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IRS rate maximization algorithm based on multi-user reflection unit selection
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Abstract: Intelligent reflecting surface (IRS) is one of the key technologies in the sex generation(6G). However, for
multi-user systems, the computational complexity of the system increases greatly with the increase of the number of
reflective units and the number of users, and the optimal design of the system faces great challenges. In this paper, we
propose a low computational complex transmission rate maximization algorithm based on multi-user reflection unit
selection. According to the user’ s rate requirements and channel conditions, the algorithm selects the matching
reflection unit, considers the phase shift setting and the base station beamforming, and carries out joint optimization to
establish a user rate maximization problem. There is a high degree of coupling between the variables in this
optimization problem. Therefore, the original problem is divided into two subproblems for solving, and the
approximate solution is obtained by using semidefinite relaxation. The simulation results show that the algorithm
proposed in this paper can significantly reduce the computational complexity of the system while improving the
downlink transmission rate. Compared to a system without IRS assistance, the transmission rate increases by about
50% ; compared to a random phase IRS, the transmission rate increases by about 30%.
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0 3| AR FUH P Z A L g A B L s IRS 52
Kl K Z o A B B S B R &5 & H . 5 84T 5G

% fig ) 4T 1 Cintelligent reflecting surface, IRS)FEAR {5 R GEAH Ho AT LA IR H2 555 28 45 10 g B R AT R R 7,
ETFT—NRELEFERENEEHEAZ —, — LR B H51E 5L 55 0 v 4k 2 A L, IRS S B (S R A B AR
TP ARz Y . IRS HOKRARBA B SR E4L R, 2%, IRS o IR R 40 % K 98 % ) 35 S MR . B
BEAS TP LA ST B R B R GHES A IR R RAR 7 T EE R SRR A A S5 A B B B AT LA SRR I R 4 O BE DRI

il

W H 9 .2024-11-15
* BT H LA A R TR H (SZX2020034) % Bl

¢« 00 .



948 & 2 F o

T # K

FE B RGUEAEMERE . B 5 P 2 A A L8 A B B
8 0o Bk I A B i Ak 1) D ARRIE A TRS A B AR S L AT LA
A5 P A A5 i B S A T B L A R SR Hm P RE . TRS
1368 15 2% 58 BRAE 5 B RE T80 e KAl B dls 5 de b L f
RS ONIA LICIES - SNIAV S IRVES 2N Ik N
JUZBESE . SCHRC10 6 A IE R S ot B R sg B A Ak
kN R A A i R G0 R B REFE A /ME . 3C
BRCLL 120 M 1 IRS Hif B R 48 09 D R 2R F R I 5 28 1
SR G R BEAT T I, SCHRC12-14 T 23530 i JH A [] 9
FEX ARG AT T . b SCHRT 12 ] 72 v a3 5
A IR E HY A IR DAL T IR S ORBOR A IRS Ak
FARES  doe KA P AR ¢ SCRRL 13 48 iy T R kit
SRR BT 9 SR AL J 0k L 24 R 2 M0 R S e %
BRI AR R G R AE, SCik[14 42 1
TR AR R G G IR AL . K R S DR AN
FEMFF 53 BC 2 P o DT 2 v 07 A A3 R AR T 303 4
BE. SCHR [ 15-16 11 1) A [7] H 5 % JC 4 i {5 2 47 1AL
SCHRL 15 T ol {5 1 B 5 i R WOR 47 Bk & 0 (L 50 1%
KA RGO E B A s SCERL 16 152 1 T — Fl 28 T 5 B 4F
B IR AL R /ME T RGCF R RRAE R . UL g
SCEFAT A 5 BT TR B I 3 5 R AR [
WAL 7 SO A R AR B AR B 1 1A R Ak e 05 58 L (B AE
ARG R 2 BT T 5 A

W 257 308 15 O 246 1) i i o 10 2% v ) P 5k A BT 394 5 )
S FH P R 35 BBCHE G 9 A i P R R o T O 22 A S B T
B A T B S S BT A 1Y N 2R 8 0 BRI 5 T AR
BB 5] i 3 2% T BOPH RS Ab 5 8 A0 B 19 1 55 4 KR
S BRI T R GRS E A T AR . H AT
F1% 35 3L Ak DR T 982 O T 0 S B R 5 P A IRS BT AT
RGIF BN RGERIT R R

