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Robust Optimization Design for Multicast Transmission in IRS-Aided Cognitive

Satellite and Terrestrial Network

MA Biao, ZHAO Bai, JI Mingyi, DING Changfeng, LIN Min

(School of Communication and Information Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003,

China)

Abstract: To improve spectrum efficiency, this paper proposes a robust multicast transmission algorithm
for intelligent reflecting surface (IRS) aided cognitive satellite and terrestrial network (CSTN).
Specifically, the satellite uses multicast technology to serve multiple primary users, while the terrestrial
base station (BS), sharing spectrum resources with the satellite network, serves direct users and blocked
users through space division multiple access technique and intelligent reflecting surfaces, respectively.
Then, a joint optimization problem is formulated to minimize the BS transmit power, while satisfying the
outage constraints of both the signal-to-interference-plus-noise ratio of terrestrial users and the interference
power of the primary users. To address this nonconvex problem, the nonconvex outage constraint is first
transformed into a deterministic form with the assistance of the cumulative distribution function of the
exponential distribution. Then, a robust beamforming algorithm combining alternating optimization with
semi-positive definite relaxation is proposed to obtain a solution with better performance. Computer
simulation results demonstrate the robustness and superiority of the proposed algorithm.
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multicast transmission, robust beamforming; outage constraint

BT HRK A KRB (62471255) ; 48 B K24 3h 3l 15 4 F 5 50 5040 = TP UF 9% 26 4 (2024D11) 5 VL9548 B 58 AL B 55 55
BRI H (KYCX24 _1174) 5 5 5t R s oK 2= 51 3 A A FFEE 3 34 (NY 223024) .
I 5 B #3: 2023-05-14; 81T H #1:2024-03-02



1252 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 5, 2024

51

[l

6.G K 1l 1T 3 1 | T B2 A RV VA T i — R AR AT S I R TS B S Rz A A, R E R
P M AN X EEEE X WS L F sl Hrh, DGR A AN Z A RS 21 ™
(B HE RGO, B 6G T Z A KA B {5 LR 5 i A AT s e — A E B SR TR £ K
2% 2 MR B BE RS2 IR M 2%, 1R TR R TR R IR R BT 9 P T R T M T e /N X, R B
U500 300 433 i 5 T T A AR A B ) o v B R 43 BRI, 17~30 MHz J2& 52 A1 T AL 3 15 o4k
F AT B, G v S 43 0 Be © 28 A b T OO 245 i o R e A S80I R b T 6 A R SR T R R A R 1 O
St I] B, A H TG £k i (Cognitive radio, CR)' SR g — il 80 4 B2 H R | HL 3 537 40 T oK o5 JH A9 480
B I F) I Bh 25 45 BRI B IR S B 3 45 RN UK 2 R 45 () A 8 R G 5 BE 8 A AR v S B R R
ARk A CRBEA SE I T3 9 45 R b 1r X 26 =2 19 B2 HigA 31 I 4% ( Cognitive satellite and terres-
trial networks, CSTN)#AMTHTHE i, I 8 2 o BT 0

AR ARAE 2y B AT R R 11 22 WA 10 T Y PR 3 g, JC 4l {7 TE AR 48 1 DL 45 R vl 1
T AR B H 7 R P B0 5 ) B B N 2R RN AR o TEICTE BT L Qe A8iE e B A LN A Y
BOWE WK 2 CSTN I I Y 22 9k A L 22 4 14 5 1 R Bl A Ry 2 M o i IR S A A 3 T Be 2 — % Sciik
[7-818F 5% T 48 CSTN H il it (5 5 (& i Dy 2 die /M 3211 T 2 K2k TR W 45 DR I 2 R 58 15 10 7 i o SCiik
LOMMIFiE T 78 CSTN B 242 K Z57 W 1 2 0 o TR I 465 5 1l 17 o9 24 e =[] — 3 33 B, 2o i
HEAT %4 Z 460 A5 (IR G T dm i 503 . BUOR 246 HOR B 08 (W] B 2 i A 25 R oL i) 50 i 3t 180 H 0 i 2 %
BAR H A5 52 BB i P 0 4, D0k DR UE AR Bt . PR, O T — PR 2 R AL AR L CSTN
S R RIS 27 N

