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Nakagami-m V%518 N K KB REER, KIS I (maximal ratio combining, MRC) AR 26
HEFE G I (selection combining, SC) M EEF AN IEF R EF R IIMEZ (probability of non-zero secrecy
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TRE MR R T SC IRE M EEVERE. J14h, STRR [7~11] SEAEP AR UME RS T — L85t L
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BIEAGTRZE. SCR [14,15]) ¥ Gans A Tomiuk 558 TAEH B ZORZ@EE T, 2005 T B
ANZ i (single input multiple output, SIMO) Al MIMO %7 % {5 18 H 82 50E 157 % 3 [E i HU I Gauss
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(1) 7ESCHR [12~14] BOFEEAS E, A48 DF P4k ke ad, #E2 7 HEBAE MRC & IFR 301G S50
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DF PMERIRFERIE, S AT R R B 52t m] DAAN ] (141,

5) AT 3CHR [7] T eilT AL AR S AL S, T RSB R R, A SCB BN RS P e B A
T (S M LB RO HEAT AR RD, X SR A T sC A
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Figure 4 PNSC versus pp of DF

M N
— 7 1 * % leX _ 1D
_;;A()C(])r(z)% {/O b p( VD) dvp
1 = i1 «p [ 1P YD
CT(G) Jo o e p( VD)F(j’zE)dPYD}
NN ey L (i—l)!_j_l(i+p—1)! 1 }
_;;A(”CU)F@WD{(1%)1' D v v 120 G

wJa, 454 (35), (37) A1 (38) 2\, AT LATR 3 RF 4k ¥ER) PNSC.

4 MMESHH

A% H Monte Carlo 5 EyAEIGUERTH 5 2 H PNSC A FIAZL. 7E Monte Carlo i EY, &
SCHR [12] B (23) A& R & HE g LD,

M yp=15dB, pp = p1p = por = 0.8, M = N =2 i}, ¥ 3 4511 7 DF "F4k5ENS N PNSC 7
HE Vg, Yap) = (2,2),(4,4),(6,6),(8,8) dB Fhi 7, FILZE. "JUURE G E H, ME v, IR,
PNSC 3K, KATE DF H4kskng R 26 2 BHEERGABIGE. 74h, BEEAE Fip, Topm) MK,
PNSC 7 TR, XZFH E R G HIER K, SEURE =L/

X5, =8dB, M =N =2, pip = 0.8, pop = 0.5 i, B 4 5H T PNSC ZEAFN Fp, F15> Top
TBE pp HIALREDL. FTLAR W, BEE pp HIHEK, PNSC HAEEK, BN pp #UK, D AL BIEE AL A
TR TR, BN, BEE v, BN 5,4, Fop MK, PNSC EJ/N. IXZRA D A 2
BEEHRIL ARG T E AR 415 e LR 3 T ol

X5, =15dB, M = N =4, pp = p1p = por = 0.8 i, B 5 441 7 RF 14k T ) PNSC £ A
MG Vg, Tor) N 7, BIRALINZR. BEAE 7, B3GR, PNSC fEHG R, I D (28 2 BhEEEIRILAS
FIME. HAN, FipY0p) = (5,10) dB A (10,5) dB I, PNSC BHZAE KL 10 dB kb — A0 A5, I
H* 7, = 0o B, (715, 725) = (10,10) dB # (10,5) dB M [F 1 LER.

7) AT DURREE (3) 2Ugh H A 0 SAE TE AN THE T8 18] A GO0 RIS e L.
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% M=2, N=4, DF, Simulation
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5 RF F## T PNSC B 7, HIELEhZE 6 DF 5 RF $4T PNSC ff 7, BIZE{LiL
Figure 5 PNSC versus 7yp of RF Figure 6 PNSC versus 7p of DF and RF

NTHE DF 5 RF 4 UMERREMER, B 6 267X 5, = 15 dB, 7,5 = Jop = 10 dB,
pp = 0.5, p1p = 0.4, pop = 0.8 I}, DF 5 RF HF4kHER PNSC EEAFK (M, N) A& FHE v, H
A . WNE R LURE 5 & HEEE M F3EmA N 1k, DF 5 RF F4kEMER PNSC #iE
K, JRIRET D 58 2 BAHEME LS RIMGE, E 5T Ja Bkl &St A/, 3t wLE
WEAFR (M, N) HEH, RF FR4kPMER PNSC EHHE & T DF 4k UMER PNSC, A RF
A WpE R EARAIERT S PR R 25 (), TAE DF UMET B 2ERT S PIBEAE 24 T ME M L Ao K i
HERAIE, RN D N EEEEETE Wk SN E LA A B SR S L. S48, BT DUE 1
DF HF4EIMET (M, N) = (2,2) 5 (4,2) 2381 RF R PMETF (M, N) = (2,4) 55 (2,2) 7E K50
i PNSC A2 —FE 7).

b4, AT PAE H Bl 3~6 H1# Monte Carlo /i 5 53 B BG4 W) SRR IF, X FMIEH T4
XHAEE) DF 5 RF 4kl PNSC I aFik X IEwi k.

AT T Gauss [SIEfGTHEZE T DF 5 RF #14k SIMO £%t MRC 7 & IR A BE RS, I
HASH T DF gk T 0508 Aoy o 5 15 e bL A3 2 152 20 A1 5 R AR 8 P2 A i A sk ik K,
SRIG Xy f3E 7 DF 5 RF Pidh e gk i /E 77 Ui PNSC A&, &5 ilid Monte Carlo fij K
Bk AT SR RS o BT R IR R 1, AT R AT VRIS ) RF (P OR % PR RE ] 2 5 T
DF HIMEORETERE, I HBEHE S EIE DR MR R EBUE K, MRC & IR [ A THR Z D,
DR LRGBS

&2 Hk
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Analysis of secure communications for a DF and RF relaying
SIMO system with Gauss errors

Hui ZHAO & Gaofeng PAN*

College of Electronic and Information Engineering, Southwest University, Chongqing 400715, China
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Abstract This paper investigates a cooperative system for the typical four-node (source, relay, destination,
and eavesdropper) scenario in physical-layer security. In the cooperative system, the source transmits its mes-
sage to the destination via the relay, which adopts decode-and-forward (DF) and randomize-and-forward (RF)
schemes to forward the information from the source to the destination, respectively. However, the eavesdropper
wants to overhear the information of the source-relay link and the relay-destination link over the two hops. We
consider single-input, multiple-output (SIMO) wiretap channels, where the source and the relay are equipped
with a single antenna and the destination and eavesdropper are equipped with M and N antennas, and adopt a
maximal ratio combining to deal with multipath signals. Considering Gauss channel estimation errors, we first
derive the closed-form expressions for the probability density function and cumulative distribution function of the
received signal-to-noise ratio at the destination and the eavesdropper, respectively, under the DF scheme; then,
the closed-form expressions for the probability of non-zero secrecy capacity are derived under the DF and RF
schemes, respectively. Finally, the accuracy of our proposed expressions is verified by simulation results.

Keywords physical layer security, decode-and-forward, randomize-and-forward, single-input multiple-output,
maximal ratio combining, Gauss errors, probability of non-zero secrecy capacity
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