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WA T BUR GSM-R. PIMNE(E REYRH TGN - B SRR AT s E 7 . H=
J2&, IXFP LR BT 5 A R I = (N 5 B AR . 2 AN I N 4% 7 i DA SRR AR R O Oy
Ty IR TR, 2 REAE AR SR = EAE RG R M B T 1 s 4R EOR (Mobile Relay
Station, MRS) [, @ id K H MRS, fE4i15 18 7T LA 73 W o3 SR Bl FRg 2 b 4k 2 8] (1 == SME 18
By, VLIRS By rh 48 R 25 A e 2 TB) 1R 25 B T B 70 A% 30 rh 4R HR S i i 2H 1) B AR D 4ok AU
BASH P A . ZER T T EEE# ) HBE RS M WINNER 1T £#4; 8,

RARTEIEAT I R 2B B 2 Mg, I RSA R, BEAE . MM, B DA R L B —
Fh Y ki, B I s B m ki g AR v b R AR BRI, JF BRG] TRk 2 S
WEFDGER O, H T BEIE ISR (A BT, Wope e . A BR IR RS 2 [ L KELRE 1) PR B B B 45, T 37 53¢
WG T AR R VAR RAR R EANF T HA i) kg 5. Ak, BERIE KB LB K BLTRANSE, IR
REEAE, mEE . $OPsGERaE. BT REE R RT TR K™ A 3 R0 5 ) o i AL H 15
TE 7= A — 58 SR, DRI H AT R 37 57 RS 0 AT o — AR B R AU 1200, ] LA s Bk 1 S5 A
EE, BEIE N TCEAE 5B R 2 1 S ATt AEC &8, JOF HEOm 15 5 2 B T a8 mnd #2 3))
TP~ e, H AT 3 2 AR LT SRR MBS TE N R T2 o, RIS rE G A sUR 2k R ¢
(Distributed Antenna System, DAS) M. it 8 FL A AN 5 B8 1 ARt ol LASR I i R R B 55, (B
W ELBL R 5, BRI 3r AR LU A, Ak, AR PR e 2 1A) b — EURAE AN IEH I DD, &R s 284 AN AT
F L PR, A T SR R R MR ATRESE R R, DAS R HUAR MR FE AR RN BRI H JE 278 B I R
202 AH LM RR i, DAS R LMRMEME G BT, (A B &, 5 e mixtfim. Bk
A, HES) T REE A DAS (R, JF Bk — 2 hnid 1 R 5 E E @R AR T R 101,

N Y S M R F R R e R R TE I AE ARG, 7 4 T TR AR Ak B R TR B L M P (S TE AR,
HATCATTE 1 — Lot BEIE U B 5 3), KB FUE S AL R IR BT RV B S IAT I 3% ) 32 20
TR REVE AR B T, 0T ) 5 T B AR A 22 0 B B 1 /N ROBE S VR R It [ RE AN 20, HoxF &
BRI AIT S G EE L DRI, R B8 R RUBE AN /AN RS S T R 1 1) B A TE R 2 R 0 1
FET AR, B Al B S AL I8 T Ao Dt PEABEHLIE P b, B e YEE AR 3 2R
BT U e B8~160 | ke G AR g g 7~21 | SR IB ERE AT Maxwell H{E 7572 22~241. BEALEE
BRI ] DS A ) UART BE AT SE AR R AN LT AL TE AR A 125), AR SO 3 5048 [ N 4 e kR T 115 T
D 5 @RTAE, BLACRRBIBE T 155

MEMFELEEMWT. B 2 TAA T s E s I EENE, 53 TR T e E kR E S
BB, B 4 TN T AR S BB E (BN & S @A SR — Lo ST 0], R, WA SCHEAT LA

2 EHEEEENE
H T e Ak A v PR AT 3 PR AT 2 ) (0 AT PR A, v B B T v v T8 0 B3 sl AR L Bl

REH — Sl EFEs 2Tt ke, ERRAIRNK 8. AFIRYE A FRREMR . BIESH. K
LI B AFE RS, AgNFIZ T — SRR (5 I g 2l 101117260461 e 1 BR.