VT AE S, % Ak 2 41 T (Intelligent reflecting surface, IRS) 8 T AMTHI 2 67, IRS & K&
RS A 2 55t I A2 28 8% 14 4 0 - 1T, H 3 sk g 30 10 R (Beam forming, BF ) RE S ol 45 £5 5 19 14 3% %
T2, 3T B Bt ), A A R RS ML R IR o AN Sl IR B A AR S, SOTHE 5 T 4 Wi Ak AT LA
P B A T b A o, DA T T B 49 A B T B . SRR b Ak RGN LIRS 7R
0 TG 2 W 25 4 55 P = P IR S5 B (Quality of service, QoS) il F 7 18] T4 B R AR AIK R G Bk =M
FE 45 7 1T ELAT S0 A PR AT DR TRS B2 R T CR 4 v — 25 4 8 AR G A R
AT fe S e SCHRIIS 4R 1 T —AS TRS 4l Bl B9 #5022 1k 3 A 38 (Single input multi-
ple output multiple access channels, SIMO-MAC) CR P45, 345 & —Fp#i B AY IRS %5 B 2 H P B 18 S
T J RN 7 ZE ok H s BT BE o SCERL16 ] 75 08 T — A RS Hl Bl (9 450 3% SN JC A L 2 A 2 i
(Multiple input multiple output, MIMO) % 4 {5 R G0, TEAFTE BT Wr & WG 00T, #0477 R T Qi E1E
AR5 B (Channel state information, CST) o4k % ALK Jr LW 58 . AR B3R TAEXF IRS 7E A1 4%
o BT 3R R B RS (R DG T TRS Hlf W 9 2 b oA 0 0 8¢ A% By 1 F 9 5 0 R AT A TR AP Y B

AR SCE AT IRS F B 9 CSTN 48 1 T —Fp 2 T 56 56 CSIR 2B LMk . HAUOR U, AR SCHER %
IR AT H P Al 58 98 CSTRT 78 TR R 28 H AR M55 224~ £, [ B b 7 ) 266 38 s He 52 031 33 9% J
R 28 43 Z HEF0 IRS 43 51 e 55 103K P FGBE S FH P 09 2 0 LA i T 0 2% & 5 21 26 e /N Ak R pi Ak B
b 4t — AN 6B I Ak ) B, 29 3% 1 S B GS P RTIEE £ P B 45 T B (Signal to interference plus
noise ratio, SINR) LA K 3 J P BT 52 0 /2 SR M B KT8 P38 0 AR5 1 B 48 5003 1 0 AR A ok 80K 1%
e By B 2 AR B e e K Ak B T — A S G s B Ak S o IE E R it Y 5 B BE SR RS
BF U5 1 F IRS RS AR B o 5 SCHR [ 17-18 1A ], 52 B vh Al o 19 CSTAR AR & R 58 £ 19, el & % T IRS
W LR G AT E AT K S B PR A SO TARRS A7 & IS Ag O, 1THA AL B A5 R 7



I % F AR BUH A B 6h 20k Se M 4 B 3B AR d S R AL T 1253

SRR T 7 5 R
1 REGEE — - L
— [RSEEH
R 13, A SCEF R — A TRS il Bl 19 52 b A %0 _—’___,Bﬂ*_s-l‘l%g%%
YR AT ZHEAL 0 5 BE S AE L E 52 35 CSTY o R

