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Abstract: This paper makes an investigation of the performance of a hybrid satellite-terrestrial cooperative network
(HSTCN). In this system,some terrestrial amplify-and-forward ( AF) relays with fixed-gain are employed to assist the sig-
nal transmission from a satellite to a destination which is corrupted by multiple co-channel interferences ( CCls) ,and the sat-
ellite links experience Shadowing-Rician fading while the terrestrial links undergo Rayleigh fading. Then, by assuming that
maximum ratio combining (MRC) is used at the destination, the output signal-to-interference-plus-noise ratio ( SINR) is
obtained. Afterwards, we derive the moment generating function ( MGF) of the destination and then present the analytical
average symbol error rate (ASER) expression for the considered cooperative system. In addition, to obtain further insights,
we also develop the asymptotic ASER analysis on the diversity order and array gain. Finally , numerical results are obtained
with the help of computer, which demonstrates the validity of the performance analysis and the impacts of shadowing param-
eters,relay number and CCIs on the considered HSTCN.

Key words: amplify-and-forward relaying; hybrid satellite-terrestrial cooperative network; co-channel interference;

shadowing-Rician; average symbol error rate

1 3= A TR . SR 1 95 T0 24 308 135 M T 6 5 0 ) 7 5
DX S AR T 47 K. (EL 0 A X 3 B PP 1T 35, 52 B

TEZ WM S5 3 RANWR B 5K T X R 2h e 190 78 265 17 A 25 280 38 LU AR i 1 10 L. 7 3 A 5 00
AR BRI By HE DG RS S A5 SR AL R R SR sh RS SR T AR R TR RN

Wik H B :2016-07-13 & (8] H 1 :2017-02-21 5 53 AR 2 i - P B

HBTH B R QAR RS (No. 61271255) 5 [ {1 5172k (No. 2015MS571784) s VL34 [ IAFLF 48 75 42k 4 (No. BK20160911) 5 715

A A ARERFFEE BT H (No. 16KIB510027)



1M B AT B A M (SR S BT 9

K. SRS ShiE A b, TALEE A A R
B YEE  2H W 7 s A T 5 30 2 A S
REE R ABWAFAEAL I AE K | B 3542 (Line Of Sight,
LOS) Z AT T 1L 1 75 5t BLGER £5  IX S s
THRI TR A 0T EEAE, PR NG RR T AR
1 B2 AR 8100 [ N 2 A R 045 4 4 g
iy A AR TR LR P B LOS 4%
PR E 2, BRI SR A B R e AR R B AT Rt 2 57
LI AE 3, TSR T A 4k HOR A R TR A B VR M)
(Hybrid Satellite-Terrestrial Cooperative Network , HSTCN)
B A S g e b R L f A

TE HSTCN v, 434 76 1 THT ) 224> v 4 ol o 22 i 3]
1) T RAR S 5% A2 A1, DN Sk 35 32 7+ T A o
H A A 4 s 32 2 W ol R % i ( Amplify-
and-Forward , AF ) #1135 #% %% % ( Decode and Forward,
DF) . AHAE SE B i FHI , AF B3sCph T 52 2% BE ALK i 5 2k
TG X SR AF B Ad 2 Hu R A UM
B e B P v 2% i K A 9 ( Maximum Ratio Combi-
ning, MRC) Y Ri$H& T, SCHR[9 ] #E S T R G ny b Wi 5
( Outage Probability, OP) 1334 {545 5 % ( Average Sym-
bol Error Rate, ASER) , SCHk[ 10 ] 7047 T R A& M8 1 A&
I SCHRL L ) & SGHE T R AT PRS0 BIp [ B 6 1
PR %Y ( Moment Generating Function, MGF) , $R J5 148 H
ARG ASER FIM AR JF it — 20 03 H 1 1E P k3 45
[#] 2 N ) 3 [ 5k S i B T ) ASER JE LR GA . S itk
[, 27 DF Py HSTCN W A5 3] 17— iyt oe. il
i, SCERL 12,13 ] 48— Fhdpe A v 4R e 507 8, IR %
PEREHEAT T 404, EJE  fECEBAE R G i AL 2 4
AR BB R4 TS R —Fh o RGR R, B E S
S35 B 47 7E [F]M= 38 T3t ( Co-Channel Interferences,
CCD) ™ ERTHIA T AR v, FeATTX e 4615 2R 1) DF
PRI H AR A7 AE CCT Y HSTCN #6471 PR RE 73 #T.
SR R FRATTIT AL, 384 2A 1k 3R A SCHR X 2% 1 [ {5 18
TR T, 2 PRy fUR AT AF BRSO TR A 535
A7 % R 1) B TR M E AT R BE 3 A

