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Abstract: As an important space infrastructure of China, BeiDou navigation satellite system (BDS)
is essentially a high-precision time and space service system. BeiDou global navigation satellite sys-
tem (BDS-3) has been in operation since July 2020, which can provide various time services, such
as RNSS, SBAS, RDSS one-way, RDSS two-way. This paper gives a brief introduction of BDS-3
time services, and discusses various time service methods in detail. Moreover, experimental verifi-
cation and comparative analysis are carried out from measured data. The results show that the pre-
cision of BDS-3 time service is better than the given published index, where SBAS time service has
the highest precision at about 2ns, the RDSS two-way time service and RNSS time service are con-
sistent at about 9ns, and RDSS one-way time service is the worst ranging from 15ns to 30ns.
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Fig. 1 Schematic diagram of RDSS one-way time service
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Fig. 2 Principle diagram of RDSS one-way time service
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Fig. 3 Schematic diagram of RDSS two-way time service
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Fig. 7 Dual-frequency timing results of measurement receiver

APUL L 3d BZIEE RGN 1. 52ns, bRIEZE A
0. 60ns , %45 R HA W I HLAG 23 A5 1 25 )05 566 2
WSS R A — 2, Ui BDS TR &= {E
HARGROREE . 18 7 B 5 45 SR A7 AR — 26 4 1)
PG IX B T TR B R T A 2 R 2 1 SR A
PESIE . HI2 53 2 PR geitas oA b, Il & 4k
BLXOA52 IR A W S 8 g = 202 PR Ay sk LA AT A
R R AR AT T Y0 Rl BRI I 5 9T 2 A SO
AERS IR 0. 2m Zefy s HOR A T B 28 9P T4 4
MO L ARTETE , DN MR P BB 42 i 70 K 20 I HL



34 TAUE £ 5 R

2021 4E 7 A

PR A 28 5 AR S HH - 2 o D0 6 M 7 ik — 2
ARG FE o 15 I SEE ABOKS B Bs s LA S OBUBUE T T 246 K
BB B R SR R 2% . R, X TRk ] RNSS HUF
AT B L KA R 2ZE VR A TP
LN 22 B AR 1R 25 I Jk M 75 38 8 I AEE g 2 DA S
AR 2 AR R 25
2.2 SBASEW&ZR

FIF 2020 4212 H 14 H—12 H 16 H bt IX
) SBAS £ HLIT e 52 i il 56 . 0560 Hp , SBAS 21K
HUARHE W %) TR AR S i S R 4 i P, S S e
SR R AT RN A BRI A5 SR AN 18] 8 R

3 ! |. mean=2.16 std=0.22
b 1 5
25h 14 Co
E ok ~'|?'. i
© : H
= | '
P15t ' . Che
2 1
= ! !
Ir .
0.5 ' : : . '
0 0.5 1 1.5 2 2.5 3

i/d
E 8 JbmitiX SBAS R &R
Fig. 8 SBAS timing results at Beijing

R 25 A F B . b 5T b X SBAS #ZHF ¥
2. 16ns, bR 24 0. 22ns, i W] SBAS #2 i BA 1R
o ARG BE
2.3 RDSS BEERE&ER

T X BDS-3 Fil BDS-2 W10 £ 4t % i H B ik
friede, it 7T BDS-3 Frik {5 5 RDSS #ifh
BRI BDS-2 # AR 55 RDSS H[a] £ i 9 F 5
%5 RDSS HI 420 bl oy AT 40 20t i i JH P AL, B
B A WOH B AR T 5 10 I A Dy Be X 55 B E] Oy
2020 4F 12 A 14 H—12 A 16 H 3t 3d, iR 5 5 ik
PR A AT = 3 A K A AS [ b X, 3K
b, J P HLAY B R BDS-3 TR Hi 55 % (5
5o R R A P e R ML AR 4 15 5 5858 ) Bl 2 B )
T AN ) T3 2L 55 R o 15 6 o AR 36 FH P ML OE R T
e e 7 T3 B2 B ey 1 5 B 5 B 46 i 2 I 45 2R 1Y % 2
PERRR M R A R 9o~ 11 fion. HEH
SEARTT VL, b 5 H DR AR R AF 5 1258 43 0l T
PRN59 5 LAY 2 P R Al PRN61 5 DM 2 )
AR HE S A B T PRNS9 5 A1) 16

TP 5 W A M DXBT AR {5 5 X 3 A ma i T PRN6O
SR 1 BEER, ZAEGE S 8B T PRN60
SR 13 PR s = O AR A 5 6 0 ) i
N T PRN61 5 T AW 3 A PRN60 5 LR 5
WA, R AE 5 a8 4 e i, T PRNGSY9 5 T A
(9 16 B oA PRNG60 5 TR 13 o,

