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Intelligent task offloading strategy in V2X heterogeneous vehicular
networks
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Abstract: With the rapid development of autonomous driving technology, the contradiction between the increasing
processing requirements of vehicles and the resource-limited on-board processors is increasingly prominent. The
emergence of vehicular edge computing solves the physical limitation of on-board resources and enhances the computing
capacity of a single vehicle. However, due to the delay-sensitive of vehicular services in autonomous driving scenarios,
how to choose the appropriate access technology to satisfy the delay constraint of vehicular services has become a
challenge. In this paper, two kinds of V2X communication technologies, namely short range communication (DSRC)
and cellular vehicular communication (C-V2X), are considered comprehensively, and a task offloading model of V2X
heterogeneous vehiclular network is proposed. Firstly, the characteristics of vehicle mobility are analyzed, and the
on-board resources are virtualized. Then, the task offloading problem is modeled based on the principle of semi-Markov
decision processes (SMDP), and the state, action, reward and transition probability are defined respectively. Finally, the
optimal task offloading strategy is obtained based on the reinforcement learning intelligent algorithm, and the
performance of the algorithm is proved to be better than the greedy algorithm through a large number of numerical
simulations.
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B 4 3 S K % ITS(intelligent  transportation
system, FREIZ T R 40). B EW AT LERS. N T
PRAIE 25 B 22 4 1, B R 2 0 7 222 3 & XS e A%
JEES (W GPS FARML. B R FIOG EI8) SEF Ui £
JA FEI PR B A S8, AT P A8 8 1 X i) i = . 90
VAT, B e R A AR ) s 491 GBR), H ¥4 P
KA BB B ik 30 TBBY. THIA G b D K i 258 &,
QAT B B g 255 3 v B A DA LR UIE Y B 2R A ) A4
ITWECA T — AN MERR. 24010 210 5. (vehicular edge
computing, VEC) 3 A HY 30, o 1 8 5 2= ) 3
BE IR 32 R T 33, W] R B IR R AU B AR K 43 R
EEEESRHITEE FRESBSAFHE. 5
AL [RS8 T B85 R AT 55 0 2 4 JA Bl 2R el i %
JIR 55345, AT A2 B 2 25 Bk 37 5% v DB R B4 2 1) A
PR SR AE AR B 2 vh 2R R S B AR A A i
11 ¥4 5G (roadside unit, RSU) 47 SZ I AN W7 45 B 22
RN BRI S SR ZE AT 55 00 R I RE R Y, G
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FLRARAGF L N E . V2X(vehicle to everything, 425
T30 HIR) 1EAE BR P A T — AR ) OB 4
AR, N B 32 537 5t b i G BUB AU S A B R AL T
T A D S8 . V2X T B9y Oy A4 2 (8] (vehicle-to-
vehicle, V2V). Z24# 5 %140 Fehiti 15 it 2 7] (vehicle-to-
Infrastructure, V2I) [ BB H: AR, 75 A A KUK, 450
S V2XGEAFHOR B T SEIAE AT 5 T 1 v
e, 1 I SN R EX AN A R LA JE B PR A L, 1
SRR ST RE B B, N i i 2 e &
RN e ) FIRAT &7 38 JE, 9D ATl A B L AT G
R A A it 3 ).

V2X H ARSI PR 1k A IS N IEAE BN
b, B HAFAE PSR 3230 1 V2XOEAS b Ak, 53l 2
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TR FNH, i R G B A @A G B =E (H
T, FE R AR L N A B R A A B, W
5 PR RS IE AN BE 578 4% SCRF V2X Z- Hd{E 101,

