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Analysis of GSM—R multipath interference network optimization

based on ray tracing
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Abstract: As railway mobile communication systems rapidly evolve toward digitization and
intelligence, the traditional multipath—interference optimization model of narrowband GSM-R can no
longer satisfy modern rail-transport demands for highly efficient, accurate and intelligent operations and
maintenance. This paper first explains the mechanism and scenario—specific features of GSM-R
multipath interference, and then analyzes the core modules and overall architecture of a ray—tracing—
driven high-speed-rail wireless—network optimization system. Taking the voice—quality degradation that
occurs inside a mountain tunnel on the Wuhan—Guangzhou high—speed line as an example, the system is
employed to pinpoint the root cause of the poor voice quality. Three network—optimization schemes are
proposed and simulated. The results show that by adjusting the optical-fiber repeater's transmit power
and antenna downtilt in the multipath—interference zone, the interference at the onset of voice—quality

degradation is significantly mitigated, providing a reference solution and technical foundation for the

WimBH: 2025-04-21; fEEIBH: 2025-06-10

E2WH: WHEBTZEAR s g — AT S BT % B0 H (2300-K1240018); fii2s B3 4 ¢ BT H (2022Z0660M5001)

"EEMEE: 5Bl email:gongziyue@bjtu.edu.cn

SIAMER: el B E R, S 7005 . B T OB BR 10 GSM-R 242 TSI /3 BT [)]. K22 R 5 i 715 B 24, 2025.23(12):1250-1260.
DOI:10.11805/TKYDA2025128.

Citation format: DUO Hao,ZHAO Guochao,GONG Ziyue,et al. Analysis of GSM-R multipath interference network optimization based on ray tracing[J].
Journal of Terahertz Science and Elcetronic Information Technology, 2025,23(12):1250-1260. DOI:10.11805/TKYDA2025128.



55 12 4] x M, F: ETHEKERNGSM-R ZETHMEZMIL S 1251

digital, high—quality optimization of GSM—R multipath—interference problems.
Keywords: Ray Tracing(RT); Global System for Mobile Communications—Railway(GSM-R);

multipath interference; wireless network optimization
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Fig.1 Schematic diagram of joint coverage of base station and optical fiber repeater
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Fig.2 Ray tracing driven high—speed railway wireless network optimization system architecture
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Fig.3 Schematic diagram of BTS location in Wuhan—Guangzhou high—speed railway mountains and tunnels section
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Tablel TA detection data from cell switch point to each optical fiber remote unit

optical fiber main unit switch point optical fiber remote unit TA of leakage cable TA of optical fiber TA(total)
K1850+057 1.67 5.16 6.83
K1850+317 1.14 5.87 7.01
K1851+497 1.30 9.09 10.39
KIBdgro12 KI8S0+867 KI8514767 1.86 9.82 11.68
K1853+534 5.51 14.64 20.15
K1854+011 6.50 15.94 22.44

2 E TSR A BN CET T b B {75 P i IR i e A I A df

Table2 TA detection data from signal low quality start point to each optical fiber remote unit

optical fiber main unit low quality start point  optical fiber remote unit TA of leakage cable TA of optical fiber TA(total)
K1850+057 0.63 5.16 5.79
K1850+317 0.10 5.87 597
K1851+497 2.34 9.09 11.43
-+ +
Kigagro12 K1850+363 K1851+767 2.90 9.82 12.72
K1853+534 6.55 14.64 21.19

K1854+011 7.54 15.94 23.48
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(a) BS antenna pattern (b) train antenna pattern

Fig.5 3D pattern of BS/train antenna
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Table4 Electromagnetic parameters of simulation scenario material

material real permittivity loss tangent directive s directive(a)
brick 5.67 0.44 0.71 7.02
organic glass 2.60 0.20 0.93 6.26
concrete 4.62 0.05 0.21 5.34
water 81.04 0.06 0.93 5.13
building 3.72 0.14 0.47 7.26
green land 15.03 0.05 0.12 233
urban open area 14.89 0.52 0.21 4.93
metal 1.00 1.00x10’ 0.23 2.00
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Fig.7 Received power measurement diagram of the mountainous and tunnels section of the Wuhan—Guangzhou high-speed railway
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(b) simulation of received power of each optical fiber remote unit