£ T emndnk —
_,?‘ 0 4 4
ﬁaé 50 : iSO R i
o 0 0.5 1 15 2 25 3
U
a H R
[=a)
a :
H P

Z2 _soL ; IGHH

0 0.5 1 15 2 25 3

t/d
B9 JbmihX RDSS #[mE &R
Fig. 9 RDSS one-way timing results at Beijing

g z

__‘;t il ; : b

= _s0 | 605 2 B i

o 0 0.5 1 1.5 2 2.5 3
(8 50 B H R H R

e : : p
B il G, L
% : : L

0% "05 1 15 2 25 3

t/d
10 FE{ti#h[X RDSS B EIFR LR
Fig. 10 RDSS one-way timing results at Kashi

£ 20 b0
= Ofmn it anvis™Wieolse
£ o i
@ 20 05 1 15 2 25 3
U

a p ; ——— -
jaa)

&

98]

a

jaa]

ZiE# X RDSS &[5 12 Bt 45 R
Fig. 11 RDSS one-way timing results at Sanya

B 11

IR ZE L .

Db 50 W5 AR = 3 M X BDS-2 & 1K il {5 5
RDSS H[i] 52 B} K B (95 %) 43 31 4 32. 6ns. 33. 5ns
1 28. 4ns; BDS-3 Bk il {75 5 RDSS H [n] £ I K
(95%) 43 & 14. 5ns. 19. 8ns Ml 17. 3ns, Hr 14
55 LB AR AR S R IR BE 3 R FE T 29 55. 5%,
40. 9% F 39.1%

2) b 5T R A M DX 22 AR E 5 1) RDSS 5w £2
B 25 A AR B0 B8 1 R e 25, 4300l 12, 52ns



5 4

BDS-3 £ 52 i 5 548 B iR 06 Kt A b 35

F110. 22ns; W5 A A1 = 30 M1 X 37 44 i1 15 5 B9 RDSS
i) 57 I 4 b A AR A A R G e 2 L 4 R
10. 82ns F—9. 45ns, 5| . [m] £52 I 2 S8 7 M 25 1)
R B2 A4 rh O ol e b I SE | T8 5 O I SiE |
FARL 0 HoF A0 T R 8 B R A 25 A 2 00N Oy R
JE PR R 15 % B SE A A 45 SRR — BUPE SR

DEAK FF . BDS-2 2K HI{E 5 RDSS Hjm 42
45 R AETE LD d o JA 0 e 2, b, b o mg A1 R0
= M X 3 Bl Bk i 4 A 249 S 4= 37ns, £ 33ns Al
+36ns, WHITW B KT BDS-3 Frikf {5548, &
SRR P ML BDS-3 58 1A i 5 5 B ) 42 i gk
7 TR X B T 1.3 4R B A = 5 i A
BN B AR5 5 B2 iR AR B KR AR 9 A

AT A= i 18 i oY) 48 B B A A S B
S5 RN AR 1 Bk AR, kAR iR R — e LN
1D I 2 el 1 o SR Sl o e 7 N i 7 S 1 7
AR —F0H K 1 R GEME e 25 518 . 7E R KA i g
AR I, 42 B 25 SR I A A 7R OR [ R R Y Bk
A5 BRAR R B — R AE LR, X R R R T DA
TE R DL KN B LE N A SR 2 G R
2.4 RDSS WEFrF 4R

AR R 2020 4F 12 H 14 H—12 A 16 H,db
B WE AR = M X P RDSS 422 ISHL I R XL 1)
by, gy 2 O & e i B 5 RDSS
B B, RS R A 12~ K 14 FiR,

BDS2-BDS3 Results/ns

t/d
B 12 Jemih X RDSS M [ 1% At 45 R
Fig. 12 RDSS two-way timing results at Beijing

L b
OO TR 1AL |

BDS2-BDS3 Results/ns

13 FE{Hih X RDSS X (5§32 it 4 R
Fig. 13 RDSS two-way timing results at Kashi

=

£ 50

z 0 e

= 50 LGSR i

ye 0 0.5 1 1.5 2 2.5 3
2 50 ; ; 7 -

= : : 13

& i ¥ S

8

m

lGi&FE/;

0.5 1 15 2 25 3
td

B 14 =T HX RDSS X 632 B 45 R

Fig. 14 RDSS two-way timing results at Sanya

|
wn
=

=)

