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BDS-3MEO 0.981 0.136
BDS-3GEO/IGSO 0.992 0.088
Galileo™ 0.980 0.121
Gps™ 0.980 0.143
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Figure 1 Different PCO correction and influence on clock difference.
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F 2 7 dUNAVILEL RRMS) (BAL: m)
Table 2 7 d I/NAV comparison results (RMS) (unit: m)

SATID R T N CLK  CLK+R SISRE

EO01 0.11 0.17 0.18 0.15 0.11 0.12
E02 0.12 0.20 0.16 0.37 0.36 0.36
E03 0.07 0.20 0.19 0.12 0.13 0.13
E04 0.06 0.20 0.15 0.26 0.27 0.27
EO05 0.07 0.19 0.17 0.13 0.12 0.13
E07 0.06 0.17 0.17 0.13 0.11 0.12
E08 0.07 0.19 0.17 0.40 0.41 0.40
E09 0.06 0.20 0.15 0.21 0.20 0.20
E21 0.11 0.16 0.18 0.31 0.29 0.28
E24 0.12 0.22 0.18 1.60 1.59 1.54
E25 0.13 0.18 0.16 0.17 0.11 0.11
E26 0.10 0.23 0.19 0.13 0.10 0.11
E27 0.11 0.19 0.19 0.18 0.15 0.15
E30 0.13 0.17 0.14 0.18 0.13 0.13
E31 0.11 0.17 0.19 0.15 0.09 0.10

3 7 d F/NAVILE L R(RMS) (FRLAL: m)
Table 3 7 d F/NAV comparison results (RMS) (unit: m)

SATID R T N CLK CLK+R SISRE

EO1 0.13 0.17 0.18 0.14 0.06 0.06
E02 0.14 0.19 0.16 0.18 0.17 0.15
E03 0.09 0.20 0.19 0.11 0.15 0.16
E04 0.08 0.20 0.15 0.09 0.13 0.13
EO05 0.09 0.19 0.17 0.15 0.19 0.19
E07 0.09 0.17 0.17 0.09 0.08 0.08
E08 0.09 0.19 0.17 0.12 0.16 0.17
E09 0.09 0.20 0.15 0.12 0.15 0.15
E21 0.12 0.16 0.18 0.24 0.25 0.25
E24 0.13 0.22 0.18 0.12 0.08 0.09
E25 0.14 0.18 0.16 0.16 0.13 0.13
E26 0.12 0.23 0.19 0.18 0.23 0.23
E27 0.12 0.19 0.19 0.14 0.11 0.11
E30 0.14 0.17 0.14 0.16 0.08 0.08
E31 0.13 0.17 0.17 0.14 0.12 0.13
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Figure 2 F/NAV clock parameter error.
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Figure 3 F/NAV E30 broadcast ephemeris errors.
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Figure 4 F/NAV linear negative correlation coefficient fitting.
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Figure 5 F/NAV E31 broadcast ephemeris R+CLK error. (a) Orbit
radial error and clock difference error; (b) the error after orbit radial
error plus clock difference error.
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Figure 8 Statistics results of orbit URE for GPS broadcast ephemeris.
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Table 4 Statistics result of different GPS satellite types (unit: m)

TEHER R CLK  R+CLK #LIEURE SISRE
IIA 0.20 0.88 0.87 0.29 0.88
IIF-Rb 0.16 0.22 0.27 0.27 0.35
IIF-Cs 0.23 1.25 1.27 0.33 1.27
IIR-A 0.11 0.42 0.43 0.24 0.48
IIR-B 0.13 0.31 0.32 0.27 0.40
[IR-M 0.12 0.41 0.41 0.27 0.47
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Figure 9 Error of R+CLK for GO1(BLOCK-IIF). (a) Orbit radial error

and clock difference error; (b) the error after orbit radial error plus clock
difference error.
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Figure 10 R+CLK for G22(BLOCK-IIRB). (a) Orbit radial error and

clock difference error; (b) the error after orbit radial error plus clock
difference error.
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Figure 11 SISRE contribution of different GPS satellites.
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Table 5 Statistics result of BDS-3 satellite (unit: m)
PRN PR RE PUEYI IR E HUBIRZEURE CLK SISRE
19 0.04 0.43 0.07 0.26 0.27
20 0.05 0.39 0.07 0.48 0.48
21 0.05 0.44 0.07 0.31 0.31
22 0.04 0.44 0.07 0.29 0.29
23 0.09 0.45 0.1 0.41 0.37
24 0.08 0.41 0.1 0.25 0.23
25 0.05 1.23 0.18 0.44 0.45
26 0.05 1.19 0.17 0.39 0.40
27 0.06 0.23 0.06 0.34 0.32
28 0.07 0.23 0.07 0.35 0.34
29 0.05 0.3 0.06 0.39 0.38
30 0.05 0.36 0.07 0.44 0.43
32 0.05 0.44 0.08 0.37 0.35
33 0.04 0.45 0.07 0.29 0.29
34 0.05 0.24 0.06 0.36 0.34
35 0.06 0.28 0.07 0.38 0.37
36 0.07 0.4 0.08 0.48 0.44
37 0.07 0.41 0.08 0.24 0.23
38 0.06 0.5 0.09 0.38 0.37
39 0.14 0.63 0.16 0.25 0.24
59 0.40 9.00 1.29 0.29 1.30