Fig.8 Received power simulation results of high speed railway wireless network optimization system
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Fig.9 Received power simulation results when optical fiber remote unit K1851+497 is turned off
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Fig.10 Received power simulation results when optical fiber remote unit K1851+497 adds 6 dB attenuation
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Fig.11 Received power simulation results when adjusting the downtilt angle of the optical fiber remote unit K1851+497 antenna

11 SRS CEF o Bl K1851+497 K4 0 Byl o) 22 5 B 45

AR SCE SIS T B Rk AL Sl A B X 22 48 A ) A B Ak O B8 IR AT R AR B I 45 R AR SR BT R
G BT AR L 55 2 4 L IR T FE B S B0 DAL SR R K R s a8, SRJE . A T GSM-R 242 T3 I & E
B3 s AR EE BT A 2% Ak 7 RAFAE R s ) A, 51 AT SGB BRI s i m Bk C kM 4% ik R 52, T 14N
R A OB R G A . R, DLaT @Ak e BRE I s i 248 T o ), ST S 2GR IR B 1
Bk TCLR 28 AT Ak 22 58 25t O B DG 28 378 0 B0 K 18514497 . G 2T 3k vt B1 ik 38t K1851+497 147 i % sk LA Bz 4 % Sl 2
T8 Wity EL B K1851+497 Jid X K26 T 51 /1 3l 19 4% 410 Ak T 58 I 20 W 19 b I 45 AR Ak T S8 I ml A7 e A ke, 2k Tt
IR IS R S s 2R TR AL . AR SCWE SR N BRI RS Sl R R SR HER AL S R AR B dE SR T BR UT
VES S BRYGIE LA, AR IR R T [ B — Rk I SG L T SR A s sk ALK . RS B A s RS D m
5T

S &k

[ 1] P AR I [ 5k i 4 A B iR 32 3 i [ 2 5 56 AT R R 49 22 [EB/OL). (2020-08). http://www.china-railway.com.cn/
xwzx/rdzt/ghgy/gyqw/202008/t20200812_107636.html. (China State Railway Group Co., Ltd. Outline of powerful nation railway
advance planning in the new era[EB/OL]. (2020-08). htip://www. china-railway. com. cn/xwzx/rdzt/ghgy/gyqw/202008/
t20200812_107636.html.)

[2] e R rp e A RGBT . b g 22 s [F 1ARTT 8400 (2023—2027 4F) #1352 ) [EB/OL]. (2023-04-23). https:/
www. gov. cn/zhengee/2023-04/23/content_5752770. htm. (Central People's Government of the People's Republic of China.
Interpretation of the five year action plan for accelerating the construction of a strong transportation nation(2023—2027)[EB/
OL]. (2023-04-23). https://www.gov.cn/zhengce/2023-04/23/content_5752770.htm.)

(31 SHEREX)E S, A5 % . 54 1 Ea TR ISR BE RG], K#F2ER 5 75 B 244, 2024,22(8):893-900. (LIANG
Yanan,LIU Changrui, SHI Xuetao. Edge intelligent system for autonomous train operation[J]. Journal of Terahertz Science and
Electronic Information Technology, 2024,22(8):893-900.) DOI:1011805/TKYDA2023071.

(4] THESCER NI BT 5T Bk 56 BRI IS (1], Hh I Bk, 2022(9):54-61. (DING Jianwen, WANG Lei,
SUN Xiaofang.et al. Research on railway 5G technology application under the background of new infrastructure construction[J].
China Railway, 2022(9):54-61.) DOI:10.19549/j.issn.1001-683x.2022.04.17.002.

[5]1 Hhasbh ERLBR N . 2R — R shil F Pk S B2 )], T 24E HE R, 2021,27(4):44-50. (ZHONG Zhangdui,GUAN



512 4] x &, &F: ETHEREEREHN GSM-R ZETFHMEZMLL S 1259

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Ke, CHEN Wei, et al. Challenges and perspective of new generation of railway mobile communications[J]. ZTE Technology
Journal, 2021,27(4):44-50.) DOT:10.12142/ZTET].202104009.

BT 7K . U Bk GSM-R BRI 242 THRALALfRIMT[J]. R (515 % TR, 2019,16(1):37-41. (BAO Jieer. Optimizing
GSM-R repeater multipath interference of Shanghai—Kunming high—speed railway[J]. Railway Signalling & Communication
Engineering, 2019,16(1):37-41.) DOI:10.3969/].issn.1673-4440.2019.01.009.

