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bt 26/ 81815 (The 6th Generation mo-
bile communication, 6G)FARMINAL, AR KIS IE
15 DX 28 444 THD R A1 3B I s 5 75 PR S FH 3 5t . A,
6G M 2% 5] NFIMBRRIS. RIS 76 TH 4 Bk
IR A (1 T R B S SR A, T IC B G B A% i FR
Be, $RmskimfE etk gel.

BEERISHE FEAMHIRN, &EMNH I REEA
53 6GIRLMRIST A 2 4 A\ 2 i i (Multi-Input
Multi-Output, MIMO )i {5 13 4EBE AL 845 5 Bl
FE B SCHBR[4)R RISl B 5 5 50 7 7 B % N 5
1 (Single-Input Single-Output, SISO)IBE{F# 1T
TARIEMG . SCER[B AT T 2 H P MIMO R 44 %L
G . SCHER[6)A S 8 A (A DG, X U RISHH B
RYEEAG T 7% % (Mean Square Error, MSE)
BAMCRISSHUHAT I . SCER[T]HR 1 T EEEE
RIS(SIE F, Bl A A5 8 AL B 4E % (Line-of-Sight,
LoS) £ S MRISEIE L 14 &AL,
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MPRISHIBhE(E RS, WA PMERISHKIG
BB E RS, SCEAIT AL, ElEm
(Signal-to-Noise Ratio, SNR) LI 75 1T, XURIS
FIPEREAE T BARISE. YRISTCH M BUEHE K, RIS
MTHEGRRISRG MO (M) 355" SCHR[10]7E
MRISHEBHMIMO 5 Gt 84 (B il B39 1 7 2% 5
SO ER, BT P LoSAS 8 4, #E— B 561
THRISRG . CRR[113RH T —Ff RIS H
Wi P MIMOES S 248, KA LA{EERE %
F P A 30005 18 S5 0] e K e/ NIERPERE IR . SC
BR[12]500T T PRACURIS 3 [F] R G TR S FEAH BT
WRISHI g EAE TR & BRISIIL106%, & K
MIMO 1 000£5%,

B ARISIRISH BhIE(E R4 5 H » fEPRIS
MARIS P R BI B BT, SCER[14] 7047 7 LoSHI
AT WU S % 132 S A RIS #8387 B 56 AT ik o
RIS . SCHR[15] 0T 7T T WARISH B E L8 (5 R4
FATHEAE, £ REBSERBMKIIENAKRT, X
RS SRS N ARG P R SS  SCHR[16] 25 T ALARIS
HEhZ H P st o8 TR B eEEFRORT)
K 5PZSNRIK R

FIRBFE RN, WARISH THEZE R T—4
A A RISH B R G0 I R B REAR AL,
AR L7 S VO P A DG B P SR R A5 072, Ry
B SRR R . AR, AT RIS, XL
RIS & i AT LA 200 #h R 2R H B 2 BRI vl L, 344
RGHME T SEPERI L, SR A5 D) 2 BRI
HOLT, BREEEEREA IR T RAMEIE R
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RISHBIIIMISO R MEREA T &3 (32 & o
b, ASSTHITFT T XU S e R 9 25 B S A B I B
M55 RIS @ AR WA RISHIA S, LI 718
{5 FFRISHIBIMISO R Gi 45 = i KAk

2 RGHRE

WELATR, ACHE—AWRISH B G 48
ERII, 1RGPS M AN R ERICIIRIS,
—MNREREGH P UL — NS NIRRELRHBSA
o BRBSHIH P 2 [0 B IEFE M2 H, AEE L
RIS S e g 347015 . BSHIBARENT; (i = 1,2)
SHIR; {5 1B R 5 B (Channel State Informa-
tion, CSI). HH, T, € CM*N &BSE|ZEi A RISHI
fFlEME e, R, € CUMEZHiNRISEI P A5
B, S§eCM*MEIRRISIFIRIS2M(EIE Y
o RS S S AR BRI SR R B LA B L, B
A5 1ESIAH E AL

F P BHUUE 5 A5 T B L (Signal to Inter-
ference plus Noise Ratio, SINR) 7 7l&K R~ A
y;i = (R202:86, T + R,0,T> + RO, T)) wx