o . . . IRSEEHIAS
FAFF Gl BFEOR ESXH TR EME Shmxs®k /) e {ok

o 245 450 3% Sk 2 0 TR I — 20 2 R 2 B AL O AR
12 M 4 b HBR & 1 #1L 1 ( Geostationary orbit, GEO) 1L ‘
A SR LA H P (Primary users, PUs) 42 it . N BS
R % , 3 (Base station, BS) W5 F £ 48 & i & )
NN EDRE X SN e b TR S R E A
W R, BS 5 W /N X P 22 8] 1 o i S ) % B
HWEPY, NG o FE K AP P (Blocked users, BUs) , .
Fig.1 System model of IRS-assisted cognitive
15 BS Z [ #  TRS e 37 7] 5t 10 38 17 65 5% 107 % T M
AN H AL P (Direct users, DUs) , BS W % J BF $% & ##
BEABE R SS o A BEE TS T Ny = Ny X N, iR 2
2H Y 9 A0 T L TRS I i N, = N,y X N, A JC TR B S 25 48
B2 BS % 8% 2 DUS I BUS 102 48 (5 5 40 91 s, W, o 018 2 E |5, || = B[ 1) = 1.
TE K S 200 5o Fl s, B3 UK B wy, € CV 7 R w, € CV VIR B (5 S 4l LA AR AL IR 2 0, AR
m P> DU FI5S 24> BU SRR 95 5 7T L4330l 3R
Y =hhwysg T hitwys, +n, VYm (1)
vi=gi @Hw,s, + gi' @®Hw,s,+n, Yk (2)
K@ =diag(e?, e, .-, )€ CV NN IRS BIAI B B I 5, 1 0, 3 28 DU, R BU  HR (8 R E 5
P o2 Ml of BN w5 3 11 e 75 (Additive Gaussian white noise, AWGN) . h,, € CY" ' Fl g, & CN" 1434
#R BS-DU,, B A IRS-BU B B (10 £ 3 5 i, ATk — 25 R
h,= Ly ov..vec(AL"Y)  Ym (3)

BT RS Hff Bl A M DA A0 o) 26 A5 21 1]

satellite and terrestrial network

g=.JL.;p..vec(BM) i=1,2,--,K+L (4)

KL, =apd,f, (s,j)E{(b,m), (r,i)} N A H 25 MK AR K o) MR B, 0, ; F IR A Nakagami-m

Sy AR fE I M gk s HECY TN S BS FIIRS Z )l 9 {5 i 4 BE , Bk F R W H=

Lyo pyovec( By )vec (AGP), % Kk 2t i 455 5 2 (3, 4) iy & SCHAL, AP R BP 43 3]

[A;/;\IOD ]HIMM [ty — 1) sin 0" cos @™ +(my, — 1) cos 9] il [B;Aol) llmnrz:e*jnsinﬁ,\”“[(ﬂ,‘*1)cos<p,\"“+(n,2*I)Cosﬁ,‘\"”]’ H o
0700 ), € (my i), 5% BRI 15 5t S AFI A0 A 1 % J7 3 1 (Angle of departure, AoD).

2 B TR 5 b g P 2z TR R R S A o 3 BUIR KR A TR ER AR AR IR 5 SCER[20 ) A

oL, A SC 200 GEO X T FH P B9 T4 . f T 0038 9 I 2 =2\ BS 2%k I 7= A 40 S 24 E R P i

Z R AR IR R

— eijﬂ

H 2 H 2
I,= g/c+ld)de| + | g PHw, v/ (5)

Kh.g, , WIRS 5 PU,ZHMEH AR, HIEX(1,2),DU, A BU, M L SINR 7] L4 31375 K




1254 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 5, 2024

hyyw, ‘2
Ym— 5 Vm (6)
hlw, |+ 62
m b m
|g§ld§Hwb‘2
Y= Yk (7)

ng(Dde‘eraf
5 CHR21 ]300, R T 2 3 R IR'S A 57 8 A [ o, AR 5 AT DA M A A5 800 7 38 40 B HL . BRI PR T LT
FH P B s, AR SO R G E % BS-DU L IRS-BU Ml IRS-PU 85 B& Y AE 52 35 CSI., XXMM T, &
GEARAF B 1B K i b, R g, 3 AR
h,=h,+ Ah, VYm (8)
g=g tAg i=1,2,-, K+ L (9)
R, A0 g, AT (50 A, AR, R Ag, h R R I 17 10 45 22 6 0B T4 AR A2 7 30T BE L3 A B
Ah, ~CN(0, 07, Iy, )€ CY VI Ag,~CN(0, 0. I )ECY" N,
2 ERHBEERAEEZE
& B TE I bR A AR R G AR 2 R4 R CAnA AR it TP 3 ¥ ) RE 8 25 2 A 7R J& A8 1 vh i 3
PE A2 B P RE . Nk, 5T 1558 95 CST, A SC LU 9 45 % 5 0 R /e o B os , 32—

KR A [ 5L, 24 SR 2% 1 S TG L T8 P P RIHE 4 T A STNR DA 32 1P 7 52 1A 3 2 SR A9 Jr R

. 2 2
min | w, |+l w, ||
w;, ®

s.t. Cl: Pr{ym>y1h.]}>l*pl Vm
C2: Pr{y, >y =1—p, Vi (10)
C3: Pr{l,<I,}=1—p, VI
cuffo], =1 Wn,