2.1 FFEMSERE

PR B e Bk P T A ) A, 2 0 EE R O B (Single-input Single-output, SISO) PN
B, WSCHER [10,11,30] HHETAER). R T R R AR H s KRR SR, 2R Z R (Multiple-input
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i

* 1 #ABPYEFEESENE

Table 1 Important tunnel channel measurements®

Ref. Frequency Scenario Tunnel parameters Antenna configuration Channel statistics
wide tunnel: SF, PL,
Arched 9.8 mx6.2 fast fadi
[10] 2.4 GHz subway -6 mx0.2m, SISO ast fading,
narrow tunnel: LCF,
tunnel
4.8 mx5.3 m AFD
Arched height: 5.4 m,
[11] 900 MHz railway width: 10.7 m, SISO PL
tunnel length: 4000 m
Semicircular diameter: 8.6 m, PL,
(31] 2.8~5 GHz railway height(max): 6.1 m, MIMO PDF,
tunnel length: 3336 m CDF
two-track tunnel:
width: 8 m,
Arched length: 200 CIR
[32] 900 MHz subway ength: UL m, MIMO ’
single-track tunnel: correlation coefficient
tunnel .
width: 5 m,
length: 100 m
Sub PDP, PL,
[33]  2.1376 GHz ubway length: 34 km MIMO K factor,
tunnel
delay spread
Horse-shoe PL,
(36] 2.4 GHz, shaped straight: 240 m, SISO rms delay spread,
5 GHz subway curve: 140 m channel stationarity,
tunnel channel capacity
465 ML Arched floor width: 5.8 m,
(37] ” underground height: 4 m, SISO PL
820 MHz .
railway length: 980 m
450 ML Arched
[38] z railway length: 3000 m SISO PL
5 GHz
tunnel
884 MH Rectangular width: 14.7 m,
(39] ’ railway height: 6.15 m, SISO PL
2.45 GHz
tunnel length: 360 m
wide tunnel:
[40] 9.49~4 GHz Rectangular 2.4 mx3.1 m, MIMO PL,
tunnel narrow tunnel: delay spread

24 mx52m

a) PDF: probability density function; CDF: cumulative density function; LCR: level crossing rate; AFD: average fade

duration; CIR: channel impulse responses; PDP: power delay profile; rms: root mean square.

Multiple-output, MIMO) F %2 AR EGER Y, I Bk [31,32] Rl 7 H MIMO FOARKIG IS
AR AT, F, B200H MIMO RAMREEENE TS AR, ORI KZ
MG EHET AW GSM-R 241, H, ,\i‘iE’J&uﬂ@{ézjmﬁﬂiﬂﬁﬁﬁ%ﬁim@i&uﬁ‘J (L,
ZI AR BN LTS 876~880 MHz, NATHEME 921~925 MHz. {HF—$2/IE, izﬁ*ﬁb‘l%uﬁfe
FETBRYNBRE, 122G A B AR S M 02 FATHERE 885~889 MHz, NATHERK 930~934 MHz.
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PSR T DAS M S 7720 A GSM-R =3l 43 5l 4 s B 72 BE i (N FURIHE 1 A, 7E
ANFEuk 2 8], =AS T AR ERIE I G LT O RN IR, RN S SR 8 T BEIE (L LR R 1
DL, IR ZEAT A BB 2508 | K 4 e B3 PN BETE N B BT P9 7 AR A B S L 1YL T By
TR B B (K A, A7 A T @R B RETE N 1015 564k, OB BT A M T B E A A
AL I AME S AN, 24 KA BEE W R AMT BRI, o T T O U, (55 24
PR IEVE. BEAh, JENIE T FEE A P ARE AR O, BIE A — AR AL, 735 85—
AbFR AR ER AT AL TR kSR Z TRIIN, 55— 525 5530 2 el LK 2R AR R e BE A RN SR (45 5 B R
ﬁjg [11].

BEXS IR SRS B0, 303 TR F RN 22 B A% 7 S AT MG R S AT L. ARG A, BT
F) 5 3K B £49 SR PR T R AR AR, T 2 AC B DUASE P AN [ R R B IR [ 22 SR IE R L, BRI A5 W
FERRR S D AT I — € . EIRIEES R T GSM-R RGUTREINZAE WG EN s %
JERZEH GSM-R 1 Z T4z H], AR N NRERMLEE MRS, I HiZ R A REm LR KR
BRA G H A oK. D, LAt — L858 R4, Wil RS Sh A RS LTE R4, #fEd
MT A GSM-R £4; 331, fEixse Rgirh, M 965 5ok AEm L A (S R, dld S TE b
i L SRS B, JnARI SE . Doppler MARY & 3T K D1 AL IX S S K a] (AR S, W TT 1 1)
Ry — L4 PE. SCHR [34] A4 T AERINFREE TPIT R IIE T LTE REHIEEN RS, WEMRRERN
1.89 GHz, WHFt [ G TE) — L8 AL MR, TR [35), R385 4 AR )18 15 RGUE m B b (1 I &
Mo &, JT R TN 1 GHz M 2.45 GHz HIIRIE S, SChRBLRI A MRRIEFEE S, TRLH TH
BEIEE (5 RS 90T R,

g b, R MIMO AR BAT R A BB AN T8 ) T8 i veh Bk P 15 T 0 B35 sl 0 R R Bk
BETEIE(E RGN R et SR B,