+na +n; (R, 1) (1)

||(R2@25@1T1 + RQ@QTQ + R181T1) (.s’”2
o; + o2

(2)
b, 6, =diag ([a1e”, axe®, - ape?]) |
i={1,2} #/R_RIS1, RIS2MIAMAL4EFE, 0,, €
[0, 2n) Fla,, =14 R IRRIS S A I 5 B 50 HI A
BRBMBKAE, 2 REGNIRERES, na~
CN (0,0%) R 3MH N0, J7 7 N0 1w 7 e e,
wRHEI R ALK& . n; (R, t) Mo 7 5IFRR
ANFEH GRS FRISHUR 5L NI 5 (5 5 J H D)
., ie{TPPR,TAPR,TPAR,TAAR} , X4Fh 4
AR A& : TPPR (Transmitter-PRIS PRIS-
Receive) A A, TAPR (Transmitter-ARIS
PRIS-Receive) H &AM, TPAR (Transmitter-

PRIS1/ARIS1 PRIS2/ARIS2

T
((A)
BS User
> WA P BRI

B 1 RRISHED L )7 3 5T o2l 5 R iy

PRIS ARIS-Receive) H &ML K TAAR (Trans-
mitter-ARIS ARIS-Receive) 41 &R,

() TPPRA AR : TPPRELAHELA HIA
PRIS, ¥PRIS/nllEhE T-Heulism M H ¥, TPPR
HEEA, RISTHIAMEESEE SALELE, SINRH
e P (5 5 A e . Rk, 7E30(1) 5 (2)H,
nrppr (R,t) =0, orppr =0,

(2) TAPRA &AL fEiZAABAF, ARIS
W T AL, PRISHCE T . Hrb, AR-
ISHNSHE TR, AN RS 5 748 5o S S e e A
B . ARISTESUR ANSHE 5 RN, #2378
KegrEfEs. () ER©2)F, BEFETERN
n; (R,t)=(Ry0:80,+R,10:) ny, 0, = || R2,0,8O, +
RO\ |P02, Hd, ny NARISHUK G AR,
ny~CN (0,0’%) o

(3)TPARM G /ETPARM G,
PRISH#RE T2 ik, ARISHE T H . MeH(E
SRR NN (R,t) =RyOyn,, FHHn AHARISHK
BN, . ~CN (0,02)

(4)TAARHGHAE: /ETAARA BB,
PIAS ARTS 73 5l 05 28 1 el v A FH 7 oy, el TP 4
ARISHIS KRR . Rk, ARISHUK B S
TR AN (R,t) = Ry@yne+ (Ry0250, + R1O1)ny »
B 755 5 R R N 0 = |[Re©2801 + RO |02+
|R202 %02
3 [

BExE BRI, AR ARG B b i A JE
3 R LR U R K i w LA A PRISAH R HE RO,
6,, VIR KRG MIEEEZE. B FPRISH KR
SO RE TR B S S AR AL, BRI PRISH & 5 AH
T W20 /2 PR AR L, BT

1Ol = 1,0 € {1,2},m € [1,2,+,M]  (3)

9T G TROK ) SR S 5 R0 S ST TR Mg 75 Ty %
Y ARISHI BRI, ARIS M AL LA RSO
R LR
(O Ty + To)w|? + @Iy |Pof < Pr - (4)
FHEEPRIS, ARISHEA UGS, HEIANT
g, KL, BOKE MR RS T IS . )
K S e 7 R AL DL R OK R
10 (SO\Ty + To) w|* + @20 |*0f < Pr (5)

Hit, TPPR, TAPR, TPAR, TAAR% 44
ERAN GRS
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max R(w,@17@27PFaPF2) (68‘)
©1,03,w,Pr,Pry

st [Oillyym = 1,0 € {1,2},m € [1,2,-,M]  (6D)
(1T + Ty)w|* + || @21 n||*oF < Pr (6¢)

|@1|m,m < Gm,max, M € [1323 ,M] (6d)

Hh, anma RRARISHIRATIOR R, I FoRYESE
N M I RALFERE,  PeRos ARISHI s KTBUR T
(1) TPPRALGHAL: TPPRALA MR FIHL AL ]

(P1): max ~yrppr (7a)
1,02,w
st wl* < P (7b)

||@ZHm,m = le € {1a2}vm € [172a aM] (7C)

ETPPRAAG B A, PAPRISHHIHE T
Feubivi A P, PRIS ARSI EAE S AL,
WA E S IORIIRE . 7 8 B2 A5 A 5 32 AR
TRV AR, 1ZEAE T IhRe 2 RIE(E 1E
AT R . FIN—AMREIZ)R.

