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Analysis of 5G-R channel and propagation characteristics for smart

high—speed railway hub scenario

YANG Qi', SHAN Xinyi**, FENG Jingran', GUO Xinghai***, HE Danping®*"
(1.Electrification & Telegraphy Engineering Design Research Department, China Railway Design Corporation, Tianjin 300308, China;
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Abstract: In order to build the modern integrated transport system and support the development of
China's high-speed railways towards intelligence, based on the fifth—generation mobile communication
technology(5G), the 5G for railways(SG-R) system will become the preferred choice for intelligent rail
connectivity. The 2.1 GHz band is expected to host the SG-R system to support new services that are
emerging in the railway industry. The high-speed railway hub scenario with a large volume of complex
types of services is the center for train operation command and the dispatching of passengers and the cargo.
Thus, it places higher demands on the railway communication system. In this paper, the railway hub of
Xiamen North Station is taken as the research scenario. A 3D model is built based on the electronic map.
The Ray-Tracing(RT) method is adopted to simulate and analyze the channel and propagation
characteristics of the scenario. Relevant suggestions are proposed for the design of the communication
system. The results of this paper will help to provide a reference for the design and optimization of 5G-R
systems for railway hub scenarios, and improve the quality of wireless coverage in railway hub scenarios.

Keywords: 5G-R; Ray-Tracing; channel simulation; propagation characteristics
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Fig.1 E-map of the railway hub scenario at Xiamen North Station Fig.2 3D model of the railway hub scenario at Xiamen North Station
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Tablel EM property of materials in RT simulations'®)

material objects relative permittivity loss tangent
metal high speed train 1.00 10
concrete building, ground, station base, column 1.06 0.65
vegetation vegetation 29.12 0.278
tiles platform and catenary mask in station 1.85 0.07
brick subgrade 3.75 0.091
organic glass station 10.00 0.43
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Fig.3 Planet electronic map data schematic of Xiamen North Station
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Table2 Propagation model

propagation mechanism geometry calculation electric field calculation

LOS free space LOS Friis equation
reflection Snell's law with image-based method!®) Fresnel equation!”!
transmission Snell's law for transmission through slab!"”’ He's model!'”!
scattering directive scattering!'!! scattering coefficient and equivalent roughness'"!
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Table3 Link configuration
center frequency/GHz bandwidth/MHz Tx antenna Rx antenna Tx transmitting power/dBm Tx height/m Rx height/m
2.1 100 omnidirectional omnidirectional 0 38 27.5
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Table4 Path loss parameters

LOS NLOS
casel(Tx1) case2(Tx2) casel(Tx1) case2(Tx2)
max/dB 107.58 109.24 136.51 125.59
min/dB 76.00 82.02 90.54 93.27
mean/dB 91.78 90.67 110.68 111.93
median/dB 92.97 89.78 111.63 113.27
n 1.95 1.89 2.47 2.54
o/dB 4.01 5.15 7.32 7.20
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Table5 Extra loss compared to FSPL of LOS

extra loss compared to FSPL/dB casel(Tx1) case2(Tx2)
max 23.16 24.82
min -19.81 -13.79
mean -0.66 -2.44
median -0.85 -4.04

T NLOS X, &% #H%E T4 2 Hata 155 7 B% 4% 151 FE 09 41 &1 151 FE (extra loss compared to extended Hata)iX — 38§ #5
HAAKEB LA . casel FIIEM FEII/NTF case2, 7= ML S AT 3 2 K2 S LA T Aol B AT,
U FR IE T 2F ) BT 28 5 9 Al N IO AR R D T DO T 28 S B, S D 8 R BEL P L B AR A RE BN

6 NLOS X A% T4 e Hata (57U AR AL A4 S MIFE
Table6 Extra loss compared to extended Hata model of NLOS

extra loss compared to FSPL/dB casel(Tx1) case2(Tx2)
max 28.22 18.64
min -11.21 -8.13
mean 4.02 5.93
median 4.01 6.78
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Table7 RMSE of models in two cases

case CI/dB extended Hata/dB
casel 5.57 8.54
case2 5.02 9.18
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Table8 Simulation data for Rician K factor
Rician K factor/dB casel case2
max 38.00 20.66
min -13.66 -14.04
mean 6.33 2.94
median 6.77 3.84

std 11.47 8.74
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