AR SCAE T B0 A BT R ST 40 A, T b TR
T F A1) O3 A B O T HESS P e AR AE 2 A RS
TR Y B R G UMt i R SE ) MGE Fi1 ASER 11 fig
MraRaba. BRI S, X o i A7 A 24 ks SOR A
AF PhBORHETE TR 30 45 T S i 0 37 5, | 5 1E ]
J 3% ) MRC J5 28 [A] i 32 3 24> CCL B 4540, 4
H %7 = T M L ( Signal-to-Interference-plus-Noise Ratio,
SINR) i) MGF fif #r 235 50, I ik — 2015 ) - X iR 45 5
RIS T A2 B HE T R 15 R L (Signal to
Noise Ratio, SNR) 2/ F REE M T-IRFF 5 K5
X, AR RGP AL T OB AR A

Ja U5 LA REGAIE 1 BOS HE T /Y IR, OF 2 — 25 2 A
TAEES P B IA T 7 200 R GEERE .

2 BRGER

e 1 frzn i) HSTCN v, iy F LA (S) 5 P o
(yi, =) ZIIALELE B IR GE R, FIH LA 4k R, (1
=12, L) ¥k BRAGSRETHEF . AR
P, FRATIR L T A2 e Ay )52 3 S (s i b 1A
BB A B R VR AR 1. AL, BT Y A A B R AR R
R, TR )2 R AR 52 1 DA TS R0%
SEBONE P i A 2 A 8 s A% gl I R A A B R {5 E T
P P Ak TAEEEUT E R S 2 D pfE s 2w 4
TESEHTBR TR — I, TR LR RE S « (o) B4k,
55 1 B AR IR IR S AT ROR

yi(1) = /Pshy ,(0)x(1) +n, (1) ;0=1,2, L (1)
K (D) Py Fom LRRFNFR, ()WL EL (1) 1]
=1,h, (1) N5 1 % S - R BEFE B 3015 18 R4,
(1) ~No (0,07 ) Ik w47 1 4 75 (Additive White
Gaussian Noise, AWGN).

B A7FERMEE T HS TCN R Gt
TEAS /IR, A rh 2k DA s H 2

% =\/ !
"N PE[IA (1) 17] o7,
ORI 55, I8 HL 5 R 2= D. % B FI Y CCI
s;(0), (=12, ,N) BI5E00 26 | ZR5E B A HIL 5
CIRS)

2 (D) = /PGy, (D), (1) + Z} P (0s.() 4y, (1)

=/ PSPR.ZGZhl,l(t>h2,[(t)x(t) + Z mgi(t)si(t)

+ «/ITJGIhz,l(t)nl,z(t) +n,, (1) (2)
Hrp Py RS LR RS TR P, &5 1 KR
BT R IR by () F g, () /BRI 4 R-D
BEREANGT i 55 1 - D RS E 1B R4, n,, (1) ~ N (0,
oo ) T I R E RS, I, A RHE I S T



10 TR <

EE ¢ 2018 4F

(SINR) A] 7R A
PPy, | h”(t)l I hy, (1) |2

Po, | hy (8) Par, + zp lg.(t)1” +02,)/G

(3)

B, 5OCGIR017, 18 ] 280, % i3 D 5l T4k

AR gLl TR | oK =X (3) 19 SINR A R4k K
Y72,

')’21+C1')’3.1 4)

A(4)H, C, —E[')/lz] +1 sYig = |h11(l) |2§119721 =

|h2,1(z)| ')’2,1,')’31 = 2|g (1) ” 731"711 —P/O'lz’
';’2,1 :PR,/O';[,';’.%,M —Pl,i/o'z,l .