(2)TAPRA A% TAPRALA BLAL LA ]

P2):

(P2) @l,engi)fp,Pp YTAPR (8a)
s.t. |OTiw|]? + |01 Iy |0k < Pr (8b)
|@2|m,m = lvme [15277M] (SC)
P + PF = Ptotal <8d)

H{(7b), H(6d)

ETAPRA SR Fr, ARISHE T 30k iy,
PRISHBE T FH . BT ARISTEBURAE 5 I [F B
W TRORME S, R A 75 5% RR RO 5 I e 75
AU

(3)TPARH A . S5TAPRAH GHIAIAL,
ARISH| N B 75 B A2 LA R 295

10 (SO\Ty + To) w|* + @20 |*0f < Pr (9)
A ] IR A

P3): 10

P9 o, 1, 1oy
8.4.101],,,, =1,m € [1,2,-, M] (10b)
|@2|m,m S am,maxym S [172a aM] (]—OC)

X (7b), K(8d), H(9)
ETPARA A, PRISH E T 3L 0l i ,

ARISHESE T H i, STAPRAGHEAAELL, ARIS
GNP 75 B VR I DR A A

() TAARHAABAL: ARISIHIBK IR AR
TAPRAGHAIZ) 5 (8b)—F#E, HEH T ARIS1K
KE e AL B ARIS2 b, X B e 4 (518
BV G M ARIS2H BRI ARIS2HI UK )
RLARE N

1©2 (SO Ty + o) w|* + || @I || P

+[©:501],, 00| 02 < s (11)
At
(P4) : max YTAAR (12a)

©1,02,w,P,Pr1,Pr2

s.t.|@i|m’m < Gmomax; ¥ € {1,2},m € [1,2, -, M]
(12b)

P+ Pp1 + Pry = Pygal (12c)

3 (7b), A (8b), (11)

TETAARM G R, 35k vty R FH P ity 350 350 2
ARIS, fEZHAEAH, ARISAL LUK,
BOR B iL o2 30 0 —J7, Bk, M Ey)

BT (6b) P I BRAARZ R, L9 (6¢)F 700N
AR, I B HARR L (6a) 23 ML E RS,
AL AR A 1] B9 R L ARA ir) . A TRz el L, AR
SCHE P2 T2 IR € #4 5t (SemiDefinite Relaxa-
tion, SDR) /7148 & B 4 lan Mk & AL BIE
4 MMUEX

NIRRPL, ARSI T —FRISH B R AL
BT, 1ZITIE 3B BORARSK AR 13 i)
FIBTEL, B E B RS R IR E w . RIS2ALH)
ST FEE B @ FNER Sl 2 5 Dy 6 P LA KX RISTHOR T
E P, MARISIAM RS REHEO, . H2Mr
B, AP E IR E R R B w . RISTAERIKR
S R HE R O Rl R D 2 P UL RRISTROK Dy 2
Pr, RACRIS2EM R REHEFEO, o F3MTEL,
BEXE25 € FIRIS1AL ) [ 5 2R HUH [ @4 FIRIS24L 1
A REHEFE @ A K R R B w, Feub
R Z P UL R RISTHCR D Z Pp o il 3 2% A5 8
SNBSS A, 15 B T i) A R

AR — M T AOR LR E & EH .
L VIR 7 2058 B A A J ks A 1 B AR T
KEw. WANPRISRIHBEREO, 6, HEIW
$. Hh, @, =diag(0,), O, = diag(6s).
4.1 TPPRAASIRA

B2 (6b) L O, FlO, MRS, HArER %
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(6a) VIsRARY,, HMELURARAR O . BRI, A 7E [l 2 PRI, A Ab in) @ (P2) AT DA S BT RO

Ty A SR ARRS ) B 1R [R] I 52 B A — AN R AR S tr (B®;) + bobl!

