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Fig. 1. The system model.
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Bmin = aTr {W (17{677,, — Eh,an)} / (a—1)+Tr [Vdiag (Hwrr) (Fe,n - 5f,nIv> diag(H’wMRT)H} +og, (32)

i C2 44U A RIS P3 iy C2 293, 3
LS P4:

P4: min Tr(W)+ P
W, V,P

s.t. C1, (,:VZ, C3,C4,C5,C6,C7,C8,C9. (33)

XA P4, W] {8 B 2 1 A3 it (semi-
definite relaxation, SDR) W7k B 3L H BRAE MR
1 243 C6 Fl C8, fifi 2 Wi — L Ab a8, s
AR A HE S T HAL AT R M. SR T — 1
T, A st TA) R SR e 4 SR TSR R R B 12
W, BESR A AT g2 RO A R AR A . B X I
R, A SR T —F I PR oA B s, X
IR P4 AT S SRAHL AL P5:

P5: Wn’l‘i/gp Tr (W) 4 P+ p [Tt (W) — Apax (W)

+p [Tr (V) — Amax (V)]
5.t.C1,C2,C3,C4,C5, CT, C9, (34)

Hr, p Ml p KT 0 AR A F. T3 248 B,
SFFARERIE SRR VIS, Tr(V) — Anax (V) 20
TH BT, B0 H b pRECAS NI A IE AL AR, HAE
SR 08 R AR RS P5 AR al s i Ak
[ P4 AR X Amax (X)) SRIKBBIE OAmax (X)) =
@i s H Amax (X)) TE WALXT X () — B 48 ) 8
FF=nT LAAS 3|
Amax (X) = Amax (W) +( Winax Whngy, X — W) VX =0,
(35)

HA, wma 1 W AERRAFAE AR SRR AE 17 4.

\
23 (35) X P5 B HARPRECH I Amax (W) Fl A (V)
AT, R ALl P6:

. : _ (k)
P6: Rhin, Tr (W) + p(Tr(W) Amax (W *))

~ (w2 W — W) )

max ~-max
+pu (Tr(V) — Amax (V)
~ (oltlo@, v - v®) )

N (36)
s.t.C1,C2,C3,C4,C5,CT, C9,

Hrh, WRORIVE g P6 &5 k3RS I R AL
i, ERB RN 1 R,

4 HENGEE 2

AT 8 3o 5 B BT VEAR BT B O R RE. R
FH 2 FpBEME T 2 S ARSI B D7 AT 1, X3
BUAE T 1) FEE A IRS i Bham {5 ; 2) Jevfi (il
FH IRS % By A5, (H AR S 46 B v T R AR AL BE
BLA L. A SCR R IEHUE TR, HmEAN
35786 km, fRi% TARBIARIREECH K = 7, Bl
Be 45 (I REEBON D = 7, i FH P S5 0 4 50k
24, TEAMLEE S 300 m, DAJC AALAEH i 4%
500 URUHE ST B A AR BR AR U0 M T P A B
4 [20,10] A1 (50, 100], W& HIALFR N (100, ~120]
F1 [-100, —180], Hbxksk ik bRl [-180, 100], FEik

E R & N N A REN T

Table 1.

Joint optimization algorithm.

TR BB S AL Tk i

IR
k2
L3
R4
RS
#1k6
HYRT

WG e = 1077, FEHIH T p = 2 1l p = 2, BARRE=0.

B FISDRIT R AL AL RBP4, A5 ta e W) fv (k)

FHFE WO SRS Amax (W) DI O Tk wii s $H VO S5 KA Amax (VD) FIDRPIE AR 160 kv
SRAR O ALIREIPG, RS AY AT W T D Ry (kD)

WRERWE = WESD TR p=2p ; R VE) x VESD TR L =2p;

PRk =k + 1.

AR IR | Tr (WD) — Amax (WD) | 4 [Tr (VD)) — Anax (V)| < e, BARGSTE, St W, VRIP; 7500, 3 [ 203,
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W (H DR 2ZE RN 6, = 0, = 0.

F2#i%2T6=0.1, I, = Iy = 2 bit/s/Hz [}, %
FH 6x6 #LAE IRS (19 4 — b 3D f& 5 J5 1) [&] bz H:
2D V-1 B DN AR S B i LU e S i 0
Fi ) b 1 H] 7 R 5T W O ELAE skl o 2 A
K, X B SCT PR AN o T S6ah FH P A
WA o B, T H AR E T DAEG S % e s
By, AR T B A5 % sk i, AT
SR T SRR A R
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2 IRS H—fLhEH I mE  (a) =4EE; (b) 4
Fig. 2. IRS normalized radiation pattern: (a) 3D figure;
(b) 2D figure.
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T RIRLAT R AR I ME 7 2. X2 AT IRS
5 B 5 %8 v Bk BRI BF HOR SEBE E ik
AAFTHE, B IRS $RAEA o FE 3 25, SiofiiH i
R F IR = Fh Oy S rh s . T IRS BEMLAH AL

Tra, IRS AR I A BEHLAE B RE AR 5 Bk
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Fig. 3. Impact of the achievable secrecy rate threshold on

total transmitted power.
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Fig. 4. Impact of the channel estimation error and the
achievable secrecy rate threshold on total transmitted

power.
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Fig. 5. Effect of the IRS size on the total transmitted

power.
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Abstract

For intelligent reflection surface (IRS) assisted satellite-terrestrial integrated network (STIN), a robust
secure beamforming method based on the imperfect channel state information (CSI) of eavesdroppers is
proposed. First of all, considering that the satellite uses spot beam technology to serve the earth station, while
the ground base station (BS) serves multiple ground users through multicast technology, and in the case of
frequency spectrum shared between the two networks, a joint optimization problem is formulated to minimize
the total transmit power of STIN while satisfying the quality of service constraints of the BS users and the
achievable secrecy rate constraints of the earth station. Secondly, in order to solve this non-convex problem, the
upper bound and the lower bound of the eavesdroppers’ output signal-to-noise ratio under the condition of
imperfect CSI are derived by employing triangle inequality together with Holder inequality. Then, a joint
optimization scheme of robust BF and power control based on semi-positive definite programming and penalty
function method is proposed to realize the secure and reliable transmission in STIN. Finally, the simulation

results verify the effectiveness and superiority of the proposed algorithm.

Keywords: satellite-terrestrial integrated network, intelligent reflecting surface, robust beamforming,

imperfect channel state information
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