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Abstract: To assist in determining the base station spacing for the new generation of mobile
communication systems for 5G-Railway(5G-R) in complex railway environments, a link-level
transmission rate simulation technology is proposed. This technology relies on various empirical
propagation models to obtain the path loss of electromagnetic waves in different scenarios along the
railway line, thereby assessing the Reference Signal Received Power(RSRP) of the wireless link. Based
on the obtained RSRP data, link-level transmission rates are calculated by using the Monte Carlo
simulation method. Simulation results indicate that in open—field scenarios, base station spacing can be
set between 2 000 meters to 3 000 meters, while in urban and complex terrain environments, the spacing
should be reduced to maintain performance. This technique accurately reflects the signal transmission
characteristics of 5G-R systems across various scenarios, including the changes in transmission rate and
RSRP with different base station spacings. And it provides a scientific basis for future base station
deployment planning in 5G-R systems.
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Fig.1 Overall architecture of simulation technology
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PLye v (d)=69.55+26.161gf~ 13.82 g 7y — Cy + [44.9 - 6.551g () | 1gd )

A PLyyo HESARIARE s ho, WESTRE R s d R R GT RERIENC R L Z A BB 5 Ao, IR ZEA R
Cry MR KL L B IE N 1

8.29[1g(1.54h,)] - 1.1, Bk 150 MHz << 300 MHz

Cro=132[1g(11.75h,,)] - 4.97, Bk 300 MHz<f< 1 500 MHz ©)
0.8+(1.11gf—0.7)hg —1.561gf, /N
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SCHK[16]45 i T COST-231 Hata B A A £ 27 R ik 20, Z AR ZE X Okumura—-Hata LAY i 9 2, 5 76 34 5 Ho e
1= (1 500~2 000 MHz) Ak it BREE b 938 I PE o X F ok 368, A0k
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A PLyABARIRAE s d D9 G el FE OHE ol Z (R O BE Y 5 o MHRWCR R E B IE N 15 C, W IRETEIEN
T HIRERNETEE, SO 0 dB, MBS KIRTTE, %S08 3 dB.
IR AR DK, 5 4 T BRI R A B AR B AR AR KB IE A 5
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X F AR BRI IAREE, ahy, BIFREA R
(1.11gf=0.7)hy, —(1.56 1g f—0.8), H/ N Eizp X
ahg, = 132[1g(11.75h, )] ~4.97, KT =300 MHz %
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2.1.4 1EEE 802.16d f5 %I
SCHR[17]45 4 T IEEE 802.16d £ B 822 A 3, AL AL GI A T X EOE S P52 v, I AR 4l i & v 22 [8) 1 e
Vs, KRB R N 3R, A%, BRMCAK, WME 1R,

# 1 IEEE 802.16d Fi#1/3p23%
Tablel Classification of IEEE 802.16d model

type description parameter a parameter b parameter ¢
A densely forested to moderately forested hilly areas(hills, mountainous regions, forests) 4.6 0.007 5 12.6
B moderate path loss conditions(suburban areas) 4.0 0.006 5 17.1
sparsely forested flat areas (open areas) 3.6 0.005 0 20.0

A R R AN

20@(%?)+uwg(ﬁ% +Cpt Cyo d>d,

PLgy 164 (d)= dnd 3)
ZOIg(T)’ d<d0
7C[+CR‘Jr2
dy=10 )
C
y=a—bh + . (10)
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2.1.5 RMaf#l
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L C|PLy, 10mSdyy<dg ;3
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e f, IR Rl TR 53 51 R S REE AR 2 A 3 m BE, ELR Rk R
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K hy WAEROREE F B, HERRAh .
I'm S S
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0, d,p<18m

_ 3
&)= %( fé%) exp(%), dypy>18m @7

I3 52 o Y 3 SR R B AR A0 A, b 22 U o = 40

MG F AR AL R, FLERARAE N -
PLuys-xtos=maX ( PLuy, o5 PLix0 ni05) (28)
Aqrpre
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FH 5 8 7 G O R BOE S0 A, AR 2EUE 0 =6

E LT, R [ R BEAL IE TR [ B Bk 7 s O T B 2 I SR SEBL T X BB U A
PRI B A2 450 76 T S 200 A2 B 4 ) T
22 RREwERGERE

1558 MBS AR BUAE I J , 5 9F — 2P XF 5G-R R G WAL 4y sl R ATV AL o AR SOR B — D SR MU ANIX, H
b B AR TP /N X, FREUE 114 e (Signal to Interference plus Noise Ratio, SINR).