Ffit. 2 (6a) 5 1 F AR BT (P21) s o E B @) 07 4 o7 (19)
B w, @1752’ Pr, Pr) ) s.t.rank ($1) =1 (19b)
|6 (Z 02,mQm +diag(R1)T1> w $, >0 (19¢)
- m=1

+92dla‘g (RQ) Tgw ||¢1||m,m S a’gn,max)m € [17277M] (19d)

< 16 + bl (13) tr (F®,) < B 19
= R, R(13)% LS (0,61) — £(FPy) < Fe (18e)

£ (bo) A5 AT [ 0 Flw, PR 5 N D1l prr0ren =1 (19f)

(P1.1) : max ’01bH|2 (14a)
8.t.101m =1,m e [1,2,-, M] (14b)
Z(6:b") = 2 (bo) (14c)

AHEER, PLIIRIEA
0; = ol (£(bo)+4(b)) (15)

PWHPRISIH R AHE K&, HFPRISIAH K
S B (R %L 3 — PRIS1—PRIS2— Fl /' fl B i
—PRIS2—H P HE) M E A5 5 5 5 — 255 1% (HP
Byl —~PRIS2— 8 88) EIEAE 5055, it
ML P AR5 5 & 9F. A3, % 80(13)-
A (15) R TR, RIS PRIS2IM R AR &

0; = ei(<c"+2¢) (16)

B, 4 € T F) SO R R 50, F16,,
H i Kb A (Maximal Ratio Combining, MRC)
X w AT KM, B

My !
(Z 02,m01Q, + 02Go + 91G1)
W = m];; \/ﬁ (17)
‘(Zﬁmﬁ@m+%%+%GQ’
m=1
B E RN EIE LR
4.2 TAPR{AAAHER
410, BT3MULEERE, FIbHE
FINAOBE LMY, HhMEE, w, PP, %

&, = [0 1] [0:,1),i = {1,2}, NITELE, % H
b R BT T AL

tr (B@l) + b()bgI
= 1
D tr (31@1)0%+02 ( 8)

B BB - (b e
Hr, B{bob 0 ,b1{0}, Blfdlag(bl)

fifp R B R AR ) RV s A T H AR A (19a)
DR IR R, S ) R S AN TR 2
tr (B¢1/i + bob(lr)I Z - (20)
tr (B1®1)oE + 02 <k (21)
Frb 51N A 4 B A B il 43 I BN A T P I
FIFISNRANME FEF-HTh 2, ja] @ E O ML
BRI . LI (20) NAEMAR, LR(21) AL
Wo AIE L7, Mk, N BERE A & .
R 7R 1E 5 (T, 100 ) A BT 1R 28 80 22 T 200 L
2R, BB e EAR
TR < Tnkn + bn (T — Tn) + 7 (K — Kp) (22)
EARTH (15, k) > A3 2 0] R (P2) IR AR A
BT RE— 200, 6@ (P2.1) 1 H bs s E 4R 4R
B A dhrank (@1) = 1, SFALH(19b), FEIL
ARGV
(P2.2) : max 7 (23a)

by ,7,K

s.t.30(19d)-(19f), #0(9), K (10)
i) /1 (P2.2) 7™ 2 € #i K (Semidefinite Pro-
gramming, SDP) @, #J @A 1N Ptk K fg

B 1 ETAOEEMIEBEISTRIE

(1) Wit 2507 | 07| w(© A Hn = 0, WHITRe

(2) RIABIESEOT Ao pp FME

(3) BEACTFE:

(4) [FEEO, w, KA (15)5510,

(5) EE6:, w, RMA(16)735]6,

(6) MHEEG:,02, K (17)HFHw

(7)  f§if161,02, w, HHATLL HIME

) B Y EEpR — Yippr| < Hin > 100 R RAL, HAHE
%M, n=n+ LREEE4

(9) GEFHRAEIA

(10) BRI&MNMO1, 02, w

7

(0]

(
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wEATRAOURAE . T LT e fa s B — 24,
L, G RBIN RS A — €2 fk—, F=F
M BN T iR R

[ 5E 6,5 w, PHIPe, LAk ST A &

b, , [WE(P2)ZEM N
(P2.3) : Jnax 7 (24a)

tr (CPs) + cocgI > Tnbkin + 6n (T — Tn) + Tn (K — Kp)

(24Db)

(tr (D®2) + dody)) 0f + 0% < K (24c)

D2y = 1,m € 1,2, M + 1] (24d)
By 5= 0 (24e)
rank (P9) =1 (24f)
. o-[ 5 #3] o[£ 4]

d = diag (Ry) Sdiag (©1) X dy = Ridiag (©1).

