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FIE RIS 5 DF b4t E B RSMA-MEC 24 HFMHER X
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Z &,8 RL% R

(1. FEBTHEHL K220 (E 515 B TR 20, 79 50 210003 2. 7 5T AR K22l E 5% H R E K Hor B4 TRIR
L, F AL 210003)

B OE. ARSI % (Mobile edge computing, MEC) 2 a8 5k & , AL R T AT HR TE
#17%5 #& & @ (Reconfigurable intelligent surface, RIS) 5 f# # 4% & (Decode-and-forward , DF ) ¥ 4k H F) 44
By ik & 4 5] % 3k (Rate splitting multiple access, RSMA)#EANMEC £ %, % & %38 &35 F A R RIS L
AT T Em &, A ADF P4y RBAZTEE, R RN RSMAR KRR S A P 240G HEHR A E,
DF ¥ 4 #= 3k 3k (Base station, BS) R A # 4 T HRERKBAERKIGET, A ARKILEZLESEE
%, T DF F 2 B A0IR B 55 B4 o &k 3k 20O R Y Ao AR S A R RIS B4 R HOA B A P
FRRBORSRAT A, ARBZELGHRLP B, RET SRR E L, FERTRE
Bk FRRAE MG REM., KB, HMALEREN, A RRISS DF + 4 W F) 44 8h 4t 9 A 2L A
RSMA-MEC % %69 Bvk 2 M A

ES $5F Tﬁ#’ﬁ" R A E AR R b ki R R Sk BB kit A

FESES: TNI2 XEktRAERD A

5l A ¢ﬁ§ Bt , 7% . A TR RIS 5 DF 4k b [ 4 Bl RSMA-MEC £ 48 75 B e KABOFoE [ 7], B R 4 5 4k
#,2026,41(1) :259-271. L1 Zhe, LYU Bin, YANG Zhen. Throughput maximization of RSMA-MEC system collab-
oratively assisted by active RIS and DF relay[ J].Journal of Data Acquisition and Processing, 2026,41(1):259-271.
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Wil 5 TG 2 38 15 B R B PR e K HEAE Ak 22 S PR N g Iz Al R RO BT K M (Internet of
things, ToT) % # A9 357 75 ok 280 W0 Ko SR, E?%ﬂﬁﬁiﬁ%ﬂ%fﬂﬁﬂ‘ﬁ@ﬁﬁ%ﬂ,%ﬁfﬂlx
TR RE A ME LA H a5 K 0 SR AR AL AT K . O T X — IS, 7 B30 % 115 (Mo-
bile edge Computmg,MEL){’Ej{I*Wﬁ»&E‘]&ﬁ?Eﬁ,Ha"ﬂg'{ﬂ%ﬁfHW%E‘Jﬁ“ﬁE%ﬁﬂﬁﬁﬂl%ﬂﬁ%
A Rk v R S A S RE S BRI BR S STk 3TRIESE TR R AR OS MEC R it fEfY
S IR R T R RE UL AL R N . SCRRLA I B T LR OGS LA SRR S A . AR, TR AR
TCL T AR PR b, MEC 5 4t 1Y 1 68 F1 R AT BB 23 52 B R 18 25 18 1 1 24, 33 78 52 Bs 0 1 vl 8 S 3K
e Hiy R AT A HIE S N, B BE A e 8, DA 5 0 IR 55 5 4 (Quality of service, QoS ).

T] 4 % B8 3 1 (Reconfigurable intelligent surface , RIS) % A1 Sy — Fh 245 T~ [ N FH Ay 5% 10 56 S 5y
AL BENE 3 0 J0 4 {5 PR BT P A5 5L B T AT A Tl £ R AR PERED . BRI L RIS W
th Z A~ TR )z 41 # T (Reflecting elements, REs) 41 5 , i3 £ 503 18 2h 25 M 215 5 19 I 3 R #0ok s 2E o

