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Abstract

To solve the problems of communication link obstruction and communication reliability between
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vehicles and base stations, this paper studies vehicle communication assisted by Simultaneous Trans-
mitting and Reflecting Reconfigurable Intelligent Surfaces (STAR-RIS), considers Rate Splitting Mul-
tiple Access (RSMA) and combines Hybrid Automatic Repeat reQuest (HARQ) technology to analyze
system performance. The outage probability of vehicle users under the HARQ transmission protocol
is deduced from channel approximation distribution, throughput and energy efficiency are further
analyzed based on the outage probability expression, and closed-form expressions for throughput and
energy efficiency are derived. Finally, numerical simulations are conducted using the MATLAB plat-
form to verify the correctness of the theoretical analysis. The results show that by comparing the
system performance under different numbers of STAR-RIS elements, base station transmission power,
and maximum HARQ retransmission times, it is found that the system performance using HARQ is
better than that without HARQ, and the performance of vehicle users who allocate more power is
better.
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1. 5|8

ITAESR, ZEH M (Vehicle-to-Everything, V2X)H AR AE A% 52 18 % Si(Intelligent Transportation Systems,
ITS) I 2 5y, It SEBLZE 505 4-4%(Vehicle to Vehicle, V2V). ZE4H5 3L Al % fiti(Vehicle to Infra-
structure, V2I). 445517 A\ (Vehicle to Pedestrian, V2P)[F = X0E B2 H, $&7F T M2 4. SIBCR A
FUAER[1] [2]. AT, BEFE B2 BAE % R ol Rk e, 124 V2X s il g phik: =%
WSS S SR SN RN 2 B8R, LIS RS2 PR AR ) B, ™ E 2 T IEAE
Al EEE R — P

n] 5 #4 2 B K TH (Reconfigurable Intelligent Surface, RIS) i A Bt B % A HEBAL A5, NIoLimfs
FRAt 1T RAERAR[3] [4]. 2RI, AL4E RIS R SCRe BN, AAMHIAMESAL TR AE R —MI, BRE] T RIS £E%&Ff
TCAIBAE N ) RGP AN SEFRER & o 1 e IoX — PR, X TeHh 8 S L BB TR 1 [RIINH &4 A S5 RIS
(Simultaneous Transmitting and Reflecting RIS, STAR-RIS) [5]. STAR-RIS AJ LLZE—{l] s S NBHE S, [RIR7E
M NSHE S, AR5 5 A SRS 5 mT DUl I A& 4 RO B REBCHAT IS, FFA TR AL AR
RS TEEE, AT SEEN R E IR EE 360"/ e Ay, EZEMMIE(E A STAR-RIS, HLHGFEZE4MEIE i
(I FEmtiaent b, $Rft 7GR V2XOEME . PR m Bl AR S AR = A5 AT SEPE N U6 ].

