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Abstract: The roadside unit (RSU), which provides information service for the passing vehicles entering its coverage,
is infrastructure of Internet of vehicles. Packets transmission between RSUs can be implemented by mobile vehicles which
serve as opportunistic store-carry-forward devices. The end-to-end delay of packet transmission consists of two parts:
queueing delay at buffer of the source RSU and transmission delay caused by vehicles traveling from the source to the
destination RSU. In order to minimize the average end-to-end delay in the transmission, a joint velocity and quene aware
stochastic optimization method (VQSO) of packet scheduling in RSUs was proposed in this paper. The proposed method
determines whether to send packets to the passing vehicles based on the queuing length of packets and the velocity of
the vehicles. By analyzing the queuing delay and transmission delay in the Markov decision process (MDP) framework,
a nonlinear optimization problem of average end-to-end delay is established. Simulation results show that the proposed
scheduling method can significantly reduce average end-to-end delay in packet transmission between RSUs, and improve
the throughput of packet transmission.
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Fig. 1 The schematic of packet transmission scheduling

between roadside units
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Fig. 2 Stochastic packet scheduling model of RSU-vehicles
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max{i — d,,,0} =i — d,,, WK Ri — d,,, H—
ﬂ:%%*ﬁﬁﬁﬁﬂ?yﬂ%,i—dm = (1 - Oé)ﬁmfi,m;

Bh=11F, MF1 < m < n, FHa=1, RIFER@E
max{i +1—d,,,0} =i+ 1—d,,, WAKE K-
dop + LA — BB EL RN G —g,41 =
anmgi,m;

b = 10, *Fm > n + 1FVa, RIER @) 5
max{i + 1 — d,,,0} = 0flmax{i — d,,,0} = 0, ik
BA K A2 0, HH R — 25 B 8 8 R R OR g =

M+1

Z hm [agi,m + (1 - a)fi,m]-

m=n+1
gi bR, d, <i<d, 1 (1<n<M-—1)H1,
— BRI T X

qi; =
M1 M+1
07 Z nmgi,m + (]— - Oé) Z 77mfi,m7
m=n+1 m=n+1
J=0;
(1= ) fisms § = i—dm, 1L <m <y
NmGi,m j=i—d,+1, 1 <m<n
M+1
(1 - O[) 2_:1 nm(l - fi,m)a
J=1
M+1
« 2_:1 nm(]- - giﬂn)u
J=1+1
0, HoAth,

(10)

4) Mdy < i < QWF, H— R 1) B/R BB
W 4(e) .

b = 10}, ¥vm, #a = 1, Hmax{i+1—d,,,0}
=i+ 1—d,, WAKZRI+ 1 —d,, HRI—D
PR NN Gim

b = 18, XVm, #Fa = 0, Amax{i —d,,,0} =
i — Ay BNKAE NG — d,,,, FHPL— S H R LR N
(1 = &) fim.-

ZE EFTIR, dy < i < QBF, —DEEZ W R K
Frs:

qi; =
(L—a)nm fi,m; j=1i—dn, ¥m,
N Gim s j=1—dn+1, Vm,
M+1 o
(A=a) 3 mn(l=fin). 3 =1,
M+1 o
(€7 zlnm(l_gi,m)7 J :Z+1>
0, HoAth,

(11)

Case3 i = QI ZIRE— PR L /REIR
| lgl4(f)ﬁﬁﬂ?, 25%%*%$Qi,i—dm %in,i+17dm 3]
FiLA E Case 2HEILHAHIF]. 4= QF, FARRSU,
ZAE M O, N Va, m, Hb = O, il @) H
max{min{Q-+a,Q} — 0, 0} = Q, MAKITAQ, —

M+1 M+1
WERMER Ao ,,;1 N (L = Gim) + (1 — ) mzl Mm*
(1= fim). 2 BT, i = Q W — BB
P

GQi; =

(1 - a)nmfi,mv ] =1i— dma Vm,

ANmGim» .7 =1i-— dm + 17 Vm,
M+1 M+1

& 21 nm(l_gi,m)"’_(l - a) m;l nM(l_fLm)v

J =1

0, FoAth,

(12)

