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WE AXHRTEEEEHARSEER (channel state information, CSI) THH#H 4 & (TEJE 5. F
g, GEE) BERANYEERET T AEA Y FREGEGENERA S Y, LR EGE.
PRANERE, B GEEHA L RE. GERMGEEHARARANL G0 &R L EE W
% % —g’t‘vi, A B R AR AL K B R (decode-and-forward, DF) o AL A B K (randomize-and-
forward, RF) A 7 A M GEEH AL FREALFREEELALELN, BRETH. vHEEF
FAREEIRYERNGEHNGIT. EFEECSI T, AXAEFHT DF 5 RF # 4 # L TRE
H T AR Y ] R R 3A R KBTI R IA R, HF 3 i Monte Carlo {7 B 5 1E 7 E b A By E# M.

RIT CSL Gauss WHIEZE REFUME EWASHWHAL BAKEH BHHA#Z
BB AR S MEERE RS

it

1 5]

T TCEAZTE T . B4k, S L4l G B (5 B2 22 3 7 B, W3 EE NI
ARGt HBE (open system interconnection, OSI) #MJEK)ZE, B Z XA EEIIEAE R CEE
ER, FUESZ2) 7 Z k. YEE 24 Wyner 1 T 1975 32 H, HE A SR A LLE
T8 AN R M SE IS B 22 Ak 4, [EII, IS G ST 1 Oi B S E A, RIZE A G O T %41
TS HERK.

AR, WFFENAAE Wyner 57 % (5 8RR () JLAl F X0 TR2E R T xbse S kdE. STk [2] #F
Jt 1 Nakagami-m FEV&(51E FEE T AL B EERE TR, 70T H T IEFIREARE (prob-
ability of non-zero secrecy capacity, PNSC) LA fR% HITHEZR (secrecy outage probability, SOP). 3
Bk [3] X AEANR VRS TE T B Z R MERE AT THIFFT, 24 3215 TE A 57 W (5 38 IR A SZ /AH 5
log-normal FEFEAFIE LA SIS S & AT RS, 20500 04T T iZ R G R IRE A&, PNSC AL SOP,
IS T R IE L
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BT LA A AT AR AN 22 32 B ZE RO R HOH0URE, 8 T S IRIX AR, BTN g 1 BArp koA
RGMZRERGNTEM R B0 SClk (7] FFF0 T P EE G 2R 4k N 4 LLTBCR 4 & (amplify-
and-forward, AF) 55 HUKFE K (decode-and-forward, DF) S SEHS 1) 25 F b 4k ik 8 5 &, BFE i fEr
ARIEPE, Bl B RN B RERE {5 T IR 3 LA R RO B IR B STk [8] X AR FBOR % 2 DA S B A LTBUR
K (randomize-and-forward, RF) fE4 LK) 4 s RL KI5 0 Se It Dy 2270 i) A e 53 o) 2 v eh 48 r
B IGEE 7T S AAAEREN B AR M ) 22 4, SCHR [9] £ AF thgkmI2s Mgt 1 —Fh
B MMER RO, AR TR BT 5, F b R BE— B9 . 55 4h, SCBR [10~12] % 2 R
SMEFORBEAT TOEFC. SCBR (10] "PRESE 7 &M (RIS EE) RIS RE, 9iEERMEZRE, &
&9 (maximal ratio combining, MRC). #&#£3\& JF (selection combining, SC) K& 5 51 W Jit & (1) 72
JEIRENERE. SCER [11] HERH T X453 MRC F3 88 R 45 DL K % Pl 1 38 A o AR AE S B AR R 38 7k 12 1)
K (two wave diffuse power) &SI FRMEEAE. 7£3CHR [12] F1, EE S T Nakagami-m &[5
T REKH MRC 5 SC HBE RIS BRI PNSC, 725 L 73 SR BRI PERE 5 53] T MRC
T SC HIZkie.