WIETE D 2R MR HA Il 4 2 i s 0945 1 e
N

Y =

Y=

Ya = Z')’z (5)

3 FHIRFER

HISCHRT 19 1 n] R PR 16 T 4 B0 W TR 45 =
RS R ] R AR

- ZEaM (mn 0)d0 (6)

X (6)H a,b il o HGIEGIIT A RS ELM, () 2
KTy BMGF, B M, (s) =E[e™™ ]. BIEHRRAREE S
ks, (S) oy, 19 MGF AJ iy 1 1 ) 28 35
GGl

M, (s)= H M, (s) (7)
WA (4) (7) by, B9 MGF 7] 'S A

Yi.Y2.
M (s) =E exp( —s%)
v [ Yot Cl')’3,1 ]

% % %0

= [[[ el =G (DA, (D dady

(8)

DS — R 4l 5 T A2 BF 522 30 30T 3 9% i 4 4, e SR

(13 0]y, (A 239 i PR %K ( Probability Density Func-
tion, PDF) iy

%,
Sy (%) —Texp( 31’81; )IFl(ml;];;T,zx)’ x=0

(9)

2(9) H, a =0.5(2bm,/(2bm, + £,))"/b,, B, =

0.5/b,,8,=0.50,/(2b;m, + b,02,) , 0, F/R ik & 1 F

B, 20, WEZ W IER,0<m, < o {5

Nakagami 2%, F, (a;b;2) Ry G Ui LA 43 A eR AL 2,

WA, 5 E R~ D F 1 - D BEFHERAR MR A 7%, th SC

BRL 19 Rl y, /9 PDF Jy

/, (x)—fexp( y21) 2=0 (10)
A, HﬂiﬁﬂlﬂT’ﬁl 5, HY PDF 3y

— 1 ¢(L’]) j-1
£, (x) = ;2 T Gy exp( -

v ), x=0
Y3,

(11)
AT H g T () RIS R0 (D) vy, TR IREL,
Hi e 21, v(i) =N. BN BB o (i,)) N
Sy 1 F R - 1
eliy) = (v, ‘j)!(&3,1_5)"7.331‘7»[1»»:1:!#1'1 +s&3,z,l]
2 (9) (10) FRA(8) , AT LA 3

t (i) N
M ( ) = ol o(i,))

YiaYaiz1 j=1 F(j)(';’s,/,,)j

X !![, (s)i'*lexp( - %J)exp( - ’;/jl,i)dydz

1
S = Ty

(12)

K (12) 1,
10 = ool - B s
:%W+wﬁ%+aququ(m

(B =8 +y.,9)y+C(B —-8)2)"
TEMES N (13) A A v, JATHIE 7 3Tk 20 ] o
SN Eq. (7.621.4) JRI[Eq. (9.121.1) ]. 4
Lm, ] -1 m,>1
d, =
! { 0 m, <1
Gl
m,—|m] m>1
e’:{ m -1 m<l
R xR « iR B EURAS(13)
WL (), Al

! (5) :%,1(,81 +71,18)'"’l(y+C,Z)(y+p12)d’(y+p,Z)""
l (,81 -0, +§’1,13)M/(9f +m2)" " y+mnz
(14)
S _ Clﬁl _ C/(ﬁ/‘&) fop
itqj’pl _Bz +;’1.13,m _Bz -0, +§1 15‘ Hﬂj(@k[zl ] A

FISZ SR EIE N A B, >>6,, B, iz FIE I (1 +x)°
~1+ax(|x|<1) 0774
I(s) z&l,l(Bl +§1,15)7”“_] (y+Cg2) (}’+P/z)d/
1 (Bl -9 +71,13)m'(9’ +7hz)md/
e(p—m)z (15)
y+mnz
FEAR S R 3 Ul I o =0 S A i 45 SR )

X1+



o1 M M BCAATET IR B IR & DME I RE AT 11

PR (15) A (12) iz I Z 50T, A
GGl

M%(s) ~
Bty O 2 i i (d,) e(i.)p ™
YZ,I(BI - 81 + ';’1,15)"1/ i=1 =1 k=0 \ k F(j)(;&l,i)j

L(k+1,d, -k+j-1,m, —e¢)

+CL(k,d —k+j,m —e)

+e(p, —m)L(k+1,d, -k +j,m —e +1)
+Ce(p, —m)L(k,d, -k+j+1,m —¢ +1)

(16)
K (16)
L(ab,c) = I(O O+ ) eXp( _%)dY)zbeXp( _i)dz
(17)

K (17) 455 B 43 ] | SCik [20 ] A9 58 [ Eq.
(2.3.6.9) 13R15, 4GS L (a,b,c) RS AT R H