(0.49 m). {H/2% [ERIGPSHIARAL AW HESE, HFrAIIF I RETRE SR KNT027m, MITEGPSE L
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Table 6 Statistics result of different GNSS (RMS) (unit: m)

GNSS#4; URE,; CLK SISRE
1A 0.29 0.88 0.88
IIR-A 0.24 0.42 0.48
1IR-B 0.27 0.31 0.40
GPS 0.49
IIR-M 0.27 0.41 0.47
ITF-CS 0.33 1.25 1.27
IIF-Rb 0.27 0.22 0.35
. I/NAV 0.10 0.21 0.19
Galileo
F/NAV 0.12 0.14 0.14
BDS-3 0.09 0.35 0.35
(a) T T T T T T CLK =R
e R S o o NTEN?
é /f‘&” ;/lf\ \\\ ’f\:/,,\,‘“w_” w Fat 1/.& . / /\ Ves N :..:/h,ﬂ N
S Ofere . g i . Dt . |
LI‘] |
1} B N R
) i i i i i 1 1
0 1 2 3 4 5 6 8
Time (d)
2 () ! ! ! ! ' ! T ysisRE
" A-{CLK]|

Bl 12 BDS-3 C38ESISRE& K. (a) FLiH 1 2 Al 22
ZHRZ K (b) SISREFS ESH X AnEl

Figure 12 The composition of SISRE for BDS-3 C38. (a) Orbit error
and clock difference error; (b) relation between the SISRE and clock
difference error.
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Figure 13 The composition of SISRE for BDS-3 C28. (a) Orbit error
and clock difference error; (b) relation between the SISRE and clock
difference error.
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Analysis of signal-in-space ranging error of GNSS
navigation message

YANG JianHua"”", TANG ChengPan"’, SONG YeZhi', HU XiaoGong',
ZHOU ShanShi' & CHANG ZhiQiao"

! Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China;
* School of Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China;
4 Beijing Satellite Navigation Center, Beijing 100094, China

The signal-in-space ranging error (SISRE) is a major factor that affects the accuracy of positioning and timing. It
describes the projection of the satellite-broadcast ephemeris error and clock difference error in the average direction from
satellites to stations. In this study, the size and characteristics of the broadcast ephemeris user range error (URE), clock
difference error, and SISRE are evaluated with respect to GPS, Galileo, and BDS-3. The results indicate that the SISREs
of Galileo, GPS, and BDS-3 are 0.14, 0.49, and 0.35 m, respectively, the broadcast ephemeris UREs of Galileo, GPS, and
BDS-3 are 0.14, 0.27, and 0.09 m, respectively, and the clock difference errors of Galileo, GPS, and BDS-3 are 0.14,
0.41, and 0.35 m, respectively. In case of Galileo, the radial orbit error and the clock difference error exhibit strong
correlation. Both these errors cancel each other, and the SISRE associated with Galileo can be effectively reduced.
Further, obvious differences can be observed with respect to the clock difference error and SISRE in case of different
types of GPS satellites. The clock difference error and SISRE of GPS will gradually decrease with the upgradation of
satellites. The SISRE of BDS-3 exhibits different characteristics when compared with those exhibited by the SISREs of
GPS and Galileo. First, the radial error of BDS-3 is less correlated with the clock difference error, which exhibits poor
self-consistency. Second, the BDS-3 satellite-broadcast ephemeris URE is small, whereas the clock difference error is
large. Furthermore, the broadcast ephemeris URE associated with BDS-3 is lower than those associated with Galileo and
GPS. However, the contribution of the clock difference error associated with BDS-3 to SISRE is considerably greater
than those of the clock difference errors associated with GPS and Galileo to SISRE. In this study, the sizes and
characteristics of the SISRE of BDS-3, Galileo, and GPS are compared, indicating that signal-in-space accuracy of BDS-
3 can be improved by reducing the clock difference error.

signal-in-space ranging error (SISRE), GPS, Galileo, BDS-3
PACS: 95.10.Eg, 06.30.Ft, 91.10.Fc, 96.25.Vt
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