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factor for the performance than fading CCls.

This paper analyzes the outage probability (OP) and the average symbol error rate (SER) of decode-and-forward
(DF) relaying. The paper derives closed-form expressions for the OP and the average SER with optimum combining
(OQ) considering fast-fading multiple correlated CCls, the correlated source-relay, and thermal noise. It is shown that
the performance of the large distance between the source and the relay is better than that of the small distance,
regardless of interference fading speed at the destination. We also show that given the source-relay distance, the
performance of slow-fading interference is basically better than that of fast fading, except in the low signal-to-noise-
ratio (SNR) regime for the distance being small. In result, the source-relay distance is generally a more dominating
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1 Introduction

Cooperative communications have been prominent because
of diversity gain [1]. In cooperative networks, there are
mainly two methods, such as the amplify-and-forward (AF)
relay network and the decode-and-forward (DF) relay
network [2]. Then with multiple copies, the destination can
achieve cooperative diversity. In order to do so, we can use
maximal-ratio combining (MRC) [3] (p., 316) or optimum
combining (OC) [4]. MRC maximizes the signal-to-
noise-ratio (SNR), while OC maximizes the signal-to-inter-
ference-plus-noise ratio (SINR). When co-channel inter-
ferers (CCIs) are present at the destination, OC reduces
CCIs’ power and increases diversity [5]. Since the analytical
expressions for the outage probability (OP) and the average
symbol error rate (SER) are complex for derivation, some
simplified models have been used [6, 7]. Usually, thermal
noise is ignored for the tractability of analytical expressions,
assuming CCls being dense, and the system models are sim-
plified. In this case, when the effect of thermal noise is
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greater than that of CClIs, the analysis of the simplified
model might be incorrect [8]. Therefore thermal noise is
considered, but fading is still assumed to be slow so that fad-
ing in phase 1 and 2 is unchanged and constant. In this case,
the analysis is limited for slow fading with MRC [8] or with
OC [9]. In addition, it has been assumed that the source and
the relay are always far enough to be uncorrelated, which is
not always true. Sometimes they become so close that the
correlation between them occurs, with which the perform-
ance degrades to some extent.

Recently, there have been many research advances in the
DF relay network: the opportunistic relaying (OR) in the
presence of CClIs is investigated in [10]; a new transmission
scheme for selective DF relaying networks is presented, con-
sidering the employment of different modulation levels at
the transmitting nodes [11]; and a joint scheme (JS) has
been proposed for a multiple-relay multiple-input
multiple-output (MIMO) network with a DF relaying strat-
egy [12]. In [13], a novel distributed space-time coding
(DSTC) transmission scheme for a two-path successive DF
relay network is proposed. The average SER is analyzed for
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a wireless-powered three-node DF relaying system in Naka-
gami-m fading environment [14].

In this paper, a DF protocol is considered. It is assumed
that at the relay symbol-by-symbol decoding is executed,
and at the destination, full decoding is carried out [2]. We
also assume that multiple correlated CCls are fast faded, the
source and relay are correlated, and thermal noise is present.
To the best of our knowledge, the performance analysis for
this system has not been reported. First, we derive
closed-form expressions for the OP and the average SER
with OC considering fast-fading multiple correlated CCls,
the correlated source-relay, and thermal noise. Second, we
investigate the effects of the source-relay distance and fast/
slow-fading CClIs on the performance.

The paper is organized as follows: Section 2 defines the
system and channel model. In Section 3, the exact analytical
expressions are derived for the OP and the average SER.
Section 4 presents the analytical and simulation results,
which we discuss in detail. The paper is concluded in Sec-
tion 5.

2 System and channel model

We define the full cooperative case as relaying with no
symbol errors and the non-cooperative case as relaying with
the symbol error probability being one. Let the probability
of symbol errors at the relay be P, For the full cooperative
case, PgR) = 0, and for the non-cooperative case, PgR) =1.
For 0 < P{¥) < 1, we say simply the cooperative case. We
assume that the destination knows whether or not the relay
sends the symbol with the probability one. We suppose a
time division duplex (TDD) mode [1, 8]. The DF protocol is

(2019) 2019:96 Page 2 of 10

composed of two time slots, ¢; and £,. One time interval #;
is for phase 1 and the other t, is for phase 2. Therefore, a
single transmission duration (STD) fstp becomes #; + £,.
Note that under fast fading assumption, channel states
change and are not constant over fstp. The relay system
consists of a source (S), a relay (R), a destination (D), inter-
ferers (Ig), j=1,2,--,Ny,) at the relay, and interferers (/ (i>,
i=1,2,---,Nj,) at the destination. We model thermal noise
as circularly symmetric additive white Gaussian noise
(AWGN). Each channel is affected by AWGN. The system
and channel model is depicted in Fig. 1. (The source-relay
channel correlation coefficient rsz and the destination inter-
ferer channel correlation coefficient r;, are defined in the fol-
lowing sections.)

Under the above assumptions, for the first time slot £;,
i.e., in phase 1, the source transmits its data symbols.
The received signal at the destination is expressed by:

y(S‘D,tl): /? SDtlb +Z /EZl) (IDDh)b+nSDt1) (1)

where Egl , Eﬁj , by, and b; are the power transmitted by the
source over the time slot #;, the power transmitted by each
interferer over the time slot ¢;, the source data symbol with
unit average power, and each interferer data symbol with unit
average power for i = 1, -+, Ny, respectively, and N, is the
number of interferers Furthermore, the channel propagation
parameters go D) and g(IDD“) i=1,2,--,Ny, ~CN(0,
1%) are Rayleigh faded, and thermal noise #S*)~CA/(0, N)
is complex AWGN, where the notation CA(u,%) denotes
the complex circularly symmetric normal distribution with

-

Phase 1
Phase 2

Top K 1, Larger distance

Top & 1, Smaller distance

Fig. 1 System and channel model

7‘1 <« 1, Fast fading
r, ~1, Slow fading
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mean y# and variance X. The received signal at the relay is
expressed by:

Nig

y(s,k,zl) _ /E?géS,R,n)bo_'_Z Eﬁ;glgl{,[{,tl)ri+n(S,RJ.’1) (2)
j=1

where Ej! is each interferer power over the time slot #;

and r;, and j =1, -+, Ny, are the interferer data symbols

each with unit average power. The channel parameters

g® R =12 - Ny, ~CN(0,1%) are Rayleigh faded,
and nS®4).CN(0,Ny) is complex AWGN.