H A CLA C2/83 DU M BU A9 15 + M HE # 7 4 2 (SINR-outage-probability, SINR-OP) 245, y. 1 Al
Ve A1 DU I BU (1 SINR %5 B 55K 5 C3 27 28 26 0 0 T 4 052 00 M 25 1 166 48 0 25 o £
Lysoni=1,2, 3F7R X A HES {8 ; C4 /R IRS T MY B BB L . H T O AR & AR5 A A
L HR AN T EOR B A Ak IR (0 (10) ) 2B A9 e DL B 2R o BT XS 0L )8, 48 — R 45 & 22
oAl 521 TE 8 A st Y B 4 BF 55005 SR 15 304 NI #8240 S R A4S - ) i

(1) PR BIE &I

X T —AN 4578 19 IRS M [ @, o] LUK 29 SO0k 1) 8 (20 (10) ) 528 % 38 i — A~ BE & 17 ]

min | w, " +w, | st C1~C3 (11)

XTI H CL, i e (8,9 A CL, 4 W /N 28 LI, I 29 31 CL W] SR LR 7R

Pr{y wl A, AR w, — w Ak, A w, < wl'h, hw, — ym.1<wffl;,nllfﬁwl, + af,)}} 1—p, (12)

BRSO 22, BEHLAS B ! A, Ao, i = d, b IR (K w!' ol Iy w, BORSB0AM A, it T 58 (12) 7T
TR N

Hyp 7H 2 Hyp 7H
yllml<wb hmh‘mwb + 6/11) T Wy h‘mhmwd

1—exp =1—p (13)

H 2  _H 2
Y 1 Wy Op I.N",wh Wy On,m I:\",wrl



I % F AR BUH A B 6h 20k Se M 4 B 3B AR d S R AL T 1255

BE— 20 22 i B B R R AR CLAT AR R

Y1 W <Uh,;711;\q, Inp, — hmh,,,>wb + w) (h,”h,“ —op a1y, ln,ol)wd =100 (14)

SR T A (12~14) BB B BER 2930 C2 1 C3 0] Loyl e 5y
ytllvzagl(ai,-lj\yy Inp, — gkg;{>ad + abH<gkg;‘ — o0y 1n,02>ab> Y201 (15)
al(o? 0y Inps— g gl ) ag+ al(ol Iy nps— g 1@l ) @y, =—1, (16)

A0, OHw,, i=d, b, ¥ C1~C3EH#H K= (14~16) , il LB LR F a8 (20 (11) ) S48 g LUF 192
1E % BRI (Semidefinite program , SDP)JE 3

min Tr(W,+ W,)

W0

s.t.Tr(ym,l(Uﬁm Iy, Inp, — ﬁ,,,)Wb Jr(H,” — o1 lnpl)Wd)/ Yen 10,
Tr(ylhj(a;ilwr Ino, — GNk)Ad+<G~k* oi iy 1n,02>A|,>271h,20k2 (17)
Tr((a:v,lwy Inps — G~HZ>Ad + (aé,-lw‘ Inp; — G~k+,)Ah>>—I1]‘
rank(W,;)=1 i=d,b

K H,=h,h'',G,=g,5"" . W, 2 ww" A, 2 a,a",i=d, b, 3% HJH¥ FE i (Semidefinite re-

laxation, SDR) 5, i rank— 1 £ 05, 1T LORE X (10) #5304 DUR B4 5t 7 JE 28
min Tr(W,+ W)

W>0
S‘[‘Tr<ylh. 1(6}?,7771:\]‘, lnlol o I_]nz)Wb + <ﬁm o o-};z,mINh lnrol >Wd)> Yih 1 637
Tr()’m,z(‘f:,flw, Inp, — G~k>Ad + <G~k - ‘7:,1'1,‘\1‘ 1n{02)Ah>> }’rh,zf’f
Tf((‘f:,zlw, Inp; — Gk | [)Ad =+ (f":,flw, Inp; — (;k ! [)Ab>> — 1y
R R (18) B —AH A L EH 4 A %5 3K (Linear matrix inequality, TLMI) 29 504 ™ 4 AL 7] B8, mT A
3 35 A o A R CVX““:‘&ﬁ#ﬁ%ﬁ W.o BLAh, % rank (W,) = 10, o] DLl 47 55 (8 43 % (Sin-
gular value decomposition, SVD) 5 i , o 115 1 1 W, MK BF AU 5w, 5 75 W), AT LU FH & S0 bl
ML T Bk w,o
(2) IRS FHFS L B
IRS HFS At [ %2 19 BF ALK & w,, JR A (10) R AR CLuf LA wg . [ E, jﬂTﬁ@IEJ

