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Abstract: A new design of intelligent reflecting surface (IRS)-aided mobile edge computing (MEC) system was studied,
which consisted of a hybrid access point (HAP) connected with an MEC server, an IRS equipped with radio-frequency
(RF) energy harvesting (EH) circuits, and a user side with random task arrival. To reduce energy consumption at the user,
a novel protocol was proposed first, in which the system was enabled to select a proper operation mode among an EH
mode, an IRS-aided task offloading mode, and an IRS-inactive task offloading mode. Then, based on the proposed pro-
tocol, an optimization problem was formulated, which aimed at minimizing the amount of consumed energy at the user
by optimizing the selection of system operation mode and the resource allocation in each mode. Lyapunov optimization
framework was employed to solve the problem to achieve a low-complexity and efficient optimization algorithm. Simu-
lation results show that the proposed scheme can save 50% to 90% of energy consumption for the MEC system as com-
pared with the existing baseline schemes.
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Bt & WEL (10T, Internet of things) FIHRHEE & ,
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PITHE R AT S . AT, BT E IR R,
PEEAEIR BT 5 b e X S AT S, RIS
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i1 %1% (MEC, mobile edge computing) A LA
i ToT 4 SR EAR S E 4B B A R H R TR
MRS 48 EHAT, A BRI Ek e @A 207
%o £ 10T #1588 MEC, MU S AT LE,
AN ToT i RUERERE. B, ¥t R
BEMY MEC RGUTAERTIHE T 4 Ak 4],

FHE ST (IRS, intelligent reflecting surface)
ST AE R FE 1 — b AT S v A AKCR TG £kl S
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GRS, 15 IRS BT oA RAHE S A,
g LB NS 5 Th%. /£ MEC R4
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b i) AT T A, B AESR/ME T P K IR AT 55 )
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TR TE 80%I1HE

1 RGER

11 EIER

FEE 1 B Z AL fE IRS 4H B MEC R4,
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(user—IRS—HAP) UK B F P o 1 4E 55 24
AAEH IRS H—MEA N ARG T35 4
FE (ULA, uniform linear array ) —NAJ i &N %
S TCAF AR BRI L — N e S AR PR AT — A
AR LB Rl TRS 38 I 5 A e A P R WAL AR
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F P i h AT S8 P A S BE N TG 55 K BAEJG 4L
iEH, BIUERT 7 MBS A St —A
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AR MEC R4 H MEENERSEIE,
RITE B AN B N ANAR, ERT RLEEAS [] FR B Bt A e ST
k. mH, MWHPImRE] HAP FIRERAE S H 32
TE B — AN BR N SERR AT 2, 7ERENA B
FRURET, FH P ot e 2 7 DA S An e Hoh 54T 5%
HEE % 2 HAP.

Wi pTIR, B P g a] DO UA B8 #% F1 URA
BERRA U RAR S R 4 B HAP. X T UA i,
FEIFBR & B BB RN hy, (k) » FER LR
FEA s, Bl

how (k) = pod g hua () (1)

H, p, RSHIE d, = | m IR EIFE, a, 2
UA BERE BRI FETR L, d, A2 P U5 HAP |1
PEET, hua (k) 52 TIME AT 77 22 10 52 s BT E L
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user-to-IRS) F1IRS £ HAP (RA, IRS-to-HAP) 2 4
BERg . XHFRFBE kA UR 888, HEE R E
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+82 W OE 5

e a4 5

b, ay, M E] RS BO15 B BRI 5
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Horr, @ (k) RABNAG 5 I BIEMEES A, () =2
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FIBERLEU s CF RYERE RN T x J B8R BERE .
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RE R AR N
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AN, B 0k)=16,(k),---,0,(k)]" e C"" £ R
IRS 7EIS B &k B s e &, b 0, (k) 25 n AR
SR TTIARS o X TR SO R T I R S AR TR R
B, BRE NN ERKE, DMEES SO D&
Ko I, IRS BIRE REUN L LR AR

|6,(0)|<1,YneNZ{l,--,N} (5)

FESChRR A, IRS (S FIRS I R B R
SR, NTEIAGI BT, ARSCRA HFTRER 7 IRS AH2R
WA CanSCHR[8-13,16-17,21-23]) KR, BRI
IRS 1 AR I LL 1