S48 2 B N7 i A b, 36T R 4 24 (Rate-Splitting, RS 1138 5 43 #1) £ 1l 42 N\ (Rate-Split-
ting Multiple Access, RSMA)FCA, [RS8 KT R 3 i TP H 8 1 BRBR 32 B AATTHI 9GE 7] [8]. RSMA
) FEEEEREH PR RA LT A S, om0, ol THiEsgE, X5
74y % k4% N\ (Space-Division Multiple Access, SDMA)FIJE 152 £ 4l 42 A\ (Non-Orthogonal Multiple Ac-
cess, NOMA ) H i FH 10 A oty A0 35 8 5% W% 2 J X b . RSMIAL (1) R 3 1 {2 e 0 BT s sl i+ 4
UF B AL, P 55 BRI, RSMA il i P38 A R AR IR I D %, H 3 £y SDMA 5 NOMA
[9].
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RGN RSMA B —E %, (AIEPSEB MR TR E1E b g 7 v] S H (5 e R T AR & — ME
WA, ik, #F5C A A% STAR-RIS 43 RSMA {5 RAEITHEFL, LML S Mtk ffiz . 5
BR[10]8 55 7 STAR-RIS ##8h RSMA I FATIE(E, 708 7 REGEHPERE, JHHET HMAEK) STAR-RIS
BAER, B RE & 2 FIAEE )4 T A S5 A% B 1) R AT P b TR P A 20 SCHR[ 111X
STAR-RIS 4l RSMA REMWHLZ %4, WEFL 1 R 218 &5 e LU X i AT . gk —
B IRDIZ . B RE . DI SIS H NSO AUE 70 2 MO RG IR B R REN . STHR[12]
WIE 7 A TEFIELT- PR T8 STAR-RIS 4B P RSMA M2 HE M52, #SF 7AW RSMA H P
A A BT RIA R, S5 R RPBEE EME LG, AP AR ERER S, J H STAR-RSMA
WERTESE B RGUA A 7T HL STAR-RIS FlBh I FH AL AR IEARZ 2 MR BEA L3 . SCER[13]%1 % RSMA
RN V2X JE{E, $RH T ZE RSMA 7%, 5 7 HAEmAMEEEE LvERE, IR mliES 1 AT Seil
SRR () B P RIA . SRR, XM TREM 5, RS A S NOMA Al vV2X &
GrsePl T m AT S B R, PR LT NOMA #iBIY V2X RGME G IMERTE R4 .

N T R TLIEE RAMAE BRI R, DU AWK TR, WA A3 HE S R (Hybrid Au-
tomatic Repeat reQuest, HARQ)/E N —FRA RS A HIL, Bdid 5 mg vt 3% A R IXEE B, I
/W 15 T8 S V538 R B 17, $ A a1 o] SEVE AN AL [14] [15] SCHR[ 165 H T — Pl % RSMA
W2 (1) = A HARQ ARH ML, 20 bT 7 =R 5l N B AL SR 1A RchE . SCHR[17 108 13— B4 i o4kl
ERGNE S EAAERETE, B0 T —FiES) RIS 431K RSMA #48, 7047 7 5T HARQ &4t
HHITRER .

It4h, HARQ 7E STAR-RIS #fiB)) RSMA %4t H (1) P BE 1 ELAA 52 i A 2400 i AR B il 72 2 44 A0
FEVHE PRGBS IR, MRS SRR AT SN, RN R R E R BN, AR —Na
V75 B DL 0] 3 O 1A SOt i X — 18] |, Ao A V21 @A H STAR-RIS 4 RSMA P %% 1) HARQ
PERE. ATk T

1) WIERE R, AL THT V21 {51 STAR-RIS 4B RSMA B/, 451 HARQ FE 5
fEHId 8

2) 1R4E RSMA JEI, 4387 R M P RS A G SRS 5 1S Tk

3) JEIAFE IR A, RBE P /E HARQ Wh U N IR Wi ME 2R, HES R G0 b i ] 50 3%
W

4) TEFFWIER ISR -, DS B E MR RIEA

5) BUHLEREY, F%E HARQ Al STAR-RIS HiAR ) V21 i8{5 R4 n] ARG B Z MR, R
SRty b B AN A SV ARG B T BT Ub AN, BUE S R TR A HARQ HAR B R4 PEREIR T8 HARQ
R,

A AT AL T 5 2 WA 7T V21 3BI5H STAR-RIS 4B RSMA AL, 7E5 3 75
W, ST T RSMA 5 58 R P RS A SHE S AR A G5 00E TEL, #5557 HARQ W3R i Wik
R, FHEMBEHEREN. 54 WA THEREMGS R, 5 TR,

