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Table 1 Configuration information of receivers

Calibration Status

Lab Receiver Code  Receiver Type Antenna Type
GPS P3 GALE3
PTB PT09 PolaRx4TR NOV750.R4 Yes Yes
NTSC NTP3 PolaRx4TR SEPCHOKE_MC Yes No
NTSC NTO02 GTR55 NOV850 Yes No
NTSC NTO05 PolaRx5TR SEPCHOKE_B3E6 Yes No

HBUNT02. NTOSHINTP3#E UL M 2021410 H
1H%20214£10 431 H (BRI faifb /& 8% H (Modified Ju-
lian Day, MJD) 59488-59518)E il Y RINEX (Re-
ceiver Independent Exchange) WLl XA, FH (1)
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o Ak 3R 15 B L B 22, IR R4 [E B i
) 430 2% %5 1) 2% 2 2= (Consultative Committee for
Time and Frequency, CCTF)s # il & M &

Wt GNSSHY [H] % 33 45 i (Common  GNSS  Generic
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V2E) A4 BObs #E H A0SO, VA 2 2% SCR(9).
K2, B304 X3 G HWHLENTSCH 2 42 1A
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Fig.2 The connection diagram of receivers in NTSC
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K104 il 45 HINT02. NTO055PT094% Yt Al
GPS P3MGalileo E33LAW I [H] B Xt 285 5 1 B 8] g
7 (Time Deviation, TDEV), Taw K+ [0 [, K
H1 dBTDEV/E ANT02. NT05 Galileo E3&LH}
JERZ S5 I G vh Ao 8 o i, AR 2N K3,

% 2 NTO02 Galileo E3{58 5

FH(7)-(9)30 AT 3R £8NT02.  NTO58% U HlGali-
leo B3/ I %iE £ HE 45 J 11 G811 A & BE 2 5l N
0.35 nsf10.37 ns, RS A E £ #8N3.46 ns, A
T BE352°83.5 ns. HHER2. R3WLUE i, NT02,
NTO54% U HlGalileo E3.5L I ZE [ K2 1 AS 1 € &
2199% KR T KRG AW EE, HPHZNTP3 GPS
P3SN AEAZHE AN 58 FE I RE A B K, R PR A HE 2
WAL 5 BN 2E B 5 407 34 36 A2 1 AN 1 e P 0 /N IR 2
WML RS,

RHERGERNTEE S

Table 2 Uncertainty analysis of total delay calibration of NT02 Galileo E3 singal

Type Components Uncertainty Contributions Uncertainty /ns
Ua1 GPS P3 noise of NTP3-NT02 CCD 0.12
Ur Uaz TDEV (1d) of NT02-PT09 GPS P3 CV 0.25
Uas TDEV (1d) of NT02-PT09 GAL E3 CV 0.22
U1 Calibration of NT02 (NTP3) GPS P3 total delay 2.8
Us Uno Calibration of PT09 GPS P3 total delay 1.5
Ubs Calibration of PT09 GAL E3 total delay 1.5
Uba Others 0.5

&3 NTO05 Galileo E3{5 5 B RHERENEE
Table 3 Uncertainty analysis of total delay calibration of NT05 Galileo E3 singal

Type Components Uncertainty Contributions Uncertainty/ns
Ua GPS P3 noise of NTP3-NT05 CCD 0.01
Ur Uca TDEV (1d) of NT05-PT09 GPS P3 CV 0.30
Ucs TDEV (1d) of NT05-PT09 GAL E3 CV 0.22
Ua1 Calibration of NT05 (NTP3) GPS P3 total delay 2.8
Uqo Calibration of PT09 GPS P3 total delay 1.5
Us Uas Calibration of PT09 GAL E3 total delay 1.5
Uaa Others 0.5
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Fig.10 The TDEVs of different CV links between NTSC and PTB
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{E2021411 328 H 2021412 327 H (MID: 59546 gy s — g e . 22564 thy T 7R 7 06 4095 3l
~59575) WIIA] FIRINEXU AL, KIECCTFHIE  pLiujGPS P3fiGalileo 34 B ML LL X 45 5 ) 2
FAI A% 38 bR A2 RGPS P3MIGalileo E3SRAEIL  fE I8, H/NA0.06 ns, HKZ10.57 ns, HTERHE
PUSCHE. e BT P2 15 18 03R4 A 52 £ 31 L 4.
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Table 4 Configuration information for the selected receiver

Lab  District Receiver Code  Receiver Type Antenna Type Distance/km
ROA  Europe RO9 PolaRx4TR LEIAR25.R4 8800