BJa, HEMFEREEIERE Moy, X%
BRI R Ew, PP TRE, FIFHSDREA
W12 ) LA Ak R — A Fa st ] 8

(P2.4): hax, tr(YW) (25a)
st.tr(W) < P (25b)
rank(W) =1 (25¢)
tr(XW)+O1In||*0f < P (25d)
P+ Pr = Piotal (25e)

Hop, = (Ry©,5601 T} + RyO,Ts + R O, T)"
* (R2@2591T1 + Ry@yTy + R1OTY), W =wlw,
= ()" (OTy) . R WIH— A, 12
I,:El Foft 22 500 0RO VE R IK R e LBk — o 1) 7
(P2.4) 5 N
(P2.4) : in —tr(YW)

+p (tr (W) = tgnax (W(k))HWumaX (W<k>)>

(26a)
sttr(W) < P (26Db)
(H(XW) + | Tus|o? < Py (260)
P+ Pr = Potal (26d)

Hrf, p>ONETINE, HHARLER, 7iHc
tI‘(W)— max( )E/J'TEEX/J\E/JTH%O

BARAFIERAR T L2FTR o
4.3 TPAR!EAIER
FEAN AR RIS OL T, )@ (P3) 5 Il
(P1)—3%, Kk, FIAH R PL) s T,
R ARIS R IR AT A . 1X A Bh T B4k
ﬁ/zt TR R R .
5427952400, 455 U IE] SOOI 5.0, 7105,
S RIERRIRIE R Bw, PHPHTRAE, BAHE

PR, W42 HIEVE2. (P3SN
(P3.1) : WH,IIiD?PF —tr(YW)

+p (tr (W) — U (W(k))HWumax (W(’f>)>

(27a)
sttr(W) < P (27b)
tr(ZW) + [|@21n | *of < Pr (27¢)
P+ Pr = Potal (27d)

H, Z = (0, (SO\T: +T)" (02 (SOIT: + T))o
4.4 TAAR{EAIER

5439 A, BFRAEERS, KI5
NAOF LRk 5@“(132)*%: RN ES

TARIS2BURMEF T, 56,5k, Nk, Hire
iﬁﬁ%'@(P%*ﬁlﬁl, ééiiSCA’}ETﬁ%E, B RIREN
Pt ra)

(P4.1) : Jnax 7 (28a)

s.t.tr (B®,) + bobll
> Tpkn + Kp (T - Tn) +Tn (’i - '%n) (28b)

tr (B1®1) 02 + | R2Os|°02 + 0% < & (28¢)

Hik 2 ETSCARAOE ERTE

(1) Wit 250° , 07| w© | 1y, ko, BAREn =0, Yk
[TFRe

(2) T A pg H1H
(3) EEfRFFA:

(4)

4) [0, w, RMAEM(P2.1), EMIAT MBS 77

Flopt!
(5) MEO:1, w, RMEE(P2.2), KT mBHEHL SR
#oyt!

(=2}

) [EO1, 02, KfEnE(P2.3)5 5 wn T
EFOPTY, o+t wntl, JHEymEL s
) SIS 1 [V iaom — Yiapr| < €3in > 10027 K

S, R, BEREEER, BN, n=n+ LREDS
4
(9) BRRMEOG, 02, w

(

AA
(S |
—
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& B

B o

i AT %

X (19¢)-3(19f), K (11)

[ 5E 01, w, P, Pey M Peo, X B AR5 BEE
T4, BAARRRE, H4.27 M EE2 . 1]
B(PAL)ME N

(P4.2) : —tr(YW)

min
W, P, Pr1,Pr2

+pQIUV>zmw(wﬂ“fﬂvaXOV@Q) (292)

st.tr(W) <P (29b)

tr(XW) + [|©11y|?02 < Ppy (29¢)

2
tr(ZW)+|0:0u1]* 02 +|[02561],,, 101, || 07 < Pr
(29d)

P + Pp1 + Pro = Pl
Hr, X, Z895E XA (26¢) 3(27¢).
5 {FEZERSH

51 AESH

RSO FURL G A 7 2 (8] P B B I B i 7
BELIT, ASGE O RIS R S S 4 1% 3047 4 B e A5 11
s R, WRISHIBIN L IEE RattERer#Ert .

