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CDL modeling and research for SG—R high—speed railway station scenario
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Abstract: To promote the application of fifth—generation mobile communication technology(5G) in
the construction of high—speed rail dedicated networks, this paper takes the Xiamenbei Railway Station
in the 2.1 GHz frequency band as the research scenario, studying the significant multipath spatial
characteristics brought about by objects such as columns, tracks, and platforms in the scenario. Through
Ray Tracing(RT) simulation, multidimensional multipath data from the transmitter to the receiver in the
high-speed railway station scenario is obtained; based on the K-means clustering algorithm, the
multipath signals are clustered, and relevant cluster parameters are extracted and analyzed to complete
the construction of the Cluster Delay Line(CDL) model for the hich—speed railway station scenario. This
provides spatial domain information of multipath for different polarization combinations of transmitters
and receivers in the high—speed railway station scenario, complementing the channel model of high—
speed railway station scenario for 5G-Railway(5G-R), and serving the construction of dedicated mobile
communication systems for railways using 5G.
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Fig.2 Module architecture based on high—performance cloud—based RT simulation platform
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(a) high—speed railway station scenario model

(b) deployment position of transmitter and receiver

Fig.3 Model of high—speed railway station scenario and the location of transmitter and receiver
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Tablel Parameter configuration of transmitter and receiver

parameter value
frequency band/GHz 2.155~2.165
bandwidth/MHz 10
subcarrier spacing/kHz 15
number of resource blocks 52

. . LOS, 1* order reflection,
propagation mechanism . . .
1% order scattering, transmission

omnidirectional antenna with vertical and

Tx antenna . L
horizontal polarization
omnidirectional antenna with vertical and
Rx antenna . L
horizontal polarization
Tx antenna gain/dBi 5.5
Rx antenna gain/dBi 5.5
RE transmitting power/dBm 41
cable loss/dB 3

Tx, Rx height/m 67,4.69

K2 AFVRAMACUL B IR

Table2 Four antenna polarization cases

polarization case Tx antenna Rx antenna
HH horizontal polarization horizontal polarization
HV horizontal polarization vertical polarization
VH vertical polarization horizontal polarization
VvV vertical polarization vertical polarization
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Table3 Electromagnetic parameters of materials

. . real part of directive scattering  surface equivalent L
objects material . o loss tangent . transmission loss/dB
relative permittivity coefficient roughness

subgrade brick 1.915 0.029 0.165 5 18.56
station organic glass 1.002 0.217 0.349 3 18.56
platform tiles 6.275 0.004 0.105 5 7.79
high speed train metal 1.000 107.000 0.230 2 53.81
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(a) RT simulation results with Rx outside awning (b) RT simulation results with Rx inside awning

Fig.5 RT simulation results in high—speed railway station scenario
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Table4 Threshold of in—cluster ray offset angle

angle of ray AoA ZoA AoD ZoD
indoor scenario threshold/(°) 23.71 19.40 10.76 9.72
outdoor scenario threshold/(°) 32.33 15.09 4.31 6.42
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Fig.9 Angle of arrival energy spectrum for the 11" snapshot in the scenario(Tx, Rx, VV polarization)
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Table5 HH, HV, VH, VV cluster parameters—number of clusters, cluster power

cluster number
case

normalized cluster power/dB

mean standard deviation mean standard deviation
HH 4.76 6.02 -12.52 9.89
HV 10.10 30.74 -9.27 4.58
VH 9.90 29.64 -9.68 4.51
\A% 3.29 3.13 -10.99 10.54
e B UL AR, Bk T7 AU BT B OHL KA (snapshot) N
TIFRSHOER . X TRARG S OUT R, o T ) — Bobk g ' A r —H
FTRE, %153 SN RO 2 st & _'ﬁ om
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cluster number

Fig.12 CDF of number of clusters under different
polarization cases of Tx and Rx
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Fig.13 CDF and distribution fitting of in—cluster ray number
13 SN BB G TR Ko
726 HH.HV .\VH . VV RALA &5 N SE—FR N 21880 DS
Table6 HH, HV, VH, VV in—cluster parameters—in—cluster ray number, DS
case in—cluster ray number in—cluster DS/ns
mean standard deviation mean standard deviation
HH 2991 28.81 34.71 90.88
HV 15.76 8.29 2.30 1.44
VH 16.24 8.18 2.36 1.50
VvV 21.43 23.90 52.14 104.89
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Table7 Fitting evaluation of in—cluster ray number distribution

function parameter estimation parameter estimation error logarithmic likelihood
normal 1=21.43, 6=23.90 2.88,2.06 -316.41
lognornal 1=2.54, 0=1.09 0.13,0.09 -278.17
exponential 1=21.43 2.58 —280.49
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Table8 HH, HV, VH, VV in—cluster parameters—in—cluster angular spread

in—cluster AS/(°)

case ASA ASD ZSA ZSD
mean standard deviation mean standard deviation mean standard deviation mean standard deviation
HH 0.33 0.42 1.22 5.60 0.23 0.37 0.59 0.60
HV 0.62 0.47 8.82 30.72 0.35 0.46 0.59 0.48
VH 0.65 0.53 6.91 25.81 0.36 0.48 0.61 0.49
\A% 0.25 0.35 0.63 0.82 0.19 0.43 0.68 0.84
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Fig.14 CDF of XPR of Tx and Rx in different polarization cases
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Table9 XPR of different cases