HAl EA ¥ EEFIELZHREMIELZ RS
XF TRS #ff Bhai 15 R GE 0 73 44T T 0F 98 IR B AR B A &
G X5y AU F R G0 IRS LU R 58K i/ B [ i 24
PS5 . EARIERZ R G SCERO17 1058 1 IRS
B PR AR IE S Z Ak R GE . FRE T — A4 IRS R PIA I
HARBEAR 55 . [ E Dy R 3 BE S WS . [] I ek AR 8% A 1 3k 47 4T
e R RACH P AR EI W7 5 D R, SCERCI8 AT IE T 2
IRS i B9 22 i1 7 2 4856 4 R F0E OF 1P & 70 A )
(SR TE L 3 25 A SR BE AN ) IRS (85, R /ME RS &
YA, bR SCER SR 4 32 BEEE T T R 2K R 2 A
FLR AT AR BT B IR R IR B A R BT R
7 TS AR R L JE TR T T ML TRS Gl 15 R4 .

TEIESE ZhE 2 g, F P 43 21 50 20 K408 4 0 1 490 %
FEPEsEvE . SCIRL19 N 4 T AR IE S 2 R GE A T AR 5B
SCHRL20 JWF5E 7973 22 1k R e 9 TRS 7341 Rl % 73 4107
ZHARAR YIRS FATT Ay — Al H EL A R TR 1) S 5 3R 5
FEAR T RGERTHE SR BE . SCERL2 LIRSS T 2 REERY

+ 100 -

IRS 73 L A1 £ i 55 P RO e 2 L B A3 B e i A7 BR 119
ARG ZRME I RIC A A T e B In R R T RS
S A AR . LR TAE EE A PR IRS #9704 J5 1, 38
TP RIS BT =2 18] B4 AR A L D R G TR R
Pon AR R AR R E R E., EEa B RN,
ARG SR A AR WO 25 07 T N AT A HE—

AR SCER X TRS S B 9 2 1 &R G835 A2 0 Bl
K 38 B E n [] L ¥ U B T AR R R P R N
SEAF W L B AT ER T . A R R S8 B AR MR LE A S S T e 4%
B AR RS IR R RS I PR A A R A E T Ll
WA (e A i il i RIS R S5 BT e B ANAR RS L S T R
R GeAl R ) Rl T RO B0 A B B 5 A RS 1 1)
RO o PSR o LR % R R R SR I 2 A s A L AR
e B 3 A de R A I) LA A o ) AL TG 3 L HOR . AR OB
JEG DE A TR) AL o3 A D W A1 [T E AT R g . i Jede i T —
Fift 5 T H iCfR R LU Y TRS /Y 5236 FOC e £ 500k, D 1 P ik
PRI IRS o, i 1 45 £ 180K Bl fee O (9 B A3 iR
G AT LA RO P BEAT B S BT e+ 2R 48 A9 1% il ikt
AR RE T, IR 5B RE il R OB 5 TRS M AR
W EAT IR A DL o e I [l AT Sy A o™ ) R P TE S A
ot 5 H [ RBURG A O o () R BEA TSR A . POXS TRS A T
BEATRE R L L — F P R B OT RO TR R R A
2 E R FEAR .  FL45 RR WIAS SO 41 53k T LAAT 2009 AR
F6 £ 30 o 2 S A T S BEALAR AL A TE TRS 4 B AR L
AT LU RO R G A A R SR T R e R
YRR A R

1 REgER

WE 1 iR, IRS S B Z N REFR R — A B A
M RR LR FS, BA N A S0 8 K HLEE IRS, I K
AP . R FE LA R R, R GOk IE 58 M43 2 hk
AL S K AFE8E B84 s S H— A FEE,
FAEEW RN B, A TR E R, B 3k 5 v] DLl
AHAFEEMIT T ERAEA TR EEFER™ . F
4IRS S AR R E WG, Hoh 2R R 4P
TERRL Tl A I A SC 2 W 22 R B BB T A S
HPRIHT RG-S . R GEAMREMR T8 IR 0 R a2 P 32 5 A
N IRS BRTT, B 1 o AN 8] B8 X 43 K () P 6 i 1 IRS
B RHES.