Zi b, AT X BRI SRR T RO s T R AR E TE RS (S 2 (channel state in-
formation, CSI) HIRT$E, SEPLSEIE 25, SR, fEILSE) L LB R P IR CSI J& 143 A X
ffy O3l [FIEMETHRZENT MRC RGIERE MM 5t Bello A1 Nelin $2H U4 A4 504 1k 844
Rayleigh V% (518 N H S (pilot tone) A MRC RGIALIIALA 1520, H A pilot tone &
MEHRAS 5 43 B8 SR RS, B f3 B S T8 A5 THR ZE WOE B2 A Gauss 73 (1. Gans 191 &
Gauss SIEM TR ZEAESLPRE) MRC R8P HEAT @B, 45 B 1 i 0 A5 1 EL RO 2 25 2 e 4

SCHR [16] XAk PG 5 S E HATAE Gauss = Z B A Z i (single input multiple out-
put, SIMO) RGHATHF 704, 51 T ERKH MRC 0 EFRE 1) SOP. SCHR [17] X Gauss {518 il
117 T DF 5 RF H14k SIMO R4l PNSC #H47 1070, R B E R E MR a5 ETRER
B RE PR DU S P R A R, T LA R R B S B AN RE s B R 12 R G IR P R

FESCHR [17) BIEEAE B, ASCHEFT 17 HEBEAR CST R SIMO RGNV EZ R % ik gE, 20 70t 1
DF 5 RF 4k50& T 1) SOP, JrE St 1 M RE N iiE R 5 )5, 18id Monte Carlo /7 HLXS
BB AT 1 BIE.

2 RERA
2.1 LTI

WA 1 PR, ARG HERE S, 4k R Y. E1E D (1E M RREIFRA MRC 3 4EE0R) M
PIEH E (P N RRLIFRA MRC 7MEBOR) Ak, @Ed 0 ik, 55 1 Bkeh S K s B4 h5
JaR4 R, 5 2 BEh R KERA S KIS B EB MR A% DB E XS 2 R ARRIIIE BII%5, S
5 D BEEEUE, B S E B, S 5 D ZIAE/E AR S HER 8. AR A Ik (EE
NI AIRAL T AH Rayleigh B3 ARIE, F9E REHE—MT S5 RN N RFFAZE, HIER IR %48
Pz 0.

1) 4k R 735K DF 5 RF Fek g, Hor, DF A gk ek e o 4k 5 & IR A R 1080 BT 2%, RF A
KGR RIS T P 2K SR IR A R KRS 5 AT e A
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1 RGRAE
Figure 1 System model

2.2 {SIEEED R

2.2.1 FEMEHREST

D 5 E #:RH MRC 556 IHA, /£ D &, 3 m N FEEZRNE SN vp,, = VPrhp,, x1 +
nD om=1,2..., M, X, hp, N R-D BT m DM T EENEERZE R, o1 N R KIENE
B, np, NE Gauss B/, Pr & R FIFIR ST DIE.

1 E &b, 38 1 Bk n NTEELE 2 EJEEPE%‘ p N EEERIESAN yp, = VPshg,x1 +
ng,,n=12,...,N,yg =+/Prhg,x2+ng,,p= .. N, A, hg, NS E HEMPE n ANFEE
E’JF” HIERB, hp, N R-E BB p 4‘?@@5’]@13@2@%@ z1, v AN R K& S KIERIME
B, ng, 5 ng, NE Gauss B, /Ps /2 S PR D%

EIFEBN o = Sy 822y, Y15 = Sy ¥2YE,, 925 = Sy wyE,, e, BN by 1
LHE, N, N Gauss BEFEI)Z (u € {Dy, En, E,}). fﬂﬂo’:fﬁﬁ? % JEFIFF/E Gauss B TRz, 3K
L IERUE hr /N, HERE ELBR M. BRIk, 4 hr /Ny N ke /N, B VHE, IR S0k (18], —#H K&
W by = /b + VT = pugu, FeH, pu € [0,1] NEENRHKRED, g, £ h, BOLFE AR HIHEHL
AR B BT B AEIUE B IR E R AT AR RN e = 30, PS|hE i 5% 2 kR D AL, E Ab

Al {5 5 OB (5L B o — S0, Faltoml o s PRJV*;EP'

p=1

2.2.2 HURES M
01k R RS S HERRELI PDF 5 CDF 2004 fop (v) = s exp(—25), Fyp (2) =

Y

1— exp(—), o, 7y 9 R BUREEMRI MM, REE SRR 17, B ST 0 2
SR BRI 5 (5WEEL Y PDF A CDE 28I £, (2) = S B (m) #” Fopp (2) =

Sy B(m) {1 - Dmeliely 5 0 o1 B B AT R ISR, D (d) = [; exp(—t)
xtd=1ldt, d € {m,i,j} ijamma B, I (d,z) = [ exp (—t)t91dt AATES Gamma PREL, B (m) 5E

SCA B (m) = (%:})(1 — i)Y T i € [0,1] NES 1 Bk B IS ET S E S EE W Th
=S PS8
2) pu RMTEFEMTHEIK — N EESHL, po WK, FEATHEER, 2 po =1 I, ARIEE MRC &JF.