TGS i 4 25 RIS A . T 1] Ry R B8] 423 4 PR SR AR T A TCAR R[] 930 D5 325 0] b3t 338 K727 41, 2024,48(3):64~
73. (HUA Yimin, MENG Lingyun, LUAN Xiaojie, et al. Improving timetable resilience for high-speed railways through time
supplement allocation[]J]. Journal of Beijing Jiaotong University, 2024,48(3):64-73.) DOI:10.11860/j.issn.1673-0291.20230073.
TIR AR B . JET GSM-R BYERISHS sl (5 AU A b TR B (0], b B TIE 15, 2024,26(5):7-9. (WANG Dong, LI
Huaxia,GAO Xingchang. Spectrum characteristics and interference analysis of railway mobile communication based on GSM-R[J].
China New Telecommunications, 2024,26(5):7-9.) DOI1:10.3969/j.issn.1673-4866.2024.05.004.

SR IS 51 GSM-R B, 22 48 (LR AT [J]. Bk 8 {5 5 5 TR 4R, 2022,19(8):40-44. (Al Wu. Analysis of
multipath problem of GSM—R repeater caused by base station relocation[J]. Railway Signalling & Communication Engineering,
2022,19(8):40-44.) DOI:10.3969/j.issn.1673-4440.2022.08.009.

L. GSM-R ¥ 2% ik ol B i ok 3 [ 788 o X 242 T30 9] BB 58 ). o Bk 6, 2018(4):55-59. (YANG Fan. The study on
multipath interference of the common coverage area of GSM-R network base station and repeater[J]. China Railway, 2018(4):
55-59.) DOI:10.19549/j.issn.1001-683x.2018.04.055.

JH/NEE . GSMR MO 52 6 2 72 " J R0 43 17 5 R0, o S BRI, 2017(2):51-54. (XING Xiaogin. On multipath-
delay-spread problem caused by GSM-R optical fiber repeaters & its solutions[J]. China Railway, 2017(2):51-54.) DOI: 10.
19549/j.issn.1001-683x.2017.02.051.

BV . T e B A A R R Y R B 0 3 3R SG-R A DL AL BOR (0] b5t 58 R 5441, 2023,47(2):13-22. (ZENG
Chengsheng. 5G-R network optimization technology for high—-speed railway station scenes based on high—performance ray
tracing[J]. Journal of Beijing Jiaotong University, 2023,47(2):13-22.) DOI:10.11860/].issn.1673-0291.20220110.

XUSEE, 5 5B, AL AE . SG-R Bk 420l 75 MIMO KRB 45K 5 AL R PERERT 52 )], BRI 15155, 2024,60(4):49-58.
(LIU Lihai,GONG Ziyue,LI Jinhan,et al. Research on MIMO antenna array structure and transmission performance for 5G-R in
high—speed railway station scenarios[J]. Railway Signaling & Communication,2024,60(4):49-58.) DOI:10.13879/j.issn. 1000-
7458.2024-04.23276.

GUAN Ke,HE Danping, RUPP Markus,et al. Challenges and future research trends of window glass for smart rail vehicles:from
the perspective of wireless propagation[J]. IEEE Communications Standards Magazine, 2023, 7(3): 10-15. DOI: 10.1109/
MCOMSTD.0004.2200024.

LIU Changzhu,HE Ruisi,NIU Yong,et al. Reconfigurable intelligent surface assisted high—speed train communications: coverage
performance analysis and placement optimization[J]. IEEE Transactions on Vehicular Technology, 2024,73(3):3750-3766. DOI:
10.1109/TVT.2023.3325627.

BRI TP, S A R RE S T B B SG Bk AR A SR SR BORBIESE )], ML IR 2 4R, 2023,38(1):63-70. (SHAN
Xinyi, HE Danping, FEI Dan, et al. Intelligent reflecting surface—assisted 5G high—speed railway station coverage enhancement
technology[J]. Chinese Journal of Radio Science, 2023,38(1):63-70.) DOI:10.12265/j.cjors.2022153.