PO TRAN e S R T 2

DB WA A = 3 b X BDS-2 % 1k il {5 5
RDSS L[] 52 B} A B (95 %) 43 51 4 10. 7ns, 10. 1ns
F1 10. 8ns; BDS-3 B il {5 5 RDSS B In] £ i 45 i
(95%) 431K 8. 1ns. 9. Ins F1 9. 6ns. &G =5
FEmPRE BE Ay SR TE T2 24.3%.9. 9% A1 11. 1%,

2) 5 RDSS 5] £ B K B2 A7 [, 3 A Hb X 1Y
RDSS X[ £52 B 4 B2 AE % e e . B7E 9ns 247, B
) e AR 22 [) ) 46 2 b 5 SR AR E S . X —
5 T Uk B R i) 452 B 3 AR A L A R A Y — T
T U, T30 ) 0L o) 35 5 B AEE A AR A8 v o A 4 AR Al
FeRaE .

3)RDSS X ] $2Z I 25 SAEAE DL d Sk J5 39T 1 /0 D
&y Al R A b DR BE AR /NS BB, = X S
B WS IRIEZ N 6ns, ZEARE, SHIX A X,
AR AL A R AR 5 B b X B ) AR 3R 4K K, R Y
AR [T JC AR R 25 5k . A2 AH b RDSS
B[] 2 I Y 20 R R IR AR 0N 1 B 4R 0 R oK 2%
— S e [ 95 2 S g b Y AR o DTG X i 4% A
IR

3 #ig

GEAARSCTHE M B g B, nl LA 8| DL %
4598 .

1)BDS-3 S H T RNSS, SBAS, RDSS . [1] FlI
RDSS B[] 45 Fft $52 Bsf J5 32 » 38 2o AN (7] b DX FAS [ AR
A Ee R W], 25 R B2 I 1 oK BE AL T A AR
AIFE BRIk L 9 B BDS DA & & 2 1Al {5 5 B A 1R
T A R, KR 43 1R 22 R ok A F P 2 L i 25
T B B A AR AN — B0 25 R AL 16 3R 1 2%

2) WAz 56 25 ok B L BDS 1 SBAS 2 A 4
JE e ATk 2ns 224 0 H B A SEAr MR P RE T
AIAE BT L 7 38 R A A A kAT RE MR
{1 AT LA s RDSS B ) 42 B 4% B2 F RNSS 42 B
FEBEAE 4, 35 B 9ns 7247, RDSS X ] 4% Bf 9E 5 F2



36 TAUE £ 5 R

2021 4E 7 A

SE S H A RE 7E R 3 M DX T, i RNSS $%
i H RDSS R a) 432 1 Al F 108 500 £, iR 45 X 3
o B, g KB A P B 2 M RNSS
FZHF , RDSS B[] 432 B m] DL AR B 55 SR 45 1) ~F B
FH P s RDSS B Ja) $52 05 8 B3 45 25, 7€ 15~ 30ns
AT R LB A RNSS B2 0 #E

3)BDS-3 1£ RDSS {55 {4 il  Eics b 28 | B ZE 7
RN P MU A5 Oy T B AT TR LA,
Sl 5l B T T A B RS R R e, TR R DikE TR
1o FEL B 2 A TEORS B, P SO A B ] 3% AR AR
R X S P R A BDS-3 B K #1455 9 RDSS
Bl AR BRI T 4060 I

A)RDSS . [i1] 452 I F1 R ] 452 5 285 S v, 358 40 il
FER 43 LR U 3 3 A7 7F 28 40 1 O 2 LA % J) 1 4
B, J7 5 30 i WU A I S A A — B R0 A ) 45 4R
B R ER AR 2208 1IF S5 AT IR AW ST, L ilE— 20 4
RDSS #ZH 5 B

2% 3k

(1] TETESHAZEHESAE. I} TE S RLEN
MRS ARSI s TEIE MRS E AL
%, 2019.
China Satellite Navigation Office. The application
service architecture of BeiDou navigation satellite sys-
tem[S]. Beijing: China Satellite Navigation Office,
2019 (in Chinese).

(2] TEHTESMASZEMILZE . LI TESMASR
ATFMRSHERERE (2. O [S]. dbnt. hETE SR
G EINAZE , 2018.
China Satellite Navigation Office. BeiDou navigation sat-
ellite system open service performance standard( Version
2.00[S].
2018(in Chinese).

(3] xifd, Hup. 2k LESMARZ LIRS EHELT].
SAE LR . 2020, 8(1): 1-8.

Liu Jian, Cao Chong. Development status and trend

Beijing: China Satellite Navigation Office,

of global navigation satellite system[J]. Journal of
Navigation and Positioning, 2020, 8(1): 1-8(in Chi-
nese).