TESHRBEWT: bR REN =10,
O BR 2, RIS, RIS2MLE ) SUaT B oA %
M, = My = 64, H& T =T RIRMIRR, Fuk. H
J1. RISIAIRIS2MIAA5 407 4: (1,0,0), (1,100,0),
(0,0,5), (0,100,5) BSHIR Lk B I [m) A1 H IR
LRI E N, = v, = [-1,0,0]", RISTHIFENE
Tl = [-1/2,v/3/2,0] Flol” = [0,0,1]"; RIS2
(PSR 7 TI0 = (0,0, 1) Aol = [1/2, —v/3/2,0] '
ARG TAF WA E NG GHz, WK ANN=0.05m,
Fevb REE ARG, = \/2, RISKHS B ICIERE L, = \/5.
P BRAE S BRI R No? = —80 dBm, SEHT
HNTFrk=1, f=-30dBRRNZSHHEEdy=1mlN
PRARPRE, FEuEFIRIS1, RIS2MH AL HE R B
RIS1, RIS2EIH /T IR AR FE R B W E Ny, =
Q= Qg y = Oy = 35 RIS1Z|RIS2M B AT T FE &
oy, r, =220 BOKREHIR KB E a2, = 40 dB,
AT FAE USSR 7Y e = 1073,
5.2 HXSENRGEHKEERENFIY

RN L H AR RGEE TR, T
T A ZH—.
5.2.1 MARRHNRGEEES=EHFN

Ko, % I Py = 30 dBm, TPPRZH
A B R 1) JE 3 R 3 T 2R Prppr = Pro s TAPR,
TPARF 5 ActivetB R [ ik & 5 Th 3 Al i K TBOK

(29)

ZE NP, = Pr; = Pow/2 ~ 27 dBm, i€{ TAPR,
TPAR, single-Active}; TAARZ AR 3Lk K
S 2h 2R e KK D) A Praar = Pr1 = Pro =
Pota/3 ~ 25.2 dBm »

BEE a2, K, SHAEBEYERGEEAWIZ
Tt AHMHCR REOE KB —EH, BT RRCR
WRMAR, FHABMELET g, KR
BN, TAPRMTPARA SRR R G R B,
K R BBR A, ARTSTE 5 3l s 5 ] 7 3 BT 35 44
A HOR REBCRE, BT ARISHE T 2 3,
YR 5 S 5m BEAUH F o BE sy, B RLUCEROR T
KRB 0, TAPRAGHEMYASGAER
TPARMGHAISERT TP 2%, Bk, 7E3ER,
R K ARTS 2 E ST F Y AL
5.2.2 ASTNENRGEERENFN

B3R T AR RS e, B K5 D21
i, AFRHGEEM ARG FEERI . BERKR
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Abstract:

Objective ~ With the continuous advancement of research on Reconfigurable Intelligent Surfaces (RIS), various
application scenarios have emerged. Among these, Active Reconfigurable Intelligent Surfaces (ARIS) attracts
significant attention from the academic community. While some studies focus on dual Passive RIS-assisted
communication systems, others investigate dual RIS-assisted systems incorporating ARIS. Existing literature
consistently demonstrates that dual RIS configurations outperform single RIS setups in terms of achievable
Signal-to-Noise Ratio (SNR), power gain, and energy transfer efficiency, with dual RIS systems achieving
approximately ten times higher energy transfer efficiency.

However, most existing studies on RIS focus on optimizing the performance of reflection coefficients in one or
more distributed RIS-aided systems, primarily serving users within their respective coverage areas, without
sufficiently addressing the benefits of single-reflection links. While dual RIS systems can effectively mitigate the
limitations of antenna numbers and improve transmission reliability and efficiency, single-reflection links can
still significantly enhance channel capacity, especially under low transmission power conditions.