2. RGHRE

AL FEW L V21 EH STAR-RIS 48 RSMA #2481, BARIg sl 1 s

MR, AR P A Q. — ALk S ATl N AN e /4L 1) STAR-RIS MR ZE4MTEST
W FE R, T @RS, SEOLIS R W E RGNS, £ 5 STAR-RIS #iBhi@
&, FE Tl SO Ay i e st B AR R0, BT 200 Rl I £ B R ko Rl . R4 Q 0 T [A) —ul,
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AT RN SHME S, T4 P LT STAR-RIS 55—, Uk BT HIE S, AERMGEED
RPPW[18]. N TIRFEARGNE BRI AT EENE, RA HARQ s, KR SIS i e t kA7 BA%
xR 15 5 IR K A PR 1A Lo

REoTeER —>
RATEER —>

Lt B >

Figure 1. System model diagram of STAR-RIS assisted RSMA in V2I communication
& 1. V21 i@Bf5h STAR-RIS #Bj RSMA B R G R EL[E

Ee, STARRIS f N ATRE, T, =B e . R, =Bre™™ 4IRS n(n=1,2,-,N) M L&
i REON S 24 1 STAR-RIS HIRER 7 RPN AT AL, BT STAR-RIS JCEK [ 7837 5 A5 RN s S
BT LM, WA L] +[R,[ <1, HATLUSTE B + B85 <1, BN e[0.1]. B].BF HIFRE n AN TEH
MRS RIS 5 IRIE R E 0, ,0) €[0,2r]) 2 HINH n DICRIIRAASAHE SRR, M2
BT T

By = hyh gy [y = b ooy, | 27 IF R3S, S #) STAR-RIS UK STAR-RIS
Wi we{p.q} MIEERY, Hdh, b, cC™, h,, FnE1(1<]< L) 53 S 5 STAR-RIS E3 n A
Yo/ A 2 ST R B b, A5 | REE n AT/ EAE ST 2 R RME 18 R E, R

STAR-RIS T 510 400 3 03251 20 b, 255, ST ©, = diag (A e [, e o Bre™ ).

sr i p

AT R} RS = == B =B === = B ==L
0, :\/,BTdiag(e’p‘R,eﬂ;,---,ejgfs ) , 0, :\/Fa’iag(e’p‘r,ej‘ng,~--,e"@'C ) .

AL AP SR M R M, 3 RIRIRE D5 P AL Qo MR M, XA AWy, M A M 72
RGP 1), MMM, RRIEG A Q B K MM M5 Gt AL E x, » K MP M 5353 9%
RS RCET XS 240 P AT Q IR B x,, ~ x,, 0 x.~ x,, Kox, BRI M A p, ~ p, M p,,»
TR =P P ,=a,P,UUKP,=a,P, PERIEHLEIEKFNE, Wea,+o+a,=1, H
0<a,,a,a, <1 LRI TR EL .

Bl RSB INE SN

X = \/aoaxc +\/al}?v'xp,l +\/a2}?v'xq,2 (1)

FIH HARQ 775, WIS EMBIE N [ I RILNER A RER DI A 6, ERIE D RENEE S,

IHEIN, JREREAL . XA ARGREENAT, BT RIS 6, W e A, B T HNE] Lo
A9 P ARER | BRI R 1S 50
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yp,l = hs}j,l®Thrp,lx + np (2)
e, n, ~CN(0,57).
B4 Q AL 1 i IR B ME 5 R
Y, =hy ©h, x+n, (3)
Holr, n, ~CN(0.57)
RAE RSMA JREI, RASFH P BRI AL R, R P RN BT, A %4k
THHEGEREEH CFENRABEE . Bk, B4 P BT 2 IS B BE TR LA
,0h, [

’ “)

o, P,

sr,l

Yy =
’ e, [ +6:

sr,l

(o +a,)P,
RIS A B A, Bt— D AF S T3 B (Successive Interference Cancellation, SIC), MFIRE S

RS B AL B AIAE TR EEA
6))

®Thrp,l
2

2

+0,

hH

sr,l

®Thrp,l

P,
P

sr,l

7, =

a,F,

15 BURANRLA {5 BRI T 1 E 330 -
aOPs thr,l®thq,l ’
WO, [ +52
2
(7

1t

TR Q, R AL
(6)

c

7/q:

