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b, EERR R R T K T0% 1 5P
SCHR[4)FJE T 2.35 GHz SiiBE N S22 s 5T
EAE AN S EE TR, IS TR T ENS
THEEBARE RIS PAFIE ; SCHRS]THRE T 460
MHz $iiB T Rk m A g s o 5 E s, Jf
X TCLAT 18 1Y 22385 B g T H R E AT T 3RAE ;. SOk
[6]7F 930 MHz it N 1) Iz s Ekm 2420 %
sAEIEN, FHXTHATT K R,
AL E R IE | R T CGRE R T
ST s SCHER[ 718 S — N JE T LA 450 1 22 i
AZHMEIERRL, DI SRR Y R
BB B 24 RRU BRI MIMO &
45 SCHR[SIWFSE T 4 GHz #iBt N, 3 Fhvi Wi kia
Trise (BREE. M0 . RATHLIX ) T ITC4AFIE
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T IS (8] L 2 A S s R R C R H B 1Y
E5109 % 1 3 BRI 677574 WA D 2 O we 31
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AT F Ry R 22 A - Ml T DA S G o 1y e S5 R TR i
T4 o SN 30300 % 8 T A e RN TR e 1=, AR
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FEPE N 14~19 m"™) ) FREEEH N 3~10 me By ULEY
A O P R, R RN ) B v i e LA L
PRI TR TN . FEBLIE LT, R E K £
MR BEEE T, (A P HLAT 5 1 S L
5, SEERlE S HEEZ 2R,

(3) BEiH, BEIE R —FPREERAgHL T s, o
A R RS P 2E b L ks 1) R G o (R kR
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HT, BT S B TC I 5 EEER LU W
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Bl (s R%50 ). WLAN ( B Rik™ ), LTE (K
W3k ), 38 GHz 4% . EUHT( Enhanced Ultra High
Throughput ) LASIEFERN A1 5G-R fil=X, & 1 %F
FAREAFHOR B AR CAERUBE AT TS H

1 HETELEHRALL
WMERAR R EATEREE TAEREBY/MHz

TETRA 28.8 bps/28.8 kbps  806~821, 851~866
GSM-R 172 kbps/172 kbps ~ 885~889, 930~934
LTE-R 50 Mbps/10 Mbps 450, 800, 1 400

WLAN(CBTC) 12 Mbps/12 Mbps 2 400, 5 000
LTE-M 50 Mbps/10 Mbps 1 785~1 805

38 GHz Z Kl 8 Mbps/4 Mbps 37 100~38 500
EUHT 3.48 Gbps (IE{H ) U B, 3 400~3 600

5G-R 50 Mbps 2100
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W ERbRE, HOAAEPIESSE (] 6 54k ).
EEE (RUEUEBR 300 knvh B R ) FFRIRLS
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b d) WSHIE; n WIEEBHERREG ¢ M
WV d, BRI AR, —Bm =,
TR KT 10km BI/NXHT, K d) B0Eh 1 km,
FEEAR R 1 km 8N/ NCH 6 d) B8 100 m
5 1 m. PRARIFETE S n AR AR RRAE DG, R
{ETEHE— Ml 2~6, HAARIREEME I, ik,

WINNER I %) & 3GPP TR 38.901 571,
2.3.1 Okumura-Hata #£ &

Okumura-Hata &I DN FF3EX . FF R
L RRIXAE LRI, 2 R I R
VEROR 2 —P2 R Sk Ak

L, =69.55+26.161g f, —13.821gh, —

a(h,)+(44.9-6.551gh,)lgd (6)
s [P, MHz; b 5 by 53500 s
5BGEHEE, m; a MBIEHRF; 4 BREGY
Boh&Z mEEE, km, SSEEUEERELE 3,
% 3 Okumura-Hata 8! K S HEESEE

— LA EN n A LR 2. pon T pen T
2 ARGRBERRIEN f/MHz  150~1500 | 4 /m 1~10
N n b n h, /m 30~200 d/km 1~35
F i 1] 2 = WAL 1.6~1.8 KT AR %R, Okumura-Hata #5570
SRR 2735 | RABR 46 SIATHMURRARE BN T alh,) , XA
DRI 35 Yk, WEIEINF BB kT
22 MPBRE (1) /N