]z(a,b,c) — F(a + 1)n;zfcﬂfzrwb—cﬂexp( _ )
) WERE

X,Fl(a+1,a—c+2;lz)dz
Y2

(18)
o, F, (a,bsz) R4 R L0504 R SR, 38
Hk[20 ] W[ Eq. (7.621.6) ], 3F &3 Aoz 57,
L (a,b,c) nliE—Rm N
L(a,b,c) =
I'a+D)T(b+1)T(a+b—-c+2) , atboca?
I'(a+b+2) T

><J‘,(a+1,a+b—c+2;a+b+2;l—m) (19)

Yo,
K (19) 0L, F, (a,bsesz) BRGS0 8™ 0t
b A (9) FISCHR[16 ] A3 [ Eq. (7.621.4) ], 50
(16) iy C, AR A

Q, 0,
C =E 1=—,F, 1 (20
! [71vl]+ Blz ( 2515 B)')’lz+ (20)

X (16) FAA(T) , /I155)] y, B9 MGF
M, (s) =
al(,Bl "'5’1,13)"’/71 2 ﬁ i d, %D(ixll)P;{rk
Y (B, =8, +y, 0" = = ( k)r(].)(ag‘,.i)j
L Lk+1,d, -k+j-1,m —e¢)
H « +CL(kd, -k +j,m —e)
+e(p, —m)L(k+1,d, —k+j,m —e +1)
+Cep, —m)L(kd, =k +j+1,m —e +1)
(21)

AARREA(20) (21) fRAZL(6) HIFHH ) ASER, {H

X B AL BUE 1 I A B R ek A ) 8, F AR

—ANELA KR TS ASER. 40, x5z T LA
JH {5 i) M-PSK ( £ 3JE il #H #2445 , M-ary Phase Shift Ke-
ying) P {55, th SCHR[22 ] Al 0

M-1)

v s 02
pr-re :LJ' M, (M)da
N f

.2
™ sin” @

M-1 1 sin’ (/M)
* ( B )M%f(sinZ( (M—l)Tr/M))
(22)
KR (2D ARARK(22) , B RE B #1453 M-PSK i
J7 2N B IR A PR E Y ASER. 7 52 By i B2 b A% Hi
H, M-PSK i) 75 20iz Fl de o 71z, PR T a3 28 [l 48
HTT o3 #r. B 1T M-PSK il Iy Nz oh, FAT19 07 il
I T M-PAM (22 g Bk i % 15 94 ], M-ary Pulse Am-
plitude Modulation) \M-QAM ( 2 3 ] 1F 3¢ Hig g 71 1 , M-
ary Quadrature Amplitude Modulation ) £ I i J7 2. /R 3
SCHR[23 ], #5453 1) MGF Rk AR R Y 23 2 E )
A M-PAM \M-QAM 53 i J5 =X AL IR & PHE M
f ASER.

4 EMEMES R

IR AR 73 B R GEVERE, FRATTHE T R SNR
ZFAFT MGF (33550, 3¢ 41 1] MGF 133 1 HSTCN
i ASER 5% W 1 734 B Je RERIE AR UG &R, 4

;’1,1 =,U~1,1& i &u :,U«z,z';’»

XH oy NV E ML, W] s FSCER [ 24 ] L F,
(a,bsesx), x—1 BFAITMIE R

B(c,a+b-c)
Bla.b) (1 =x)°

a+b>c

29’(1)—?’(@)—‘[’(b)—1n(1—x)
2F i (a,bsesx) = B(a,b)

a+b=c

I'(e)I'(c-a-b)

I'(c-a)I'(c-b)’

a+b<c

Hp B(a,b) =T (a)T(b)/T(a+b),ilii ¥(x) &
HpR K AT LIS E s SNR & ETF M (s) ML K
ikt

d, ..
w Q L (4, 1_‘(] +1)¢7(L,]) MY3,0,i =
M = — =1
() ZIJZI;)( )F(])F(d Fi+D

(23)
Horp B, Sy mi s B 1)



EE ¢ 2018 4F

12 w7
k=dmt,
:_l—‘(j)r(dl+2)B(d,+j+2,l) /Jvzi
! B(dz +2,j + 1) My Y30,
F(j+1)r(dl+l)
B(d, +1,+1) (24)
k<dnt,
= TG+ DT (d, +j+2)T(d, ~k) (B -8,\""
- I'(d, +1) ( B )
(24b)