LRI = {m}, Km0 <i< Q) RRRG
IRPIREAI BRIPRE i IR . RONA RGP A5
LR BEREER TR A2y BAR R IR, B AHARES
MR AT LU ITP = IT 3k 43. 2 9R A ZHN{gim}
I E, RSOV fim IR, T DHAERR
%{qi,j}%%%ﬁ{gi,m}%ﬂ{fm}Ei"]l%l%ﬁl, ﬁ%?ﬁﬂ‘%ﬁmﬂ
LA g AN f B o (g, ).
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HEHOM + TAIRES, WAL R GE A B 1 B HCN
M + 1R, 2T, FRZE BRI mb] 73 I35
FEFRIAE, 73 PIFE LI 18

Case 1 HEHRE M <m < MK, EEE
B IX B L, 1RSSR PRI 2R IA = R

D,

T, = , 1<m< M. (14)

1
Um+1 + Um)

(
2
ARSI AL FRIT A 5 ZE T AR L, R BOIRAS R, P
YLRRRTIE RN, BIT) < Ty < -+ < Ty
Case2 HEHIRENmM =M + 1, KRB
EB)ERSU,, WA R 741, RS T P& 5%
i ZE A0, B
Tys1 = 0. (15)
Lclt] = e A BE RGAE R B e A 1) T35
& 3R} 3E, AR R (14)—(15) AT F 2 1) BUE 75 Bl e x €
{0, T}, fEqt—1] =14, s[t] = m, a[t] = kHIZ&MET,
2b[t] = 10, BIRSU, [a] 24 [ 4240 & 3% 73 41, Wl A% #&
%z € T,,; 24b[t] = OFF, BPRSU AN 7] 4 5T £ 40 K
Ay, WAL R = 0, ff Lhw; ,,, (2) I FRIE 0
T

Wy () =
5 Pt

s[tj=m} =

=Tnlqlt — 1] =1, alt] =k,

é PO = gt — 1] = i, aft] = £,

s[t]=m} =
agzm (]- _a)fz ms
Wi (0) = 1 — w; (), Vi, m,

x €T, Yi,m;

(16)

b fom =05 g1 = fipr = 0.

L7 FIRRS U FEREANI R P W) 2250 B 326 43 2H 3
wERIYME, BIRSU-Z48i2> AHBENL I KRGt &,
HEEAXWTF:

T =

iMe
g
+

M5 it

e

s
I
<
3
Il
-

7i(& f)mlGim + (1 — @) fim|dm.  (17)

Z Wz(g f)nmwz m(Tm)dem -

7i(& F)Nmlagim + (1 — @) fim]| Tndm

FRIRRSU, AEREANIN B 1] 22590 A% 73 AL AR I A%

FRISE. i, RGP a7 AL T AR SR I S
XPs:
M+1

) Z > w8 f)mlagim+(1—a) fim] Tndyp

Dt:Z 0m=1

Q Ml
2 2 mile S)m|agimt(1=a) fimldy
(18)
34 A
i K (3) A (18), 732~ g HEBAIRT 32 D, F-F

B4R 48 D # R AR S 2, (g, f) HIBREL, Rt
DAF 3570 3 v 48 D fge M A B bR R B 20 SRR A 7]
SICIES7N

r?ian = Dq + Dt =

Q
a™t Z:Oiﬂ'i(g:f)‘{'

Q M+

> 2 Til& f)mlagim+(1—a) fim]| Tindm

1=0 m=1
Q M+l ’

Z Z Wi(g’f)nm[agi,m"i_(l_a)fi,m]dm

i=0m=1

Q

;ﬂi(g’ f) - 17

Iip =11, (19b)

Gim; fi,m € {Oa 1} ,\V/i, m, (190)
Hoo 2 B g PR fimn & 7T 42 22 B AR S HE R
{mi(g.f) e RTZEL gim A fim PO AR L
BRIE, FT AR R (19) 52— N RZRAE DAL ).

N TAET T, & A RREL:
l; =imi, him = mi[0gim + (1 — @) fim].

FERAEAAR IR T, DAl R (19) P 3530 A
PAM AL )

_ Q Myl
D Z Z nmdmhi,m -

(19a)
s.t.