2.2 BEAAREMNRER%E

97 T A B P SRR T 5, TIPS TR, 7
SR RBESE U, B RATRER DR 508, X T I BRI AR SUT K. K SO 7 1B
B T T TR R0 b SOk [33,37~42) BFIT T BRI th B AR ARRERIAL. SCHR (43) LU
TARFRGIE TR SO (44) 3T UL, 207 T Frosnel [N 43 AR n
IR, U T 45— Fresnel DALBEMIR G RERH n 0 BE . SR [45) % K63 Tl 2210 FA X
IR, SR T DI G R Fid it vl LA 95 S B I U L 2 R o5 R
A2

T 0/ R B8 MU T L1 R4 W AN B o SR T T 0 A €5, S R0
SCHVRIEHE L ). SO [31) AR T B RS b P REBOBER (R 3, VBT T ARSI R
ANRBEBEERAE. REFANRUERENE, SRS 5 1 AP 5 0 K DURE, 9 ELFb BBy 3 LA 88
SYAMATRICER. AR, SEAMHT T 3600 K B TR, SOk [10] S04 T FEHbBRBE TR 0 — Vel i
B, HEIFRHE T S f BRI, 0 PRI SRR, 7R G B 3 o, 520
T ST/ R BT AR R

2.3 BFEANIEHFATIAX
ToLR A5 T e FEE AR, A DIARIE Pl ) «I7 50 R B i 2 R A IS b 2 AN X 3k, BRIE 3 X
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ANIZES7 X 120-461 AN ) ) A A DX 5 EA R PR TR R A . BETE (S TE RO G TH AR, I BRARSRFE L ]
LR — BN ROBESEVE R, AEWT /AT S Z2 AR K. SCHR [10] A28 1 AE B BRRETE T OT R IO MR
2.4 GHz HIIEIES), 734 1 I m AL (15 S AR 3R R R A5 5 AR 3k X 4

M EIR K A, FURER T B N 2 AN S B, — MR R IE (5 18 v] DAgS Ry
—MRKHIFEFZR T AR AR AR 5 AR AR, Tl R AR S RO, STk [47] Hh, 2578

BEIE AR R R A
1 my 2 n\ 2
fT:sz(Z) +<5) ’ )

Horr, o A1 b 43 HIARRIFE I 5 S SR, m A n 23 SRR /K R T LT A SRR AR, o A1 20 430
LA 2 [ IS R AN B R @A R T8O, AN ()5 5 ] DAEERSTE N AL 4%, 72
X, g IE A 2P, (B2, B USRI PR 55 R38R RR R, A R R B AR
TEWT R RTE R. fEiy X, RIWT s, 85 325 NG A 2 i, $52USUS 5 T DA AR LA
Gy RN TR T JRCES S 0T (0 B A 98 S S A i B 10481, FEIR I X, IS 5 T Re L S
VB RS, Sl K R AHBOR, T e IX, il K AR/, IF B2 n] LI R A& B
#1211 Rayleigh 437ii.

2.4 FEERHARBEEREXE

— B, A G BRI AE I S B EEAR T G O U B AR OK. AEREIE T, i T RSB b S I, S
BT IO FE M OR B R SR I S S S A28 KR 7). 5 P8 BIBETE N B8 S S BURC I SE 45 1k, £
XA DXIOT e 7 R3& 30, JFE b 1 AR SERF k. FEIE P ROAEE DR BT 700 3 F, BIELS X
JEE S X @ B IX. 8 iE B Rk AR A, B X . KRB B Rk, B X R,
HARIHE, AEESS XL 2 KRB RO AR I, S BN X L. STk [30] & B3R 3 AN IX T e
TR S S, WAL T = AESRER AR DG RR B T FRIN S S AT . D ZR I 48 43 A7 E B X AT DR 27 VT T
TREMi. BB REIE AR St B EIN, BRI K, SRR, BEIE R TORERRAE S XLk
B 2 U SERE, BEI, FEAE B X IR SR AR 0 A, #E3 ELAT X R F Johnson 73 Afi. F&IE H
YK I G L BIURY 1, 1278 R HAE AR R Bk BT 5 AR G Blitrh AL 181 gah, STk [10] 3%
R RS I I N, B X AT 2 M BT A RCIX, IR 1 DX, WSO S ) LA X3
WeBHE, JF H2 etk b £