F SCik[25 ) a0, R (23) AR (7)) R AR (6)
AT E) R A UM R 7E 55 SNR £ F 9 ASER 31U
FikA N

P7 =(G,y) “+0(y ") (25)
A(25) 1,00 - VFEREWI, G, FRMEE, G, T
oA rp YT R R BT — A 0L K 2 I 1 I ) 4%
%, H

G, =L (26)
G, =

LSRG TG D) )
& 1) .] 1 3.1,15))
( I<1 (01[; ; =0 ( k r(])r(dl +j 42 My !

(27)
1z (26) nT 0, RIVEE AP 7E 24 CCL, 3% 2 iR & B 1
Mo SR BEATSAF T oAk 2 K(27) T @ £ M-PSK 150
N

b = 17J' “ sin®*0dg (28)
0

sin”( T
& ( M)
FIFH sin () RRESA XSRS BA: W]k — 253143

2

(L%siHZLOdO + L sinu@d@)

M

1

siny‘( %)

@:

+cos(%)zlﬂ(%,%—L;%;cosz(%))) (29)
5 WEHNGE

AT S AL Bk 56 S 4 B ) 1E 6 M O
WFFE A5 I SH0 P 4k A% [R5 3 T4 % HSTCN 19 5%
i), 2 8 3 S b A 00 A2 A I A e L — i &K Ttk
T 515 M b, T AP AR S G 5 e I £ Mo L i
BN oy, =y, T B L BE R y,, = 1 5y, )
Vi Y2, =2/3(1=1,2, L), H P s $ i 20 i) =4
CCI #J SNR 435Il J2 v, , =3dB, y,, =4dB ,y,, =5dB. %
FHRIBA R 300 TR (AR S0 1 FR.

Bk L=3, 0043 Aak v Sl Tk TDREGS
[, 18 2 45 T BPSK 1 8PSK W A i i 7 U F & 4%
() ASER Bl y 84k iy h £k, T LLE 2, th #ie 1T 515 3
i) ASER phi 2k 5 Monto Carlo {j ELEA—2, I HAE S
SNR B A1 55 W 0T A 45 30 00 th Ze Al 8 20, Xt ge
UE T #ES 1 ASER A5 (22) Filisy SNR 54 T (19 AS-
ER R RIFRA 0 (25) A IEAf . A AT DIAS 31— 1R
A EEWE W, T R TR AR ) 2 2L S 5 28
Wl 284k K EME M 1 3 SR BE R R G, = 3, X R W] 3 4
FEACH H AR B H Y. e Ah ik T DL R T A i
FIsZ3E i (TLS—AS—FHS ) 2x 33 ASER i BB T
W X H T B T I BG s | & {5 18 BT & T R, AT
i B SNR A A

®1 DEEESH™
Shadowing by m 0

Frequent Heavy Shadowing (FHS) | 0.063 0.739 |[8.97x107*

Average Shadowing ( AS) 0. 126 10. 1 0. 835

Infrequent Light Shadowing (ILS) 0. 158 19.4 1.29

10° F ___ Analytical
o Monte carlo
1o L=2- Asvmpfotic ,  BPSK R NG
0 5 10 15 20 25 30 35 40

7(dB)
[#2 AR 4T R FIBPSK HISPSK AT ASER [t 45

B3 gyt T TR BERGAE AS JEVE A5 0F T, Pakdi H
LA, SR QPSK il 77 20~ R 4Ly ASER Fifi SNR
ARAE I 2R, 12 1T U6 W] 2 4 19 1R E BB A v 4k B H 0 g
T bt PRk, AT G 3 Ak S ROR $E e 2 R
FOMERBIPERE. 1A, AT 3 AR5 Hh, il 5 1 A
Pra s AR EIR S5 R 5 Monto Carlo 7 Ho & — 2, H.
KM R 2% 9 50 SRS T AR R H.

