBST 12LSBST avsed 11ses msed  ausest mvses?  eLsest 9LSBST

Figure 5-18-17 Bit allocation for page 9 of subframe 5 in format D2
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» Direction of data flow ————————— MSB first >
MSB . - LSB
< Subframe 5 (300 bits) bits allocation >
— Word 1 «———
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 271
69 Pre | Rev |FralD|SOW | ;| SOW [ Rev |Pnum |lon265( , (lon265|lon266 , (Ion266|lon267(lon268 , {lon268| = | . |p| .. [p| .. |p [lON275(lon276| ; |lon277| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits [ 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

8MSBs 12LSBs ZMSBST 11LSBST11MSBST 2LSBS¢ 7MSBST GLSBsf 9LSBs

Figure 5-18-18 Bit allocation for page 69 of subframe 5 in format D2

» Direction of data flov ———  —  MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «———
Subframe Page
No. No. 1L 27|31 61 91 121 151 181 211 241 27
10 Pre | Rev |FralD|SOW |, |SOW | Rev |Pnum flonl18| , |lon118|lon119| , {lonl19jlon120jlon121| , flon121) | 5| 15| ... |[p| .. |p[loni28|loni29| ; |lon130| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

SMSBST 12LSBST avsed 11ses msed  ausest mvses?  eLsest 9LSBST

Figure 5-18-19 Bit allocation for page 10 of subframe 5 in format D2
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» Direction of data flow ————————— MSB first >
MSB . - LSB
< Subframe 5 (300 bits) bits allocation >
— Word 1 «———
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 271
70 Pre | Rev |FralD | SOW | ;| SOW [ Rev |Pnum |lon278( , (lon278|lon279 , lon279|lon280(lon281( , flon281) = | . |p| .. [p| .. |p [lOn288(lon289| ; |lon290| Rev | ,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits [ 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

8MSBs 12LSBs ZMSBST 11LSBST11MSBST 2LSBS¢ 7MSBST GLSBsf 9LSBs

Figure 5-18-20 Bit allocation for page 70 of subframe 5 in format D2

» Direction of data flov ———  —  MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «———
Subframe Page
No. No. LA 27 |31 61 91 121 151 181 211 241 P!
11 Pre | Rev |FralD | SOW |, |SOW [ Rev |Pnum |lon131lf , flon131lon132( , flon132|lon133(lon134f , jlon134) = | 15| .. [p| .. |p[lonl4lflonld2) , jlonl43| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits

SMSBST 12LSBST avsed 11ses msed  ausest mvses?  eLsest 9LSBST

Figure 5-18-21 Bit allocation for page 11 of subframe 5 in format D2
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Subframe Page
No. No.

5 71

Subframe Page
No. No.

5 12

» Direction of data flow MSB first >
MSB L . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
27|31 61 91 121 151 181 211 241 n
Pre Rev | FralD | SOW P SOW | Rev |Pnum [lon291 P lon291|lon292 p 1on292|1on293(1on294 p lon294 P lon301|lon302 p 1on303| Rev P
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits [ 13bits 13bits | 9bits
SMSBST 12LSBST 2MSBsT 11LSBsT11MSBsT 2LSBsT 7MSBsT GLSBsT 9LSBST
Figure 5-18-22 Bit allocation for page 71 of subframe 5 in format D2
» Direction of data flow MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
——— Word 1 «—
1 27|31 61 91 121 151 181 211 241 o
Pre Rev | FralD | SOW p SOW | Rev |Pnum (lon144 p lon144|lon145 p lon145|lon146(lon147 p lon147 p lon154|lon155 p lon156| Rev p
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
8MSBST 12LSBST 2MSBsT llLSBsTllMSBsT 2L$BsT 7M$BsT GLSBsT 9LSBST