3) FRIZWCmEEAT MRC & )F Z AT SRR B, 53 4b, R T TEROR T 2R AR, AR BERER 2%,
JiAEALEE, SR 5 SCHR [19] AH IR 7 12347 AL
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TEES 2 BeH, D EAAAEEEMTHRZ B FRIEINE S E %L PDF 5 CDF 4374 W
TR

i—1

e (/)
Fo e ZA O W

S >

Horb 5p N 2 Bk D A TEERE S 1E B ILSME, AG) 830N

AW = (Y7 )= 3)

FE5 2 Bk, E AbBUUE S5 LU PDF 5 CDF 4305l

N -1 Iy
_ cinE exp ( @/’72E)7 4

ad I'(j, z/28)
’YzE ZC { F(])}, (5)
Hr, 3, A 2 Bk E A TEEERGE S ERIIIE, C () & h

c = (N7 )= g )

b, por € 10, 1]
FRPESCHR [8] HXT DF A gk ke Sem& 1 S, RT3 3] D MR SE S LEN v = min {yr, 7}, E
(IR S RE R LL N 2 = max {yiE, Y2r}-
3 EREDHRS
3.1 3Kfi# v, #1 . B PDF 5 CDF

SIESCHR [17], y1 A1 2 [ PDF J CDF #] LLoyr 5l s A

@) = (2 ) + > 40 o) Ly <_> Z ao {1~ Lz
- {1 — exp (—;;ﬂ ZZJEA (7) calll ?{Z)(;;/VD)’ o

e ()i o)
[1_6’“’( ﬂi"l {“Zpgi/)%)} ®)
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frs (2) = ZNZ ZN:B<m>O(j> 2 exp(~o/Top) | o™ exp (~2/Tip)

m=1 j=1 F(])W%E F(m)ﬁ%
ijileXP(*x/%E)F ‘mvx/ﬁlE) ™ Lexp (—x/71g) I (4, %/Fax) )
I'(m) I (j) Vo I'(m) I ()71 ’

N N = i x/7 bl /5 /7
YNy (BT T TP TR

m=1 j=1

3.2 MM HEELTH SOP

DF ke s, gk R E SSRGS 3T M5, FLOME 5 B s Wi, 285
¥elkzafata D, an R rp 4k rl el BE I S mfE R, MITT L f S-R BEF IR 51N,
Z, R RS AR EIHR IR B, Bia SEEHR I RRIL S, T E N R SRR RE T REAR T A R
DF k5K RGTIVERE. RF P4k & SRS A 48 AR WL — B8 TS I BEALAS 5, ot 23 %
&, £ S-R #E#% 5 R-D SRR EIRIE S A BT 0 G, Bk, RF 4R A5RIRIL T DF &
2K EE s 071,

PAUN A AR 70 34T DF J2 RF HPakie T SOP f i s3Ik 5.

3.2.1 DF 43 L TH SOP
PR TR I SONBEN R R & O /DT EET B RAEA R Cy MR, SCHR [8] X DF
Rk AL T IR IR R 25 25 e XN

logy (1+1) — $logy (L4+72), 71 > 72

Cs (71,72) = { (11)

1
2
0, 7 < V2,

Hrr, Llog, (14 71) 5 Llog, (1472) 7358 D 5 E BN 7 EE R A &
R4 DF F4ki kR PR (R R =€ X, SOP Al LG N

1 14+ I+m 2¢
P =P < =Pr< =1 < =P L 27+t 12
SOP (Ca) = Pr (Cs (72) < Cun = Pr {iomy (172 ) < Cun p = o { 152 (12)
2, a =220 B BINE N
T+m
SOP (Cyp,) = Pr Sap=Pr{yi <ayp+a-1}. (13)
14+

5, X (13) TSR

o ay+a—1 oo
SOP (Cyy) = / / Fon (2) s (y)dady = / For (9)F (g + o — 1)dy

= /OOO fre () {1 — exp (—ay::;_l>
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/fw )dy — / Fa ly eXP( O(y+a_1>dy

-1
+ ZA / fre (y exp( oy d;: )dy

X3
M . —
N ay+a—1\I'((i,ay +a—1) /4p)
200 [T e (-2 ) HERTEED ARy
X4
B, Xy =1, MM T (n,2) = (n = Dlexp (—2) 02) Lo = 1,2, (3CHR [20, 5K(8.352.4)]), 7T LL{RF]
a—1 > o
Xy = exp (— = ) /0 frz (y) exp (—VRy) dy, (15)
M . a—1 e o

