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Abstract: Cognitive radio (CR) was of crucial importance in improving the spectral efficiency of wireless communications
systems by allowing the secondary users (SU) to share the spectrum with the primary user (PU). Recently, the proposal of
Intelligent Reflecting Surface (IRS) allowed us to reconstruct the channel environment through IRS reflective elements to
improve the performance of wireless communication systems. In this paper, we proposed an IRS-assisted single input mul-

tiple output multiple access channels (SIMO-MAC) CR network. Moreover, we proposed a novel IRS-assisted cooperative
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spectrum sensing (CSS) scheme to improve the sensing performance. We formulated the sum rate maximization problem
by jointly optimizing the power allocation of secondary users and the phase shifts of IRS, subjected to the power constraint
of the secondary user and the interference constraint to the primary user. In order to tackle the non-convex problem with
couple variables, we exploited an efficient alternating optimization algorithm based on block coordinate descent. Firstly,
the optimal power allocation was obtained by adopting the Lagrange multiplier method, the water injection power allocation
and Karush-Kuhn-Tucker (KKT) condition. Secondly, the multi-objective optimization problem was constructed, and the
non-convex problem was transformed into a convex problem of semi-positive definite programming by using successive con-
vex approximation (SCA) and semi-definite relaxation (SDR), so as to solve the approximate optimal solution of the IRS
phase shift matrix. Simulation results show that our proposed scheme can greatly improve spectral sensing performance and
the spectrum efficiency of the Cognitive radio network.

Key words: single input multiple output; multiple access channels; cognitive radio; intelligent reflecting surface; mul-

tiple users cooperative spectrum sensing

1 35|

Wi 5G HAWT A, LA T KAL) 6G o4
R RGER I, (R B RO B R Ky
TG ST AR A O MR B, P, 2 E AT TR B S
FIHBTF R HARB R R , SCHRL 1 175 FERE A8 [R] N il
%5 Z P R Z KPR IE R, AT UL 24 m R et
i K, WA R ETEUEI S HRE AR HOR , UGS
W ENTSHHRGE ST ', s o IR G 5]
B NI B (Cognitive Radio, CR) BRI LTS
3 FHEAH - BT PR | St R AR TC Lk [ 45 43
TERE RIS R 2R BT CRIY
By AT E 28 A — A H 2 H AW R A 2,
CR TR 1Y 4 AL AR AR I JIGE . Jie B2 R 21k )
6G M2, CR JMCA R 25 Fh L0 (7 FR Ge A7 1) B2
RIZ, 51 CRATL 42 i R et me™ A 2 st
TR KRB AT GE 25 A S 0 7 e 2
FEHARAL Y, W2R CR A& R B0 HE ] T A5 A AT
P DAY D3 e 2 5 ) AR 8 IR 55 RS 5 T LA
P AR A AN 28 55 AN [R] I A A 1 2%
Z A IEAF  J T AR L I U P (Secondary
User, SU)HEAMSARAR, BT LA CR 2T AR
B B AR, AT RIS S R 2 DA AR

CR 1Y 3= B fd e PR R 2 GE A, B R 4 1T 3h
BVPAG T4l R 858 DL R S Pl 2. 2
A A T G B AT 4 s A IR R M RE , DR
WFIE 2% T ] PO R 7 58, A me s AG = DR
DR ARSI AEERFRSSEIE A . B R A
e PR o 4G I 21 3= FH P (Primary User, PU) & & 7E

[l

2 B A SU 25 by 32 B PR SE H 52 ) , FaeAERAm i B
AUPERE . BEXTIIR] L, 3 42 22 1 P DM gk
1 (Cooperative Spectrum Sensing, CSS) 75 %, Z 4~
SU TAEFE [A]— A~ TA H1 TC £k HL I 2% ( Cognitive Radio
Network, CRN) Ht, B AH B DL 58 B % 45 15 1 A6z
W SR €SS T 2 M9 CRN AR (148 85 Tk I 4 11
WG R  HA I 75 PU HSU M RE Uik 2 [A) 77 7
APk o SR [8 142 1 7E SU Rk ki 22 1] 51 A B
BT, % fil G b R AT HMEE , R 7E 52 = RE 1 )
PR . SCHRL9 19 A58 o F A i 1 97, 7
IR AL R B 1 D0 T BB IS B EUAF MR I PERE . 3¢
Bk [10 )25 JE I m SU Ab #1975 i 2 DL 38 56 {5 5 i
JE L E KA X PU P AE R T, O T R
I, CSS i H R B SU XS PU 9 T4 Z e AR T
{HIXTESL PR CRN HOR A BB 1Y o A SCHLXT 2
FH P CSS Hemg e TTWT T, %5 FEAEXS PUAFAE TR 5 4L
T RTE RGPS IR