Figure 5-18-23 Bit allocation for page 12 of subframe 5 in format D2
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» Direction of data flow ————————— MSB first >
MSB . - LSB
< Subframe 5 (300 bits) bits allocation >
— Word 1 «———
Subframe Page
No. No. 27 |31 61 91 121 151 181 211 241 271
72 Pre | Rev |FralD | SOW | ;| SOW [ Rev |Pnum |lon304f , (lon304)lon305( , 1on305|1on306(lon307| , lon307| = (o .. |p| .. |p| .. |p [lOn314[lon315| ; |lon316| Rev |,
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits [ 13bits | 7bits 6bits 9bits | 13bits 13bits | 9bits
SMSBST 12LSBST 2MSBsT 11LSBsT11MSBsT 2LSBsT 7MSBsT eLSBsT 9LSBST

Figure 5-18-24 Bit allocation for page 72 of subframe 5 in format D2

» Direction of data flov ——  MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «—
Subframe Page
No. No. 1 27 |31 61 91 121 151 181 211 241 mn
13 Pre Rev [FralD | SOW p SOW | Rev | Pnum |lonl57 P lon157(lon158 p lon158{lon159(lon160 P lon160| Rev p Rev p Rev p Rev p Rev p Rev p
5 11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits [ 7bits 6bits | 16bits 22bits 22bits 22bits 22bits 22bits

smsssf 12|_sssf avsed 11sed imses?  2usest vses?  eLsest

Figure 5-18-25 Bit allocation for page 13 of subframe 5 in format D2
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» Direction of data flow ————  MSB first >
MSB ] ) . LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «—
Sut:\]j:)ame P’\?ge 1 27 |31 61 91 121 151 181 211 241 o
' 73' Pre Rev | FralD | SOW p SOW | Rev | Pnum [lon317 p lon317(lon318 p lon318{1on319(1on320 p 1on320| Rev p Rev p Rev p Rev p Rev p Rev P
5 11bits | 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 11bits | 11bits 2bits | 13bits [ 7bits 6bits | 16bits 22bits 22bits 22bits 22bits 22bits
8MSBST 12|_sssj ZMSBST 11LSBsT11MSBsT 2LSBsT 7MSBsT 6LSBsT
Figure 5-18-26 Bit allocation for page 73 of subframe 5 in format D2
» Direction of data flow ———— MSB first »
MSB . . .
< Subframe 5 (300 bits) bits allocation LSB:
———— Word 1 «———
SubFrame Page
No. No. |1 27|31 53 |61 91 121 151 181 211 241 271
Pre | Rev |FralD|SOW p SOW/| Rev [Pnum| Hea; p Hea; | Hea, | Heas p Hea; | Hea, p p P P P Heays | Heass | Heas7 | Heass p Heasg| Heao| Rev p
5 35 |11bits| 4bits | 3bits | 8bits | |12bits| 1bit | 7hits | 2bits 7hits | 9bits | 6bits 3bits | 9bits | 1bit | 9bits | 9bits | 3bits 6bits | 9bits | 7bits
smses? 120585 avses?  7LsesA emsesh  3Lsesh s} amses?  eLsBsh
Figure 5-18-27 Bit allocation for page 35 of subframe 5 in format D2
» Direction of data flow —— MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
———— Word 1 «——
Subframe Page
No. No. |1 2731 53 |61 91 121 151 181 211
Pre | Rev |FralD|SOW p SOW | Rev |Pnum|Heay p Heay | Heay p p p Heay; | Heayg | Heayy p Heago| WN, | Toa p toa Rev 24bits Parity for 3
5 36 |11bits| 4bits | 3bits | 8bits | |12bits| 1bit | 7bits | 2bits | ' | 7bits | 9bits | 4bits | 9bits | Obits | | 9bits | 8bits | 5hits | | 3bits | 63bits words
8MSBs 12LSBs 2MSBs 7LSBs 4L.SBs 5MSBs 3LSBs
Figure 5-18-28 Bit allocation for page 36 of subframe 5 in format D2
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» Direction of data flow ————————— MSB first >
MSB LSB
< Subframe 5 (300 bits) bits allocation >
—— Word 1 «—
Subframe Page
No. No. 1 27| 31 53| 61 91 121 151 181 211 241 271
37~60 | Pre | Rev |FralD[SOW| |SOW| Rev |Pnum JA P JA pl @ | @ |p (0 P O | e o P 8 | ta | O P O| o p| © | Mo || My |AMEPID|
95~100 |11bits| 4bits | 3bits | 8bits [ * [12bits| 1bit | 7bits | 2bits |~ |22bits| " |11bits|11bits| [22bits| | 2bits |17bits| 3bits | |13bits| 8bits | 1bit |~ |16bits| 6bits | |18bits| 4bits |~ [20bits| 2bits
svses?  1ousms} amses? 2208854 22mses?  aLses? amses? 13LsBsh wmse? 161585} smses# 18LsBs? amses P 20Lsest
Figure 5-18-29 Bit allocation for pages 37 through 60 and pages 95 through 100 of subframe 5 in format D2
(Note: AmEpID is the identification of expanded almanacs in format D2, and its specific definitions are given in section 5.3.3.1)
» Direction of data flow ——— MSB first >
MSB . . . LSB
< Subframe 5 (300 bits) bits allocation >
———» Word 1 «———
Subframe Page
No. No. |1 27|31 61 91 121 151 181 211
Pre Rev |FralD|SOW P SOW| Rev |Pnum| Rev p Rev p Rev AOGPS AlGF’S P Ales AOGaI p AOGaI AlGaI P AOGLO AlGLO p AlGLO Rev | 24bits Parityf0r3
5 101 |11pits| 4bits | 3bits | 8bits |~ |12bits| 1bit | 7bits | 2bits | - |22bits| - | 6bits |14bits| 2bits | - |14bits| 8bits 6bits [16bits| | 14bits| 8bits 8bits [58bits words
8MSBs 12LSB$ ZMSBST l4LSBST BMSBST GLSBST 8MSBs 8LSBs
Figure 5-18-30 Bit allocation for page 101 of subframe 5 in format D2
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A 4