R TATES NS0 8 H P & s, w4y b E
SRR IZ IRS AT R AR, & h, € CMN FoRE 3 3
PO A (58, P ST A R PR A 4L, — 3B 4 O
F IRS W4 .4 G € CV™Y FoR I B IRS I 19 {538 . 5
—#B4r A IRS B P #AE .4 b, € CVN %R IRS 2 H
FEE,. 557 IRS BonkERE,4 0 Fx IRS &k

E‘J*ﬁ*giﬁﬁiv 0= dl’dg(ﬁﬂ?wl ’Bzejoz [ ’ﬁ”eﬂ\' ) ?;E\:EP ’B S
[0,11.0 € [0.2n]. BUHF & LWHIFES AT RR N



HEAF FATLAPRHFELEENIRSHER KA 55 6 1]
N C5:a,; € (0,1}
: CG:EI;,,, =1
—————————————— _IRS -1
h CT: > ., = 1 5
)%Fl[] K B -
o U Hoif, DOR, RAR RS EA LR CLA C2 4051208

Huf

Fig. 1 IRS aided communication system model

v = (W'OX,G+hDws, +n, sk =1, K (D
Hrr, n, ~ v (0,07) Feom FP 200 B9 04 i 357 1 e
HIMER 0, T 2N o) 55, RRFEI BRI - BIF B W
E[s, I"]= 1w, FmRHAE HE— LUK K5,
X, ZaH P e TAERICERBEH . X, = diag(x,.).i €
LN HFR R 2,0, = 1,60z, =0,

FEIIBR I TAE S R b, AN IRS BT I 18 32 25
(i) {7 5 0 B B 5 5 i, o AN TR) ) P ) e A1 T AR AE —
FIPERE2E 52, FEARSCH, ST AS [ A P A0 4 S 1k 1 £
ROU S e A R 45 19 T 4F TRS H00 ., 7 SO sk B
B TAE BRI R S TRl B | B, [ = 15 RIEHE TAEHIT
TGS B | B, | = 00 XFHF £, HAFE G BEL N
h!', * diag (G, AP k 84 IRS TAE 85T Jg 35 9L BE 4% &
BRGEMRIT, P b B EE N .
| (R'OX,G +h)w, |’

O
APk B8R SEBE R B, P R AL BYAE B AR 2
(1 | (R'OX,G +h)w, \Z>

2
O

SINR = (2)

R, = Blog, |1+ (3)

2 EiEigit

RT B R R G i R R A AR 2 P B
MRGELE . BA UL 3 &k 955 BE & . IRS I 4 48
Pr AR T —MRE 222 H P IRS AT Rt FEAE
oo ESE, TR P ORGSR E B AR B HEAT IRS T R
TLEEREIRIE B R AT R T T A A TR F RS 0
FRGHATIA PR RIE , 1 21 1F & #2 5t (semidefinite
relaxation, SDR) 75 3|3 L fi# ,
2.1 fEiEzm

Ak [a] ] DL AR A

K
P1: maYXERA,
0w, X &
s.t. Cl:0 € [0,2n]

C2:8<1
h'OX,G |*
c3=¥> SINR s
O

C4. H W ” : < woz

G5 1E IRS AL AAAE FIIRME 2T : C3 Jy IRS A4 I f5 1 L
ZYH, SINR pys FR P 28 IRS S5t 3% A2 10 3 001 e L
Ce REMNINHAR, w,” BRI LG Y% ;C5~
C7 78 IRS B TAR TR LY . B4 TRS HITLRE N
— AP TAE, BN EDSE —A IRS ooy H T/E,
2.2 RUEELSBEEERT