BH R 287 1h A S AL O IL =2 1] £ e 054 2
PR, R AR AR R R AR R
M. T AFBRIACE . R/ S
FrESF AR, BLAR SR i 2 2P LE i

WA, NI e — e — L
PR, I SE AR R THA o W A A
IR VR I GET AR R X BOE S B ARL, nf
TXEE NS RSN AR I AT A XROEZS A
RN FoR N

1 w-u,)
ply)= Vo CXI{— 207, }
v >0 (5)

Ky WES IR EGEWIN R E; u, 5
o, SRy X EOE AR TS 0 2% —
A TR UL, HOR IS TR B S IR A
BHEE, Heff u, BH 0, BIFEZZERMN 0
PHERIXTEOERS M o, WS RERREE MU
K, —BAEERYEZHT5T, o, AlE 4~10
dB, TMifEREfYE g5, o, N 2~4dB.
23 FRAFERREZEHER

UL AR R R 5 BRI 35 Okumura-
Hata #%7%)  COST 231 Walfisch lkegami 57l

a(h,)=(.11g £, —=0.7)h,, —(1.561g £, —0.8)
(7)
(2) KA
ath )= {8.291g2(1.54hm) ~1.1, £, <200 MHz
" 13.21g7(11.75h,) - 4.97, f. = 400 MHz
(8)
(3) RBIXHHF
Ly =Ly o —218°(f. /1 28) - 5.4 (9)
(4) JFiE s
Ly =Ly o —4.781g" f. +18.331g /. —40.94
(10)
H LA E 53 AT AT, Okumura-Hata B HAT ™
I s, fEgkEE s, ] MRS S
BIE S BB TR R 7%
2.3.2 COST 231 Walfisch lkegami 4% %!
COST 231 Walfisch Ikegami #5745 % F T3 [X.
T/ NX S U INK IR KRB 7% 5 1 T
H Hh 2 [A] B AT AE | T AR B AR 2 R A L BN
eJa— MR RIS 8h & s>
M HAEAE LoS BRARKT, JET 2 RIn) R RUE
BRI RN A

L, =42.6+26lgd +201g . (11)
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Ml R AL R AR NLoS fRARI}, KR JE R

TR
L,=L,,+L, +L, (12)
SR Ly, e Ly, S BRARE

Ly, HETARIR 3 &5 S5 FBEHRFE
Ly, W 8R
~18lg(l+h, —h)+k, +k,lgd +
kg f. —9lgb, h = h,

k, +k,lgd +k.1g f. —9lgh, h <h,
A: b EGTRRARIEL s b, R
5 d R SKFIEES s b SRS S 5
k, HFE R T W 2 S0 s B I TE P T
54,h = h,
54-0.8(h —h,),h, <h,d=>0.5km
54—1.6d(h,—h), h, <h,,d <0.5km

(14)

L. =

P1

(13)

k, =

ky F SRR ARG Z R AE
(18, =h,
18 =15k, —h)/ By, b <h,

ky R EHTR A B £ L,
4+ 0.7(i—1j, FRAEETT BB IX
925

(15)

k, = (16)

£ .
—4+1.5(%—1j,j:9ﬂiﬁcﬁi
Ly, BTN
—26.9-101gw +101g f, +201g(h,—h,) +
0.354¢,0 < ¢ < 35°
-144-101gw +101g f. +201g(h, —h )+
0.075(¢ —35°),35° < $ < 55°
-129-101gw +101g f, +201g(h,—h, ) —
0.114(¢ —55°), 55° < ¢ < 90°
(17)
Kb o HEEBHURTEAERN SR, m; A IR
MUREZ R ¢ MICENLEL S A T MBI .
COST 231 Walfisch Ikegami 5% % 2 %4 i) i {i
JEHE L 4,
% 4 COST 231 Walfisch Ikegami 1% &S ¥ EEEE

P2 —

S8 B SR B
£ /MHz 800~2 000 h, /m 1~3
h,/m 4~50 d/km 0.02~5

2.3.3 WINNER II# &

WINNER  [URE 70 P4 g 5 5558 F T Rl 2~6
GHz, AJHFRBXZ/NX IR Z2/NX . & 27N
X5 17 Fidgs, Hpmdi s, EH T
PRI {E R WINNER 11 D2a #5510
/(1

(1) fE4E AR LoS #{1%;

(2) ZHHNEREEHEE N 0~350km-h 5

(3) FEyLPEBIHUE 50m, KLEE N 30m,
PEBHE 2m, KREFE N 5m;