This paper proposes a novel approach wherein dual-reflection links and two single-reflection links jointly serve
users. The goal is to maximize the downlink capacity of dual RIS-assisted Multiple-Input Single-Output (MISO)
systems by strategically configuring the interaction between the two RISs.

Methods In this paper, four combinatorial models of RIS are investigated: the Transmitter-PRIS PRIS-
Receiver (TPPR), Transmitter-ARIS PRIS-Receiver (TAPR), Transmitter-PRIS ARIS-Receiver (TPAR), and
Transmitter-ARIS ARIS-Receiver (TAAR). The optimization objective of all models is to maximize the
communication rate by optimizing the antenna beamforming vector of the base station and the phase shift
matrix of the RIS. Due to the coupling of the three variables in the objective function, the model is non-convex,
making it difficult to obtain an optimal solution. To address the coupling problem, the Alternating
Optimization (AO) algorithm is employed, where one phase shift vector is fixed while the other is optimized
alternately. To tackle the non-convex problem, SCA is applied to iteratively approximate the optimal solution
by solving a series of convex subproblems.

Results and Discussions  Building on the research methods outlined above and employing the SCA and AO
algorithms, experimental results are obtained. The system capacity of each combination model increases with
rising amplification power (Fig. 2). However, once the amplification factor reaches a certain threshold, the
capacity curves of all models begin to flatten due to the constraints imposed by the maximum amplification
power.

Further demonstration of the system capacity performance of different combination models as transmit power
increases is shown in (Fig. 3). Across all dual-RIS combination models, system capacity improves with higher
transmit power and outperforms the Single-Active model in all scenarios.

In (Fig. 3(a)), under low transmit power conditions, regions of the curves corresponding to higher amplification
power overlap due to the constraint of the amplification factor. As transmit power increases, system capacity
stabilizes, which can be attributed to the proximity of ARIS to the base station, allowing it to receive stronger
signals. Under high transmit power, system capacity continues to improve due to the influence of PRIS. Unlike
ARIS, PRIS reflects the optimized signal path without being constrained by amplification power. Consequently,

as transmit power increases, the signal strength received by PRIS is enhanced.
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In (Fig. 3(b)), system capacity increases with transmit power, showing trends similar to those in (Fig. 3(a)). In
the TPAR combined model, the amplification factor constraint dominates, causing the system capacity curves
to exhibit similar behavior across different amplification power levels. Under low transmit power, the signal
strength at ARIS does not exceed the maximum amplification power budget. As transmit power increases, the
amplification power constraint increasingly affects system capacity, leading to a gradual slowdown in the
curve’s upward trend until it flattens. At high transmit power levels, the system capacity curve of the TPAR
model levels off due to the low signal strength received by ARIS when it is positioned farther from the base
station. This positioning necessitates higher transmit power to overcome the amplified power constraint. Thus,
it is recommended that ARIS be deployed as close to the user as possible.

In (Fig. 3(c)), the TAAR combined model leverages the characteristics of both ARIS and PRIS in a dual ARIS-
assisted scenario. Under low transmit power conditions, significant capacity gains are achieved. However, at
high transmit power, the system capacity is constrained by the maximum amplification power of ARIS and
eventually levels off.

The system capacity trends in (Fig. 3(a)) and (Fig. 3(b)) consistently increase with higher transmit power. This
is because both combination models integrate the advantages of PRIS and ARIS, ensuring high performance
under both high and low transmit power conditions.

In (Fig. 3(d)), where ARIS is positioned on the user side, comparison with (Fig. 3(c)) reveals that, under high
transmit power, the system capacity of both combination models is nearly identical, regardless of the
amplification power level. This suggests that in strong transmit power scenarios, the additional gains from
ARIS are limited.

Conclusions  This paper provides an in-depth analysis of the optimization of dual RIS-assisted MISO
communication systems, confirming their superiority over single RIS configurations. However, several potential
research directions remain unexplored. Most current studies assume ideal channel models, whereas real-world
applications often involve complex channel conditions that significantly affect system performance. Future
research could investigate the performance of dual RIS systems under these practical conditions, paving the
way for more robust and applicable solutions.

Key words: Double Reconfiguration Intelligent Surface (RIS); Multiple-Input Single-Output (MISO);

Alternating Optimization (AO) algorithm; Convex approximation
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