JE ey O A T A v 5 S5 B T 35 4B 6 I 55 2 S5 BT R %
VAR LR T P A% i R R 5 T P B A M e AR R
AT RAGR . RUL K B i o Ak 1] S04 1 Sk S5 555
BALTT 6 15 AN B U AR R E P > (0] 80 38 A7 3R A % e 3 2R
JCIEBCHIAHRS AT A . BRI RGN BB I B L
S BT TR B, 7E AR E P B e L A 5 0 R, ok Ak
PR B AR R 2R SRS R S S B e BUE T R 48 .
B Im) 8 S — R 2 3R R B J) (quadratically constrained
quadratic programs, QCQP) [A] 5, i FH 2} 1F & A2 it 5 2
AT B RIRIEARAL SR A5 R GE R

1) S B e i R B s

TEE A iR KA R G0 1% il 2 09 3 58 v, IRS R — B
(] B8 B — F P IR S5 R 2 AN 6] T P 22 ) B DG L T
HER I IRS K 5T, R B i A [R) P 9 4 18 o
ANTa] S BOT P A5 A i o 38 22 BRSO, 3 i R 8 {5 1k g
TR 3% s WA TP RS SROT R B, RGE TR R A B R
BRI, Sl A SO T —Fi e KR P R AL R
B R R TE R R S AR A P S G WA M L i 2 3R
T s KA P B S B B WA R L R AT R B TR
BARBENT .

e MR R H P 0 IRS TS a5 58
kAP EBE SN N BAF IR FE R R AR
IRS HIT, 45 24~ FA P 18 BUR] — 5850, J) o 50 5T fi R T AR A0
s A P R A, At P P R 5 R P BRI LB
BEAR B ARAR MR LG TH OB P AR L BR B AR B fE M L 5
T /M R L2 A 5 R 15 M bE 25 (8 B R P £ IR IRS
W0, BB A P 38 B o NEBUE R L s ZE R 4 oo
EICH AR R L A Y IRS Hot, BLmAENE 2 P,

2)2 T SDR H L m k& L5 ik

i IRS 4b S 5H5E 5 Je s, Bl g = 1, JR A fR Ak IR i
LRV Ak s

K
P2.max > Blog, (1
0w »

S.t.@ 6 [0927[']

H W, H : < w, (5)

L h'OXG kD, | )

O

+ 101 -



948 & 2 F o

T # K

PiR:il

BRI  2 S
R TEE

R
ER

KRS RS L
SR ERER

NEEBKIAFG | Y
RBA RS T |

BB N

W

Wl 2 BERRSA L A K
Fig. 2 Flowchart of select algorithm

XFAEB RS E W 0, i H e K A& i (maximum-
radio transmission, MRT) J5 s, 7] ISR H 2 48 09 s A0 I R

(h"ex,G +rH"
- . L OX, . -
I 56 [ L B w VP ThPOX.G Lhi [ ° Heg,p %
7N AL B R S TR, AR (5) Rl A
rralaXEBlogz<l +P I7/0X.G +h. | )

2
Pop=1 Oy

s.1.0<< 0 <2xn
fwe ll? <w, 6)
245 — Ak U SR T 2 e B K (B I L R A A i
KSR KM, BYSE [ w, l|* = w,” B, 7K I*E
P =xw,”, @) ik .
w,” | h'OX,G +hi |’
ol
s.6.0<<0<2xn D
Seb e I B X P AR AR A i @, AN TR T X R X,
AR E ST P IR R X (7D AT e AE R R P B B4R B A5 i
IR G KR TR AR A i R R AT R 5 SR Ry A1 R
B R, N IR R BCED P R HE M M G U K AE R
JiE AR de KB A Ak ) 2R (7 PTG b
max | RfOX,G +hi |°
5.1.0<<0<2n (8)

io

/?“\ ¢ = [901 9502""7507;]” ’ ;H\‘!ZFI, @, =€ "Tyo )E*E*g

maxZBlogg (1 +

0.p 1

+ 102 -

LY P(CD) A AL Z P AL R T, B [ @, | =1, Vs
4 hl'OX,G = "V . HH ., ¥ = diag(h')HG € CV™, I
AR TR = () AT fEh

max || "W +h} ||*

site @, 1P =1n =1,,N (9)

# AR

m§x¢HWWH¢ +o0"Wh,+hi¥P"9 + | h,"|°*
sit. o, P =1 =1,,N (10)