BEE&WE : HEARPFIES (62071242) ; 1L 4 W8 AERHIE 5 52 B A 1% (SICX23_0258) .
5 B #: 2024-12-25; 1817 H #1 : 2025-04-09
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AT L RE IS Wt Fp 7 20, RIS BEIE 7E MEC £ 48 H 38 45 40 19 4% i 6 1%, DR AL AR 5 0945 35 25
B, N FHE 5 0 R G i R AR PR Be o AR STk [ 6-7 1, 3058 JC R RIS AT LA i 48 7+ MEC W 4% th )
G 9 5 45 1) S0 AR o R, RURE VA AR 4% b 3 R IR R RIS MO PERE™ . Wtk SCHR[8-9 142 th R I
PR RIS H A LA R0 M XU 9 0] 330, 1S 5 15 5 D 04 At 2 i 22 2tk . 5 EIR RIS K[, A
RIS FC #8515 SR #5% | A8 0% 38 A5 40 A1 14 Ty S DAKG s e A5 5 W B it o SOk [ 10 13 o 36 6 IR Ak 2 0k
Uiy 1) % R 55 A TR RIS 149 525 3 8508 B fe RAb AT HE B rh iy T ak sl 38 o SCHR 1L 48 TR T A IR
RISH B8 MEC R 40, I 45 A IR RIS 1645 5 43R J5 1 T I0 IR RIS A1, A A R RIS TE$E THE 5
J57 8 7 T2 A e B, A0 M BB AT) 32 BR T 388 2 62 8 RO MR RS i Bk B E R R B G b b, 2 b TR
% A% 00 AR 280 A A 15 0 1 i /)N, 32 T 5 e A e R

v R TG 4 38 A5 9 328 Y AR 0 RE R T, SR v K R AT AR B T DLAR T Y RGEAE  w
Bl AR B, b ko S A 15 S R S AP R A RE RS SR RS S R e /N AR i AE R O 6 i
Y B AR FEAT R B S o 3 ) G B SE P gk, Bk (Base station, BS) A] DUTE 78 125 58 B AL 1Y X 4 1
R 5 5 78 56, AT AT A0 TH 28 6 A0 4% A {5 5 B R R SR K & (Amplify-and-forward
AT ) S S2H UL A v 24k b 305 XU AR gkl 2100k 1 IR S 800 SR X EEE AT OK S0 5 L AR R
W BOR A5 5 B i R 4 VbR o, PR HOR T BE X5 5 EAT A, i A SR w1 A 3415 2% o 50 AR 4%
1M, AF SR A7 A6 W] S BB, B AF o 4 5 A X5 5 BEAT A% BAS DR AL IE , 7R AL BRAT 5 I8 23 8] 15 Tl KA 5
FOBRFE X FE IR AR E Pl R e B S R, N g A MR . B M b, R
(Decode-and-forward , DF ) % W 3 1k % 22 e 31 1) 45 5 A7 ik 5% I 307 2 4 1555 L RR 6% O I 42 M3 A9
b RS B G IR P A — B RO, DT AT AR T R G R S A S R b kR B AE S
TG 15 I8 FH o R B eE O 3 A A e i R A B Al A Y R LB A ) (Multiple-input
multiple-output, MIMO) 2" F1 2 K % [ 4 V4 . [l 6 RIS 5 DF o445 R A 45 4 © PO W] fg g o 2%
RTF R GRS OR B R DL R R AGH R E L SOk 23 TRFSE T JG R RIS 4 Bl A9 Hh 2k Ak 61 5% %
ARG, U5 &0 Z W RIS I G AR 2 i 4k B S DF th 4kl S R 4 . Sclik[ 24 148 7 JE R
RIS fff By (4 5 T 05 43 52 AT AUk DF 4k A& 5 R 40 . SR, B T K5 W00k 0 35 4 51 & I A0 33k % I SR K
AR B 1A i 24 TC S AE R Ge MR R Y OGS BT . A DF b 4k LA TR RIS H AR 7 W08 3 75 5T 5
F G 0 7 T B — 8 (M B AR 1 A A B R A e s2 B B R KR Y 2 X LA
B R 15 28 48 AR o 25500 1 ) FH B 75 5K