BIoh URA ##%H UR 8586, IRS RYSAHFEM
RA BB IR 2], FTCAERTBR &, URA BEREII(S
SR I SN

Py (k) = gy (K)O (k) () =

by, (k)diag(hyy, (k))6(k) (6)
Hrh, Ok) X AHRE, B O(k) = diag(0(k)) -
U, 7ERFBR &, 24 4 UA 1 URA BEBORE 15

e—jn(N—l)sinq?UR(k)]T eC™ (3)

(L4 ¥ ) HAP BIERIY, HESESMAL A EH R
BT L) 2o )

B (k) = g (5) + By (k) =

hy, (k)diag (hy, (k))O(k) + by, () 7

Wi pTid, IRS 1 I ) HAP K 4t ) RF 55
WA RE R . 2 R 2 A R S0 mT AT PR AN A R 2%
AR IRS 8 F Jh 7 S5 o0 1 1 B R 2R

FERE B EI R &, HAP & IRSCAR, HAP-to-IRS)
) 8E %5 8 RBER TN g (k) > FRMSE W 2
Zgﬁ[7,10—11,21—23]’ EI]

gar (k)= \ pod;f{(“ ’

Car 1 NLoS$
(\/1+§AR +\/1 v Ear (k)J ®)

Hr, a,, £/~ AR BEES B A BFERREL, d, TR
HAP 5 IRS HIERE, g3 (k) ~ CN(0,1) FoRBEHL
B 2 &
1.3 JoZkfites IRS BT S EIE L

N T A R G 4R A 1) B AR PR U4 e
DL s o IR I e B, AN SO TEZR AL RE IRS
B MEC R 7 —FloBh 1AL 55 E 8l . 7E
SCHR[16-17]19, IRS W ZLE A5/ B B 45 R e FH 56
B A AT R s 1 HL P i e AR BT AT 55 U AE
— BB TE G 5 AN, ARSCHRE R B T
DA IRS 48 22 05 % (1045 T8 5t & IRS HEth 1) g
TR P AL A FIRAS B 3E S 47 B8 = A
R E. BAARIMS, #ihill T MEC R4 AT %
Bl 2 fionit 3 R CEPRE SR ICAERE . IRS 4l Bh
R4 B3R IRS FFHUT S E a0 21T,
Hr, o (k) Mt (k) 43— AR & AT IRS
W £ R B 1) I K RT P P o oD 8 TR AT 55 i &
HAP [ K, TA—MNBRIKE . NI EHE,
B 2(a)~F 2(c)H i 3 Ao e AR T .
QI AIA S I . 72 P 2 Fros i 3 Fiasi=0r, -
I A7 AN B 52 P 4 SR ] A AS s PRAT 58 40 5
125, MR P PV EAR S A IRS RS IR EE
ANBEIRI I BEAT

t(k=T

HAP: RISSHRER(E S5 IRS: ABEME; M/ At

(@) BT pERMIRAR

t(ky=T—(k)

HAP: L AIGIIRRE RS 5 &
IRS: RERLIER; IRS: RHHES;
P AR5 FF: AL S, R A5
(b) BRI IRSHFBIE S5 IR

t(k=T

t(ky=t(k)
HAP: $ZKRIES 5
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A I A Hi - 5

(c) B : IRSEAHUE S I
2 HHCTIN MEC R4 3 Bt
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FERL T A, — AN B A 1 i A B TR R T
IRS fREREWEE. EILTEOL T, HAP [\ IRS &4t
RF At &15 5, IRS MIX YL RF fE 5 5 HIEREE.
[FI, EURBR, P o A EAT S HE 2
HAP, (UK H SEARMBPATIHEALS .

AT, B — IR R 2 N B 1R
—FrE, IRS #HATRE RIS 7R BB
76 IRS M4EBN TR, 14 HAP EI# T EAF S 500E . 1
RNFEA AR, R, M IRS VIdhRE &
WEIy, B—HrBT AAAEAE;: I, IRS FEEEANE
Bt 0045 i By P P it D 0 ST 55 00 & HAP, B
t,=0, t, =T,

ERI A, F P OGER UA BB R %
HPnE 2 2 HAP, IRS AT HIFISH KRS HUIRE .
IHERAE LT 2 P& T ik £e: H—, IRS Hiith
REmANERT, IRS Lk SRS EE; K,
MHTETBR UA BEBS(S 8 AR AP, FH P T E
I UA BEBSEI T HAT 45 2 HAP, M54 IRS
MIRER, DAETE 5 SEnT B

ek 3 M MEC R4 THERAMES N
M2 {LILI . # ¢, (k) e {0,1} N LA IE R,
H, meM, keK. *¢, (k)=1K, MEC &%
TERS B k TP DB m 384T 7E— NIRRT, RGEH
Bedb A TAER, BIEE D ¢, (0 =1.