2.5 [HEALLESEBOTWER

IR FLAt Ry R SR LE, FEAE A F R AL R 2 B B E 2 (0 S s BECRT AT &5 — 28RS 5,
BEIE ) BEIE TR« B BRBE ) A RS PR AR AR R JEE O R R B AR S I 5 U5E, #4920t
W& A To A5 5 B3 7 A — e R s 39,

W8I A AR Tt 2> S A% FB 15 5 ORI, IF LA B A5 S M (3G, I ARG S O W] 149, s
(RIREIE 2 BA ZRORETEAR, WTE 56T BU% . RETE . BEETESE, B 1 sl 7 — e s BRiE
FEAR. I HICHR [50] A48 T EAN R AR M BK RS b T e D R iG 2l), $3A 1 sk R v i) R A A 4%
fHOL, JHIER: BRIETAIR, a2 bl R DL BRE B8, K05 5 (4R 4 — . 3C
Wk [51,52] BF 7T 1 HE IR BE TE R 5L 3R AORE I, SR (53] 0Bt T ANRIARBETE AR 5 1320 1% .

W% T 2 T 10 RH R R PS8 % B 5 B ) LR, B SR BE TE N TC 2R A5 5 RO . STk [54] BF9T T
RITHREAE L AIRZ R, R I RERE R RRE AR L 2 48 o2 M5 5 3G IRV D 3 380, Be4h, %8 T i3
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1 #EMBEESEMIR. (a) EREE, (b) #EERE, (c) DEEEE, (d) FEMBE

Figure 1 Typical shapes of cross sections for tunnels. (a) Rectangular tunnel; (b) arched tunnel; (c) horse-shoe shaped
tunnel; (d) semicircular tunnel

FEAA BRI, 45 R I WU BRI 2R T LA AN T B S SR S U A e 22 1501, BT
ERBH, WORRL AL E WA SRR T A5 th 2 X To 2 I (A% 4 7 A — s S 156571 STk (58,59
P DAL B R ER AR Y RS 2 ) R s B 2 el D To 2045 5 AR R R P S0, SR [60] 5 5E
T RETT ARG, FE I A B AR B RIAET R, 52 A R LA 4 A R E B AR 5L 4R 1
SO, S5 R, AR B b, Ala R W] ISR Bt B AF 5 5B o, 105 1) R 2 mT LA/ I ] €8 i DA fEE
AT IR, SCHR [61) BT 1O RE IR RIS, 7225 i ELREIE M e, 4 BEIE w8
FER T BT, WA R IRV ARAG I )220 T3 AR SE 9 Jie i oK T3 ELARAEI I 0. BRI 4, Ha i
FEACTARACI TN T B, 25 E, H T mkREiE A M TE 2 M5 5 5 38 52 2 P R 3, (]
SENNAERS AT 2 4T 0 e Ak B N B s S T R OR BE TE A ORI T BT S B AR 24 6 B2

SCHR [62~69] £338 T — L mAkRRIE (R AT, A E Se e — LT REVREIE I ST 2 2R, 2R
JE AR AN R AR T 32, B Y — AN [ SR AR ) B T (5 T A

3.1 BREAMLEEEH

IEIZ F PRS0, BEIE PR R TT Gk IR0 o5, R ER 8 A DAS 100 it 5% Wi H Al
B AT IE RS R, B DR BURIF M B o, JF HARE LTI, H2, ERN%
A LR A U BR e A R 2, JEHGR N T 2 i S BURR KBk BB TE. AHELZ R, DAS
RG] 4E DAS W, BT BIRZICERE € IR R CE, IR B0t g R, MLt
ML 7558, DAS T LAE P28 78 o« 2% B 7 T AR BUBOR A 28, S AN R AL B AL ICE A R R Zn R K
SR 2 A) 7> Bl e v OV HOoA el 5 TP S0 . Iboh, A4 A F P 5 41 5k
i B 5 30, AR T — R P RGIELE . Rk, & EZ SR s h R, IR EE AR
T 22 & M 2l i AR oR e WA 5 IBAE U, JF HRERIBIRS ZATT NN S o (5 5 1 5 15
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2 (MERFE) SREEET RSN

Figure 2 (Color online) High speed train cellular architecture for tunnel scenario

FEAE. BLAh, MR TER ] MIMO HOR T LU T 32 i BE T8 WAL H 5 TE ) (5 TE A & B2 70 DAS. MRS
Pk MIMO BORKIM LS &, il 2 o, W LA T30 2 Bl 2 . v B IS 7 oK.