RN B E A AT IR TLR S SC-R LG W48 A BT [J]. KB 252 5 T B, 2024,22(5):467-475,484.
(HAN Zijie,ZHAO Liankui,GAO Yuan,et al. Design of low earth orbit satellite and 5G—R fusion network architecture[J]. Journal
of Terahertz Science and Electronic Information Technology, 2024,22(5):467-475,484.) DOI:10.11805/TKYDA?2022232.
B B R AT TR0 28 B 1 57 P[0, o 243 HUE R 2024,30(4):26-31. (WEI Xingguang, LIU Jing,
CHEN Jiajun,et al. Applications of Al in wireless communication systems[J]. ZTE Technology Journal, 2024,30(4):26-31.) DOI:
10.12142/ZTETJ.202404005.

HE Danping, GUAN Ke,YAN Dong, et al. Physics and Al-based digital twin of multi-spectrum propagation characteristics for
communication and sensing in 6G and beyond[J]. IEEE Journal on Selected Areas in Communications, 2023,41(11):3461-3473.
DOI:10.1109/JSAC.2023.3310108.

BRBLEE X ALTINEF I 45 B R 5 ()], X4l iRE R, 2025,31(1):1-3. (WU Hequan. Reflections on Al-empowered network
reconstruction[J]. ZTE Technology Journal, 2025,31(1):1-3.) DOI:10.12142/ZTETJ.202501001.

FRR GRS SC PR, A5 JCL AR 18 B 25 A S RO BUAR S R B [)]. FR R 241, 2025,40(5):1-11. (GUAN Ke,ZHANG
Meiwen, HE Danping, et al. The current situation and prospects of the critical digital twin technology for wireless channels[]].

Chinese Journal of Radio Science, 2025,40(5):1-11.) DOI:10.12265/j.cjors.20241781.



1260 AHZEMEERFERER %23 %

[22] HE Danping, Al Bo,GUAN Ke,et al. The design and applications of high—performance ray-tracing simulation platform for 5G
and beyond wireless communications: a tutorial[J]. IEEE Communications Surveys & Tutorials, 2019,21(1):10-27. DOI:10.1109/
COMST.2018.2865724.

(23] rPAE A BRILANE [E KRR . TB 10088—2015 Bk HEAL 78S 301 7 R S8 (CSM-R)BEHHBLELS]. dbat: b B EGE H L, 2015.
(State Railway Administration of the People's Republic of China. TB 10088—2015 Code for d651gn of Mobile Communications—
Railway(GSM—-R)[S]. Beijing:China Railway Press, 2015.)

[24] BRI B IR T Z WA WEERRLG 5 RT R B AL RG], K25 REA5 HL 7 (5 B 2741, 2023,21(5):620-
627. (ZHAO Zhe, SHAN Xinyi, LI Changzhen. High—speed railway network optimization system based on multi—source
heterogeneous data fusion and Ray Tracing[J]. Journal of Terahertz Science and Electronic Information Technology, 2023,21(5):
620-627.) DOI:10.11805/TKYDA2022232.

[25] GUO Lantu,GUAN Ke,LIU Ting,et al. Obtaining electromagnetic properties of multi—-type media in realistic environments: state—
of—the—-art and prospects[J]. China Communications, 2025,22(1):25-40. DOI1:10.23919/JCC.fa.2024-0056.202501.

[26] 3GPP. GSM/EDGE radio subsystem link control:TS 45.008 Release 18[S]. Valbonne, 2024.

[27] A, o M 7K K . GSM-RE A 9 242 TP g e 2491 [J]. #kiE 18 {515 %5, 2018,54(11):53-55. (QUAN Nannan,MENG
Jinghui, ZHANG Yuzheng. GSM-R communication network multipath interference solution case[J]. Railway Signalling &
Communication, 2018,54(11):53-55.) DOI:10.13879/j.issn1000-7458.2018-11.18402.

fEE RN

2 H(1982-), B, Wi, @G TEE, FEFR % E(2000-), &, sk, TR, FEEBFIITIE
J7 1) A B B 15 .email:007350@crfsdi.com. A e B sl s 5 A s (g .

BEBA985-), B, 21, EEHG I NEE T W2001-), Z, HEERWEUFRAE, REFRF
HoAk. i) R e A shaE 5 5 L S sh i

3 FB(2000-), B, fEiEM-HFE A, EEMRTT BEE0983-), &, fit, MY LR, FEHR

l6] 2 St A% sl AR 5 L AR sl £ . 7 1) Ay K B DG 48 1 AR K