TP EALER AL R E R K CV2X
DSRCHHES &, 15 57 A4 4250 9 2 Th A B % B A R RIS
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HE AT 55 S0 2 S Gy B2, SR H BT %50 70 B4
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Ly JR B} 9% vk 78 i #2 (Markov  decision process,
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TERE b g R 0 R SR 2 R R R ke S A P SR I
2 MR ANBEAIL 73 A1 B, D) Ay 2 Ty R R R R SR A2 (semi-
markov decision process, SMDP). & V2X 5 14 2= %, %
28 v R R AT 55 1) 5 T I TR] 2 BE AL A HL
(1) B8 AN ] 5 , £E AT 55 313 5 SRR R PRl e 3, R i
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1) 7E VEC W 5 th, 25 (& 2 5 ¥ 3)) £ SRR AE DA J2
DSRC. C-V2XHZ & 1) 5 M I8 AE 3 N H AR 7 M F 55
EHGT RS, IR LT VEC 1 V2X S ZE 3k W 2% &
A,

2) L5675 FEAT 55 B B FE v BE R A AE S 40 R
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Xiong ZPH gt | —FhSZF DSRC. C-V2X Ml %
K 3 FhIEAE 77 2 A ZE BN 5. 15 S B AL
LR AFTLAE G AN [R] VXA 5 20T BRI ZE IR,
SR I e /MG AE AT BB 1T S5 T AL
SRV, 4 IR I A% SR e AT Ak B D R R D 2
I ML, Shen 51 JE T 1 53 % F DSRC 57 #4435 A\
FAR P T — PR I 55 7 SR AT B IS SRR
TERIENTT R, FFEd A R T RN T R0 5
T B4l R I DSRC 4% N 7 &, Re % R I 3 2 IR
HE 2 A R T v MR AT Y A% H 7 K. Huang
SISV 5T SDN St K4 25 2 I 2% v (1 B3 U5 43 TIC i) e,
T KA R G G 2 A I R 2% o R B AR A
VA BE 7 2, F v 1 I 4 mh v R A i R A R
3R, Zhang 254 41 HH — il SDN #ifi Bl ) MEC 7 35 1% 4%
1 R 454, 373 T DSRC J {5 77 2\l 72 — > NP-hard
% H AR A I R DA S/ MU R G4, e 2B i b
I LA VR e o SR HE e I 0 28K e SR R U1 B R R 40 A O
W%, Feng 25142 tH —F MEC 3% 5% T 1) C-V2X AT 55 )
AL, 2555 S TR AR E TR AN A SF R 3R, IR
Tt f/IME MEC IR 45 5 FH 2250 1 D) 252 Y FE SR A B2 U8 4>
Bic 7 2. AU 3 SOV 52 Y — bt ZE 5. RSU 5 MEC
IR 55 55 W40 B 2 3000 2 I 48T 45 SN A R IR e T
THEAT 2R AL (5 T8 1 25 BN HH [F) B4R AE, DA KA
THEAT 55 b B 2 AR AL H bR ok 3R B A . SR
1M, % SRR %5 FE 7 DSRC HLRE (S 77 3, I A % &
e BRI e A 3 A 7 =X

25 B RTIR, R T VX A B BN 45 AR R N
T3 3R AT 55 R 2, LA B2 R e AT 2 54T 55 1)
AW IR 2R, 22435 R DR AR A ST, T iR
ARSI AR KA AT
2 AESEIE N AR

B JEOR T V2X St R M 4 RS, I Hh i
A B FAT B AR RN B O (1) RSU B B — AN Bh A&
1) 238 101 25 X 4%, 2495 32 ¢ DSRC A C-V2X 3 Fd A5

BN T7 A, #2414y y DSRC-V2V., DSRC-V2I,
Cellular-V2I 11 Cellular-V2V. i1 F Cellular-V2V # A
75 BT ZE# K, 1 Cellular-V21 82 N\ 7 I AE 78 75 R A0
A S 7 T 3R B AT, #OX LAY 2 T Cellular-
V2V A E N AR RS E TR 13
A (8], BPAREAS 25 2 it — N B AL 1F 5 85U (resource
Unit, RU). Z2 40 AT LA i Cellular-V21 J5 20388 A 4% 0
W4 I U 1) 328 72 2 T 5 o, AT 3R X 78 3T 1R T 5
Y5 A, W 45 78 5530 L A e S0 H N AN RSU,
I RSU B & B8R i) vk g 71, #5 8> RSU A &
Tr M HEFIC, MRSU R &M FEFESBEEH M =
Ng - Tr. TEBRERMLE AR B R, e ik 5
PR T 4 BB PR R AT G A AN 4y 8.