HE, RTRMEHERT R A/NKTE H b AR B FE, 2R R i, il XG0t H
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Division Duplex, FDD) 1 i} 43 X T. (Time Division maximum available resources < theg;ﬁ”l
Duplex, TDD); W EERITETHZELOERE, © b Sl theoretical rate
Yo T & Go AT BB GG, 7E SG-R RALH U I
1 FHT 94 96 10 MHz s T 38005 1 6 ) ple 5 7 W Wi e —— S
B9 R/INFIAE 5 I G, B /N Y 1 200 (1) B B 6% 4 1t B M| modulation order Q, |
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SRS X TRSAAREM BT [ e e dseentl gy
AENWEFRRR, WARERBIAM, &% Fig.2 Schematic diagram of the rate calculation principle
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3.1 1);TE BiE Table2 Configuration of simulation parameters for the tool
NN ~ N e L 1¢ 1

% S L 0 Y B B 135 5 RIS 7 5R 8 F 9 5G-R oy value

REVERE, LSS T . RBX . k. M, K transmission and reception method 4T4R

\ N e i distance between base stations/m 2000
DL T I SRR B . BT, TR B AHE S meximum disance bebveen bise .
o ] ] 5 ok i A A BN Wl Ak IR, BRI 2.1 GHz SRBCRE T center frequency/GHz 2.1
(3] 5 Mo E I s S transmit antenna height/m 25
:‘F 5G-R @11 ’ lHﬁ jc I:P AN JEH 2.1 GHz /ﬁ; jﬂ 'fﬁ ’E‘Jﬁj :%: © 7/{ receive antenna height/m 1.5
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PR B E O 1.5 m, BT A TR R AR A i o 3k — DL RE A8 B DR 07 EC45 R 15 52 PR ik i 37 5 1)l £ 1
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N TS 75 ) 445 SR AR Ak 25 5 1 TR
3.2.1 JFiEAE 5T WA

wE 3 g, S s, 3MERREIA(H B2 AL RERLAY | Okumura—Hata £ 8 1 IEEE 802.16d 1 #4) 7E
UM gE R FAEAE R 2SS R A G R R B G W AR D IO R AR Y, RO S S A X A E R
RAE B B Y B 4 54 = K F ;5 Okumura—Hata #5250 Fll TEEE 802.16d #5 71 [H 2% J& T 3R Bg [N R A 2 mw, #2002
I A i ; IEEE 802.16d BLAUAE 500 m J5, MM E(f B EMRME. ZAEkK, ARSHEMEHT
FRAE SR B9 W, 1] Okumura—Hata 1 IEEE 802.16d A5 5 75 4 0 & 2% A JF R IR B% , W4k i JR) 161 A /N e ok s i
B v i A AL B T S Y I

20 140 rossstengcec
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40 f — « — Okumura-Hata 120 | %% = % — Okumura-Hata
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(a) received power vs. distance (b) transmission rate vs. distance

Fig.3 Comparison of results from different models in open scenarios
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W1, IEEE 802.16d 5 76 JU] 5 B v ff iz Bl 512 B {5 38 R 1 o
3.2.3 Wi R M4 A

& 5 F1E 6 Sy 3k T FF 55 N COST231-Hata % % F1 Okumura—Hata #5 % (1 XF H 45 5. COST231-Hata £ % 77 3 i 35
Berh R B oy RS S o, JUHRTE R M b, X Ao i . X 2P COST231-Hata #5284
1ok R A R T, BB T Y S 2 AR RN B R . 1] Okumura—Hata 58 70 W) B2 58 & 1 #5040 9% B
AR /N T A
3.2.4 k. b AKX 50T 5B

WE 7 s, fEmke . LAk X %50, IEEE 802.16d #5730 M W 2 09455 2, /e &5t 500 m )5 ,
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Fig.4 Comparison of results from different models in suburban scenarios
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Fig.5 Comparison of results from different models in large city scenarios
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Fig.6 Comparison of results from different models in medium and small city scenarios
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Fig.7 Results of IEEE 802.16d model in hilly, mountainous, and forested scenarios
K7 B, 1R ARIX 35T IEEE 802.16d #R1ZE5 4]

140 yesssessen
120
100
o
= :
= L
§ = 80
& 8
] 2 60
2 Ei
(5] 1Z]
x
20
1 1 1 ] 0 1 1 1
0 500 1000 1500 2 000 500 1 000 1500 2 000
distance/m distance/m
(a) received power vs. distance (b) transmission rate vs. distance

Fig.8 Results of RMa model under LOS conditions
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Fig.9 Results of RMa model under NLOS conditions
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Fig.10 Results of UMa model under LOS conditions
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Fig.11 Results of UMa model under NLOS conditions
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