» Direction of data flowv —— — MSB first

MSB

LSB

Subframe 5 (300 bits) bits allocation

<&
<

—— Word 1 «—
Subframe Page
No. No. | 27 (31 61 91 121 151
5 102 Pre Rev |FralD|SOW P SOW| Rev [Pnum At s P At s At se WN, s¢ = AouTtc P AouTtc Aiutc Aiutc DN Rev 40bits Parityf0r5
11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 6bits | 8bits 8bits 22bits 10bits 12bits 12bits | 8bits |90bits words
8MSBST 12LSBST ZMSBST 6LSBST 22MSBsT 10LSBsT 12MSBsT 12LSBsT
Figure 5-18-31 Bit allocation for page 102 of subframe 5 in format D2
» Direction of data flow————  MSB first >
MSB . . . LSB
< Subframe 5 (300bits) bits allocation >
——— Wordl «—
Subergjm P,f" 1 2731 53| 61 91 121 151 181 211 241 271
5 103-115 Pre | Rev [FralD|SOW p SOW | Rev |Pnum \/K p JK pl & | @ |p Qp P Q e §i P Si_ t(,.a Q |p| Q o |pl o Mo p Mo |AmID P
11bits| 4bits | 3bits | 8bits 12bits| 1bit | 7bits | 2bits 22bits 11bits|11bits 22bits 2bits [17bits| 3bits 13bits| 8bits | 1bit 16bits| 6bits 18bits| 4bits 20bits| 2bits
SMSBST lZLSBsf zmssﬁ 22Lssf 2omsesh  2sesh amsesd  13LsBA 1M3g 16.58h 6MsBsA 18L5BsA amsesh 20LsBsA

Figure 5-18-32 Bit allocation for pages 103 through 115 of subframe 5 in format D2
(Note: When AmEpID is equal to “11”, pages 103 through 115 of subframe 5 are used to broadcast the almanac parameters. Otherwise, pages

103 through 115 of subframe 5 are defined as reserved pages, i.e., bits 51 through 300 of these pages are reserved.)
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» Direction of data flow—— MSB first
MSB LSB
Subframe 5 (300bits) bits allocation

