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Abstract: The GNSS time-frequency transfer receiver is widely used in time synchronization systems and nodes across various critical
fields, where precise calibration of internal delay is essential for achieving high-accuracy time-frequency transfer. To address
nanosecond-level time-frequency transfer requirements, experimental research is conducted on absolute and differential calibration
methods for BeiDou time-frequency transfer receivers. First, the principles and differences of step-by-step, integrity absolute, and
differential calibration methods are compared and analyzed. Based on GNSS anechoic chamber and common-clock-difference scenery,
implementation plans are designed accordingly. Calibration comparison experiments are conducted for different types of BeiDou time-
frequency transfer receivers at B11, B1C, B2a, B3I, and L1 C/A to evaluate measurement uncertainty and analyze various calibration
methods. The experimental results demonstrated that the measurement uncertainties of the step-by-step, integrity, and differential
calibration methods are better than 0. 71, 0.98 and 1. 27 ns, respectively. The delay calibration values within each frequency point are
consistent within the uncertainty ranges of the three calibration methods, verifying the effectiveness of the calibration comparison
experiment and the superiority of the integrity absolute calibration method, forming a time-frequency signal calibration capability with
sub-nanosecond uncertainty levels.
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Fig. 13 Calibration comparison experimental framework
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Fig. 14 Beidou time-frequency transfer receiver

) M RGHER
3748 —— 69: mean = 374.221 ns, std = 0.195 ns
@ I -—- G12: mean = 374.230 ns, std = 0.187 ns
j-ﬂ-ﬂ 374.6 —# G14: mean = 374.249 ns, std = 0.193 ns
e 3744 R HRA L
)

#3742

3
374.0

£

# 373.8

6 000 8 000 10000 12 000 14 000
GNSS¥# 5t RFELET [A]/s

BI15  BMARRGIER
Fig. 15 Overall system delay

AR S 155 GPSLL C/A Mk, o, BUE(E N
167. 700 ns,
R2 1, BARREEETE
Table 2 Uncertainty budget for ¢, calibration

SRR Byl {H/ns
Uea B 0.028
Uem B 0.192
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Uy B 0. 100
Uy, A 0.195
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Table 3 Uncertainty budget for ¢ calibration
E 30 Esyil & /ns
res_simulator B 0. 100
Ui B 0. 200
Usi_simatator B 0.289
Uppou_simulator B 0.115
rep_simulator A 0.275
Usp 0.47
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Fig. 16 Reference delay of receiver
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Table 4 Uncertainty budget for ¢, calibration

KR E~viil {H/ns
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Ui B 0. 050
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Uop 0.14

4) IR S AR IEIR 1, BEHE

by T IR R SESR ¢ BRI REAEIR ¢, HH
GNSS HZIUR 2 3 55t v 2 OHL-A58 400 25 Ph B 22 {8 1T 5544
F, L1 C/AWEL by, BHEIE D 3. 240 s,

HT £, BAESIATIBRIEARTE BE Uy, PEAGSE RN
0.30 ns, W13 5 i, H, U, A REAAA P OFa e 1k



<172 -

LSRR R e o

40 &

FIABIAEE B, 2% THEHOR ML JJF 1403-2013 AL
SEIPEAL 7 v, BUR 0.020 ns; A PEAS IR, U U,
U,.. 53 3HCA 0.100.,0. 200 F10. 192 ns,

RSl FEEETHER

Table 5 Uncertainty budget for ¢y, ., calibration

KR E3i] fH/ns
Uype B 0. 020
pow B 0. 100
U, B 0. 200
Uen B 0.192
Uprp 0. 30
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Table 6 Integrity calibration result for L1 C/A (ns)
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Table 7 Overall results of the cross validation experiment between DC01, DC02, DC03, TL16, and TL17

for Beidou full frequency point and GPS L1 C/A (ns)
= BEEZE T T YR ] BII B3I BIC B2a L1 C/A
IV HERIREUE  2024/09/17-2024/09/18  256.66(0.96)  255.81(0.93)  260.23(0.94)  257.89(0.92)  256.81(0.97)
DCOl  B&ARAEXTAGHE  2024/09/19-2024/09/20  256.48(0.69)  255.93(0.67) 259.60 (0.70) 257.97(0.69)  257.13(0.70)
Z R 2024/07/27-2024/08/04  257.47(1.27) / / / 257.84(1.25)
IPBAERIREUE  2024/09/22-2024/09/23  254.30(0.98)  251.88(0.94)  257.03(0.95) 256.87(0.93)  253.87(0.98)
DCO2  MERAaXf#ciE  2024/09/24-2024/09/25  254.37(0.71)  252.08(0.68)  256.33(0.70)  257.18(0.67)  253.41(0.69)
o REE 2024/07/27-2024/08/04  255.06(1.24) / / / 253.75(1.19)
IPYERIREHE  2024/10/14-2024/10/15  251.28(0.95)  254.35(0.93)  258.91(0.93)  257.55(0.92)  251.89(0.94)
TL16  BEIRZAXASHE  2024/10/16-2024/10/17  251.00(0.70)  254.22(0.68)  258.17(0.70)  257.41(0.67)  251.59(0.65)
Z e 2024/05/01-2024/05/08  251.31(1.25) / / / 253.06(1.22)
IPYERIRCHE  2024/10/14-2024/10/15  198.79(0.92)  196.73(0.92) / / 209. 05(0.92)
GSO01  HARAXFHHE  2024/10/16-2024/10/17  198.95(0.68)  198.06(0. 68) / / 208.75(0. 67)
Z R ifE 2024/05/01-2024/05/08  199.35(1.21) / / / 209.41(1.24)
IR HE  2024/08/20-2024/08/21  198.03(0.93)  197.46(0.93)  208.24(0.95) 207.88(0.94)  208.65(0.93)
GSI10 IR RHE  2024/08/22-2024/08/23  198.59(0.67)  196.17(0.67)  207.33(0.69)  208.01(0.71)  208.08(0.67)
E R 2024/05/01-2024/05/08  199. 10( 1. 19) / / / 209.21(1.23)
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(a) DCO1 and DCO2 calibration results and uncertainty range
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