BB A L X 0 2 [, et @] I C2 A C3 2ok th g 4 RS A RS S 9
‘ng+[¢Hw-’2 ﬂ]ﬁ Lt — 55}‘7”7'] %‘:2/?—\‘ ﬂ\j ‘ gﬁHdiag(wa)vlz F ‘ ng+/diag(sz')71
T 2R 1T T 9 7 o8 R A

(18)

8k
s (10) AT BLRE

min 1
_ g[’diag(Hwb)v‘z
s.t. C1: Pr ; > Yuor=1—p, Ve
gl'diag(Hw,)v| + of (19)
C2: Pr{ gt diag( Hw, 7)‘ +‘g,,+[d1ag(H'wd) ‘<Ith}21—p3 2
Cai|[o],|[=1 Va,

X b TR TR ) e AR SR 2 TR, BT R 1 TR AR 4 D7 ik E AT AR e AR 2R B e 0



1256

W

R E B L Journal of Data Acquisition and Processing Vol. 39, No. 5, 2024

Yiod (020 np, — g1 ) do+ di( .8l — o2 I Inp,) dy = 74,007 (20)

df(";,flw, Inp;— gk*/z‘zk]ﬂr/)dd + d}?(“ixlw, Inp; — z‘;’k+zz‘;’/§{+/>db>*lm (21)

X d, 2 diag( Hw,) v, i=d, bo BLAN, 1T JC H b o8 B Ak ] 28R G 08 31F 5803 78 26 A0 2 22 v 9 i 84
M, FRRA VL0 0L qufID L dd, W= (19) 7] 54k Ky

m
v=Y,q
s.t. Tr(y[w(a;,.li\v{ Inp, — G}) D,+ <G~ﬁ — U;.;'I;\', ln,o2>Db>> Yao0r Yk
Te((o2 2y oy — Gy ) Dy + (o2 Ty Inp, — Gy ) D)= —1, VL (22)
TH(E,V)=¢ Vn 0<g¢<1

rank(V)Z 1

K E, I RAHn AXMLICERIE 1, HRITEAZ OB N, X N AEXT MR . BAR(22) 2 —1FR T
rank— 1 2950 Z A A 1), EL s S BEALAL D7 ik AT AT o FEICHE B0, R — B 38 B S 88U 0T 7 12
HHEAT AL, A V=109"+ 00" )" — o' (o), Ko o' g 55 e AR 0 B9 AT AT . T I R
(19) 7T LIS Ry

min ¢
o.q
S.T. Tr(}/ll],Z(O-gz.iI;\", Inp, — Gk>Dd +<G~k_ 0:.1'13\", ln/O2>Db>>71h,25k2
Tl’<<ffgz.flmq Inp; — GN& i /)Dd "_(0:.1'1‘\‘: Inp, — GN& i /)Db>>_lth (23)

Tr(E,,r‘}): g VYn, 0<¢<<1

with V=12'9"+ o (2" )" — o' (o' )"

WK AR AR TR (2 (23)) B i, AT DS B CVX #EAT 20Kk . %05, R (19) 7T DLE i i &
d):diag(v):diag(f/*/c]*)ﬂéﬁ@y%,,E\EPﬁ*fFﬂq*E‘BEfU\iﬁiﬁﬁ?ﬁ@ﬁ(ZS)ﬂé%’%%o 5 B ) (5K (10)
AL L I 22 B oK A ) A L, 245 B RCR . TR SRR R U R AR B T .

ik

B U R BUE ik

A H by g Rt Ryoy T |

PIAL R C1~CARIITT A wl”, @ = diag{ ¢, -+, ¢\ | PRE Lo 2 ¢, g, -+ ¢V
BB SR 0., M o, ,, BEIEMCSORE € > 0, AR U n = 0 LR 5 K AR OB 1

H LA

o= ">

nm=n-+1
i i [ B vt ORI, DS E w!
3 1 [ A2 1wl R i g ) R 2, DA IE AR B o

Ny
[7};1 o _Ulizfl]”

N,
fwr—wr 1] [+
b

n=1

n,=1

HEIS<<elHn=1n,.;
By . FfE BF ALK & w, M IRS MR 4 FE @ = diag (o).