4

A

4

——» Wordl «——

Stbfiame: Pege | 1 27 | 31 53| 61 91 121 151 181 211 241 an
No.  No.
5 116 Pre [ Rev | FralD | sow p| sow | Rev Pnum | Heas P Heas; | Heaz, | Heass P Heas; | Heass v ol o |p| - || - Heays p Heass | AmID | Rev p Rev P Rev P
11bits | 4bits | 3bits | 8bits 12bits | 1bit | 7bits | 2bits 7bits | 9bits | 6bits 3bits [ Obits 4bits Sbits | 2bits | 17bits 22bits 22bits
8MSB§ 12LSB§ ZMSBST 7LSBf 6MSB§ 3LSB§ 4MSB§ SLSBf

Figure 5-18-33 Bit allocation for page 116 of subframe 5 in format D2
(Note: When AmEpID is equal to “11”, page 116 of subframe 5 is used to broadcast the satellite health information. Otherwise, page 116 of

subframe 5 is defined as a reserved page, i.e., bits 51 through 300 of this page are reserved.)

» Direction of data flow——— MSB first

MSB LSB
Subframe 5 (300bits) bits allocation

A 4

A
4

——» Wordl €<—

Subframe Page
No. No. |1 27|31
14-34 15 o T Rev [Fraip[sow] _ [sow | Rev [Prnum Rev
5 Lo | 1bits| avits | 3bits | sbits | ” |12bits| 1bit | 7bits 178bits 72bits Parity for § words

SMSBg ¥ 12LSBE‘ y

Figure 5-18-34 Bit allocation for reserved pages 14 through 34, 74 through 94, and 117 through 120 of subframe 5 in format D2
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5.3.3 D2 Navigation Message Content and Algorithm

D2 navigation message contains basic navigation information and wide

area differential information.

5.3.3.1 Basic Navigation Information

D2 navigation message contains all the basic navigation information as

follows:

Fundamental navigation information of the broadcasting satellite:

Preamble (Pre)

Subframe identification (FralD)

Seconds of week (SOW)

Week number (WN)

User range accuracy index (URAI)

Autonomous satellite health flag (SatHI)
lonospheric delay model parameters (o, B, N=0~3)
Equipment group delay differential (Tgp1, Tepo)
Age of data, clock (AODC)

Clock correction parameters (toc, ao, a1, a,)

Age of data, ephemeris (AODE)
Ephemeris parameters (toe, VA, €, ®, An, Mg, Qq, Q, io, IDOT, Cy,

Cus: Crc: Crs: Cic; Cis)

Page number (Pnum)

Almanac information:

Identification of expanded almanacs (AmEpID)

Almanac parameters (tos, VA, €, ®, Mg, Qo, Q, i, @, a;,AmID)
Almanac week number (WN,)

Satellite health information (Hea;, i=1~43)
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Time offsets from other systems:

® Time parameters relative to UTC (Aoutc, Awute, Ates, WNisg, DN,
Atisp)

® Time parameters relative to GPS time (Aggps, A1cps)

® Time parameters relative to Galileo time (Aocar, Aica)

® Time parameters relative to GLONASS time (AgcLo, AicLo)

The definition of basic navigation information is the same as that in format
D1, except the page number (Pnum), seconds of week (SOW), identification of
expanded almanacs (AmEpID),and identification of time-sharing broadcasting
(AmID) which are different from those in format D1. Thus only the meanings of
Pnum, SOW, AmEpID, and AmID are given as follows.

(1) Page number (Pnum)

In format D2, the information of subframe 5 is broadcast via 120 pages and
the page number is identified by Pnum.

(2) Seconds of week (SOW)

In format D2, bits 19 through 26 and bits 31 through 42, altogether 20 bits
of every subframe are for the seconds of week (SOW). SOW count starts from
zero at 00:00:00 of BDT on every Sunday.

In format D2, SOW refers to the leading edge of preamble first bit in
subframe 1 of each frame.