X3 = Z:A(Z)exp (— = ) ; frz (y) exp <—,yRy>dy, (16)

Xa= i Z Zq: (Z)A (i) exp (—ay_ 1)exp (_a7;1) ot (O;gq})q_k

i=1 q=0 k=0 R
; fra (y) exp (—jl‘z - i‘z)y’“dy. (17)
B A R A5
Xo = exp (a_1>1(°‘,o>, (18)
TR TR

X3=3" A(i)exp (—0‘7;1)1(—%,0), (19)

(Dawen (-2t o (-t )0 kf (-=-2=5) e
TR "D e "R 7D
¥ (18), (19), (20), Xy = 1 ARANF] X (14), W15 2] DF H 4k K & 1) SOP.
1ERTF SOP HIMIARIENZ G, X BIE—BRMAY 7, — oo B, DF # SRE T IR 2 I 22
SOPY, ML ik,
K@, T (z %) = (i — D)lexp (f%) Sl et 19 exp (f%) JEFF A Taylor 2k

q=0 3} q!”

B, RN, BT, Py, (o) M#HERENR P2 (2) 5N
-y [

B, 3 (8) B Fy, (x) MBNLRENX F (z) N

F2 (2) =1 —exp (-i) +exp (—7”;) ]z_w; [A (i) =

(2

M
X4_Z
1

1=1 ¢q=0 k=0

)] (21)

I
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Atk A, SOPR (Cin) A

-1
SOPDr (Cin) =1 —exp (_a ) I (—a,O)

TR TR
M i /. : ik
+ exp (_av;l) ; LZO (;) A(Z)a:(;i!_ 1) I (_%7k) To (,ygi)l
=1—exp (a,le) I (70;7()) +§ [(Gli[))ii o (751)} : (23)

He G, = {exp (—%) S o (;) 7A(i)ak(g_l)iikl (—%,k)} o
3.2.2 RF H4¥% 4 TH SOP

SCHR [21) AR, A2 SR Bk R-D PIBERIBRN RE R R Cs, 5 Cs, 200/ T 805 T A1k
I HAR IR B Cro M Cop, I, BANEE RGN RE R R Cs A R/NTHEET RGN HARRE F R
Cun, SRR A RESLIUORE L. HI, RF P 4R R T SOP ATLLS N

SOP (Cy) = Pr{Cs, ("r,71E) < C1en }Pr{Cs, (70,728) < Cosn}- (24)

% 1Bk, 2 R BMEMRLL KT B ACHIE ML, BBERG 24, Bl

$logy (1+9r) — 3logy (1+mE), R > MBS
Cs, (momp) =4 2 2o (25)
0, YR < ViE-
XA, 581 BRI R TR SOP, (Cu) N
1 1+
SOP; (Cin) = Pr{Cs, (7w, mE) < Cian} = Pr {210g2<1 TR > < Clth}
+ YiE
1
=Pr {W < 2201‘h} =Pr{yr <aime+ai —1}, (26)
1+mE
Hor, aq = 220 G55SR [20, 7X(3.326.2)] AT LATSF
0o prarytoar—l1
soPy (Cun) = [ | Fon (&) Fo (4) dardy
o Jo
:/ f’YlE (y) F’YR (a1y+a1 - 1)dy
0
N
1 1 a1
mZ::l ik (1/71g + a1/7r) TR
[FHE 250 2 Bk A
2logy (1+9p) — 2logy (1+72E), YD > V2E;
Cs, (0, 72m) = § 2 2 (28)
07 D < Y2E,

1 1+
SOP;3 (Cai) = Pr{Cs, (vp,72E) < Cotn} = Pr {1og2< D ) < C2th}
2 14+ vE
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1
=Pr { + D < 2202“’} =Pr{yp < aoyr +az — 1}, (29)
1+ vk
H, ay = 2202,
asy+as
SOP; (Cosp) = / / fap (@) frop (y) dzdy