(VV/VH)/dB (HH/HV)/dB
mean standard deviation mean standard deviation
11.68 13.81 15.39 10.16

3.4 CDL## &Iy

AR Bk gy sk gk i, 4 mS gl s % — i CDL AR . i ek T K i KL Al 3 B A X,
PG DL R S R 2R . IR k3 2 1 ELAR AL (VV) I B0 R AR R iE 47 CDL AL RUA &, JF 5 3GPP TR38.901 ) b i
BEARVHEAT LU #R . BAREBL L B h

e, BT SR B EE AR VIV MR AL S R & 35 IR S (snapshot) 1 B &b 2 4% FR R — FH - I - 25 B 2 4E (S EL L LU
snapshot 7 HL4 , ¥ 4235 NLOS 454 T 4R MU 2 125 B b AT i 48 | D30y I8 —fb 4, LKA B 3 Ak b R AR
o, FHorp, FERMEED I, DLSS — KRBT IE SN O HEATIH — 4k ETRITE, DAYIRE KA 0 AT IH— 4k FE A
D, PL3.2 75 4 A R AL bR R O e, SEAT AR AR AR H

HR, H BRI EXF A G 5 45 1 CDL R [k, 4% 4 DL snapshot iy B 07 3R BAY I — fk I A9 22 42 50905
XA T BB, T K—means [ 43 7 580 1 58 B0 8088 1 43 % TAE .

e, WP B — BT, RS FERGE R, UGS 268800 B 3% M A UEAT
FETIR AR R I SE 9 A B (% 2XOR [E] T 3.2 T h B OS E S 5E B ) . B =8 . BN T A
LR R, RIS ERE IR SRR R A 4 MR O R A SR ke, FER TR &Y
Fr A 2 T IR 5

F10~11 H51 H 2.1 GHz (= Bkl & 5 T 10 2B 3R 2R B R AH SC S8 (R P R S B AT R KR/ N AT HEY ) . i3 10
AT, VVAIRAE AT, mkah s i scm 4, H— bR SEf RAE . 0 — AR FE YR fe/ME 501 4 16.95 ns Al
-23.56 dB. M 4% 3GPP TR 38.901", NLOSIH &L T, #Aar . 0 — (b 70T 4 o5 KA . 0 — b7 o) R i /ME FE
CDL-A I 7351154 23 ns. 9.66 ns F1-29.7 dB, #F CDL-B %I /3 51 &y 23 ns. 4.78 ns f1-14.9 dB, 7F CDL-C



511 F2IN%: EHSG-RBHIEHRM COL BB SH 191

BERY 4350 8 24 ns . 8.65 ns M1-22.8 dB., 7ERRINZSE U7 I, MR 4E 3GPP TR 38.9011°), NLOSIHHL T, # P ASA .
ASD . ZSA . ZSD il XPR 7£ CDL-A &I ch 2351 Sk 11° . 5° 3° . 3°. 10, £ CDL-B#IRIFR5h 220 10°, 7°,
3°, 8, FECDL-CHLRIf 45k 150, 20, 7°, 3°, 7. ARSRNZHEMMEY RIIEFE T 3GPP TR 38.901114%
AN, mE N BRTR . JFEH, AR SCREEUE 5 XPR M4 T 3GPP TR 38.90113H CDL-A, B, C % (NLOS &) H
K, RS s AR AR

F10 A 5G-R kg CDL A NN ANE
Table10 CDL model for 5G-R high-speed railway station scenario Tablel1 In—cluster parameter

luster# normalized cluster parameters parameter value

cluste delay /ns  power/dB AoD /(°) AoA /(%) ZoD /(%) ZoA/() ) 0.63
1 0 0 0 0 90.00 90.00 Casa/(®) 0.25

2 334 -23.40 -0.55 10.16 90.35 99.41 ¢/ (%) 0.68

3 14.38 -22.52 -2.62 29.55 90.96 98.69 [N] 0.19

4 16.95 —23.56 -2.85 29.59 91.43 102.47 XPR/dB 11.68
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