(4) FNERLEER 2.5m,

(5) HeuflEpE A 1~2 km,

WINNER I {3 F R RUBE 3 5 ek =0

L, =Algd+B+Clg(f. /5)+ X (18)
K A NEARIFEIREG B WIREE; C WA
KT X MIRMIIME 0, ArifEZE o BIRTBOE A
B EEVE s d MABIBIEES, m; £ WaRix,
GHz, Ml d &ERTSHIEE d,, WINNER 1I
D2a R gk Ny

(1) 10m<d <d, B},
L, =21.51gd +44.2+201g(f, / 5)+ N(0,4)
(19)
(2) d,<d<10kmH¥,
L, =401gd +10.5+1.51g(f, / 5) -
18.51ghh, + N(0,6)
2.3.4 3GPP TR 38.901 #:#!

3GPP TR 38.901 BFY N ILF JUAT i Rl (5 18
B, & SRRV N 0.5~100 GHz, HA SN .
Wi fi%% W RS . AT 2 (RMa) 4

(20)

M7t B i T LA RMa e i A
BRI, s S EE s,
% 5 3GPPTR 38.901 RMa 5= SHEEEE
2R YA
f,/GHz 0.5~100

h, /m 10~150

h /m 1~10

h/m 5~50

v /(km-h™") i 500

5 WINNER IHERIZEL, RMa 5 RRE
TEVE AN T TR RE T AR e i o K BE S R T
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22 i MR BOR R i, (BN WINNER 11
BRI K22 1 oD FE 25, 3GPP TR 38.901 AL % &
T TR HAIOR S T Y 3D PR . KRR
TR T
(1) 10m<d,, <d, i,
L,, =201g(40nd,, £, / 3) + min(0.034"7*,10) x
lgd,, —min(0.044A" ™ 14.77) +

0.0021g(h)d,, + N(0,4) (21)
(2) d, <d,, <10 km I,
Ly, =L, (d,)+40lg(d,, / d,)+ N(0,6) (22)

K n WEtkite RSP RIE; 4, 8B%
HiEy, BRI

d, =2mhh f. | c (23)
dy, VIRITI N
d3D = (ht - hr)2 + dz[)2 ( 24 )

3 FERARHBR

ASCHEEUT GSM-R 5 5G-R BiFh4AEL
TE 2 200 55 I S PR B LR 3 T R R 3
AT TR 7GRS 7 RTS8 |
Okumura-Hata #%  COST 231 #&ILL Kz WINNER
AR TR LG, (L SEOLE 6.
%6 HESHREE

BH Hf
f./GHz 0.9 (GSM-R), 2.1 (5G-R)
h,/m 12.8 (R ). 13.8 (4 )
h, /m 10 CRZRMF ). 3 (Hf4E)
d/m 10~2 000

XTSI A 2RI, AN ) 5 S B
AR RO B v b 22 O BUE SR 7
R ZHRBERSHIE

Yt B n c
HES GSM-R 2.1012627) 2.0920:27]
5G-R 3.037 4,002
HEHE GSM-R 3.5028 3.5028
5G-R 2.861 1701

E 1% GSM-RG{FE B T = 2807 i i i 42
PEREIEA T TS X, R AT LAE 1, BB
RImPEE RGN, AR, BARNCE
iltE 54 1000 m ZJ5FEATE 100dB RS, i

SRR S hR R A L T LA, AEOR:
Uil B KT 100 m AN, COST 231 Bl 5551
MBS A4, L COST 231 RIS Sl
900 MHz A5 E = 2847 s ) AR PR AR A A 150

140 :
120} il
m
= 100+
w
BT
L(ﬁ
&= 80
60+ z SR
‘/\:\ -— fOk(umura—Hata
WINNER D2a
—COST 231
40 s \
10' 10? 10°

Wi S /m
1 GSM-R i TR EFHE RERE
Bl 2 #5%: T GSM-R GBS MEL T IHHL7 5 (1)
RAFE. WNEIHRTLUE Y, BRAETIFE A SR biltE
BRI R . Mok RIE R KT 100 m B,
WINNER D2a #8550 E850F . ik
Ui B KT 1000 m B, BEAEHFETE 110dB T
g, KFEZ20 s, =S 2 sk R
AmERE T HREY S, F9 e LA
BERFIERY, M s oAt T U B
MWHEAR, [HF5RELHWED, HE2RSEFE,
DAL AR AR T i

