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Overview of BDS SSV

Previously,

¢ BDS SSV performance was first presented at ICG-8.

¢ SSV signal availability and PDOP satisfaction of BDS hybrid constellation was
presented at ICG-9.

¢ BDS 1s willing to participate in the interoperable GNSS SSV for the benefit
of space applications.

¢ Asa WG-B recommendation of ICG-9, the idea of elaborating a booklet
that characterize the contribution of each GNSS to an interoperable SSV for
the benefit of the users was raised.

¢ This reports includes BDS booklet instruction, BDS construction and
operation status update and SSV application experience.
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Outline of BDS SSV Booklet

BeiDou Navigation
Satellite System (BDS)

Space Service Volume

Openness,
Compatibility,
Independerncy

and Gradualness

SERYE THE WORLID
BENEFIT ALL MANKIND

SPACE SEGMENT

Regional Coverage Constelfation

5 GED + 51050 + 4 MEO

+« The eguoterial prejeciions of the
CED satellites are at 30.75°E, 80~
E, 10.5°E, 140°E and 160°E .

# The credsing lengitodes of 3 ICI0 sodellites locabe al
1R°E, and the other 2 vabeliites locote at 95°E

#« The 4 MED sateliites ore in the Tth ond &th phaies of
tha wt arhital plons, and in the Ird and 4tk phoiem of
tha 2nd orbital plane. (Walkerz4/20 )

Global Coverage Constellation

5 GED + JGS0 + ZTMEO

+ The squateral prejections of the
CED atellites are at 30.75°E, 00"
E, 19.5"E, 1o E and wo"E .

. The cresing longiudes of 3 030 iotellites locale at
na“E.

& 14 sul of Ir MEQ solelliles shape ap inte Wallber
14/311, and the remaining 3 ones are separabely tabren
as ypare satellfes in 2och orbl plane .

Timetable of Deploymnent

®  The rth BD? fatelite lounched 30 Mar 2013
®  The wth&isth BDS Sotellite: lounched 25 jul 2005
® The 20th BDS Setellite lounched 30 fop 2015

=Opam karwlie flamak VLG
= B0 Open fervice Pedommanie
Standard (WD)

m #The pacformaonce of modem-

iped OF stignals it enbonsed rgnffi-
A contly from the speratisnal 05
gk

#8Y pgnal wil contitus to pro-
wide terdoe in e tromiticnad
LT ook of BOS.

AUTHORIZED SERVICE

[ ] Thart - soege Commuunicotion jemioe
[ ] Wide-area Diferemtiol ond [nfzgrity Service
. RDss

-
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Outline of BDS SSV Booklet

POLICY AND PLANS

» Provide spen ierviced glebally and free ) b Odili  Rsbrence
=) wfl-Boywis
of wer charge. ks Aol
. Provide continueus, stable and rellable - irg
eroe. ENE "
=IRLT E ]
o | il A
iproue performancs corkinue uily A -
. Encouraoge compatibility and interoper- _ e
ability with other GN3. )
EhSignal =4 Sgnek
. Enhance application effidency, broaden - o
application demains, promeote interna-
tienal application:. o Je
z1figndl =4 Sgnak
] e ] Lumnar Explaration Spocecraft =CHAMNGE 5=T1
Lo ey Lounch dote: 2614-10-25
Re-entry dote: I0M-11-1
"H‘l could benefit from BD3 h}ﬁl‘ld'm- GNiS 5% Application 1 The re=emtry module

kal i 1GS0 and GEO sabellites equipped with o G moeiver for brodeing

1. In-Orbit Testing shows CMI could provide geod
il avallability of GEO/HEQ 5V could be service  during atmesphedc  re-entry  around

el significantly by GM3 interopera- Eao00km.

F-mall - changanTbeldos. gev.ca

Agdress: Ne. 88, Nam Cai Yean Sirest,
M7 Cheng Dinieicl, Beijing, China, 100084
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BDS Space Segment

BDS Constellation - Regional Coverage

¢ The regional BDS space segment consists of 14 satellites in orbit
5 GEO + 51GSO +
¢ The equatorial projections of the 5 GEO satellites are
at 58.75° E, 80° E, 110.5° E, 140° E and 160° E.

¢ The crossing longitudes of 3 IGSO satellites locate at
118° E, and the other 2 satellites locate at 95° E.