I R AR RS A B 6 B il ke M & % 3k AR S SR AL IR 1257

3 HENGBESSH

AT HEAT T IR E AL, LI UE T 5 R 0 B A IRS B A e . % CSTN X
AL Loy =2, M, =2, Ky,=06, H: b b 10 e o X T2 5 (0 F 30 B % 0 [, = — 10dB, DU Al
BU 9 SINR Z R 43500 v, = 5dB fl yy. , = 3dB. Ak, %8 BS KL A IRS SILH IR A N, = N, =
16, SO B e =10 %0 DUF A4 7 W AR HO B i 30« (1) AR SCRT B B9 78 56 95 CST A& F ik
TGS AE N B R SRSy %5 (2)F8 TE AN B8 8 2 K2 9 51 97 R Rl iR #% % ( Amplify and for-
ward, AF) SO A5 5 5% 2 P B) o AF Hgk 7 22175 (3) IRS BEHLAR 7 77 52 « B AL 2k IRS FEAN
JCIYAE AL 5 (4) 56T 30 Z2 5 o BT J5 28 < R FH 38 22 0k o I B0 30k 15 1 5 3l 1 I R OB BLR i B o A
wy,, 75 IR 45 7% P f18 366 3l 2 R 140 2% I ot o TR'S I A 7 0, 10 IR 45 3086 24 D P %) 36 3l 8% o ) 2% I %o o
il EAER P

2 o T IRS 763 B O ] B IH — kPR . nl DU Y I O ) 5 K3 25 il 48 1l Jir 5 BU
FUTTEM I 60 o [RI, ZE P AS PU AL P22 T UR B LR — 55 dB A B, DT AT 280400 i M T 32 325 DA %0
Do 28 Xof TL B 2 R 2% 1 T4 o X 3R B AR S B A R A 2 AR P B SINR 23R, A 800 i) 1 48 Tt %
AT 52 30 P A S [) ) 4% 1) 6 A7

Hi3% /dB

IH—ABR

0
=300 -200-100 0O
X/m

(a) 3D figure (b) 2D figure
2 IRS L4t Jrim

Fig.2 Normalized beampattern of IRS

100 200 300

L HEAT 1 000 AR 1B LI o, = 1, B 345 1 T R FATR 7 819 BU 19 SINR il 2 5% B K
SINR i 2RI F P S Py 89 SINR 5 HAR SINR(yy ) Z oo T RAE i FAREH 5 E 0 iE A
B PR I 2 2 B AR, A 5096 Y SINR s 2 R Re AR UE M 1o SR, A SCAT 2 i & B B RIE T 49
95% 19 SINR i & R K F 1, 56 UE T HGHF #1525 1 8 Bk .

B A% T AL 5 R 2 A & 2% TR 5 SINR BH 2 18] (19 56 2, B IRS BEHLARA 5 5 (AF
Ak A B A% 28 VR T I R U A SOR O G A4 ) T AR S8 36 R 5E 36 CSTI IRS Hi Wi ir %8 . AT LLE
L BEE P S TR A A B, B B A SRR MR RE AR A TR R T B X R U] T A ST R
AR LR R B R 22 B R E R AT ER N PR S OB R LM R B G o AN A ST B AL (Y T AR
Al O T 3 30 R Y 19 7 S A0 IRS BEALAHAL 7 58 o 3X& R R 78 2R AL S AR | 30 20k R 7
AR 5 B3 2o 4 S T R 6 P T (R A B 0 AN B O T P A I R e R 25 X T AT 1 B
B T, S RO 0 T B R 16T 2 (W ) RO R Y SINR Z2oR o 55— O i, B AL AR 0 TRS RS 4 1
IR TC IR UE K S5 5 14 8 i 4 v 21038 2 P T 8 5 67, I LA TR'S B AL AR 057 7 58 14 T FE 22 F AR SC T 4
et i R INFERG 2 o LIRGERIRIE T A SCRT 4% i Jr 28 AH Lo S 30A 1240 7 2 sk . s,



