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5G-R network optimization for railway marshalling yard scenario

GAO Tingting
(CRSC Research & Design Institute Group Co., Lid., Beijing 100070, China)

Abstract: Railway marshalling yards are the core of train disassembly and reassembly, and the
quality of their network coverage directly affects the efficiency of railway transportation. Traditional
network optimization solutions are insufficient in dealing with special scenarios such as base station
interference and sensitive electromagnetic environments in marshalling yards. A wireless environment
digital twin platform based on ray tracing technology is introduced, along with its system architecture,
optimization process, and result visualization. Taking a marshalling yard along the Daqin Railway as a
case study, the platform simulates and optimizes the issue of weak signal coverage. The simulation
results show that compared with the initial base station deployment plan, the optimized base station
parameters have effectively improved the overall signal reception quality. This not only supports the
design work but also provides theoretical support and technical accumulation for the high—quality
construction and optimization of the next—generation railway mobile communication system 5G for
Railway(5G-R) dedicated network for railway marshalling yards based on 5G technology.

Keywords: ray tracing; 5G for Railway(5G-R); railway marshalling yard; wireless network

optimization
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| BIM data | | oblique photography |

| GIS data | | satellite images |
| CAD data | | road map |
|

| radio wave propagation model | | ray path calculation |

| parallel computing architecture | | scattering center sparsification |

| high—performance RT dynamic link simulation |

| geomag decoupling | | Al-based fast iteration | | cross—platform web development | | 3D map rendering |
| human-in-the-loop | | automated optimization algorithm | | dynamic ray rendering | | computing resource optimization |
| intelligent optimization | | 3D dynamic rendering |

Fig.1 Flowchart of wireless network twin optimization
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Fig.2 Flow chart of multi-source heterogeneous data fusion
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Fig.3 3D scene information of marshalling yard
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Fig.4 3D pattern of Tx/Rx antenna
P4 iAo R L = 4ERil
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Tablel Marshalling yard base station parameters
base station name longitude/(°) latitude/(°) UTM-x/m UTM-y/m base station height/m
K19+730 113.428 7 39.995 6 707 337 4430099 18
K21+240 113.4458 39.9973 708 794 4430331 28
K23+530 113.469 8 39.9957 710 847 4430 199 43
K25+580 113.497 4 39.999 3 713 193 4430 669 28
K27+190 113.5147 40.000 4 714 667 4430 834 18
K29 113.552 4 39.996 1 717 898 4430 447 12
K32+590 113.577 6 39.993 4 720 061 4430209 43

2 AT AT BISH

Table2 Simulation parameters of the digital twin platform for wireless environment

parameter value parameter value
frequency band/MHz 2 155~2 165 Tx antenna gain/dBi 17
bandwidth/MHz 10 Rx antenna gain/dBi 0
subcarrier spacing/kHz 15 cable loss/dB 5.7
resource block 52 Rx antenna height/m 4.05
. . direct,1-order reflection,
propagation mechanism ) o
1-order scattering,transmission!'®!
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Table3 Electromagnetic parameters of main materials in marshalling yard scenario

material real permittivity loss tangent directive s directive alpha
concrete 4.65 0.05 0.22 5.31
metal 1.00 1.00x10’ 0.23 2.01
river 80.94 0.07 0.93 5.16
tree 232 0.13 0.63 5.04
glass 6.77 0.23 0.91 6.28
green land 15.07 0.06 0.10 2.35
road land 2.69 8.00x107 0.77 2.41
brick 5.72 0.47 0.74 7.09
suburban open area 3.23 0.53 0.24 4.97
height building 6.71 0.01 0.51 5.03
ordinary building 3.77 0.11 0.41 4.91

L
received |
power/dBm

the area near the marshalling yard suffers from weak signal coverage

Fig.5 Global simulation signal coverage heatmap
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Fig.6 Comparison of simulation heatmaps before and after optimization
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Table4 Comparison of base station parameters before and after optimization
parameters before optimization after optimization
power of sector0/dBm 32 40.3
power of sectorl/dBm 23 42
azimuth angle of sector0/(°) 85 85
azimuth angle of sector1/(°) 267 240
tilt angle of sector0/(°) 3 3
tilt angle of sector1/(°) -3 5
#5 LRSS ST 4 R T
Table5 Comparison of statistical results of signal reception strength before and after optimization
0 of simulati statistical results of signal reception strength/dBm
ratio of simulation area before optimization after optimization
90% -78.2 -66.3
50% -93.6 -73.5
10% -98.2 —-78.9
% S XL T ARG (015 2 B e G 46 5. o] » _
LAt L PRAGTT . 26 20300 2L 5 B FE RS 1 90% 1 09{I—after optmization
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Fig.7 Comparison of CDF of signal reception strength

before and after optimization
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