/ f’Y2E ’YD a2y + o — 1) dy

M N M N i-1 g3
:zwom—zzzz(?)mom
=0

i=1 j=1 i=1 j=1q3=0 |=
Coblas 0" rGen (~e) 0
T () s 778 (1/Tap + ao /70 T o/ (30
a, 1B (27) A1 (30) AR (24) H, W15 RF B KIS T SOP A
SOP () = 3° B (m) [ ! ! exp (a)]
' m_1 Vit (/e + o /35)™ r
M N M N i—1 g3
4 PboRICEITES % b ol 1) RECEE
i=1 j=1 i=1 j=1g3=0 =0
Coblap =" PGHD <_a2_1)] (31)
T () a8t (1/70m + 02/7p)” " o /|

FE3RAF SOP MMIARIE NG, KB PRM2 7, — oo I, RF FRKMS T 1R i
SOPRy: MHNLFRIE, T2 1 Bk AS 5p &I, HUA R SOP (Cy) MIBNLRIE

M

SOPF? (Cin) = Y [(G27) " +0 (75')] (32)

i=1

S, Gy = [, 5. () Al st
G LA, RE FER AN 0 (RE R ITHER SOPRy: MM 41550y

SOPZF = SOP; (C1ip) SOPS° (Cop) - (33)

4 RESTH

A7 A Monte Carlo 1/ FASUEESHERL I IE#f T, £ Monte Carlo 4 EH Z BTk [15, 7(23)]
a3 FEE AT P Bk B - A5 M L

M Fg =40 dB, pp = p1g = pop, M = N =2 i, I 2 451 7 DF " 4k35RME N SOP R4 &
(FiesVor) = (2,2), (4,4), (6,6), (8,8) dB N 7, MR HIZE. MEIFFATLUE H, 2 7, HKE, SOP 7
I/, XN DF gk sing 58 2 BUMEERIE R 1 8cE. 556, BEHS Vi, Vor) IR, SOP
WK, XAZRA B AR5 15 e LLTEIE K, BU O3 I 5 48 K

M Fr =15dB, M = N =4, pp = p1g = pop = 0.8 I}, & 3 S5 T RF "4k SOP fEAFAH &
Fims Top) = (8,4),(4,8),(8,8) dB Nl 7, HIZALHIZE. ATLLAE H, SOP B ~p I AT/, X2
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10° Jeloioleion 100_ T T ™ \‘\:

% Simulation ] ! W
Analysis A
E — - - Asymptotic fo \
= = 1
2 Z 10 W
€ 10" 2 ARG
o & A RRY,
@ % 102 Q5N
g g N
g 10° B (7,5 7oe)=(3.4).(4,8),(8.8)
8 7 7 g 107 ¢
@ (71 75)=(2,2),(4,4),(6,6),(8,8) 3 %) * Simulation
¥ — Analysis 3
Wy k — - — Asymptotic 3
1073 . . L : L y v i 10 . . . : - -
-5 0 5 10 15 20 25 30 35 40 -5 0 5 10 15 20 25 30
7, (dB) 7, (dB)
E 2 DF #4T SOP B v AR (F1g,V2r) BIE E 3 RF $4%T SOP B v, HIELERLZ
1Lk Figure 3 SOP versus 7 of RF

Figure 2 SOP versus 7p and (7;g, 7o) of DF

BRIONES 2 BREEROIROUS 2] T E8GE. 540, 2 (g, Vo) = (8,4) dB M (7,5, ¥or) = (4,8) dB I, SOP 1
2 RAITE 7 dB Ao —ANSTIL A, KL RS b, Mg 5 ver A K, INFEARSE BRI, 530
FHBLE 7 dB L.

Mg =45 dB, M = N = 2, 15 = 7op = 4 dB i, B 4 41T DF $14kf) SOP fEANH
HE (pp,pie.po) FBE 7o MIZILEIZL, p, (u € {D,1E,2E}) N{ZHEIIRM KR L, 2 5 RET RS
B R-D, S E LK R-E FMfEiHREZE, X (pp, pie, p2r) = (1,1,1), (pp, piE, p2r) = (0.8,0.8,0.8) i
P2, ATLAE ), p, BOKE, RGN SOP #iF, HY p, = 1 B, NHEELK MRC & 7F.
XEE (pp, p1E, p2r) = (0.8,0.2,0.2), (pp, piE,p2r) = (0.8,0.8,0.8) VL& (pp, piE, p2r) = (0.2,0.8,0.8),
(pp, p1E,s p2r) = (0.8,0.8,0.8) A LIS H 4G H P S TE D 2 AH ¢ RECK T 51 3 S B DI A L R
KT 1% R G0 PR R BB 1 R B T 2451 Wi 3515 18 D) 2 A 0% R BOK 1632 H P (1045 308 DO 340 0% R At
(1 R 2% W 14 .