Cal XUF|, g, Juf, 3. JUSb A S S0 58
MIrEL]. B ER Y )2 K%, 2015, 45
(7): 079509.
Liu Li, Shi Xin, Li Jing,et al. The defination and u-
sing method of the COMPASS basic navigation mes-
sage[J]. Scientia Sinica Physica, Mechanica & As-
tronomica, 2015, 45(7): 079509 Cin Chinese).

L5]

[6]

[7]

[8]

[9]

[10]

[11]

MR, WBL, M, 5. BDS-3 WA S AL 36 05 ik
B LAEREST BT [T ], S M52 o2 15 B2 iF, 2020, 7(5):
58-64.

Zhang Pengfei, Tu Rui, Guang Wei, et al. BDS-3
time frequency transfer method and its performance
analysis[J ]. Navigation Positioning and Timing,
2020, 7(5): 58-64(in Chinese).

EX . A TR SN R G R RIS D], 7
4 K Res, 2014,

Wang Tian. Research on time service performance e-
valuation of Beidou satellite navigation system[D].
Xi’an: Chang’an University. 2014 (in Chinese).

XUF . AR I T8 b x5 8 6 B2 1] [R) 25 Fe R [ D]
KRN« il AR B AR RS, 2004,

Liu Li. Relativistic time comparision theory and high
precision time synchronization technology [ D]. Zheng-
zhou: Information Engineering University, 2004 (in Chi-
nese).

XUR), SR, ARBER 55 . BT O BRI A AY h 22 3t
BRI R, 2009, 32(1): 36-42.

Liu Li, Han Chunhao, Zhu Lingfeng, et al. Clock
error calculation model based on pseudo range meas-
urement[ J]. Journal of Time and Frequency, 2009,
32(1): 36-42(in Chinese).
TEELESHASERSAE . LI DERRARS
23 A 5 e L ) SO A P IR 515 5 B3T(L. 0[S,
dent: PETESBAGEHAAE, 2018.

China Satellite Navigation Office. BeiDou navigation
satellite system signal in space interface control docu-
ment-open service signal B3I (Version 1. 0)[S]. Bei-
jing: China Satellite Navigation Office, 2018 (in Chi-
nese).

TEIELESHASERSAE . LI DERRAS
23 [ o 2 L SO A JF IR 8515 5 B1C(L. O[S,
et WEDESAMAGEHIAZE, 2017.

China Satellite Navigation Office. BeiDou navigation
satellite system signal in space interface control docu-
ment-open service signal B1C (Version 1. 0)[S]. Bei-
jing: China Satellite Navigation Office, 2017 (in Chi-
nese).

TRIEESHASERDSAE . LI DERMAS
23 A5 5 2 1V SO A FF 4515 5 B2a(1. 0O [S1.
ent: ETRESAMAGEHINAZE, 2017.

China Satellite Navigation Office. BeiDou navigation
satellite system signal in space interface control docu-
ment-open service signal B2a (Version 1. 0)[S]. Bei-
jing: China Satellite Navigation Office, 2017 (in Chi-

nese).



5 4

BDS-3 £ 52 i 5 548 B iR 06 Kt A b 37

(12]

[13]

[14]

Wu X L, Zhou J] H, Wang G,et al. Multipath error
detection and correction for GEO/IGSO satellites[ ] ].
Science China Physics, Mechanics & Astronomy,
2012, 55(7) . 1297-1306.

HRA . DRSS TRGE 2 POIM]. dui: H
Bl Tolk i B4t . 2010.

Tan Shusen. The engineering of satellite navigation
and positioning[ M. Beijing: National Defense Indus-
try Press, 2010(in Chinese).

RIS, FRE . HIRFEIL TEEMM]. b i#
B AL, 1992,

Wu Yanzhong, Li Guiqi. Geostationary satellite posi-
tioning[ M ]. Beijing: The People’s Liberation Army
Press, 1992(in Chinese).

[15]

[16]

BARIR, XA, e B, AL TR X IR R A BT
(I, WA 24, 2010, 33(2) . 129-133.

Li Baodong, Liu Li, Ju Xiangming,et al. Accuracy a-
nalysis of satellite bidirectional timing[ J]. Journal of
Time and Frequency, 2010, 33(2): 129-133(in Chi-
nese).

BILE, k. e, 5§ . =S Ra itk ik
PERE PN — 186 6 U K A A (0] T E B HER
Bl 2018, 48(5): 584-594.

Yang Yuanxi, Xu Yangyin, Li Jinlong, et al. Progress
and performance evaluation of BeiDou global navigation
satellite system: data analysis based on BDS-3 demon-
stration system[ J ]. Scientia Sinica (Terrae), 2018, 48

(5): 584-594(in Chinese).
€ 1M i)