1258 R E B L Journal of Data Acquisition and Processing Vol. 39, No. 5, 2024

i T IRS AR T AE R, A SCHR O B O T RIS R e Zs b R A IS A 18 22 3 R I T P4 i 2 1
RS % Bl A4 fan A5 0 ) Fg e

220 220 40.0 y
200 | 200} —— IRSHEHLAN R
180 - 180+ = AP R
160l 1601 B 3951 o HTFHEEPARBIEL T E
g —— ARSI % (0=0.15)
140} 140f 8 30,017 A SIHEI R (0=0.10
3120 & 1201 w0 [ tEREER
K100¢ £ 1000 R
80 | 80F =
601 60F %
40+ 40+ b
20} 20f
0 0
09 10 11 12 09 10 1.1 12

4

(a) Robust transmission scheme (b) Non-robust transmission scheme

SINR# % SINRG# R Z

B4 Jeh %t D) 5 SINR B A9 ¢ &
Fig.4 Relation of BS transmit power and SINR
threshold

K3 SINRM AR B 7 1A
Fig.3 Histogram of SINR satisfaction

&RIE

ARICHEFE T 7E CSTN HIRS Fif B 38 56 1) 155 A& 4 7 S8 0T AXAE CSTN [ 4% BEAS 4K 15 5 5 CSIT

(0 2% AF T, 8 S LA st T 1 265 5 S o R dee /A Ol FL RS 3 T IS DI A I AL, 249 3R T AT B SINR B
P 7 32 16 SR Y i R T HIE 2 45 1 36 A B T 18 K000 A 619 CDF R A o™ A ABE 4 24 R 46 Ay T e 1) 2
PEIE 3, I 2 T SDR J7 3 M 5885 A J7 15 31t — i 68 10 RO RSUIES B0 125 SRR A ik il 1) 90 AR B0 Ak ik
IRS HY R RS HE I s e, TSR ML L4 SRAIE B 1 T 40 30 A P IR AR e AR O T AT S I A A P E

S E 3k

(1]

(2]

YAACOUB E, ALOUINI M S. A key 6G challenge and opportunity-connecting the base of the pyramid: A survey on rural
connectivity[J]. Proceedings of the IEEE 2020, 108(99): 533-582.

RN, BRE, T, A AP Ak 2 b i DR A O (D], B R AR S AR B, 2020, 35(1): 128-138.

TANG Xiaolan, YANG Ke, WU Xuewen, et al. Power allocation algorithm in cognitive relay networks[J]. Journal of Data Ac-
quisition and Processing, 2020, 35(1): 128-138.

Ml EMST, M, AF L T NC-OFDM RS0 P BI85 o 50k [, Boda R4 S 4R8I, 2021, 36(6): 1084-1093.

YE Zhongfu, WANG Pengyu, YANG Huichao, et al. Fast resource allocation algorithms in NC-OFDM system[J]. Journal of
Data Acquisition and Processing, 2021, 36(6): 1084-1093.

HUANG Q, LIN M, ZHU W P, et al. Performance analysis of integrated satellite-terrestrial multiantenna relay networks with
multiuser scheduling[J]. IEEE Transactions on Aerospace and Electronic Systems, 2020, 5(4): 2718-2731.

ZHU X, JIANG C, KUANG L, et al. Cooperative transmission in integrated terrestrial-satellite networks[J]. IEEE Network,
2019, 33(3): 204-210.

ZHANG H, JIANG C, KUANG L, et al. Cooperative QoS beamforming for multicast transmission in terrestrial-satellite
networks[C]//Proceedings of IEEE Global Communications Conference (GLOBECOM). [S.1.]: IEEE, 2017.

YAN Y, AN K, ZHANG B, et al. Outage constrained robust multigroup multicast beamforming for satellite-based internet of
things coexisting with terrestrial networks[J]. IEEE Internet of Things Journal, 2021, 8(10): 8159-8172.

WANG X, LI H, TONG M, et al. Network coded cooperative multicast in integrated terrestrial-satellite networks[CJ//
Proceedings of IEEE Symposium on Computers and Communications (ISCC). [S.L1.]: IEEE, 2020.