140

e ol
120 - il

J— ¢

— — -Okumura-Hata
WINNER D2a

——COST 231

20 : .
10! 10° 10°
a1 B

2 GSM-R S TR E i =R R0 FE

K 3 & 5G-RGEG BT = 20077 5 ) A2 40
FE S ASAERINT HY o AT LA AR & it 25 F 100
m [, WINNER D2a #5750 Ei e iz,
] iRz s R AR IR AL 0, H A0
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FEAROR Bt U 2 v B B IR K EAh, ik
il BB, BEARRE A FUIR 1 B K,
TE 110dB | F sl X2 H N 5G-R {55 BAH

GSM-R &, {55 45 2 PG R e b SR
RN, HARS RERE R ER, AR
EEES N NS

160

140 |

— SRS

— — ~Okumura-Hata|
WINNER D2a

——COST 231

10! 10° 10°
W& S S /m

B3 5G-RINERTHREFG=BEMRE

Kl 4 h 5G-RGE(FHIEL T B4 5 i B AR TURE
R RN . TR it T COST 231 FiAY
S ElE L, HESREPFER TR
stLL M GSM-RGEEMIE T BB 5, XN
T s AU BT, FEC A A T H AR U
R SO S ARG ST S K AP
SRR A NARRE, 77 A T KRB AR HAAE -

150 :

130

— e
— — - Okumura-Hata
WINNER D2a
—— COST 231
50 i L
10' 10° 10°

W& i S /m
4 5G-RIE TREGREERE
Bl 5 % 2 FISE{EARE | 2 RIS 4554 TER B2 A
1) 4 Fh S Es PR RIS LA T T XS, AT LR
th, BEE WO R B A3E N, 7E 200 m 2 A B{ AR A
FEPRHEE R, 200 m ZJE¥g sk s s, HAE
1600 m Z 5 HEARE-RE , SUF DRI, A,

BEE BB, AHIRE AT PR ) B A FE L
I, RSB BA B AR i A A
BUHERT R EREE, FECT SG-REFHBL %
Y BA BRI ERAEAIFE, GSM-R JB{5HIBL T
1o AT s BAT B/ N R ARG

160
140
120¢ ‘ m
LJoh |H‘-,'1\WP'MH '
as) MW‘“ "{v IM it A
§§ 100} W '\'“{@!ﬁ‘ﬂlull';lm"h'",rj’ﬂ‘%"W ey
o= 1 _»w{f‘ L
& 80 W“f !
& \
60 1
‘ — 4 GSMR
40/ — % GSM-R
= AU 5G-R
— % S5GR
200 .
0 400 800 1200 1600 2000
W& S S /m

E5 AEHE BRI
ZE LA, Jeies it iR T, SG-R i
(G4 B B AR URER KT GSM-R B {EAEL, Mt
TEHRE 5G-R BEMIZERGET, W4 EH GSM-R FEul
a4 b PR — L B TR VB R R B K i
BIFE. ILANETT LUK B, B T AR BRI AT A]
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Research on large scale fading characteristics of 5G-R in high-speed rail
scenarios
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( 1.China Shenhua Energy Company Limited, Beijing 100011, China;
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Abstract: Currently, the railway communication system in China is transitioning from traditional GSM-R to
5G-R network standards. The study of wireless channel characteristics in high-speed rail environments lays the
foundation for high-speed rail communication system design, especially for the prediction of large-scale fading,
which plays a crucial role in the deployment of trackside base stations. This paper first analyzes the
characteristics of communication in high-speed rail environments and summarizes three common high-speed rail
operation scenarios, namely viaduct, cutting, and tunnel. On this basis, further analysis is conducted on the
existing railway communication systems and their corresponding operating frequency bands. Subsequently, the
current large-scale fading models are analyzed, including those based on actual measurements and those with
various standards. Based on these, the research on large-scale fading characteristics of GSM-R and 5G-R
frequency bands in typical high-speed rail scenarios (viaduct and cutting) are eventually conducted. The
simulation results show that there exists higher path loss in the 5G-R frequency band, which is of great
significance for optimizing the deployment of 5G-R base stations.

Keywords: high-speed rail; wireless channel; channel modeling; large scale fading; 5G-R; path loss
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