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Abstract: Under the construction trend of digitalization and intelligent transformation of railways,
the traditional network optimization solution of "road test data collection—expert experience parameter
tuning-retesting to verify the effect" for railway narrowband mobile communication system, Global
System for Mobile Communications—Railway(GSM-R), can no longer meet the high—quality, high-
precision, and high—efficiency optimization requirements of railway mobile communication systems. A
GSMR network optimization platform for high—speed railway station scenarios based on Ray Tracing(RT)
technology has been constructed. The technical architecture, network optimization process, and result
presentation form of the platform are introduced. Taking the weak coverage optimization of GSM-R
received signals at WeiNanBei Station as a case study, the wireless network optimization platform is

employed to reproduce the problem and conduct optimization simulations. The results show that after the
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base station parameters at the exit of WeiNanBei Station are optimized, the received signal attenuation
depth along the railway tracks inside the high—speed railway station is reduced by 5.7 dB, and the overall
received signal quality is improved, which proves the effectiveness of the constructed GSM-R network
optimization platform. This research provides a more accurate and efficient network optimization solution
for the future maintenance and operation of railway mobile communication networks.

Keywords: Ray Tracing(RT); Global System for Mobile Communications—Railway(GSM-R); high-

speed railway station; wireless network optimization
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| GSM-R wireless network optimization platform based on ray tracing |

simulation database RT simulation kernel simulation results display UI
planet map database image method 3D scenario display
antenna model database multi-link dynamic simulation mobile scatter display
mobile scatterer model database multi-threaded parallel architecture complex fixed model display
fixed model database multi-band application kilometer mark curve display
material EM parameter database multiple propagation mechanism significant multipath display

Fig.1 GSM-R network optimization platform architecture based on ray tracing
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Fig.2 GSM-R wireless network optimization process based on ray tracing
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Fig.3 Satellite map of WeiNanBei Station and distribution of base stations

P13 1 bl TR B R Rl oA i Bl
CEPORIKENS BN NIE DN §i S ER=PIS < ST SRR 56173 T ST 71 €8 N B ) e ) U S/ ER )



5512 1] & &, %:. HEe%ELHH=MGSM-R MELLTEE 1233

K1010+48 {3 B AL, 42 A L35 A7) 2= WNB-LTDO1 . 4% 44700 2 /N AT S K1010+58 3 B A, (&5
BRI, IR S5/ X B U L - 7 -57~—64 dBm Z 0], @16l B2,

time cell KM mark BCCH RxLevelDown BCCH1009 BCCHI1011

40 2023-05-04 20:06:51 203854 WeiNanBei K1010+33 1011 -55 -56 -55

41 2023-05-04 20:06:51 672249 WeiNanBei K1010+33 1011 aceessBS g5y -56 —54

42 2023-05-04 20:06:52 164545 WeiNanBei K1010+48 1011  switching  _57 51 =457

43] 2023-05-04  20:06:52 633403 WeiNanBei K1010+48 1011 -56 -47 -56

44 2023-05-04 20:06:53 125468 __ WeiNanBei _ K KO0 < 1 O LSRN ! e A i |

45 2023-05-04 20:06:53 594095 r WeiNanBei K1010+48 1011 -58 -47 =5 H

46 2023-05-04 20:06:55 158551 1 WNB-LTDOI K1010+48 1009 47 = '

47 2023-05-04 20:06:55 626949 §_ WNB-LTDOl k1010448 _ [HUORE et Al hrisazes —57 bepaage)

48 2023-05-04 20:06:56 119480 WNB-LTDO1 K1010+48 1009 -47 47 ~56

49 2023-05-04 20:06:56 588459 WNB-LTDOI K1010+48 1009 -47 -47 -54

50 2023-05-04 20:06:57 080064 WNB-LTDO1 K1010+48 1009 -47 -47 -57

51 2023-05-04 20:06:57 548927 WNB-LTDO1 K1010+48 1009 -52 -52 -55

52 2023-05-04 20:06:58 041113 WNB-LTDO1 K1010+58 1009 ) 57/ -57 -54

53 2023-05-04 20:06:58 509978 WNB-LTDO1 K1010+58 1009 badsignal _5) -5] -56

54 2023-05-04 20:06:59 002396 WNB-LTDO1 K1010+58 1009 quality 55 -55 -56

55 2023-05-04 20:06:59 470681 WNB-LTDO1 K1010+58 1009 =5 -52 -59

56 2023-05-04 20:06:59 939663 _ _WNB-LTDOL ¥ KI010+58 1_099_____{_____—_5_;_ ________ SO 0

57 2023-05-04 20:07:00 431620 § WNB-LTDOI K1010+58 1009 —60 -60 =56 1

58 2023-05-04 20:07:00 900486 | WNB-LTDOI K1010+58 1009 =53 -58 -55 !

59 2023-05-04 20:07:01 392791 § WNB-LTDOI K1010+58 1009 =57 =577 -56 i

60 2023-05-04 20:07:01 861426 | WNB-LTDOI K1010+58 1009 —64 -64 -56 '
1

61 2023-05-04 20:07:02 353847 j__WNB-LTDOI

K1010+58 1009 63 63 256 e

Fig.4 GSM-R signal measurement data of WeiNanBei Station
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Fig.5 Color point cloud triangulated facet model of WeiNanBei Station
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Fig.6 3D model of WeiNanBei Station
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Fig.7 3D pattern of Tx/Rx antenna
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Tablel Simulation parameters of wireless network optimization platform

parameter value
frequency band/MHz 930~934
bandwidth/MHz 4
propagation mechanism direct,1-order reflection, 1 -order scattering,transmission!'”!