meM

WRAEE 2, 4 MEC R4 TAE TR T I,
t.(k)=T,t,(k)=0; % MEC &% T/ETH I H,
t(ky=T—-t(k), t(k)y=7(k); % MEC KRG TI/ET
BRIE, ¢ (kh)=0, ¢t (k)=T. Bk, L,
F(O) AT
¢, (k)1 (k) + ¢y (k) (k) + 2, (k) + py (k)1 , (k) =T (9)

— MM E, H @R MEC IR 25 Tt 5
RS TR AR5 AR WAEPHATRASE B 3 A
BBo AT S m RE PR AT AN Ah ST a8k hsf i) 7 328 /)
TR S5 EN R AR 1) 24200, Rl A S 22 AT 55 AR
FTRNGE FR 8 2 NI B, S RTEAT S E N B
T2 BRI (B, EE. %
B EEIR, SCHE, BRI, 2AEEEHE
SALHZE), BT EEE HAP ) MEC R 45 238 %
B DRl iR R b1 N R = A P TRA W R T
P BB /> TR S NS 2, RILIXAMER# 2
HEE

1.4 FAPRREREERER

1) 1E55EIERE

FRAE 1.3 5 IR AR ML, 4 MEC R4 T
YETA TN, AP um el BLd@st UA A URA %%
BT S HIE E 23 HAP. Horp, BoKnl A B
HAE N

PGIRG

Ry, (k) = Blb[l + (10)

Hp, B RRGNTE, p(k) & iR TR,
o’ e HAP Keyhntk e m i B oh . ¥ dk) N
t, (k) WA E E AR S5 B & . Rk, nIfaZ s R
FH P St AT AT 55 B 2K 1 BEAE N

2 d(k)
E® (k) =2 [2%“ﬂ;_1J (1)

A 2

UING)

M MEC #4; LAF R, P U8 UA
BERCRHATE S BEE 3] HAP. PR, R
T, AT AP o 0 2K dl () AT 55 K B

HFERIREE N
To® 46 j
S 27 —1 (12)
%AM(

2) AR A E R

% C =0 A P AT — AR S5 EURE B
I AbBEES (CPU, central processing unit) J& #f
B, FLIEH BOR T EAE S5 R P i ) CPU
ARIENY . AL, O P AR Bk AT AT
HIES N R R RN (k)  RTLAIER, AT
REFE, FH 7 o N K H 32 B R AR 4 T (DVEFS,
dynamic voltage and frequency scaling) # AP, L)

‘E%%Gﬁﬁ%gggﬁﬁ@k¢%ﬁ$ﬂﬁ%o

R, ARSI K, ST A M S ERETT b
RN

Ey (k)=

cmqgéﬁmm3am

T T’
Hrhb, >ORFAIIFRBAERY, HILTH
J5i ) CPU 5 F 424

BT Bk, H e R & o s R RE AT
AR N

E (k) = Cf(k)é“(
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Ep(®)=E () + Y ¢, (ED (k) = FEEEEDY, RS EWESHATEA N BT
meliL Iy " B ) P 44T 45 B3k R, B
£C(UKk)Y’ t,(k)a” [ s P «
- ¢ﬂ(k) [2 ) lj ;ﬂ%ZE[D(k)]< HE%ZE[AU‘)] (19)
7ot [ 4 5 00k) MIALL, HERT B & FRAART TRS Hih 1) B
I (k )| (7 (2 ”* —1] (D) RBFTFNBU)=0. WIERTRIES EE L

15 RS HAEBUIEE SRR R
sl 2 s, IRS #EAR S T AT T, AL HAP
R RE ARG S UERR. 4ne0,]) %m
RERRISCE AR, P, 205 HAP RITTN%E. HIL,
IRS 7EIT B k o4 1 A B AT B3Ry
Ey(k)= (P (15)

me{LII}

4k, ERERI R, IRS ZEABIF PO AT
FH G T T R HAP it fE v, FREVHFERE & .
ﬁ%,msmwﬁhmsmﬁfﬁﬁﬂm,ﬂm&
T B S TT A AR 23 U410 4 ) KoK
ARG TOHE I ThEE, B SHA PR L. Hik,
A3 IRS TERTER & i FER) e BRI