A DSRC-V2V
EEE .~ DSRC-V21
_o17" Clellular-V21
| Rz

==

O A

AN \\
eNodeB

(P 1 /
U U RS /,’

1 VoX FHEFME R GIRE

TE V2X 544 25 80 X 28 o, T B 08 ) e T R
2 B AR IR, A AR EA A T SR BA AN
FE. B UE ) S B A AR AL 23 5 BT 5% 0 #R D)
BRI B T ZE S BA AV ES RN S EC N, A, 1)
TARA 7> A5, AT 55 B R T IR S EOR N B g 11901
Fis 43 A UO), 25 R AR A B PERFAE, SR Dy R BER B
O R AL A T % 5 BOAE S5 D E ] /L
L RFER P S0 F8 B T o5k LAk i A
AT, BE NS O B A Hb AR T 8] PP B v e
i) 7, e 2k k-4 H B L SRS T K 2 i SMDP
JR B, 43 5l 8 SUAE V2 X SR R8N 26 B RGUIRES S 3)
B S h AN RS ME 2R (1 208 T =X
21 RKE&EE

FEV2X SRR 2%, REUIRAS B AL & RU &
HH IR AP AT 5550 H A 5 R A AR 5t
TAHE—FH M, e RRMNEMHEE{Vi, Vo1, A Ly, ...,
Ly, Qu,. ., Qn T EUE, o Vi M1V, 53 5l 3RoR
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IRU e KECH . € e N RGUIRE T RR N
(H,my,...,mar,n1,...,nN,e). Fed: H WL
SR TTH B, my N IEERA I AN TR R T A 3
TS ECH  n 9 IETERE RSU H i AT B G AR BE (1)
fESHH REES STTRRN

S ={sls=(H,m,... ,nn,e) . (1)

¥ H Rom R G0k R n S R H,
ﬁ%ﬁ‘]ﬁ%ﬁ%faﬁﬁF\“iZiﬂ%E%&%?‘%%BE%U, il
Zz mZ+Z] n; < H, H HARERE KX K

%%Tvzxﬁﬁzﬁﬂz%iéﬁﬁﬁ BRI 2 RUZLH, B
oy N Ak i
22 oHEES

SIEEA TGN T A AT RER A HI P SRAT N, B &
GUEAN R FE T i FE e E. S AR
RIS H, IETT NS {0,a1,...,anm, b1, .. by, ¢}
HEE. BT B VR DR A PR A TR B 7TERAES s F
KWEE aieF N a(s). a(s) = 0FRRILTH KL
fIZ1E, a(s) = a; KanilEid DSRC-V2V 77 AT 5%
SIECLE AR N T IR A B, a(s) = b FoniE
it DSRC-V2I J5 43 Bt 45 RSU H i A5 8 76 5K b
H, a(s) = RN Cellular-V21 5 2B AT 55 BAEZS
TR YRFEHTS BT, EREE S S T, A
BER BT A B4 ; 4G4 55 ik, R 50T Rk $ 1 4%
AR AT SR T AL L EER A RSU H 4 AN
JCAbFR B PARG R B 4% B AEE S AR
™A
A, =

{{0}, ce Vi, Va,Ly,...

s MM, Ty -

Lo, Quy -, QN Y
{a;,bj,c}, e=A
(2

2.3 RLER

LI P RGAEAFPIRES T RIA R S 1E 15
BIRIEFAL, WA 256 7% FE REFEAI I SE LA 2 R 4t
AT 55 128 1) 22 Jah. 24 SR L — AN E BRI, R4
ZPE— LIRS I (s, a). BEAR, BT RGCRELE)
VE J& 77 22 I3 — B ) A4 RE BIE N AR, 721X B
BRI NG (s, a). Z5 LIRS s REEIME a
RGN R (s, a) AT LA A S RIS 2 A 2 48 4
) 2218, B