T B, 3R 0 # £ ik (Rate splitting multiple access, RSMA) 45 A 1 > — Fgr g am H HL 3L
1 22 91k 5 AHE SR, i 6% 0 4R TR 0K . BTN 7, RSMA S8 3 ™ 4 3 R 30 73 A4 T B
I P % 22 T 0 1 % (Successive interference cancellation, SIC) 7 A 78 55 ok b #F 47 15, i 4k 2 1
FUR G B AL A TR A B . RSMA TEZ P B AT AN A7 4% B b e 9 i s B i ol SE S B R
PE L 546G bk R M RSMA BlE b 78 E A7 500 12 4 b R % 92 80 58 3 A0 4 B X8, 38 m 1 i
EATHE AL P A RN, SCR(2814R i1 T — A EAT RSMA RGHESL B R s R M RE O TR IR
3% Z hik (Non-orthogonal multiple access, NOMA) AR o 3 F X — iR, SCHR[ 29 ] 2 £ F J0 IR RIS i B
1 47T RSMA R0, 53t 17— R IR 5 4% BE 09 @ 18 7 2], Ay i B Gt [ R4 438 75 g e oy 8 0 S it
— D R G R B R RS, SCHR [ 30 JIFY 1 56 T B ML 2B 1 FH P BE AT ) RSMA-MEC & 48, 45 R
A ILPEREIL T HAT K NOMA-MEC J5 % .

Z 3 FR I AR & AR SCHR A0 A TR RIS 5 DF gk IR 46 B 9 RSMA-MEC R4 . X5
g 38 1o A R RIS AL AL (S S e &0, P DF A4k R (535 L R 45 & RSMA B R s £ H o
R GRS R % TR B v, DF gk 5 50 R SIC HR s 42 0 B 5 o BEJS L8 3k A4k
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DF w4k fift 65 0 57 5 & G D) 3 5 i 1 S0 0 o AR AR I A T8 RIS 58 R B0 LA B FH P 2800 2805 gk de
KRG FEM & N T H IR S AN, R T —F s s B e Bk . Bkl £ Xt
F o BE AR AR I () R, R FH 2 1 e /N B 12 22 (Minimum mean square error, MMSE ) #fE U 15 2] T 7] 2
fift o X T P D 45K g F DF o 4k & S 2 3 0 A0 Ak, B T R0 /N 35 5 % 25 (Rate-minimum mean
square error, Rate- MM SE) ¥ W #E 47 T 33t 5 I AL AT U6 RIS S 3 R4 $E 1 7 — Rl F ik 9 ik
# K] (Quadratically constrained quadratic programming, QCQP) B J5 % o X T DF F 4 1 3 3l A9 £ 4% Jiii
¥, R F— R R 2% B 3500, ASRAF IR LA o X L3 45 A~ ) A8 2 Ak 38 U oK i, 938 3 B0 5 B
BOE T TSRSk i stk o B JE L R A T AU A5 R LAVEAR BT IR T RO RE L S5 R R B MR T R R RIS
7 % NOMA J5 % I IE 38 2 4l 2 A (Orthogonal multiple access, OMA ) J5 % , A& SCHE H 04 8 RIS 55 DF
gk B3 )4 1B RSMA-MEC 75 2 RE 8 A5 0 v 19 R GE A ik i 1 45

1 RGgGER

P 1T R % M — A U RIS 5 r
DF s B 4 B 9 RSMA-MEC %% . i ) —
R GALSE LA 4 MR 28 () 3 3 1=0.5T | 1=0.5T A VARIS
14 MEC I % 38 145 N/NJZ 4F PCTAEIHE
JCIA IR RIS 1A LR 26 DF v dk, LU
BOK A fe R R R K & T 5/ \(
Up hEK. A (1,2, K ). {8 & « e a
5 FH 43 0 R W L B0 U, 035 4 55 e A z &g
SOk TT LA ) FH A Hb 4 v e b B BT (Cen- MECHRS5 7% Skt DFH 4k AP,
tral processing unit, CPU) {18 , # Al L4 K1 REGHR
i 3ok 60 40 ) MEC I 95 38 6 OF A7 4 Fig-1 System model