(o, +a,)P,

sr,l

®thq,l
4 5

H
hxr,l

a, b,

Ve = "
all)s h ®thq,l

sr,l

NRBEBETERA . A SOG4 STAR-RIS 63 4538 2437 [7 49 47 Nakagami-m 3604 (518, 247G
HINE A, M N RN, EEBEEs e, n | F|en, [ #5515 B4 Gamma 41
T'(k,0), HIRSHMRESHERA[19]:

Hrdr, m A1 Q N Nakagami-m 534 AR S BN 0S50

3. ERETHR

3.1. B
FEARATH, JEEHES WIS E RGN TR RIEK, 74 STAR-RIS 4l RSMA %% [¥] HARQ

VERE. SERARMIUL, WIS ARE RURME VSRR A, RN AR B B B (5 B (DR T4
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AR (R). £ HARQ WMIUT, JEubESAE MBS S, HRRICERE €N i KA fis 8] L %, B,
Wit AT AR R
P, =[Pr(I< R)] ®)

ZEH P P TR

ZEH P ALR R ITRE R AL S Ay, S, R P NI RR A SR B B B s <yt =20 -1
R, R P AFUAE RIE 0 HARER B 35, A P ANRERIIRELE T A S MAA (S B, D
yo<ytos =21, R CRZERE PRV (S EIREA I HARECR B, P A R i
LR eEfLZ 5, 5P A R RR R

P, =[Pr(72 <hery<ri)]

L
r(7 7pc’7/p yps)j|
L
- >y 27y,
a1+a2
h 2 L
~[1-pr s y;’”gz e.n | > 7550
ayP,—(a, +a, )Pyt " T P —a, Py
L
- Pr( 0,4, > ;/Z’)} ©)
L
_ Pr( 0,4, <! )}
= F (7))

1 é’pQ '
[m?[lﬁjﬂ S <G

7/;7’1652 , é/ — yP 362
a, P, - (al +a2)PS7/;7h,U "

o,y =max{¢,.5 .} ¢, =

T Q KT TR

FIEL, 22405 Q AbMh iR A& WY, H—, B8 Q NREMRINMRAD AILERI, By <y,
yiho=2%e —1, R RTERE Q A BIRHA M HARER M S5, 8 Q ARERIhRIDIE T A &
ARG, By <yf s yiro=2% -1, R RFH QA BRI 10 B AR WG, 5 Q bate
KT, 2t LieEEZ A, B0 Q AL Wi R LR T

P = Pr(v; <viom <7, )}L

=[1—Pr(7/; 2yl7 2 VQQT
o |

L
a,P
=|1-Pr vl R =
(al+a2)Ps sr " R"%rq q
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th o2
y‘]vcé‘q

o, P, _(al +a2)P;7[h ’

q,¢

sr -~ R"rq

th 52 L
he h : 27/‘1’#
a,Pb, _alf-é?/;}:s

L
- PV(hS@Rhm Syf)}
th L
=F(y)) (10
L
1 ¢
Lﬂ—k)J/ k,jﬂ G > 6
= L
1 ¢
[F_k)j{k’% G <G
th 2 th 2
7.0, 74.59.
;E\:EP’ }/;h = max{gql’é/qZ} ’ C;ql = et ’ §q2 . .