Tx antenna gain/dBi 17
Tx antenna 3 dB beamwidth/(°) 63
Rx antenna gain/dBi 0
cable loss/dB 5
WeiNanBei base station height/m 51
WNB-LTDOI base station height/m 43

Rx antenna height/m 4.69

2 TR SR

Table2 Electromagnetic parameters of simulation scenario material

material real permittivity loss tangent scattering coefficient equivalent roughness
brick 5.70 0.05 0.50 7.00
organic glass 2.60 0.20 0.93 6.26
plaster 5.00 0.02 0.72 7.16
rubber 5.64 0.34 0.73 7.12
silicone 1.89 7.48 0.04 5.00
metal 1.00 1.00x107 0.23 2.00
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Fig.9 Visualization result of WeiNanBei station network optimization simulation
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Fig.10 Comparison of received power curves of different BCCH RT simulation(before optimization)
10 /N[ BCCH Skl B 1 B 506 L 2 (AL
P11 S TE 2k 1 2% 1 4k 7 £ 7 4% 2 9 WNB-LTDO1 £ 3 A 20
= g E=N e #h ¥ L 2B T IR % -
IEJ 1: ﬂﬁi ﬁ XT @ E/J =] @E I MFE [j\] "'jL jE & %Z BCCH1009 &% ?g ]%E HEH %Z © 19 before optimization, down tilt = 119
i 3F X‘T ] , ,fj[: 'T‘t ﬁﬁ WNB-LTDO1 3t ﬁlﬁ )ai'a X R gj% E"J T 1ﬁj ﬁ jg 17 | minimum fading depth = 11.90 dB

110, i 3l P9 %L 38 U528 BCCHI1009 AY 5 78 % 4 11.90 dB; 4
WNB-LTDO1 J 3 Ji X R £ 1% B 450 /A Sy 13905, 3 P i3 T 2k
BCCH1009 A FEE IR EE /N, 4 6.19 dB, Jogk W& {L 1L i J& i
BESHF LS,

AL, 6 B WNB-LTDO1 J 3 b X K 26 il f 13°4F M {1k
Ja v S, BEAT R O N BILE R BT a0 BL, A B4R
W25 AR AL, O A5 TN R 12 fr s . i B 12 Fi s il o 9 i

fading depth/dB
c = 5 o
T /
iz

after optimization, down tilt =13°
minimum fading depth=6.19 dB

3
T

w

1 1 1 1 1 1 1
2 4 6 8 10 12 14 16

(=}

T 2R T U T R DEAG B A 3R 3 BT s B L AT JR S 8O Eb el T, 24 WNB-LTDO! down tilt/(°)
WNB-LTDO1 & ] 1 5 Ik 4= 3 Bef XK 28 19 R {0 £ I 3% o 1390, Fig.11 BCCH1009 fading depth curve
T B I 3 U U 2R A S RV TR /N 5.7 dB L 1E 1 K A 11 BCCH1009 5674 IR ZR

NATHE R (A B AR KI010.3 Z)5), 0 R AR KT -54 dBm., o] W, 384 SCAY GSM-R M &AL E £ 18 5
4 I vk BB AL S Yk AR BRI S ) R AR R I

#3 TP ART A S0

Table3 Parameter comparison before and after wireless network optimization

parameter value before optimization value after optimization
WNB-LTDO1 down tilt/(°) 11 13
D,/dB 11.90 6.19

4 &g

B X5 1% 48 GSM-R W 28 (A6 7 SR AF T RO AL H U5 1k DB JOAS & o K T3 2 - 3k ARG 6 A 00 28 i R )
ASCHET PGB R H AR HE GSM-R M Z8 L AL -6, JFTEA PR HEOR 380 . UL iR Fnai i 2 s . 2
T 1H B G S R A A B0 T 4 R IR B0, 43 B T 1] i Bk A il 3 SR MM S S8 B s AU AR TR, AR SO i T
2R W 25 AL 15 52 BUIH R I i 6 S5 00 8 = 1) R R R 41 A A o K Ol PR AT B I e A il ) B DX R 2k S AT 1AL
PrE . DS HRRYT, 1w dbul ol 155G WNB-LTDO1 (¥ 0/ 2 BR8N UIE T 2R i H2 U 5 2 6 IR



5512 x M, &F: HOe%ELIHEGSM-R MERLTEE 1237

JEW/N5.7 dB, 3 N UTE A B AR GSM-R 42 0L P 45K T -54 dBm, BOUAL TS 252 TH . A SCH 2 GSM-R B4k
W 25 I AL Y- 3 BE 8 e 38 42 S 19 0 7 5 T i A0 i e I AT, ol 4002k B B 0l 15 37 357 ) L A 1 R A 5 A AR O
 GSM-R M 2% i i . R A . R SCR IR AR IR S S H FEOR R o AROR WS AT 2545 S2 PR GSM-R {7 %5
RARBHE X BRI | AT L LU SRR I A 3 5 Y S 2GR R BB AT A OE L B B GSM-R JE 4 % AR Ak T
3 09 i Tz AR

---------- » accessBS switching

|
1Y
S

|
[V
~ o

received power/dBm

-90
1009.9 1010.0 1010.1 1010.2 10103 1010.4 1010.5 1010.6 1010.7 1010.8 1010.9
distance/km

Fig.12 Comparison of received power curve of different BCCH RT simulation(after optimization)
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