A S E | Sl ) A e 8 N [ P AU
KA, AR A SDR SRk #4104k . SIAMBI R 2,07 =1,
Bk = 0 e h .

max "Rg + | k! |°

s.t. ‘(/;,,‘Z =1l,mn=1,,N-+1

{WW” Wh} . P}
Hr, R = o = .
h,"p" 0 t

KN @"Re bt , AT 1 X 146/, Hilh 5T ARG,
SR Sy 30 0 1 T R3S H L T LA @ "R = tr (Rp@ ™)
AT = e, Wi/ rank (I = 1, H N2 1E & & FF, /I
Ire—o, JFXA5E%.

mlgxtr(RF) + Rl

an

r,,=1l,n=1,-,N+1 12

S.t.

Ir'—o

06 A Tm) 7505 Ak R 2 OF a2 B A )8 (semi-definite
programming, SDP), Al it CVX T H 4 i 17 ff oo, ml 2L
KRG AL
2.3 HEEZEENW

BB E B M IRS HEER L #ET CVX THEE
KA SDP [nl A i ML AL a2 B k. T & (% IRS ik
BELMEZREN ON+N(N—K+1)+Ny), SDP [A]
%N (N, + D, RAEBTESFE O
(VN + D7) WEEAQ, 7853 Yk A b 45 5 45 R 75 3T O
(N +DDHD RHE R EREROUN, +DD . &
BB AL LT AR AR IS R I B A OGN + 1D,

ARCEFPAP K W2 2488 O(Ng (N — K +
D+ N, +DD, Hi, N, (I FHBUE R (N/K)., K3t
RIS S St AT BT TR B 2 B8 OCN + DD,
B AR SO AT DA KR BEAR R R 093 S 5 2R

3 EERSSMH

ARSI RBEAT T 5 H . D KR H 5 IRS Z (8]
BRI P B L2 A 7 DL IRS Sy Hot B B K39 1L R
FORFE XE AR . SRS IR 1 R,

WP 3 B o AN [ Fi P ORI BT RO R G A ik e
Wit 3 A S5 T A< B AR A AN ) o B i i A S ) AN DR
Rgrpfrnt i 2 O, B R] LU L 2 0 Rk



WA F AT SR P BAEAKE IRS ik F 7 KAk

®1 HEXSHE
Table 1 related parameters
2R ZHH
HIEFI M PR D/m 200
P A KRR R d /m 20
REHEM 4
BEH % 6" /dBm 100

BEEBFERBL B 2B, +Bs [2,2.8,3.5]

—E I B BT BT NS, R G A i i
ARG A A BB BE Z 30 s 25 RO e — s L B
FH P B KOS, 2 G Ay ik o0 KR 8 TR AR A 2.3
TR T Al RGN R R AR T R

607
55+
50¢
S
T 4s5¢
=
< 40t
i
= 351
s
W oy N=60, K=8
25 : wolen N=80, K=8
R werdeen N=100, K=8
201 —a— N=80, K=10
- W - N=80, K=6
15 : : : : : : : ‘ ‘
10 20 30 40 50 60 70 8 90 100

FE R ST Z/dBm
3 AR HE R G k7 BE i & 5 2h A8 1k il 26

Fig. 3 System throughput variation curve with station

transmission power under different parameters

WE 4 s, RRSH &P BERERE RS RE5
R a7 N I I N i R S RV S W e N D E Dl R £
HE, TERFRAATEERERZA(RERFIL D) LA,
oA Bt ALAR LA G RS 4 B R 51 1 SCEk[ 7], M E
HR] DL 45 F P S 38 T B AL AR A A T IRS A B &
G55 T B poR] DL S B0 A SO B AR T B AL AE 47 IRS
AT IRS MBI R4, ML K IRS MBI R Gt dE 2 T+ &4
50 % . AH HLBEHLAR A IRS 4R T2 0 30% .