- th = h
aOPs _(al +a2)Ps7/q,c aZPs _alpsyq,s

3.2. EHESR

FEZG € FAR B AR AR O 12 0 2R e A ek ey A P RSl P UAL A Bt B A R SE (201 A
I, 23 LR EE)S, RSMA RGufrit @it 5 o5[20]:

T =Ry Privs 27 )| 4R, [ Privs 2 i 2 7))
+R,, [Pr(y; > )/{Z‘c ):|L +R, | [Pr(y/; > ;/:fc,y; > y;’fx )]L (11)

:Rp,c(l_Poﬁt th7¢l)J'_Rp,s(l_})oZt)Jqu,c(l_Rgxt tlzfgl)_*—Rq,s(l_})o‘l]zt)

L

Hrp, P2OFRORER P RBE, mO)GEH, PLONER Q B, mal(10)4H .
3.3. BEEWE
A E AT R BEESCE, NEIFHITN REPIRER, T —EERURAY . 146, BS MINFEE

FEI ORGP, VR B (P, VP [21] [22]0 P, fEAEARYE RS T A3, FHEBERL H
RIDIFEIE E . 9 NINFIURASHFE . P, TR STAR-RIS AT FTEFERI DA, b p il p 23 d

WCA4H P A Q LR THEE
P
Pr=: (12)
g LigELAZ )G, SRR RA:
Ptml:(%+PPAC+MPR+PP+P‘7]*L (13)
w5, REMEEEMFEREAN:
_ 7:‘0tal
Nee = P

total

Rp,c (1 - Puﬁt P

_pp _ p4 _pa
Zl:gpl )+ Rp,s (1 Pout ) + Rq,c (1 Pnut 71[]}1 :gql j + Rq,x (1 Pnut ) (14)

it
(Q+PPAC+MPC +Pp+qu*L
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ZERS

4. HERHL

AN MATLAB S JEEUEEER, 00 AT I HE S M EHERE X, BREFFRUEISN, KRGS HRE I
F: 6, =170dBm, 5, =190dBm, m=2, Q=1, R, =08, R, =02, R, =06, R =04, o, =05,
=02, a,=03, P,=30dBm.

1 B-B-Bks

3 " = T T T T
A —%— NO-HARQ-P
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A, Voo —%— HARQ-P,L=5
~— v v - = = =9 |
" 0.7 - “Q Q ©-- HARQ-Q,L=5
.9 . ‘\ \\
5 061 v ) i
s CIR
S 05f L o} j
'g |‘®\‘ Q
= L I N |
A 04 L 5
o 2 o
80 0.3 . N
E 0.3 Q“ 1 QO 3
=i L VO P |
2 , 0
S0 P S
0.1 o S Koo .
: o} o OO Sy _
’@g§€§===c==='a'a-uv.. % ” 4
0 5 10 15 20 25 30

Transmit Power P;(dB)

Figure 2. Relationship curve of base station transmit power Ps vs. outage probability (N = 30)

E 2. EuhkHThE P, SHEERA X RHELZEWN = 30)

HARQ-P,N=30
HARQ-Q,N=30
—¥%— HARQ-P,N=50
--©-- HARQ-Q,N=50 | -
—¥— HARQ-P,N=70
--©-- HARQ-Q,N=70 | -

o
[}

Outage Probabilities (P,)
o o o o
N w £ (6]

o©
=

] H-B-H-B H-B-B-B H-B-B-B
Transmit Power P;(dB)

Figure 3. Relationship curve of base station transmit power Ps vs. outage probability (L = 3)

3. BILEHTR P, ShET R X REIL(L = 3)

2 R, 4 STAR-RIS G E NN =30 I, BlE RS R FIhE P IR, 25 P A1 Q Ab i
MER BT /N o XF LR HARQ FIAK A HARQ 7%, B B~k H HARQ 77 WA R b A2,
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FFREA R R AR O L B R, R0 P AN Q AR TR AT W BRI RIIBEHR L 103N, RSt 1
FEMARUEE, B EMRens EE . a0 BRI . X 41K Y], HARQ MHlHIIIA
BERE T V2LEE BTN AN, IRATLE AP Q LA P BA HAF AR, RN
QWL T MR LR, AT AT ST FE AR T fE -