E (k)= uNgy (k)t, (k) (16)
2 RGMMHEERT
2.1 [BIREER
WIFTSCATR, F P un e A B AT S5 B, AT LA
TE— AN 8] Bt I RHE S5 A B A () E AT 55 AT
W . ERTER & FFARRS GE N RIBEE k), 8
FUESBAFPIRES CRIAAAE 7R F - o tH AT 25 2 2%
X R ECR R RN O(k) » BEH FPAES RS
RETF, BB & &5 R ZI 5B (k + 1) 46
I ZIE AR, DR A s B & 25 SR 1) R P 445 BA
TIRASRIRN Ok +1) o RIEE 2 PR, H
FUE 3 B # I PAT AR, 7R I R AR
IR PATAE ST EI R & D(k) JI7ERTEE & oh FH P O
TEAMBPAT SEI ISR =, WG
D(k)=((k)+ D ¢,(k)d(k) (17)

me{IL I}

AN, FERFRE & FFEE, 4 P om 2A vk
BARS AR/ A Ak) « B, FFAES BABILR
DAL 2

O(k +1) = max {Q(k) + A(k) - D(k),0}  (18)

Fa g M RAE A AR5 AP 22 v X 1 — A

TERS B k 45 90F, RS I Hth H AT g 20 R0 47 B
5, DMEFE N BB (k+1) A - Ik, JERRR & 45
A CHIES ]l A] (k +1)" ) IRS HLMBHIRE DR SR
N B(k+1)=0. FTLL, IRS MBI RE RS
L 2
B(k +1) = B(k) + E,, (k) — E.. (k) (20)
[, AR G E A IRS THAERFI R E
KR % F AL BT e &, Bp

Jim LS BE, (0] < Jim - EIE, ()] (1)

X1 BRI JEZE I RE RS 4 MEC &4t
ASCH) B bR AN B R AR
(AT 45 1 A5 I AP ) IRS S AR RS AR ) 431
Ep

¥ (k) ={D(k),d(k),((k),t(k),0(k)}  (22)

Hrh, o(k)=1{g, k), Vvme M} , t(k)=1{t,(k).t,(k)}
s/ MU P FH TR S v H O ED 801 P Y RERE, D
E =1lim

1 K
avg = K%wE;E{Etotal (k)} (23)

FRHE R (GS)H B IRS it R LA (9 H 1
[ BL2 o FR(19) K B~ 34 55 T 5 29 A
NCHF KPR EL R, A5
(1) ReFE A /IMU I R 7R
min lim —

min lim 2 2 ZE{EM(k)}
st. C,:|6,(k)| <1LVneNZ£{l,.--,N}

C, 14 (k). () + ¢y (K)(t, (k) + 12, () +
pu ()2, (k) =T

Lf:E[D(k)] < lim

C,:jim - iiE[A(k)]

C,:lim— ZE[E (k)] < lim — ZE[E 3)

C51¢m(k)€{0,1},z¢m(k)_l

meM

C,:d(k)=0,0(k)=0,T =7(k)=0 (24)
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75 ) @ 24) BTSN B 1 G 2645 1 A1
FEMAT S SRR, RILTER B & JCvmfi € Ja
ZEFBR CHDBTBR b +1,k+2 ) [RSERSEBM
EEREEE. FHik, 1[4 — A& M1k
BURAGTR R, AR ME B R AR . Rt im) @, AR
BT 2 E R AT, AR — R AR
Z (AR LT (e e AL )8, R iE i P A B
TRIAE LR e PR AR A TSR AR, AT $ HE —Fof
KB R R A E L L.

2.2 [AlREAL IR

N T AL FH SR U AR 7 SR I X 24)
BT IRS I EEEARA B(k) E L — L
REECIRAS

X(k)=B(k)-G (25)

Hrft, G=2TNp #&— 5 RTER M H A th2(25)

AT, BAR B(k) =0, {H X (k) ATEUGUE . HRHE3(20),
X (k) BPREZM AT LR R A

X(k+1)= X (k) + E, (k) — E.(k) (26)

SCHR[33] 7 & E B AR AIE A B X (k) AR e 1
i 2 1) a0 24) TR K S RE R 20 R C 25
firo T Q) M X(k), & Q(k)=[0k), X(k)] N
=TSR Bk, BT X IR A R R
%{[30-31,33]?\j

MQ%»=%Q%@+§X7H 27

He, v -ANAEE R, HAEHZE o®k) M
X (k) WAEEAR R BCR . B — B, NIRUET™ X
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