R(s,a) = I(s,a) — G(s,a). 3)

ANIE ) B AR A A SE RIS s AN R, pH Ok 3L
B s iy oh 807 SR 3 A LR 526

D He= A a=a; b JEEREH =4 —ME
%, R GUIRAE BEAR TSR YT B ZAT 55 o BC 45 A b i A
RU M IR 45 IR Bl E RRATHS LR H S
A BRI BTV FE 0 RE B, P 3R oR TR 5 0 R % T %, t1
7N 18 1 DSRC-V2V 75 UK IE AT 55 B A RU B 77
IS IA], B AT B M RE R RN (B — P - ty). TSelf
FoRAESAE R B B AP T 75 B A], T, %o
R 55 4% i A~ RU AL BR BT 75 ZE RIS (8], TR 1/ (6 - ),
IBATTE BN IEFR IR AN (Ters — t1 — T;). 5 H we Flwy
53 ER IR A8 (1 e S AN A [A) R R 7, L R we +
wp = 1, C MG TN T4 I Re B AT 4E 1) Ik,
FEHTIN ZE (AN R, I AT DAZE A 25 FE e B RN 2E R KR
ZGWER, Bl weCe (BE—P-t1)+wi G (Tserr—t1 —T;) —t1.

2)Ye = A,a = b; I : LT 459 43 Bic 45 RSU H
i NRU AL, ¢, R 7518 1T DSRC-V2I J5 20 A 15T 55 F
RU FT 75 ZL (S H]. S 08 —Fiid o, 15 H IR R 5
W N wele(E — P - t2) + wi(Teerr — to — T;) — yto.

3 Me = Aja = chf: ILBAE S 73 Bl 45 RC
AbHE, o F il T Cellular-V2I 5 20 & 24 45 £ BS Ft

T ], £, 2T 55 MBS K 12% B RC FT 75 B A

], DFRRATS K% 45 RCACHLRT, 2240 B T3 TS 4
I TS B IR  IR B RS, TR N we (o (E—Pot3)+
Wi (Tuers — ts —ta), ST I RGN D — y(t3 +t4).

4Ye e {Vi,Ly,....,La,Q1,...,Qn},a =0
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BrAN S R AR 45 it A 2 A AT AT AL 2
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Wele(E — P - t1) + wiC(Teerr — t1 — T3) — vt
e=A(i>0), a=a;

WeCe(E — P - t2) + wiC(Teerr — t2 — Ti) — ta,
e=A(i >0), a =1b;

D—~(ts+1t4), e=A, a=c¢;
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NT BE G, EAEESRE SR X Y Z
W AT & #e.
24 HEHBEER
7F SMDP 5 8 v, R — AMfR A& B T 24 /7 1 4R
BHENE, RGAE LRI R E G BE F—4

R IMEER 8 U R, NUHTIRE s B F —
ARES s/ BIFER ML RAC N P(s']s,a). IR 2471
A MBE R, 7 A M DUTH B M DAT
% 2k H R G s o v E R T B, N —
AR I F A I S AT 55 B IA, W) i I A% # ML 22 T DA
FA AT 55 31 2 1 3 22 R0 3 40 0 8 22 1) LU B R, R
MM (i)/o(s,a);2) & § — DN RAERFA 28 At
SRR TT AR ) AE 55 B T, T I D Ak BEAZ AT 55 T AT
PR BT U E Ai(n; + 1), 19 H LI R R i 5
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G # §) NSRS IT AN EE AT 55 2 T, W SE S kb 28
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By (s, a). £ b AETEFE ARIEIE G FHG 50,
BRI
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1 1)4
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