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Channel simulation and propagation characteristics analysis at 2 100 MHz in

high-speed railway station scenario
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Abstract: With the development of railway communication system and the rapid advancement
of 5G technology, 5G-R (5G-Railway) is expected to become the next generation standard of railway
communication system. As a potential frequency band of 5G-R, the propagation characteristics in
classical railway scenarios of 2 100 MHz need to be studied urgently. In this paper, a 3D model
conforming to the typical characteristics of the scenario is constructed, and the propagation
characteristics of 2 100 MHz wireless channel in the semi-enclosed high-speed railway platform scene
are studied based on ray tracing simulation method. Transmitters are deployed beside columns and
escalators. Meanwhile, the parameters of propagation models are defined, and massive simulations are
conducted on hand-held and vehicle-mounted mobile devices respectively. Finally, channel
characteristics such as path loss, delay spread and angular spread are analyzed respectively, providing a
reference for coverage power prediction, network planning and optimization of 5G-R deployment, which
makes up for the shortage of research on railway application of this frequency band.
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Fig.1 3D model of railway station
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Table2 Link configuration
26 1 AR parameters — static — — dynamic —
Tablel Propagation model X X X X
center 2.1 2.1 2.1 2.1
propagation mechanism geometry calculation electrlc“ﬁeld ca]f:ulatlon frequency/GHz : . : .
LOS ' free spa(@ LOS Friis equation bandwidth/MHz 10 10 10 10
reflection Snell's law with image-based Fresnel equation [20] Tx antenna  omnidirectional omnidirectional omnidirectional omnidirectional
method [20] Rx antenna  omnidirectional omnidirectional omnidirectional omnidirectional
Snell's law for transmission it
transmission He's model [21] Tx transmitting 0 0 0 0
through slab [21] power/dBm
scattering coefficient and i
scattering directive scattering [22] . € Tx hel'ght/m 6 10.65 6 10.65
equivalent roughness [22] Rx height/m 1.3 1.3 4.6 4.6
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Fig.2 Location of Tx1 and trainl Fig.3 Location of Tx and Rx (top view)
2 Tx1 552 1 f g &3 Tx 55 Rx KR E ()

1.3 HEERSW

SRR ER AT LUK TCE R R I nT A, R BR P 2R A . K4 B2E T S Gy 2R Esk. &
1 R B SRR R ) B SR DL R AT O, A5 BN AL R S RN E S iR, B S(a) R BT PL T BCE FE ST AR, AR
115 3l 2% 4 DX 0 o7 1 2 00 D) 2 40 T -90~-50 dBm v [l o &1 5(b) k& ST HIL Tx2 808 7R A2 = 0 kB &, (5
PrERE, LA K RBH RS, AHARuh & Mk 4= T F o B 518 005 T & S0l Tx1 .

-120
-130

-140 -
Fig.4 Example of ray propagation: Tx2 dynamic (a) static simulation of Tx1 (b) static simulation of Tx2

simulation Fig.5 Example of ray propagation:Tx2 dynamic simulation

Pl 4 SEALAR T OUR ] Tx2 B KL P 5 GIHEALRRIFOLR 0] T2 Sl A



452 AR EEBRFERER # 20 %

2 EESMEST
2.1 BEERMFE

I A A0 FE i 2 1] T S A A 7 I o A5 i 0 R B T ORI 0 A A SR P S R RO BRRE R T RS S —
Bl 9P 35 D R 9 284K ol CI(Close-In) 1 F 2 [8] A X1 5 f% 428 3 REARE 0 120 4 B A P FE 359

PL(ﬂ,d):]TﬁDL(ﬂ,d0)+IOnIg(;f
0

+ A7,

Af: n kA2 P FE TR £ (Path Loss Exponent, PLE); d b Tx 5 Rx Z [ BIHEE, HAJEm; x4 MiriEZE N o HE
YA AL AR 5 f R 3R

6 T MBE(LOSYEAE T [ 6(a). (bR T HEASH T 2 e G, LOS M IRIEARTT & H H2s 1)
A5 FE(Free-Space Path Loss, FSPL), {HA B HIPIREN, KIS/ NTF FSPL, A5 ER, WELE 2 GHUHLAY
BRSBTS LS, B4 1 5804 2 25 R T R 00T, BHE 2 A MR BEHAEE , B %RE
i, RS R BN T B S AR R . TxL A B 2R O, Kl 6(c). (d) AN LA SRy 28 ik 37 FE I I
BUBE PS4 1M 2 A JE L EE (Non-Light—of-Sight, NLOS)HHL, H.— 9 & SIHLERE TC AR UERE & S LR e A I Sk A2 15
PR, 8 SR R E ) & ST LA SR s R B E S AR e . 3R 3 P IR A DE S L