10° \ j

107 o

S~
otk
Su~

"~ F —— Analytical

o Monie carlo

106 L=== Asympfotic X . X
[UNE] 10 15 20 25 30 35 40

7(dB)
E3 AR E LR R FHQPSKIA S 1 ASER 1 2k




o1 M M BCAATET IR B IR & DME I RE AT 13

6 #ig

IR A DMEAEHE AR N & Rk B8 g 5 1
FEN, T WA B A B T8 T R A A T
PERA SO A SCH AT T M T 224> ko ok
AF BMSCi B TR 38 1544 B A9 HSTCN 7746 CCI B il 1
8. e R A MRC 32 31 [ 45 18 T e i 1 o
T A5 HA H SINR % 263k 5. HyEr ) T2 4% 5 i
A BH R 3307 43 A R b 1 % 265 AN s 1) 20 A A 4 O, 4
4 SINR 1) MGF, 3 i — 2513 5| R4t ASER [ f#
BraeiksX. 24 St SNR 51 T R4t ASER i
ek, MRS R G PR RE SR AL T 8 i bk 1 Oy vk B
Jei  VHEHLT BUGE T B A0 M 0 IR R, IR 0 — 2
THgkEE A5 TE S B E G O 2R G RE I R
T g 2 TR A5 DIV A% i 10 1 RE DA A TR i 1T 4R 3
TSR K.

S 30k

[1] MARAL G,BOUSQUET M, SUN Z. Satellite Communica-
tions Systems: Systems, Techniques and Technology,5th E-
dition[ M ]. USA ; Wiley,2010.

[2] CASTRO M A V,GRANADOS G S. Cross-layer packet
scheduler design of a multibeam broadband satellite system
with adaptive coding and modulation [ J ]. IEEE Transac-
tions on Wireless Communications,2007 ,6(1) ;248 —258.

[3] KNILL E,LAFLAMME R. A theory of quantum error-cor-
recting codes[ J]. Physical Review A, 1996, 55 (2) :900
-911.

[4] PAOLO C,GIOVANNI G,SASTRI K. A survey on mobile
satellite systems[ J . International Journal of Satellite Com-
munications & Networking,2009,28(1) ;29 -57.

[5] BHATNAGAR M R, ARTI M K. Performance analysis of
AF based hybrid satellite-terrestrial cooperative network o-
ver generalized fading channels[ J]. IEEE Communications
Letters,2013,17(10) :1912 - 1915.

[6] LABRADOR Y,KARIMI M,PAN D, et al. An approach to
cooperative satellite communications in 4G mobile systems
[J]. Journal of Communications,2009,4(10) :815 —826.

(7] Ak, £SO Bl TR B 5 5 MO, A rh 4k 5
GEi R R AR [T ] T 40, 2016, 44 (2) 268
-274.

YANG Bin, WANG Wen-jie, YIN Qin-ye. Secure wireless
communication for AF relay system with hybrid signals
[J]. Acta Electronica Sinica,2016,44 (2) :268 —274. (in
Chinese )

[8] B4, 2 FE , Lif§o%. Nakagami-m FEVE53H T & E 3 43
AR R GEPERE T BT [T ] T 2% 4, 2011,39 (1) 162
-167.

ZHAO Rui, LI Chun-guo, WANG Hai-rong, YANG Lii-xi.
Performance analysis of fixed gain relaying systems in nak-
agami-m fading channels [ J ]. Acta Electronica Sinica,
2011,39(1) :162 - 167. (in Chinese)

[9] IQBAL A, AHMED K M. A hybrid satellite-terrestrial co-
operative network over non identically distributed fading
channels[ J]. Journal of Communications,2011,6(7) :581
—-589.

[10] IQBA A,AHMED K M. Integrated satellite-terrestrial sys-
tem capacity over mix shadowed rician and nakagami

channels[ J ]. International Journal of Communication Net-
works & Information Se,2013,5(2) :104 —109.

[11] BUY J,LIN M, AN K, et al. Performance analysis of hy-
brid satellite-terrestrial cooperative systems with fixed gain
relaying[ J]. Wireless Personal Communications,2016,89
(2) .427 - 445.

[12] SRENG S,ESCRIG B,BOUCHERET M L. Exact outage
probability of a hybrid satellite terrestrial cooperative sys-
tem with best relay selection| A ]. Proceedings of IEEE In-
ternational Conference on Communications (ICC) [ C].
USA:IEEE,2013. 4520 —-4524.

[13] SRENG S,ESCRIG B,BOUCHERET M L. Exact symbol
error probability of hybrid/integrated satellite-terrestrial
cooperative network [ J]. IEEE Transactions on Wireless
Communications ,2013,12(3) ;1310 - 1319.