TL Asian TLT5 PolaRx5TR SEPCHOKE_B3E6 1551

TP  Europe TPO1 JAVAD TRE_3 NOV850 7058

HFNTP3. RO.9. TLT5MTPO1IZEHLGPS PREE T 45 AT PEAS, Goit 45 R k6. K770
P35 FiE 2 £ 48 53 BIPMEE [X 455 ] & 20 43 (Regio- 4 HRO9. TLT5MTPOLIZEIHLGPS P3FGalileo
nal Metrology Organizations)i& [Al A% 7, & n] ¥t B3 B 4E B W) G A AN B e . i ERem] A,
NTP35R0O9. TLT5FTPO1/EIGPS P3%% ik (1)L S % ] Galileo E35E FEAHXTGPS P3%E B LML L
RREEXS 85 BAE R MRS %, 43 R NTO2FINT05 5 Xof 2 AW IEE R HEA # e FEVE N,
FEA3AN <7 I SE 56 % L] Galileo E3%E #% 1 3 HHNTO2FINTO55 TPOL A P/ 2% A [F] 4 B Eoof &5 2R
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CV results between NT02 and selected receivers
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Fig.12 CV results between NTO05 and selected receivers
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Table 5 Statistical CV results of GPS and

Galileo between two receivers

%6 FIBBHIEGalileo B3 EL R4 RIS
Table 6 Evaluation of Galileo E3 CV results

between two receivers

. Receiver  Mean of the . Receiver  Mean of the
Receiver Code Receiver Code
Code Difference/ns Code Difference/ns
RO9 0.20 RO29 0.52
NTO02 TLT5 0.06 NTO02/NTP3 TLT5 0.87
TPO1 0.44 TPO1 1.38
RO29 0.16 RO29 0.18
NTO05 TLT5 0.13 NTO05/NTP3 TLT5 0.49
TPO1 0.57 TPO1 1.10
=7 BEWNVERERHEE
Table 7 Initial calibration uncertainties of the receivers
Calibration Uncertainty/ns
Receiver Code
Calibration Date GPS P3  Calibration Date Galileo E3
RO9 2021-03 1.5 2020-03 1.5
TLT5 2020-10 1.5 2020-10 1.5
TPO1 2021-06 2.5 2021-06 2.5

# 8 NTO2FINTOSKERTIERIFRE 1
Table 8 Stability of NT02 and NTO05 calibration

delay
Receiver Code Calibration  Total Dealy of
Date Galileo E3/ns
2021-10 74.6
NTO02
2022-05 75.1
2021-10 46.5
NTO05
2022-05 47.1
:l:\
5 gn 1@

A3 R FAINTP3 LA i 22 73 42 1 1 7 =0t
NTO2FINTOSE W HLGPS P3st it sE K e, SR 5 2>
HILANT02. NT055PT09[E]GPS P3%&E S iy AR b
X2 R N2, @ S5 % R Galileo E3JLAILLL
XF 25 B0 il RAF R BEAEREWHINT02HMINT 05 Ga-
lileo B3N 4E, TELH /3 A1 1 HSU I 48 AR AN
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1) NTO2FINTO5# il Galileo E3 &L 4L 43 51
N74.6 nsHI46.5 ns, KHEAHE L5 3.5 ns, HZ
RGN E FE RIS EOR, TR R AT e B i
ANH5E FEAHN BN BRSO 225 il

2) NTO2AINTO5HE YL Galileo E3 &I SEALHE
J5 5 HAt3AN T B Ay I 9258 % [A] Galileo E3NIGPS
P35k % 1 JL A0 EE 45 R — Btk fc s, INTP35 H
fih S8 R EAHLIAIGPS P3%E R i HE M L X 45 5
M2, O S RN Z A ME /N T 1.5 ns, TERL
HEANEA E LV N, 15 B T AT iR T SRR T 45
RAREABM.

3) NTO2MINTO05 Galileo E3.is i FiE it 15 1 45
RAEPAERNBIEDN, 775)°80.5 nsF10.6 ns, HITE
R HEAN T 8 BEE TRl N, AR B U Ao v 45 3 i A8 b
£90.6%M11.2%, FIURHERS 4E EL AR € .
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Galileo E3 Total Time Delay Calibration in NTSC Time and
Frequency Comparison

GUO Dong'? DONG Shao-wu’? WU Wen-jun’? WANG Wei-xiong! SONG Hui-jie!
WANG Xiang!

(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)
(2 School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049)

AsstracT In order to improve the reliability of the time transfer link, Bureau International des Poids et
Mesures (BIPM) has officially taken the Galileo time comparison as the backup link for UTC calculation
since 2020. Therefore, the delay calibration of the Galileo signal of the receiver is a necessary work for
all time-keeping labs around the world to participate in the UTC link. Taking the GPS link calibrated
by Physikalisch-Technische Bundesanstalt (PTB) and the National Time Service Center (NTSC) as a
reference, this paper sets PT09 receiver as a reference station to calibrate and verify the total Galileo E3
(Galileo E1&ES5a) delay of NT02 and NT05 receivers of NTSC. The results show that the total Galileo
E3 delays of NT02 and NTO05 are 74.6 ns and 46.5 ns respectively, the calibration uncertainty is 3.5 ns,
and the calibration delay is relatively stable. After calibration, the results of GPS P3 and Galileo E3
common view comparison between NT02 and NTO05 receivers of NTSC and calibrated receivers of other
time-keeping labs are basically consistent. Taking the comparison results of GPS P3 links between NTP3
and receivers of other labs as a reference, the average deviation is less than 1.5 ns, which is within the
calibration uncertainty.

Key words Galileo E3, time-delay calibration, calibration uncertainty
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