¢ The 4 MEO satellites are in the 7th and 8th phases of
the 1st orbital plane, and in the 3rd and 4th phases of
the 2nd orbital plane. (Walker24/3/1)

¢ The SGEO+5IGSO constellation can provide regional coverage, and the MEO
satellites were deployed for flight test of global service, performance improvement
and system redundancy.

\
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BDS Space Segment

BDS Constellation - Global Coverage

¢ BDS will be 1n full operation in 2020 and consist of 35 satellites.

5 GEO +3 IGSO +

¢ The equatorial projections of the 5 GEO satellites are
at 58.75° E, 80° E, 110.5° E, 140° E and 160° E.

¢ The crossing longitudes of 3 IGSO satellites locate at
118° E.

¢ 24 out of 27 MEQ satellites shape up into Walker
24/3/1, and the remaining 3 ones are separately taken
as spare satellites in each orbit plane .

¢ The GEO and IGSO satellites are deployed for regional augmentation.

\
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BDS Space Segment

BDS Constellation Parameters

¢ Earth Blocked Angle (EBA) of BDS MEO
and GEO/IGSO satellites are 13.20° and
8.69° respectively.

¢ The maximum distance of geosynchronous
altitude spacecraft receiver and BDS
b g MEO and GEO/IGSO satellites are
T R i 68806km and 83346km respectively.

¢ The signal beams from BDS GEO and IGSO

80°N satellites overlap each other above 120° W to

30°N 60° W at the altitude of 36000km.

3033 ¢ SSV users may benefit from this steady visibility at
60°S this area.

180°W120°W 60°W 0° 60°E 120°E 180°W

\
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BDS Space Segment

BDS Constellation Status

— ——

Meo 2007414 [

2 GEO 2009415 [
3 Geo 2010117 [
4 GEO 201062 [
5 16s0 201081 [
6 GEO 2010.11.1 [
7 1Gso  2010.12.18 [

8 1Gso 2011410 [
9 1Gso 2011727 [
10 1Gso 2011122 [
Operational In maintenance
Flight Test - Retired(de-orbit)

12
13
14
15

16
17
18
19
20

2012.2.25
MEO 2012.4.30
MEO 2012.4.30
MEO 2012.9.19
MEO 2012.9.19
GEO  2012.10.25
IGSO  2015.3.30
MEO 2015.7.25
MEO 2015.7.25
IGSO  2015.9.30

.
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BDS Space Segment

2015 — Starting Transition to Global Coverage

17 IGSO 2015.3.30 19 MEO 2015.7.25
18 MEO 2015.7.25 20 IGSO 2015.9.30

¢4 BDS Satellites were launched 1n 2015 from X1 Chang Satellite Launch Center.
¢ Simultaneous deployment of 2 MEQO Satellites by upper stage vehicle
éNew generation payload validation ( Rb atomic clock and H maser, etc.)
éModernized navigation signals validation
¢ Inter-satellite demonstration

éHigher integrity platform and increased design lifetime

¢In orbit test of new launched BDS satellites are being conducted and the results are
satisfactory.
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BDS Open Service (OS) Signals

Operational BDS Open Service (OS) Signals

Carrier Frequency | Modulation BW(MHz) NAYV message data rate
Slgnal (MHz)

1561.098 QPSK 4.092 500(G)/50(M/T)bps
B2I 1207.14 QPSK 20.46 500(G)/50(M/T)bps
Currently BDS provides free and reliable positioning, SRR
velocity and timing services at Asian-Pacific region. p— : ' :
] WTT BT - |- L i TR TS0W 0w Interfasciflz)':rjl'l’;::“mm Brilbeu -'*l'l::':l'l:l:':l:'lﬂl* Syviem

Open Service Signal (Version 2.0) Prrfsrmsncy Seandard

ek |

© b oy s s 4 MRy
Do v 5815

T TR © P " | - T - .|

11
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BDS Open Service (OS) Signals

Modernized BDS Open Service (OS) Signals

The performance of modernized OS signals B1-C(1575.42MHz), B2-a &
B2-b (1191.795MHz) are enhanced significantly from the operational OS
signals.

¢ Dual frequency operation

¢ Improved time and poisoning accuracy, etc.
B1I signal will continue to provide service in the transitional status of BDS.
For SSV users in the near future the legacy B1I signal 1s suggested.