(3) Identification of expanded almanacs (AmEpID)

In format D2, AmEpID is the identification of the expanded almanac
information, which has a length of 2 bits. AmEpID is provided to detect whether
pages 103 through 116 of subframe 5 are used to broadcast the expanded
almanac information (i.e., the almanac parameters and the satellite health
information of SV ID 31 through 63).

When AmEpID is equal to “11”, pages 103 through 115 of subframe 5 can

be used to broadcast the almanac parameters for SV ID 31 through 63, and page
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116 of subframe 5 is used to broadcast the satellite health information for SV 1D
31 through 63. Otherwise, pages 103 through 116 of subframe 5 are reserved.
(4) Identification of time-sharing broadcasting (AmID)

In format D2, AmID has a length of 2 bits, and its value is effective when
AmEpID is equal to “11”. AmID can be used to identify the expanded almanac
information (i.e., the almanac parameters and the satellite health information of
SV ID 31 through 63) which are time-sharing broadcasted in pages 103 through
116 of subframe 5.

The user shall use AmEpID first to determine whether pages 103 through
116 of subframe 5 are used to broadcast the expanded almanac information.
When AmEpID is equal to <11, the user shall further use AmID to identify the
expanded almanac information of SV ID 31 through 63 in pages 103 through
116 of subframe 5; otherwise, the value of AmID is invalid and the user shall
not use pages 103 through 116 of subframe 5.

For format D2, The broadcasting scheme for the almanac parameters of SV
ID 31 through 63 is defined in Table 5-22. The broadcasting scheme for the
satellite health information is the same as the scheme for the satellite health
information in D1 navigation message, which can refer to Table 5-17.

Table 5-22 Broadcasting scheme for the almanac parameters of SV ID 31~63

AmEpID AmID Pnum SVID
01 103~115 31~43
10 103~115 44~56
11 103~109 57~63
" 110~115 Reserved
00 103~115 Reserved

5.3.3.2 Page Number for Basic Navigation Information (Pnum1)

Bits 43 through 46, altogether 4 bits of subframe 1 are for page number of
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the basic navigation information (Pnuml). Pnuml is broadcast in pages 1

through 10 of subframe 1.

5.3.3.3 Page Number for Integrity and Differential Correction
Information (Pnum2)

Bits 44 through 47, altogether 4 bits of the subframe 2 are for the page
number of the integrity and differential correction information (Pnum2). Pnum2

are broadcast in pages 1 through 6 of subframe 2.

5.3.3.4 Satellite Health Flag for Integrity and Differential Correction
Information (SatH2)

The satellite health flag for integrity and differential correction information
SatH2 is in 2 bits. The MSB indicates the check result of the satellite for the
received up-link regional user range accuracy (RURA), user differential range
error (UDRE) and equivalent clock correction (At). The LSB indicates the check
result of the satellite for received up-link ionospheric grid information.

See Table 5-23 for detailed definitions.

Table 5-23 SatH2 definitions

Bit allocation Code Definition of SatH2
0 RURA, UDRE and At are good by check
MSB
1 RURA, UDRE and At are bad by check
0 lonospheric grid information is good by check
LBS
1 lonospheric grid information is bad by check

5.3.3.5 Identification of Expanded BDS Integrity and differential
correction information (BDEpID)

BDEpID, which has a length of 2 bits, is provided to identify whether
pages 1 through 6 of subframe 4 are used to broadcast the expanded BDS

integrity and differential correction information.
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When BDEpID is equal to “11”, pages 1 through 6 of subframe 4 can be
used to broadcast the BDS satellite identification of integrity and differential
correction information (BDID;, i=31~63), regional user range accuracy (RURA),
equivalent clock correction (At), and user differential range error index
(UDREI). Otherwise, pages 1 through 6 of subframe 4 do not contain the BDS
integrity and differential correction information and the user shall not use these

pages, and the corresponding bits are reserved.

5.3.3.6 BDS Satellite Identification of Integrity and differential correction
information (BDID;)

The BDS satellite identification of integrity and differential correction
information (BDID;, i=1~63) is in 63 bits to identify BDS satellites for which
the integrity and differential information are broadcast. Every bit identifies one
satellite. “1” means the integrity and differential correction information for the
satellite are broadcast and “0” means not.