I % F AR BUH A B 6h 20k Se M 4 B 3B AR d S R AL T 1259
[9] XIONG J, MA D, ZHAO H, et al. Secure multicast communications in cognitive satellite-terrestrial networks[J]. IEEE
Communications Letters, 2019, 23(4): 632-635.
(10] dkifh, TMR, B SOk TRS % By 2K i MIMO S5 £5 T8 A4 11 (0], Kol oR 48 5 4b 3, 2022, 37(6): 1259-1267.
ZHANG Jing, WANG Dong, ZHANG Mengyu. Improvement of cascaded channel estimation for IRS assisted mmWave MI-
MO communication[J]. Journal of Data Acquisition and Processing, 2022, 37(6): 1259-1267.
(111 BRWIH, fritsc, BEFM, 5 . UFMC-MIMO 3 58 AL i Jr G it [T]. Bl R 42 S AR RE, 2019, 34(2): 262-273.
WEI Mingjun, HE Shiwen, XUE Chunlin, et al. Beamforming transmission scheme design for UFMC-MIMO[J]. Journal of
Data Acquisition and Processing, 2019, 34(2): 262-273.
[12] LIU Y, LIU X, MU X, et al. Reconfigurable intelligent surfaces: Principles and opportunities[J]. IEEE Communications
Surveys & Tutorials, 2021, 23(3): 1546-1577.
(13] FEok, £ ¥ . 5k S 4 B 19 F 47 NOMA 5 58 FlH A I KA 78 (7] 7 a6 s R 2% 2 40 B AR B2 i, 2022, 42(1):
23-29.
WANG Qiang, WANG Hong. On sum rate maximization for IRS-aided downlink NOMA systems[J]. Journal of Nanjing Uni-
versity of Posts and Telecommunications (Natural Science Edition), 2022, 42(1): 23-29.
[14] YUANJ, LIANG Y C, JOUNG J, et al. Intelligent reflecting surface (IRS)-enhanced cognitive radio system[C]//Proceedings
of IEEE International Conference on Communications (ICC). [S.1.]: IEEE, 2020.
[15] JIANG W, ZHANG Y. Joint transmit precoding and reflect beamforming design for IRS-assisted MIMO cognitive radio
systems[J]. IEEE Transactions on Wireless Communications, 2022, 21(6): 3617-3631.
[16] ZAMANIAN S F, RAZAVIZADEH S M, WU Q. Vertical beamforming in intelligent reflecting surface-aided cognitive radio
networks[J]. IEEE Wireless Communications Letters, 2021, 10(9): 1919-1923.
[17] YOU L, XIONG J, HUANG Y, et al. Reconfigurable intelligent surfaces-assisted multiuser MIMO uplink transmission with
partial CSI[J]. IEEE Transactions on Wireless Communications, 2021, 20(9): 5613-5627.
(18] ZHI K, PAN C, REN H, et al. Statistical CSI-based design for reconfigurable intelligent surface-aided massive MIMO
systems with direct links[J]. IEEE Wireless Communication Letters, 2021, 10(5): 1128-1132.
[19] KONG H, LIN M, ZHANG J, et al. Ergodic sum rate for uplink NOMA transmission in satellite-aerial-ground integrated
networks[J]. Chinese Journal of Aeronautics, 2022, 35(9): 58-70.
[20] ZHAO B, LIN M, CHENG M, et al. Outage constrained robust secure beamforming in cognitive satellite-aerial networks[J].
2021, 25(8): 2708-2712.
[21] HU X, ZHONG C, ALOUINI M S, et al. Robust design for IRS-aided communication systems with user location uncertainty
[J]. IEEE Wireless Communications Letters, 2021, 10(1): 63-67.
[22] AN K, MIN L, JIAN O, et al. Secure transmission in cognitive satellite terrestrial networks[J]. IEEE Journal on Selected
Areas in Communications, 2016, 34(11): 3025-3037.
fEE R
5R(2002-), 5 W HESE A (1995-), 5 L5 F 710 (2002-) , L, A A HF
A= BEGE O - R RE AT A BESE T T R RE AR S AL FEAE WS OT ) DA A
T L B A ¥, E-mails MEA TR A @ .
m18851176568@163.com. Bk B REM AR .

T EE(1991), B, Jk i,
WF5E 75 1l - MIMO 3 5 5%
EIRIE S7 NSRRI
Ak .

e (1972) BIE1EH,
LI o i o T T
ORE S AR BL E s NN A
Bl {5, E-mail : linmin@nj-

upt.edu.cn,

(% #1538 )