1 T T T T T
—%— NO-HARQ-P
0.99 --©-- NO-HARQ-Q |
~ |89 g HARQ-P,L=3
308 5 HARQ-Q,L=3 |
A Q \ —%— HARQ-P,L=5
—o07r “ --©-- HARQ-QL=5
wn \ Q
g 0] .
Ho06r Q
2 X Q
s 05 % :
-—Q \
2 o
& 04
&)
a0 0.3 -
3 Q
45 \
2r Q
SO \
o)
0.1 Q
0 SRR e A e e
10 15 20 25 30 35 40 45 50

Element Number N

Figure 4. Relationship curve of the number of STAR-RIS components N vs. outage probability (Ps =20 dBm)
4. STAR-RIS JTHAME N 5 B#E R A X R MLk (Ps = 20 dBm)

2

-
e
T

- -
» o
T T

-
[N
T

Throughput (T;fotul)

06-8-® =2 L L L L
0 5 10 15 20 25 30

Transmit Power P;(dB)

Figure 5. Relationship curve of base station transmit power Ps vs. system throughput (N = 30)

E 5. Hifk SR P SRGELER X RZW =30)

B3R T M KEAL B L =3 B, MU STAR-RIS HITCHE NN, 24 N 4 %IE 304 504 70 B,
SIS R AT ThE P S Wi 2 [m ARk ss . B BoR, BEE O N I, 5 P AT Q Abi

DOI: 10.12677/aam.2025.145288 633 I3RS


https://doi.org/10.12677/aam.2025.145288

W

WIHE 2R 22 kRN . R STAR-RIS JofE AR A Aot i T8 550, Wi TEEAE, M
HieE U BA RGN BUA, EAHFEIRIES, R Q RAHE NI, HILILER P AA
BT EEYE, X518 2 FroRi4iie—8.

4 [ 5l R Th% P =20 dBm , 0% HARQ f K EALKEL L 1IMH, STAR-RIS Jufh ML 5
IR o0 RN OGR4k 12, BEE L MK, 2240 P A Q Abr Pk B2 /)N, B STAR-RIS
BEMEEEE MM B G E; K, P00 L. NSPBiRZ KR, RIS L HHEX,
ZE5 P AT Q AL R TR AE A — A NE T ek, BEIASC SN HARQ J7 % 7] DA R V21
TS B ) AT SR

0.025

0.02 [

0.015 [

0.01

Energy Efficiency (n)

0.005

&) 1 1 1 1 1 1 L
0 5 0 15 20 25 30 35 40
Transmit Power Ps(dB)

Figure 6. Relationship curve of base station transmit power Ps vs. energy efficiency (N = 40)

Bl 6. Eiufi%SIIhE P, SREBMERM X REIL (N = 40)

K5 HR 7 N =301, Ll 1. 3. 5 KI=MIEOLN, Rl RS DI P T A BRI . Al L
BE, BEELRINEAELA, FrbER Mg 20 BT, X R TARIIREK, HWRER SN,
im0, MBI &R, m 1, FrEEEERRNER, BEEn—1EE. 1N
A L SR RESL R, B 5 kB LK, FrERSEROK, ML MRS R G R WS, (R
TIBERE.

Elo T N=40 A2, L4508 1. 3. 5 NSRS R I SR8 ARt i 26 . R Jahi
P K BT, fER— P AEAKRRITNE, BEE P RIREE R, NSRBI NEES . K2R TELRZ
BT, DHAEAHGIAS GRS, (HBESE P IR, TSR, JEHBEE L 3K, hiREaT 1 R
IR, FEEERPEC,

5. &g

Az FHEAE V2135 T STAR-RIS 4B RSMA %%, 7304t HARQ Wil NI RSt fE. 3T RSMA
JEE, f3R04E5 P A Q AbAIAS TMeLL, KM Nakagami-m ZEVEILAMEIE 2, #ES H HARQ HHL T
40 P AR Q £ A PR REN, H— P RaEE L LaEERRRIEN . @l JE IR
WHES IR, 45 H T SR % . STAR-RIS Jef AN P K fe K AL B RGP IR . Frik i
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