[14] AR08 2RI AL R EE T Z I 4R 1

ZWEERGENER AT [T BT 44, 2011,39 (10)
2235 -2239.
Z0U Ying-quan, ZHAO Rui, YANG Lii-xi. Performance
analysis of multi-cell systems with cochannel interferences
and multiuser diversity[ J]. Acta Electronica Sinica,2011,
39(10) ;2235 —2239. (in Chinese)

[15] AN K,LIN M, OUYANG 1J, et al. Symbol error analysis
of hybrid satellite-terrestrial cooperative networks with co-
channel interference [ J ]. IEEE Communications Letters,
2014,18(11) ;1947 - 1950.

[16] R, BAFE. J T a0 56 (5 B 0 DR 2 BORK &
Wb A 77wk [T ], L 22 412, 2015, 43 (11) 1 2232
-2236.

SONG Gao-jun,CAO Shou-guo. Joint precoding optimiza-
tion of multibeam satellite system based on partial channel
information[ J ]. Acta Electronica Sinica,2015,43 (11):
2232 -2236. (in Chinese)

[17] SURAWEERA H A,GARG H K,NALLANATHAN A.
Performance analysis of two hop amplify-and-forward sys-
tems with interference at the relay[ J]. IEEE Communica-
tions Letters,2010,14(8) :692 —694.

[18] AN K,LIN M,OUYANG J,et al. Performance analysis of
beam-forming in two-hop AF relay networks with antenna



14 il T Mk 2018 4
correlation and interference[ J]. AEU-International Journal 1EEE N
of Electronics and Communications, 2014, 68 (7) : 587 m—— w g B, 92 410 ABETHILE
-594. DAL U S A B L A R T 8 N Wy N
[19] SIMON M, ALOUINI M. Digital Communication over Fa- FRAERN P P S B RS A R
ding Channels [ M] USA: Wiley-IEEE Press, 2005. 758 HAAN LI B ABA S AL AR UK A B 52 T
~795. . BRI KB 20 — 485 1 I, ZE AR 25
[20] GRADSHTEYN I S,RYZHIK I M. Table of Integrals, Se- k4 Iﬁf’ %Eﬂﬁ%ﬂ : Iﬁ’%ﬁ(%%*m
. . 3100 455, Horp TEEE M RIESC 12 i, 2 E K
ries and Products,7th ed[ M]. New York : Academic,2007. S22 5 s ) R
[21] ABDI A,LAU W C,ALOUINI M S, et al. A new simple E-mail linmin63@ 163. com
model for land mobile satellite channels: first-and second-
order statistics[ J |. IEEE Transactions on Wireless Com- ZiGE B ,1981 4E10 A AETITHRE,
munications,2003,2(3) :519 - 528. PRI B TR 2B S AR . TS5 1 N T
[22] MCKAY M R,ZANELLA A,COLLINGS I B, et al. Error AE WIS S
probability and SINR analysis of optimum combining in E-mail ; jiangyangweil @ 126. com
Rician fading[ J ]. IEEE Transactions on Communications,
2009,57(3) .676 - 687.
[23] LIM,LIN M, YU Q, et al. Optimal beamformer design for
dual-hop MIMO AF relay networks over rayleigh fading N N .
channels[ J]. IEEE Journal on Selected Areas in Commu- EIXFE% #1983 1_2 ﬁkﬁi?ﬁﬁﬁqﬁ ;@L,T'@,?\AHBEETJ:#‘
L. YO, ESERFTE Iy 19 S TELRSE 15 2% T AL S5, & A RF AR
nications,2012,30(8) :1402 — 1414. 20 4085 FEip SCI i 8 5.
[24] SAIGO M, SRIVASTAVA H M. The behavior of the ze-
ro-balanced hypergeometric series p F p-1 near the bound- % B 51,1989 4E 8 L TS T RS T T e 2 b
ary of its convergence region[ J]. Proceedings of the A- WS . FEBRSEIT A RS S B AL PR B R SR
merican Mathematical Society,1990,110(1) .71. 320 4K FHerb SCT =% 9 4.
[25] WANG Z, GIANNAKIS G B. A simple and general pa-

rameterization quantifying performance in fading channels
[J]. IEEE Transactions on Communications, 2003, 51
(8):1389 - 1398.