BDID; (i=1~30) are broadcast in subframe 2. BDID;, (i=31~63) are
broadcast in subframe 4.

BDS Integrity and differential correction information are allocated in

ascending order of the SV ID.

5.3.3.7 BDS Regional User Range Accuracy Index (RURALI)

Regional user range accuracy (RURA) (i.e., BDS satellite signal integrity
information) is used to describe the satellite signal pseudo-range error in meters.
RURA is indicated by the regional user range accuracy index (RURAI). Each
RURAI occupies 4 bits, so its effective range is 0 to 15. The update period of
RURAI is 18 seconds. Each RURAI broadcasted on the B3I signal indicates the
integrity for the B3l signal of a given satellite. The corresponding relationship
between RURAI and RURA is shown in Table 5-24.
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Table 5-24 RURAI definitions

RURAI RURA (meters, 99.9%)
0 0.75
1 1.0
2 1.25
3 1.75
4 2.25
5 3.0
6 3.75
7 45
8 5.25
9 6.0
10 75
11 15.0
12 50.0
13 150.0
14 300.0
15 > 300.0

RURALI is broadcast in pages 1 through 6 of subframe 2, subframe 3, and
subframe 4. Thereinto, pages 1 through 6 of subframe 4 are used to broadcast

the expanded information.

5.3.3.8 BDS Differential Correction and Differential Correction Integrity
Information (At, UDREI)
5.3.3.8.1 Equivalent Clock Correction (At)

The BDS differential correction information is expressed as the equivalent
clock correction (At). Each At for a given satellite is a signed, two’s complement
integer which occupies 13 bits, and its quantitative unit is 0.1 m. The update
period of At is 18 seconds.

Each At broadcasted on the B3I signal indicates the differential correction

information for the B3I signal of a given satellite. At is not available if the value
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IS -4096. The user shall correct the residual error of the satellite clock offset and
ephemeris by adding At to the observed pseudorange.

Equivalent clock correction (At) is broadcast in pages 1 through 6 of
subframe 2, subframe 3, and subframe 4. Thereinto, pages 1 through 6 of

subframe 4 are used to broadcast the expanded information.
5.3.3.8.2 User Differential Range Error Index (UDREI)

User differential range error (UDRE) (i.e., BDS differential correction
integrity) is used to describe the error of equivalent clock correction in meters.
UDRE is indicated by the user differential range error index (UDREI). Each
UDREI occupies 4 bits, so its effective range is 0 to 15. The update period of
UDREI is 3 seconds. Each UDREI broadcasted on the B3I signal indicates the
differential correction integrity for the B3l signal of a given satellite. The
corresponding relationship between UDREI and UDRE is shown in Table 5-25.

Table 5-25 UDREI definitions

UDREI UDRE (meters, 99.9%)

0 1.0

1 15

2 2.0

3 3.0

4 4.0

5 5.0

6 6.0

7 8.0

8 10.0

9 15.0

10 20.0

11 50.0

12 100.0

13 150.0

14 Not monitored

15 Not available
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UDREI is broadcast in pages 1 through 6 of subframe 2 and subframe 4.
Thereinto, pages 1 through 6 of subframe 4 are used to broadcast the expanded

information.

5.3.3.9 lonospheric Grid Information (lon)

The information about each ionospheric grid point (lon) consists of the
vertical delay at grid point (dt) and its error index (GIVEI), occupying 13 bits
altogether. The data arrangement and definitions are as follows.

Table 5-26 lon definitions

Parameter dt GIVEI

No. of bits 9 4

The ionospheric grid covers 70 to 145 degrees east longitude and 7.5 to 55
degrees north latitude. This area is divided into 320 grids of 5>2.5 degrees. The
definition of ionospheric grid point (IGP) numbers less than or equal to 160 is
listed in Table 5-27-1. Pages 1 through 13 broadcast ionospheric grid correction
information according to this table.