WE S s, &8 & nk & B R G5 o0 s 48 4k i A4E
b, RERHIRETE N 100 W, NEHATLUE N, RS
B R R AT ER MW, 3 LA EHKE
IMER I P K=10.K=8,K=6, fi&E RS T H P
BB, AT R4 IE M £, BTk B (R T TR A, REE A
MR RYE 2.3 AN, RENITHERERT
[ =

55 6 4]
Is
=4
=
‘E’E‘ 3
a2
1
20
¥ e A7 BENUAHALIRS  TGIRSHB)
(a) & F P B2 L
(a) Comparison of receiving rates among users
;5 50
= 40
=)
3 30
1w
= 20
# 10
B 0
= AICHEE BENAEAIIRS  EIRSHIB
(b) RGHHE LR

(b) Comparison of receiving rates among system throughput

B4 &M P RGER RS R AT I
Fig. 4 Comparison of receiving rates among users and

system throughput

110
< g e U
....... e
N °l e -
........
j ............ B .
B gol .k e <l L
ﬁz T e o o
70 J—— e T
0 e e .Q ......... 0 ‘
| I o &
......... 0
o & o
L b K=8
L 4 wurers K=10
40 I

10 2(‘) 36 4(I) 5(I) 6(I) 7(I) 8I0 90 lOIO
S BT

&5 RIa R 4 BT o Rk B LA

Fig. 5 Comparison of system throughput with

different numbers of reflection units

4 & B

ARSCERXT IRS HiBh I 2 M P OB AR RS W9 1 4
FLZH P G OC B IRS w3 5 Kb ), 2 T —
T oA TRS FLOTREPE L 5 3 P AU A IRS Ak S 3 A
B Sk I KRR G AT AR, HA R R AR U &
AT LR B e AT AR 8RR M L 5 8 TRS il B R 48 L AL
HARGL T2 50 % 5 5 BEYLAR AL IRS A1 LL , 1% i i 3 42 T 249
300 . FHELA AT AT A A SCEE A FT LAAE 22 P 0 R R
IRS N5 A AR R G R R AL . TE AR TS
R SR AR IE S0 2 Hk R GEAE 2 R AR RS IRS
SFRITEEPE R

+ 103 -



948 & 2 F o

=

#OAR

2
5 2Tk reflecting surface aided network: Power control for
(1 GONG SH M, LU X. NIYATO D T. et al. Toward physical-layer broadcasting[ C]. ICC 2020—2020 IEEE
smart wireless communications via intelligent reflecting International Conference on Communications (ICC),
surfaces: A contemporary survey [ J |. 1EEE 2020 1-7.
Communications Surveys & Tutorials, 2020,22(4),  [11J HAO W M. SUN'G C. ZENG M. et al. Robust
9983-2314. design for intelligent reflecting surface-assisted MIMO-
2] WU Q Q. ZHANG SH W. ZHENG B X. et al. OFDMA terahertz IoT networks[J]. IEEE Internet of
Intelligent reflecting surface-aided wireless Things Journal, 2021,8(16) : 13052-13064.
communications: A tutorial[J]. IEEE Transactions on [12] ABDULLAH Z. CHEN G J. LAMBOTHARAN S,
Communications, 2021, 69(5):3313-3351. et al. Low-complexity antenna selection and discrete
[3] XUE Q. LIU Y J. SUN Y. et al. Beam management phase-shifts design in IRS-assisted multiuser massive
in ultracdense mmWave network via federated MIMO networks[ ] ]. TEEE Transactions on Vehicular
reinforcement learning: An intelligent and secure Technology,2022,71(4): 3980-3994.
approach [ J ]. IEEE Transactions on Cognitive [13] JIAO SH Y, FANG F, ZHOU X T, et al. Joint
Communications and Networking, 2023, 9 (1); beamforming and phase shift design in downlink UAV
185-197. networks with IRS-assisted NOMA [ J]. Journal of
[4] HUANG CH W, 7ZAPPONE A, Communications and Information Networks, 2020,
ALEXANDROPOULOS G C, et al. Reconfigurable 5(2): 138-149.
intelligent surfaces for energy efficiency in wireless ~ [14] HOU T W. LIU Y W. SONG ZH Y. et al.
communication [ J ]. IEEE Transactions on Wireless Reconfigurable intelligent surface aided NOMA
Communicationss 2019,18(8): 4157-4170. networks [ ] . IEEE Journal on Selected Areas in
[5] Bo5{d, 2 1E. 5G MM 3 F £ HER Actor-Critic Communications, 2020,38(11) : 2575-2588.