Modernized signals could provide better interoperability with other
GNSSs..

\
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BDS Antenna Parameters

Operational Satellites Navigation
Antenna Parameters

¢ Operational satellites navigation antenna

: B1 (MEO) B2 (MEO)
parameter of BDS from pre-flight ground test. |
e T
MEO \
S FN -5dBi 0dBi A/m/“ A ] KA \ ~
Signal BW BW BW [
BII  +£21° +21° +20° V
B2 £30° +28° +26°
GEO/IGSO B1 (GEO/IGSO) B2 (GEO/IGSO)
0S FN -5dBi 0dBi : =)
Signal BW BW BW .JE !:E/ (\\
BII  £22° +21° +20° ] :
o | = | = +28° RSN -

\
-
13 I International Committee on
\ Global Navigation Satellite Systems
—



BDS Antenna Parameters

Modernized Satellites Navigation
Antenna Parameters

¢ Modernized satellites antenna parameters of BDS from simulation®*.

-5dB 0dBi EOE
Slgnal BW BW BW Angle

+13.2°

MEO B2 £30° +28° +26° +13.2°

B3 +30° +28° +26° +13.2°
R

Signal | BW BW BW Angle

GEO/IGSO +19° +18° +8.7°
By  £26° +22° +21° +8.7°
B3  £26° +22° +21° +8.7°

*The simulation results are similar to the pre-flight ground test of satellites in orbit flight test.

-
14 I International Committee on
\ Global Navigation Satellite Systems
—



Recent GNSS SSV Application in China

Lunar Exploration Spacecraft - CHANG’E 5-T1

CHANG’E 5-T1

Launch date: 2014-10-25

Re-entry date: 2014-11-1

GNSS SSV Applications : The re-entry module
equipped with a GNSS receiver for tracking.

In-Orbit Testing shows GNSS could provide good
service during atmospheric re-entry around 60000km.

> o o @
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BDS SSV Performance

Signal Availability and PDOP
Satisfaction

Parameters Value

Orbit Type GEO/IGSO
Bl B2 Bl B2

C S1.gn;1 Type Minimum %‘é% Reference off-
arrier Frequency . -
(MHz) 1575 1192 1575 1192 Received Power S Boresite Angel
Input Power of Antenna 20 19 20 19 I 1810), -184.1 25
(107, B1(GEO/IGSO) JEBLLE: 19
Antenna Gain(dBi) -5 -5 -5 -5
EIRP(dBW) 15 14 15 14 B2(MEO) -182.7 28
L RO L 6 6 6 6 B2(GEO/1GSO) [REIW 22

Loss(dB)

Maximum Distance

68806 68806 83346 83346
(km)

Maximum Free Space
Loss(dB)

193.1 190.7 194.8 192.4

Minimum Received

Power (dBi) -184.1 -182.7  -185.8 -184.4

\
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BDS SSV Performance

Signal Availability and PDOP
Satisfaction

Signal BDS(24M) BDS(24M/31/5G) BDS(24M) + another BDS(24M/31/5G)
Availabili GNSS + another GNSS
MEO SSV >1 >4 >1 >4 >1 >4 >1 >4
B1/L1 100% >99.8% 100% 100% 100% 100% 100% 100%

B2,B3/L2,L5 100% 100% 100% 100% 100% 100% 100% 100%
GEO/HEO SSV >1 >4 > 1 >4 > 1 >4 >1 >4
B1/L1 >93% >2.5% >96% >22% >98.5% >50% >99% >64%

B2,B3/L2,L5 100% >17% 100% >45% 100% >83% 100% >88.5%

¢ Signal availability are 1improved if GEO/IGSO are taken into consideration.

¢ Working with another interoperable GNSS the signal availability of GEO SSV will
be increased by nearly two times.

\
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Summary

The outline of SSV booklet is discussed for users’ better understanding of
BDS and its space service volume availability.

GNSS space users could benefit from BDS hybrid constellation containing
IGSO and GEQO satellites.

The modernized BDS Open Service (OS) signals will make more contribution
to SSV interoperation.

New generation BDS satellites are under validation test in orbit. Better service
will be delivered to territorial and space users in the near future.

GNSS applications of SSV has been achieved in China and demand for SSV
service will continue to increase.
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