T ARk, B HE I 43 1T (Intelligent Reflecting Sur-
face, IRS)AYHIIL, 51 % T ARF AW . IRS
F R B T U H % FR DT HE S 20 1k, T AR B8 52 B 1
S, LIS LIRS P E A ARAS . T IRS RE S R
RSP HAAL, [l 75 IRS R SHE 5 5 HE(R S 7E SU AL
SEPUAH T, AT AT B B T ORI XA R
PRAN T RE S ARSI A 5 AR S A T R R B
PUIRS A LA Sy 38 5 45 558 B i) JE IR B 4%, 7E A
U LA B T LT AR i 22 HA
AR BN SR . BRI 45 AR SE T 76 CR
T TRS 7R 42 = R Ge Ay ik AR 37 PU SR 52 T
PET5 WA R . SCERIIS TRIESE 1 —Fb T 5R



1264 & =

O 539 %

FH P AL 8% 5 AL SRR 73 R WA TR'S J ik Y
REAEAGIN T 5 o SCHRL16 12087 1 TRS X 3 TR ik (.
PRSI F 47 A B RS2 ), O3l o o B A5 H i B2
D IRS JCHF R A Y AR . SCiR[17 b 2%
JE T CRN RS IRS 1Y 5 B A, Horh G5
EARAAR D IRS AR PL AL AN IRS (907 B KR4 7% 1
B2 H HAH ¢ TAE R 22 R PR T TRS 4 B 15 % fa iy
ST, A OCT IRS Al B DMV A a1 A B A%
A SCEEAR D

N ) [ E IR & SV E S
CSS (g n] FEPE , FATTR 22 Hk 45 A {5 38 (Multiple
Access Channels, MAC) ., MAC 5 &35 102 HkIX
SN 2 P EAEOR B & 24
POLE R A E M RIR . Bk, 2k %
AT R P R R, R, K2
Bt S8 CRN J2 2k T Bk A Bl Hh LT 25 M B9
HI T 2R A4 X L4540 2 8 Z R 2%
i A57E SU AMZEW Y PUE5 SEBR EAEH 55, AT &
B A N T 1 v T G AR 0 B R A R X i —
WK T SU RS SIS ARCR . H IR =%
[) I 4 =5 CRN AP RE , R 43 S 3 B J2 il ] A
i A Z 5 H (Single Input Multiple Output, SIMO) Fl
2 A 25 G 7S ] S SRR AR, AT
A& vo AT R0 R MAC B RTS8 A R b 2
ZMARL . [FmF, i T3 30 2 om 5 ROT FSAS BR
il , B 2R 2l P AR 2 5, FRATT T B b X
i B PR Sy B A 22 22 hE 4 (R JE (SIMO-
MAC) AL,

A3 [ SIMO-MAC CRN 4%, [/ i 5] A IRS
WBhZH P eSS, IR T SIMO X —#L
il 5 Z A P CSS A LA &, Il FH IRS K15
SN BAL B AR BE  IX RRARTT T R G0 B 1 fE
DA S [ e 3 37 2 8 L A f R A ) 8,
e BEA> SU 31 43 e LA K IRS B ARA , 25 i SU 1Y
DI g% PU B TR, TS & T 82N
Il (Successive Convex Approximation, SCA), &
A5t (Semi-Definite Relaxation, SDR) L &z = #r FEHL
1t (Gaussian Randomization, GR) %5 i, #2 5 —Fh
SR AT K i e BT 4 S AR R R, A
FEARW BT 4 Ty G ] LA R A 4 &5 CRN 9431 3% 2%
PERE LSS R0

2 RIEEE) IR

2.1 REGHEE

A% 3% ) 2 SIMO-MAC CRN R S AL,
BLTR o RBOE TR0 RN Pl AR &R
G E A EM AR — A N R R L 32 5k vl
(Primary Base Station, PBS) il — A~ 51K £k 4% U H
FULR GG A A BN AR K ZR A U v
(Secondary Base Station, SBS) , B & Hts , LA
KU o A R o0 o WA B B, R B B Al
il B 725 A MASJTER IRS BRI T, WO i 7E
BT BRI B 7 AT 2 T €SS, JBURISR A PBS
RILWE S TR BT BR T — = N4ET 5 SBS @
f&o HAEAH MATCERIYIRS T 57 18 AT R
AELL SR G ALk P fE

EBEH 1 (PU)
U (SU)
B 1 IRSHIBIY Z A P BB B SIMO-MAC A
T RS

Fig. 1 IRS-assisted multi-user cooperative spectrum sensing

SIMO-MAC cognitive radio system
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