(6]

7]

[8]

[9]

[10]

MIBEUR 4y BC [T, B4 B I i B R, 2024, 43 (6)
33-40.

CENG W J, LI H. Resource allocation based on multi-
objective Actor-Critic in 5G heterogeneous networks[ ] ].
Foreign Electronic Measurement Technology, 2024,
43(6) :33-40.

YANG Y F, ZHENG B X, ZHANG SH W, et al.
Intelligent reflecting surface meets OFDM.: Protocol
design and rate maximization[J]. IEEE Transactions
on Communicationss2020,68(7): 4522-4535.

XUDF, YUX H, SUNY, et al. Resource allocation
for secure IRS-assisted multiuser MISO systems[ C]J.
IEEE Globecom Workshops, 2019:1-6.

WU Q Q, ZHANG R. Beamforming optimization for
intelligent reflecting surface with discrete phase shifts[ C].
IEEE International Conference on Acoustics, Speech
and Signal Processing,2019:7830-7833.

WU Q Q, ZHANG R. Intelligent reflecting surface
enhanced wireless network via joint active and passive
beamforming [ ] ]. IEEE Transactions on Wireless
Communications,2019,18(11) : 5394-5409.

HAN H M, ZHAO J. NIYATO D, et al. Intelligent

104 -

[15]

[16]

[17]

[18]

[19]

BZRFE AR RAR L 220K, To AN HLAE B JC 26 58 1% 0oL B A1 i
WA AL T B L], 7 0 R, 2023, 46(20)
88-97.

HAN D SH, NIAN X R, LI R. Joint optimization
method of position and beam for UAV aided wireless
LT
Technology. 2023.46(20) :88-97.

BT B B TR AR 1 A8 ol 55 TR A
PR LLT). T I i H R . 2022.45(20) :29-36.
HAN D SH, YUE X T. An wireless access selection

communication Electronic  Measurement

algorithm of substation service based on age of
information[ J]. Electronic Measurement Technology,
2022,45(20) :29-36.

AL-OBIEDOLLAH H, SALAMEH H B,
CUMANAN K, et al. Competitive IRS assignment for
IRS-based NOMA IEEE  Wireless
Communications Letters,2024,13(2): 505-509.

YANG Y F, ZHENG B X, ZHANG SH W, et al.

system [ ] J.

Intelligent reflecting surface meets OFDM: Protocol
design and rate maximization[J]. IEEE Transactions
on Communicationss2020,68(7): 4522-4535.

TR EWF . AR AR e L HR 5 F —Fh OFDM 4t



SEIF FATERAPRFSETEFN IRSEEZRMAEE 5 6 1

[20]

(21]

B i 72 I T 20 B3k [0 ). W 0 4 4 R, 2023, 46 (1)
148-153.

HOU W M, WANG Y, HOU Y L. An OFDM anti-
frequency offset timing synchronization algorithm in
low SNR environment [ J ]. Electronic Measurement
Technology.2023,46(1) :148-153.

ANJUM M, KHAN M A. BASHARAT S, et al.
Dedicated versus shared element-allotment in IRS-aided
wireless systems: When to use what? [C]. 2023
IEEE 97th  Vehicular  Technology  Conference
(VTC2023-Spring) »2023: 1-6.

ZUO J K., LIU Y W. QIN Z J. et al. Resource

allocation in intelligent reflecting surface assisted

NOMA systems [ J ]. IEEE Transactions on
Communications, 2020,68(11): 7170-7183.

[22] MUX D, LIU Y W, GUO L, et al. Capacity and
optimal resource allocation for IRS-assisted multi-user
communication systems [ J]. IEEE Transactions on
Communications,2021,69(6) : 3771-3786.

EZ& & v

BRF M H R W, BT TS [ O Tkl

fER BRI R .

E-mail : handongsheng@ncepu. end. cn

BERGEGES B LA, RO D5 W b Tl
(EE R %N
E-mail : 1665925552@ qq. com

+ 105 -