110 110

. °
100 - 100 o
90 90
g g
177 1]
£ g0 280
= b=
&170 1 & 70 | i
o hand-held / o hand-held
60 « FSPL « FSPL
CI model
5ok I ! CI model | )
50 100 150 200 250 50 100 150 200 250
distance/m distance/m
(a) LOS: static-Tx1 (b) LOS: static-Tx2
100 100 -
%
90 90 ‘\,&‘P
/m ()
g s %0
> @ Rt Ol
2 & PR
S 80 & = 80} M
s W g g :
IS o Trainl kY [oTrainl |
70 o Train2 70 ° o Train2
FSPL Y, FSPL
* CI model & » CI model
60 1 1 60 L 1 1 1
25 50 75 100 125 150 25 50 75 100 125 150
distance/m distance/m
(c) LOS: dynamic-Tx1 (d) LOS: dynamic-Tx2
Fig.6 Path loss of LOS
Pl 6 AL RE T AR
23 W T SR FES L
Table3 Path loss parameters of LOS components
static dynamic
path loss parameter
Tx1 Tx2 Tx1 Tx2
n 1.99 1.95 2.00 2.03
o/dB 3.18 3.30 1.20 3.56
mean error/dB -0.01 0.07 0.01 -0.04
standard deviation of error/dB 3.18 3.30 1.20 3.56
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Table4 Path loss parameters of NLOS component

static

dynamic
path loss parameter
Tx1 Tx2 Tx1 Tx2
n 2.62 2.95 2.68 2.39
o/dB 4.85 12.51 2.20 5.63
mean error/dB 0.07 0.62 0.28 -0.23
standard deviation of error/dB 4.85 12.51 2.20 5.63
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Fig.7 Path loss of NLOS
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Table5 Simulation data for RMS delay spread

520 5

static dynamic
RM 1
S delay spread/ns Tl s T ™2
LOS (median) 67.35 143.97 36.25 60.30
LOS (maximum) 206.21 224.14 95.65 164.30
NLOS (median) 78.01 71.09 59.10 76.01
NLOS (maximum) 225.73 242.68 96.30 229.27
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Fig.9 Rician K factor
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Table6 Simulation data for Rician K factor

static dynamic
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Table7 Simulation data for angular spread of LOS components

angular spread/(°) static dynamic
LOS Tx1 Tx2 Tx1 Tx2
ASA median 0.18 2.76 7.01 0.69
maximum 44.43 45.47 37.26 13.05
ESA median 3.40 3.07 2.80 4.04
maximum 18.17 40.07 5.00 7.66
ASD median 17.53 5.00 10.73 5.67
maximum 26.58 152.88 20.82 29.28
median 3.55 3.54 3.46 3.97
ESD .
maximum 5.30 6.89 4.90 6.08
8 ARWLER T A BE Y R 0 LA
Table8 Simulation data for angular spread of NLOS components
angular spread/(°) static dynamic
LOS Tx1 Tx2 Tx1 Tx2
ASA median 0 0.04 10.12 7.72
maximum 159.6 137.94 34.97 37.72
ESA median 0.03 0.48 2.90 332
maximum 16.54 36.07 3.04 3.62
median 0 0.87 10.56 15.76
ASD maximum 119.45 136.72 20.78 47.52
maximum 20.81 38.69 3.46 10.11
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Fig.10 Angular spread of LOS
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Fig.11 Angular spread of NLOS
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Table9 Parameters for channel characteristics
LOS/NLOS LOS NLOS
simulation mode static dynamic static dynamic
Tx Tx1 Tx2 Tx1 Tx2 Tx1 Tx2 Tx1 Tx2
n 1.99 1.95 2.06 1.98 2.62 2.95 2.68 2.39
1 o/dB 3.18 3.30 3.54 1.41 4.85 12.51 2.20 5.63
paffoss mean error/dB -0.01 0.07 -0.18 -0.01 0.07 0.62 0.28 023
Stdv. of error/dB 3.18 3.30 3.54 1.41 4.85 12.51 2.20 5.63
median 67.35 143.97 36.25 60.30 78.01 71.09 59.10 76.01
RMS delay spread/ns .
maximum 206.21 224.14 95.65 164.30 225.73 242.68 96.30 229.27
. median -19.37 -11.44 -23.17 -21.37 -20.07 -20.22 -19.87 -19.54
Rician K factor/dB .
maximum 12.79 20.37 -0.09 -2.90 22.55 18.77 -1.97 -3.49
ASA median 0.18 2.76 7.01 0.69 0 0.04 10.12 7.72
maximum 44.43 45.47 37.26 13.05 159.60 137.94 34.97 37.72
ESA median 3.40 3.07 2.80 4.04 0.03 0.48 2.90 332
maximum 18.17 40.07 5.00 7.66 16.54 36.07 3.04 3.62
angular spread/(°) -
ASD median 17.53 5.00 10.73 5.67 0 0.87 10.56 15.76
maximum 26.58 152.88 20.82 29.28 119.45 136.72 20.78 47.52
ESD median 3.55 3.54 3.46 397 0.02 1.14 3.29 5.68
maximum 5.30 6.89 4.90 6.08 20.81 38.69 3.46 10.11
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