Q M+
ot Sl Z Ny i+
=0 =0m=1
Q MH
Z:O Z_: Tim dmhi,nn
Q
Z,;m-(g, f=1 (20a)
St Y mp=11, (20b)
Gioms fim € {0,1}, Vi, m. (20c)

AR B AUE SCATIIE, BRI, 5 BR L o 2100 PR
. Ak, H ﬁuiﬁ(

*1Zl Z and hm+2 Z Don Ty @ i

=0 m=1 =0 m=1
73&@5&&. GRLAR KA (192) HEMERREL, FXLAH
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ZE19b) R, RZ AL i AR AR LR TR A
BRI RIETY . A SR LINGO# A b (R B AE =56
ZARAL B (19) AT IR, Z KA K A e B TR
EREAAEZE MR (MINLP)#E Y, 3 5 Zh VL B—and—
B3 38 S SRAR AT KA.
4 PiEsir

ARSCAEPERSULAE A BRI/, HHEBN R gifa e
IZAE T, K Tt R I A B 33— BA 51 B8 e 1) % 3
JGor AV B BEMLILAL 7775 (VQSO), S8k 4k i &
(GBRS) LA k22 Hh 4k 7 28 (PBRS)ET- 3 HERA B ZE
PSS FR B AE | P 2 ity 1 v B E DL B Ak R 4 AN T
T IEAT 177 BT B 5 23 A 0 B rp 1 [ 2 40k 8 o
1 Frow, Horp s g X R EY [22.22.33.33] m/s, B [80,
1201 km/h; BB FE AL s, ARAB 17551 5 Pk, 17
BN R BRI KT R IE A4 4T 75 ().

k1 ASHK

Table 1 Simulation parameter table
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Fig. 5 Delay of GBRS, PBRS and VQSO with «

WES@) TR, 2o/, 73 HEBTE R BAK, T
GBRS™= 4 B HE RS ZE 3 AL 0, i B 43 21 2IARSU,
AT I T LTS LN Rk e 260 B 245, B A ot R,
RSU, 2247 HHHEBN 70 2H 1) R AR T8 R e, 7= A8 i HERA

I 4ERE 2 FFF. Xt FPBRS, RSU, I3 B K 1) 245
RIE I LI REFBOR, TR BN ) A R MR )
Ho A4 2, XA AFRS U A7 H HE B 23 4L 1 B0 B
F ol RIMRE T, HOLHEBAR SE W 2K T GBRS.



1716

7w oo 5 MM

436 %

ASCHEH IV QSO 7 i[RI % FE A7 4 L HE B K
R 2, Mo /N, o3 4 R AU 2718,
VQSOZ T il 08 I 2R 5 R B R )
ZEAR AP AL BN 4E; Bl oK, VQSOF=AE (kR
I JE SR WHE T GBRS, 1X & KA 7 2H SAE
PR, VQSOL T K2R T8UI%E P30 Bl 45 8 E BB M E B K
A, H R IEHEA R ZE )3 s

3o 4R BE 5 1 AR T AR SR I AE S (b)
Jii7R. RCAGBRS F 4 —ANFIARSU, HIZEHEIRIEL
A2, WP R I A RS U, FIRS U, [ A  #R
B85 R R A ) LA, KN B o AR Ak, FRE S
HR[16], PBRSHI S R IEMEH P, o € [0, 1]52 H 447
FERAGEEE, MBI T N H, RSU,
YR [FIE AR R 3 A IR R B, ; € [0, 1N E
{8, FPS5 45 JR I A8 2 AN R] 2R 38 A4 7 2H BT P AR 4
FEI ZE (MY, NBa BRI AR AR, 2ok /N,
VQSOIEREER I Z AL 4 3 4, PRI A4
/Iy B IZ B R, RSU, HHHEBA Y 2340 2R THZH n
PR, PR HERA R E, VQSO T 2 7] I 56 4 73 4 i
1B I AERRAL A, WOALARI IER K.

ST 347 ity 81 it B A2E 2 HEBA B SiE 5 4% FR I 2E 22 0, AF
FAE R E S (o) BT, 3RV 4320 i B v B 2B 35 Fif
FHal KM K. PLGBRS /72 N3 UE, 454 1K5(a)
MES5®b) I E H, PBRSAUE B ZEH, FEARAL 7RI L)
[ R85 45 R BA B S K 34 0 VQS ORI N 2% 1843 2H HE
K S S5 AR R, Mo/, BT R INEBA RS
TE [P B AE A5 A FR I ZE CRIFFAE BT MadBORE,
ReI Y K ZE s $E TG I B 1 HE AR ZE (1) R 235 K
Hoom B bt ZE /N T HARPIFR 7.

Case2 RSU, [AEABIA M A] Kikd,, 54,
Bxivm e 1, M], &

dy <dy < -+ <dy.
N O 3R AR H T A B 45 R 4 i i IGBRS-
dm, PBRS—-dm, VQSO-dm. N {ts3#r, BLM =2, Bl
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