Table 5-27-1 IGP numbers

X% 70| 75 | 80 | 85 | 90 | 95 | 100| 105|110 | 115|120 | 125 130 135 | 140 | 145
55 |10]20 |30 | 40|50 60| 70| 80| 90 |100| 110|120 130 140 150 160
50 | 919293949509 69] 79 80|99 |109]119]129] 130149/ 150
45 |8|18| 28|38 48|58 68788898 |108]118]128| 138|148 158
w |77 |27 |ar|ar|s7] 67| 77|87 7107|117 127 | 137 | 147] 157
35 | 6|16|26| 36| 46| 56| 66768696 |106|116|126| 136| 146| 156
30 |5|15|25| 35| 4|55 65|75 85|95 105|115]125]135| 145|158
25 |a|1a]2a|3a|aa]5a]6a] 74|84 04|100| 14|12 134] 104 ] 15
20 |3]13]23|33|4|53]63] 7383|093 |108]113]123]133] 143|153
15 [ 2|12 22|32 |42 |52|62| 72| 82| 9 102|112|122| 132|142 | 152
10 [ 1|1 |23 |a|s|6n|70]8n] o001 121131141150

When IGP<160, the corresponding longitudes and latitudes are:
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L =70+ INT((IGP-1)/10) x5
B =5+ (IGP— INT((IGP—1)/10) x10) x5

where, INT(*) refers to round down.

The definition of ionospheric grid point (IGP) numbers more than 160 is
shown in Table 5-27-2. Pages 60 through 73 broadcast grid ionospheric
correction information according to this table.

Table 5-27-2 IGP numbers

E-Log.
N-Lat.
525 170|180 (190 |200| 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300 | 310 | 320
475 |169|179|189[199| 209 | 219 | 229 | 239 | 249 | 259 | 269 | 279 | 289 | 299 | 309 | 319
425 (168|178 |188|198| 208 | 218 | 228 | 238 | 248 | 258 | 268 | 278 | 288 | 298 | 308 | 318
375 |167| 177|187 |197| 207 | 217 | 227 | 237 | 247 | 257 | 267 | 277 | 287 | 297 | 307 | 317
325 |166| 176|186 |196| 206 | 216 | 226 | 236 | 246 | 256 | 266 | 276 | 286 | 296 | 306 | 316
275 |165|175|185|195| 205 | 215|225 | 235 | 245|255 | 265 | 275|285 | 295 | 305 | 315
225 164|174 184 |194| 204 | 214 | 224 | 234 | 244 | 254 | 264 | 274 | 284 | 294 | 304 | 314
175 |163| 173|183 193] 203 | 213 | 223 | 233 | 243 | 253 | 263 | 273 | 283 | 293 | 303 | 313
125 (162|172 | 182|192| 202 | 212 | 222 | 232 | 242 | 252 | 262 | 272 | 282 | 292 | 302 | 312
75 (161|171 |181|191| 201 | 211 | 221|231 | 241|251 | 261 | 271|281 |291|301| 311

701 75|80 |8 | 9 | 95 |100|105|110| 115|120 | 125|130 | 135| 140 | 145

When IGP > 160, the corresponding longitudes and latitudes are:

L =70+ INT((IGP—161)/10) x5

B=25+(IGP-160— INT((IGP-161)/10)x10) x5
where, INT(*) refers to round down.
5.3.3.9.1 Vertical Delay at Ionospheric Grid Points (dt)

dr; is the vertical ionosphere delay on B1l signal at the i grid point,
expressed in scale factor of 0.125 and with unit of meters. The effective range of
dt; is between 0 to 63.625 meters. IGP is not monitored when the dr; is
111111110 (=63.750meters) and vertical ionosphere delay is not available when

the dt; is 111111111 (=63.875meters).
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Making use of the ionospheric correction at grid points, the users compute
the ionospheric correction for the intersection point of ionosphere and direction
from user to observed satellite by interpolation and add it to the observed

pseudo-range. The reference altitude of ionosphere is 375 km.
5.3.3.9.2 Grid lonospheric Vertical Error Index (GIVELI)

The grid ionosphere vertical error (GIVE) describes the delay correction
accuracy at ionosphere grid points and is indicated with GIVEI. See Table 5-28
for the relationship between GIVEI and GIVE.