Bk BT 55 40 S AR 5 B B
FAT 55 1 2k By Be . 7R A -3 B B, FH P AR [ B 315306 1 RVAT 55 75 SRR AR i CPU 1 832 b BT 55
JC i M MEC IR 55 4% o 76 AT 55 02 B B, T B 3 43 11 530 A4T: 5538 5 ) 488 A% fin 21 MEC IR 55 & i 47 Ak
H ) MEC iz 45 25 58 K (09 1153 58 1 48 FHT 55 4 BEA80% 0l FH P I 3T 50 e . 64T 55 S0 28 B0 B, it
K Ry T 14 A B 8 B8 1 149 43 SR R A4 L, 7 ESF R )RR 2 I ) 43 0 FH ¢ R 2, s IR L 1 = 1, = T/ 2.
FE ¢ BN, U B ST EAT 55 76 47 U8 RIS B9 5 Bh F 1 RSMA J7 A& i 2 DF P4k 5 76 7, B 8] P9, DF o 4k
iE F RSMA J7 08 3108 g 05 190 B AG i 2 3l . 78 Bk B, U R SHE 59000 0k T 75 8
DF m gk i Je 3 22008 09 264 FH P 00 70 B0 AT 05 FE AR 9B i 25 X5 S AT /9. B)S , S hD
Ja WG W R T T B o XS T IE B Y DU E 0 & 53 DR 3 AT 48 S, B DF A gk AL 3l )
SIC f# B 32O B o B S35 A1 MEC IR 45 758 350 B 7 [7] — 07 B JF @ Ot 2 42, ik 3635 5 MEC fij
F i 22 [0] (1438 15 4E 38 0] L) Z20m A3

U, 54 I8 RIS, A I RIS 5 DF i 4k U, 5 DF s 4k DF w4k 5 3 ob (9 b 47 (538 £ 505 90
h,eCY' ' HeC "N g,eC . GeCM™ Rk o BB A A 18 59 A5 o 0 A5 7 30 R P AR, I HLnT DA
i 3 SCHR [ 31 4 Y A O Ok v B AR A TR S A L
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T [

Pk
BBt T FE AT LLRIR N Ere = 70 fi' Tio Fo 7, B0, 53 50 0 U A 3 530 0 BB 5 508 3 BORAS St 1530 1
m,HO<7,<T.
(2) 155 S 3 o Bt
FE 1 B RPN, B P 0 ) R4 55 1 o0 o T 0 T B I LUAS TR) 19 & 5 21 38 76 [l — 4514 ] DF o 4k
el 2 RM UKW jRTHE JET A1, 2, T ) ply Fom sy ARG TR, WU, M K5
IR E T

w09 CPU BB, M SCHR[32], U, 7E A #1H 55 B Bt BE 0% b BEAY LU R BORT LR AR N R o = LU

SE= > i sE YREK,, V€T, )

jeJ
% 0,= a,e" CERA RIS H n A RE M ZEL Kb, €00, 4, )y @ = 1H1¢, €10, 200) 53
590 2% 7 e JEE ARV, FL AT U RIS P 4% B0 A IR S 3k i A5 o, =110 2 0=[0,, 05, -+, 01" AW RIS Y
S5t Z A i, N DF 4k B2 U8 145 5 T LR R
R = 2 (HOh,+ g,)si* + HOu+ n (2)

FER.
K @ =diag(§)e CN" VA IE RIS B I R B ,u ~ CN (0, o;1y) Fln~CN(0, o 1,)53 3R
AR RIS AL R DF Hh 4k Ak 9 P08 75 D353 510 o Fl o}