3.2 EHREBBEEENEREE

MRIEAF R R TTE, H AR (R 3R 2 o (T84 IR S5l Y IR vl 73 A 58 115
AT VA 28] R LS B A 5 vk (63,6474 WK, PRANAOREE (FIE R 4 2K 3 B,

3.2.1 Bf&kiBIREHR

SYERIB ER BRI N A T T A PR A 8] o R JE 2 R A% 4 R B B AR W] DA T B P i i
FRIBR A AR FE A BEIE N A5 5 I SESE PO JE T T 22 B A — Sk SR B, B RIS 5 T AL
N ZR B BB TE S BE S SR AR T AT 5 AT AR i) B . AN DAL A S AR IR 2 5 S ifs S B
(ZhR A4, FH AT Bt —20 RORBT ST RETE A (5 S AL 3R 0. SCHR [85] $2 1 17— At T =4E 2kiE
BRJT A e R B (R TE AR T 6, PR R A EE phadrma B T KR MEERG R,
PP RN — 2R LI 7 10385 55— 22 I ) Doppler A5 RN SiE (R0 4%

IR N L BR AR B R % R BT LU LR Be80% . b 2aid R AT s B — 4. X
THUGRIE, TN I A S S 2 B AT LU 2 B AN REAUDGIUR A 1Y, REa i A0 im B AR R AR K 7
ARAT. SR [56] $2H TR BRI A ST B ERAR Y, TR TIIN B T8 P15 5 1Rk (0 8 05 AR 28 40 .
X RN 23, BEIE A A3 B n] AR A A — NI A R AT TR0 A S R AN 2 1 A A o
PR E — M ERIEARN XK, R R IA v S S e P AE % XA, ol P AR D%, SRR (6] Fi
T T RN VR A 2B BTV, TR R E S IEAME SN, X T IR 1, K
BAR T AERETE A AT A IR 2 AR B AR AT (R4, B 2 AR it A ] UBUE S IR 2 2 AL 3 AT 2. o
SR R DA 4 R AR, RN R Ao F ORI B — 2R S 2 AT VA — k. Blsm )45 5 m] A
PAANIFINEE « AL R TA SR n. SCHR [87) oh, (] 1 5 TS 4 B A — L B S 2B 17
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Table 2 Important tunnel channel models®
Ref. Channel model Scenario Channel characteristics Antenna configuration
[76] Ray-tracing model Rectangular tunnel The received power SISO
Rect 1 PSD,
[77] Ray-tracing model ectanguiat Doppler spread, SISO
subway tunnel .
Doppler shift
. Rectangular Field distribution,
[56] Multi-mode model road tunnel, SISO
PDP
subway tunnel
Rectangular .
Multi 4 4 4 mi Angular properties,
ulti-mode underground mine, .
[78] ) g' ) correlation of array elements, MIMO
waveguide model semicircular
PAS
subway tunnel
[79] GO model Rectangular Large-scale fading, SISO
underground mine small-scale fading
Rect 1 Number of states,
ectangular
[25] FSMM & distance interval, SISO
subway tunnel
SNR
Channel coefficients,
(80] Propagation-graph Arched tunnel CIR in delay, MIMO
theory based model antennas’ correlation coefficient,
channel capacity
Received power,
[81] Physics-based Rectangular tunnel rms delay spread, SISO
deterministic UWB CIR,
channel transfer function
Space-time correlation function,
[63] GBSB model Rectangular tunnel MIMO
PDF of AoA, Rice factor
[(74] WINNER model Rectangular PL, fast fading, MIMO
subway tunnel delays, AoA, AoD
Semicircul Time-variant transfer function,
[64] GBSM enmerrettar frequency correlation function, MIMO
tunnel
CCF, ACF
[82] Hybrid model Rectangular tunnel The received power SISO

a) AoA: angle of arrival; AoD: angle of departure; rms: root mean square; PSD: power spectrum density; PAS: power

azimuth spectrum; SNR: signal to noise; CCF: cross correlation function; ACF: autocorrelation function.