HHp =40 dB, ¥1g = Yo = 25 dB, pp = 0.5, p1g = 0.8, pop = 0.8 I, & 5 45 /' DF 55 RF 4k
R W SOP fEARIN (M, N) A& T, B 7, B HTZ. MEFRTLLE H, RF 7 SOP Lk DF 1) SOP
B /MR 2, X2 BN RE g e v SRR AT 5 PR ER & DR 25 1Y), T AE DF ke kK, E ERT /5N
oA T — MM b i KL RS, 11 D R BRE SR AT 5 W Bk S N E e LU v B A gk o 2
fEHEEL. BEA, YT DF 5 RF RE9H (M, N) = (8,2) KL (M,N) = (4,4) & (M,N) = (2,8)
EIZE T T, RN EERWCE M REHE B, G108 REEH B/, % R G085 M R LT

e, IWE 2~5 AT LAE H, BT 1 00T IREE 26 7E 7 — oo B S5 E 45 R LR BB {EMA.
XAERNXT 4p, FH CDF 11 exp (f%) H Taylor AT IFRE RIS, 24 yp /N, 22 (x)
ARHEFIER Fyp (2), R Fp = oo B, F2 (z) A REENEIL F,,, (z), #OUATE RSB LL T i
Mz A 5. i ER s,

5 ZEig
ACWIF T JEFEAE CSI FHY DF 5 RF H14k SIMO %%t MRC 7 E IR 25 R I ER, 2 5 T
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107 prcesesoen HIHLERE 10" NS T
8 * Simulation e (MN)=(2.8).(44),(8.2)
Analysis P ) o ]
> — - — Asymptotic]| > 10° FleriReaae A
= 107 : =
g £ 10! qecseee
3 o
g g
o S 107}
2 107 2
5 s 103 [
2 2 10
2 >
g 103 E i % 10 £ % DF Simulation Q
C})) ROz, K. 52 B o RF Slmula[lon(M’N):(g,z)’(4’4)’(2!8
o 107 Analysis
(P Ay p)=(1,1,1),(0.8,0.2,0.2),(0.8,0.8,0.8),(0.2,0.8,0.8) —Asympiotic
10 . . L A . : . . 10 : : ’ ’ L L . L
5 0 5 10 15 20 25 30 35 40 5 10 15 20 2_5 30 35 40 45 50
7, (dB) 7, (dB)
B 4 DF 4T SOP B 7p AR (pp,p1E, p2£) B 5 DF 5 RF % T SOP fifi ¥, ML
AT Lk Figure 5 SOP versus yp of DF and RF

Figure 4 SOP versus yp and (pp, p1E, p2r) of DF

DF 5 RF Wifhrh g 75 0 SOP AR E X LM £iA 1, 5 /5181 Monte Carlo f/j IR IE | 4%
SCHTHE H A A A L4 SR T DS B S e i s R R B 2, G708 K462 H /b, MRC
A IEBUE M R THE R Z D, (R PERE R LT {518 ThAR A O REOHOK, (538 1 A& itk ek ar, o 2
IRBA S AT AE ) RF L DF BIR25 1 REH 08,

B2
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An analysis of secrecy outage performance of DF and RF
relaying SIMO system with imperfect CSI

Danyang WANG, Hui ZHAO & Gaofeng PAN*

College of Electronic and Information Engineering, Southwest University, Chongqing 400715, China
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Abstract This paper presents an investigation of the physical layer secrecy outage performance of the coopera-
tive system in the typical four-node (source, relay, destination, and eavesdropper) scenario with imperfect channel
state information (CSI). Specifically, we consider the single-input multiple-output wiretap channels, where the
source (S) and the relay (R) are equipped with a single antenna, and the destination (D) and the eavesdropper
(E) are equipped with multiple antennas. D and E adopt maximal ratio combining to process multiple copies of
signals, and the relay adopts decode-and-forward (DF) and randomize-and-forward (RF) schemes to forward the
received signal to the destination. E overhears the information transmitted over both the S-R and R-D links. We
derive the closed-form and asymptotic expressions for the secrecy outage probability under both the DF and RF
schemes with imperfect CSI, respectively, the accuracy of which is verified by simulation results.

Keywords CSI, Gauss errors, secrecy outage probability, single-input multiple-output, maximal ratio combin-
ing, decode-and-forward, randomize-and-forward, physical layer security
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