DF gk #2208 A & M P FIH B 55 5 6 H b A7 5 i P 7T L3RR &S 75 = {50
REK , jET Y BIRL ™ ef B HES 5 (900 Xt 3¢ 26 3 B AR A% . BN 75, DF w4k A1 SIC
K A R P Ak F 53 22 W 00 T A T S A I A T B T, A At et IR R
/R FE DF gk b Jir A vl 47 09 F 04 B RSB (9 46 6, I DF wh 4k b 320 81 s (9 5 T M B (Signal to inter-
ference plus noise ratio, SINR) &
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P;J]F ‘H@h;ﬂL g&|
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z sz |H@h/+g1‘ +o5. HH@H JVUl
{leK. ,meT |xf "\/MH }
MR A A AR, s, 10 14 T 4T LA IR
Rii;‘“yz—log2(1 + SINR™) (4)
P BRI 98, o Dl 5 k. T ¢, I ] N 0 A i R
RRela) — 2 2 Rz{,e]’l(‘y (5)
rEK, jEJ
TE ¢, W] A, DF 4l S8 1 15 55, ™™ i B 5% ) A% 4 22 BS , BS H M 2 i il Bk
B =Gs" + o (6)
S = TN PR S R DF ki 55 H R s FR DF kT UL 4 I
hEK. jEJ,

HEATE G B 5 BT B L pk S R iSRS 0~ CN (0, 051, )N BS AR LT R N o]
1B 15 BS i 1 2 P 42 W0 I R OB 2 R i A% 2 U B E 5, 2wy R WO R BUOE ) w, W=
[wy w0, e w1 € CM R R B W ARSI S B4, D) BS A &R I 5 5 R
S= Wy = WG + ) (7)

5 DF 4k fif i 3 B2 0L, BS 3 A IUF O o = {5552 k€ K., jEJ e I, M BS b i {5 1 1
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2 fiiimE iy

HF R RGO, AW E T 3 TF DF P4k 6 @0 2 Rk S I R pRv =
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KU = pUh, pVSs s pi LA M BNCR f=[ f1, fo, -ooo fi VR MR H] e =[ 71, 70, +++, 74
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(3) sRfige ™ F 2™
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Throughput Maximization of RSMA-MEC System Collaboratively Assisted by Ac-
tive RIS and DF Relay

LI Zhe', LYU Bin!, YANG Zhen'*

(1. College of Communication and Information Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003,
China; 2. National Local Joint Engineering Research Center for Communications and Network Technology, Nanjing University of

Posts and Telecommunications, Nanjing 210003, China)

Abstract: To enhance the throughput of the mobile edge computing (MEC) system, this paper
investigates a rate splitting multiple access (RSMA)-MEC system assisted by a collaborative combination
of the active reconfigurable intelligent surface (RIS) and the decode-and-forward (DF) relay. In this
system, the active RIS is deployed to improve the signal transmission condition, while the DF relay is
employed to extend the communication range. Additionally, the RSMA protocol is utilized to enhance the
spectrum efficiency in multi-user access scenario, and both the relay and the base station (BS) apply the
successive interference cancellation technique to decode the transmitted signals. The interaction among
these technological components requires a systematic approach to resource allocation and interference
management. To fully exploit the potential gains of this composite architectural framework, an overall joint
optimization across all key parameters is essential. To maximize the system throughput, the joint
optimization problem involving the relay’ s decoding order and transmitting power, the BS’ s receiving
beamforming and decoding order, the active RIS reflection coefficients, and the users’ offloading strategies
are investigated. An alternating optimization algorithm is proposed to obtain the suboptimal solution for the
throughput maximization problem. Finally, numerical results validate that the collaborative assistance of
the active RIS and the DF relay can effectively enhance the throughput performance of the RSMA-MEC
system.

Highlights :

1. This paper proposes a novel MEC architecture that synergistically combines RSMA with a collaborative
active RIS and DF relay scheme, formulating a comprehensive joint optimization problem for throughput
maximization.

2. This paper develops an efficient alternating optimization framework to solve the non-convex optimization
problem, with numerical results demonstrating significant throughput gains over conventional designs.

Key words: reconfigurable intelligent surface (RIS); decode-and-forward (DF) relay; rate splitting multiple
access (RSMA); mobile edge computing (MEC)
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