JTERAT FAR R AR IE (AR IRFE. XT3 1 LTDe A EIE 1S 2B B2 7 i, BB 2 1] A A — s
HUL I AT LA 2 BT AT RE A% S B AR S 2R X B . X e R AR T DAHE 3k P S B L TOAE S R B P 5%
GITEATR]. Rk, AR F R O SO e e, RS )T SR 1 15

Hrp, BT A ERe 53R Kk RN B, rpy AREB AR 2

e_jkrpq

Efs =El*> ———87- RY,

"
p.q pa

(2)

] PR S, Re FT SP

73 9 RS TE S5 BE 7K Y e T BT 181 Y Fresnel [ #85 ZBAHTHSERR T LR R, O HBR b 045
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Ray-tracing
—  Deterministic Waveguide-based

Maxwell method

RS-GBSM
GBSM {
IS-GBSM
— Stochastic

NGSM —— Markov method

Tunnel channel _ |
models

Bl 3 SHkEEERE S E

Figure 3 Classification of HST tunnel channel models
T BN G SRR, R, — T MR A T

3.2.2 HS{FERE

2 SRR T8 P JLAT TS DR R B AR ) PR MR 55 T 26 I8t 7 B8 P £ 47 T A S B A 8 5 9 )
FEF%. SCHR [88] FFHR Y, MARIIR A T L E MHz I, B8 o8 B Ik S50 T BRI S i 454
W S 7 A KB A RO RO 4%, BT 77 AR i 0N, SCHiR [21) $EHH T R AR 2R iR R
BVE—MERBE S, RS 17 R HAR B8 N TR A4, B, SRR R, R4
R FATE N 137 o A L. — BRI A A AL R, BB [ A QR AR . AR 20
Xof AN L ATER 224308 15 AR AR On] B A TR A IR s U 2 R B R OR. R, BRI
Yo AT T LB BT (R T ORIBR AL, e X, Hpbds nT LB R & KRR, 51
55 ETERL. Gl — e B BI04, M B it s, /i X WA 5 £ 5. i S
A DL SR R AR 18 P I 3 X (S 5 A, T ANE T @A 3 X 2L S . Rk, o S A A
%5 5 — FnT DU 2 B BB A 45 ) TR A58 £ 1 BE 8 5 1 1 2.

B B S AR 3, JEAE AR AT R 4 TR A U B AT R, BRI N 2 A7 KR
B, fE— MK T, SEESRE T )L GHz I, B X EE B2 K K ZEAEIT 7K 84T+
SRR [RDRE AR T Ak R VR Bl A TR R N, 33 X BE B AR K. Ak, 2 K AR RRE s AT
i, BEIEAS B th 2063 0 A 72 A — e SR TR, 76 Bl A AR T 10 2 MBS 0 4 B S ] L
BB

3.2.3 &£IRRR

AR R A B 22 2 BOR 123 il i B 77 VA Maxcwell 77 R4, & B ATAE A Z 10— e
PEAGIE AR i, 258 Maxwell J5 REZH 70 JAE S I Sk b BEAT Z2 00 A BE, SRASE TH S 2
() o 1) L B, PO T N 3 B SEOETOR A IR LR I AR AL, RE T AT BB B %05 T DU AR
i oA, AR IR,
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Figure 4 (Color online) The received power for multi-mode and single-mode cases in a multi-mode tunnel channel model
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Figure 5 (Color online) A 3D RS-GBSM for HST tunnel scenarios
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Abstract The rapid development of high-speed trains (HSTs) has introduced new challenges for HST wireless
communication systems. Realistic HST channel models play a critical role in designing and evaluating HST
communication systems. Because of length limitations, the bounds of tunnels, and waveguide effects, the channel
characteristics in tunnel scenarios are very different from those in other HST scenarios. Therefore, accurate tunnel
channel models that consider both large-scale and small-scale fading characteristics are essential for HST commu-
nication systems. Furthermore, certain characteristics of tunnel channels have not been investigated sufficiently.
This article provides a comprehensive review of measurement systems for tunnels and presents tunnel channel
models using various modeling methods. Finally, the future directions for HST tunnel channel measurement and
modeling are discussed.

Keywords 5G communication, high-speed train (HST), tunnel scenario, tunnel channel measurement, tunnel
channel model, non-stationary statistical property
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