Table 5-28 GIVEI definitions

GIVEI GIVE (meters, 99.9%0)
0 0.3
1 0.6
2 0.9
3 1.2
4 15
5 1.8
6 2.1
7 24
8 2.7
9 3.0
10 3.6
11 4.5
12 6.0
13 9.0
14 15.0
15 45.0

5.3.3.9.3 Suggestions on User Grid lonospheric Correction Algorithm

The user can select effective data of the grid points adjacent to or nearby
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the observed intersection point with drt; and GIVEI to design the model and
compute the delay correction for ionospherc pierce point (IPP) by interpolation.
The guiding fitting algorithm for user grid ionospheric correction is given as

follows:

IPP

1 2

Figure 5-19 User IPP and Grid Points
Figure 5-19 illustrates the user IPP and its surrounding grid points. IPP,

represented with geographic latitudes and longitudes as (¢,,%,), is the

geographic location where the line-of-sight between the user and the satellite
intersects with the ionospheric layer. The positions of the four surrounding grid
points are represented with (¢,,2,, i=1~4) and the vertical ionospheric delays on
the grid points are represented with VTEC;(i=1~4) respectively. And w;(i=1~4)
shows the distance weight between IPP and the four grid points.

As long as there are at least three grid points surrounding the user IPP are
available and effective, the IPP ionospheric delay can be calculated from the
vertical ionospheric delay of these effective grid points through the bilinear
interpolation algorithm.

4
>, -VTEC,
lonodelay , = =—
i=1
7\'p _;\‘1 y. = ¢p _(I)l
7‘2_7‘1’ P ¢4_¢1’

where, x, =

0‘)1 :(1_Xp)'(l_yp), 0‘)2 :Xp '(1_yp), 0‘)3 :Xp 'yp, 0‘)4 :(1_Xp)'yp-
If any grid point of this observation epoch is marked as ineffective, its

weight is zero.
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For B3I, users need to multiply a factor kj3(f) to calculate the grid

ionospheric correction, and its value is as follows:

f2  (1561.098)
kl,S(f)Z : _( j

2 (1268.520

where, f; refers to the nominal carrier frequency of B1l, f5 refers to the nominal

carrier frequency of B3I, and the unit is MHz.
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6 Acronyms

AODC
AODE
BDCS
BDS
BDT
bps
BPSK
CDMA
CGCS2000
GEO
GIVE
GIVEI
GLONASS
GPS
ICD

ID
IERS
IGP
IGSO
IPP
IRM
IRP
LSB
Mcps
MEO
MSB
NTSC
RHCP
RURA

Age of Data, Clock

Age of Data, Ephemeris

BeiDou Coordinate System

BeiDou Navigation Satellite System
BeiDou Navigation Satellite System Time
bits per second

Binary Phase Shift Keying

Code Division Multiple Access

China Geodetic Coordinate System 2000
Geostationary Earth Orbit

Grid point lonospheric Vertical delay Error
Grid point lonospheric Vertical delay Error Index
GLObal Navigation Satellite System
Global Positioning System

Interface Control Document

Identification

International Earth Rotation and Reference Systems Service
lonospheric Grid Point

Inclined GeoSynchronous Orbit
lonospheric Pierce Point

IERS Reference Meridian

IERS Reference Pole

Least Significant Bit

Mega chips per second

Medium Earth Orbit

Most Significant Bit

National Time Service Center

Right-Hand Circular Polarization

Regional User Range Accuracy
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RURAI
SOW
SV
UDRE
UDREI
URA
URAI
uTC
WN

Regional User Range Accuracy Index
Seconds of Week

Space Vehicle

User Differential Range Error

User Differential Range Error Index
User Range Accuracy

User Range Accuracy Index
Universal Time Coordinated

Week Number
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