For the second time slot %, i.e., in phase 2, if the relay
correctly decodes the symbol, then it forwards the
symbol to the destination. In this case, the signal at the

destination is expressed by:

Ni,
y°0) = \[Erg o + 3 \[Efgl b n®P8)(3)
i=1

where E7 is the transmitter power and Et2 is each inter-

ferer power. The channel parameters g(RD ) and g(Ith) ,

i=1,2--,N;, , ~CN(0,1%) are Rayleigh faded, and
n®RP2) CN(0,Ny) is complex AWGN.

Thus, assuming Es = E¢ = EZ and E;, = E;' =E7,
for PgR) =0, the received signal at the destination is
expressed by:

gl
(IDDzz :|

" (4)

(S.D.t;) ( .Dit1)

(R.D,t)

} VEs| ¢ bo—*‘Z\/E—ID

Ytall-co = [ g(RDtZ)

y

(S.D,t1
o | = VB + 3 VEgaen
R (S,D,t1) (S,D,t1) R g‘(ID,D,tl)
where yg .= JRDL) ) 80= g (RD1y) |7 &i= gl‘<1D“D,tz)
i=1,2,--,Ny, ,and n_[ Rmz } Here, we assume gy, g,
i=1,2--,Nj,, and n are (2x 1) zero-mean complex

symmetric Gaussian random vectors. For PgR) =1, the
received signal at the destination is expressed by:
(S.D.t1)

Ynon-co = [y :| \/E_S[go 0 :|b0
(Ip.D.t1) (.D,t1)
+Z@{ ) 1]1-1-{”0 }

(S,D,t1)
0

(5)

1

M Yfull-co (S)

1
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3 OP and SER derivation

We first derive the OP, Pofuutll CO)( (full-co) ), and the average

SER, SERgy -, for Pg ) =0 and later derive the OP,

ponee) (y\nonee)) “and the average SER, SERyon-.., for P¥)
= 1. In order to obtain the decision xg-co = qull- oo Viull-co?
the weight vector wgy - o is expressed by weu-co = R7'go
with the interference-plus-noise correlation matrix R =
NoL, + EGG" and G = [g,g, " ~gN1D} [4]. The notation I is
the (2 x 2) identity matrix, and the notation (+)" is the con-
jugation and transposition. The instantaneous maximum
output SINR at the destination is expressed as

= ESg5R71g0 (6)

The moment-generating function (MGF) of yg-co is
given by:

M Yiull-co (S) =

Y full-co

E [eVte’] = [eESgERilgoS]

Ytull-co Yfull-co

oEsgh(NoL+EGG') "ggs
Yiull-co
B
— EGG' {E {EE.SES(N012+51GGW gos]]

1 (7)

GG' + -1
’IZ—ESE[gOgO] (NoL, + E;GG") s‘

Y tuco| GG

1
L-ToZse(L + rIGG*)’ls‘

= Egg

where on the fifth line in the above equation, we use
the general central quadratic form [15] of the MGF,
the notation |A| is the determinant of a matrix A,
the source-relay channel parameter (2 x 2) correlation
matrix E[g,gl] is denoted as gz, the power ratio Ty
2 Eg/N, is the SNR over each time slot, i.e., t; or &,
and the power ratio [12E;, /Ny is the
interference-to-noise ratio (INR) over each time slot,
i.e, t; or t,. We express the (2 x2) Hermitian matrix
GG' as the eigenvalue decomposition [16].

ol 3]

where f5; and B, with f5; >3, are the non-zero ordered
real eigenvalues of GG' and U is the (2x2) unitary
matrix. The MGF M, (s) is given by:

GG' = UBU',

Y full-co

= Egg!

L-ToZsp(l, +TI,GG)™" s’

1
= Ep |Eys

U
llz—rozs,;(l2 +T,GGN ! s

)

(1 + 1"1,31)(1 + 1"1/32)

llz—r(,zw(l2 +F1GG*)_13‘

= Eg|E
B{ UiB {(1 +T13,-Too18)(1 4+ I'1Sy-T002s) + (Foo15-To028)(I'15,-T15;) sin

)
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where on the fourth line in the above equation, we use
the fact that the random variable (RV) 6 is uniformly
distributed in the interval [-7, ) [17]. The MGF M, _(s)

is simplified by the integration over the RV 8 as:

M}’mu-co( )
1+08)A+T1B,)

=Es {E‘”“[ (14 1B, -To015) (1 + T18,-T0025) + (Too15-T0025) (T1B,-T1B;) sinZHH
[L / (1+ ) (1 +T1By) de]

277 )y (1 + [1B,-T018) (1 + I13,-To02s) + (Too15-Lo028)(I18,-T1f3;) sin®0

7EB {(1+r1ﬁ1)(]+r1ﬁ2)‘

(1+[18,-Too1s) (1 + [18,-T0035) (1 + [18,-T0025) (1 + [13,-To01s) |

(10)

where the notation |a| is the absolute value of a scalar a.
The expectation over B is obtained using the probability
density function (PDF) fg(B) [18] as:

Vfu]l co

2
xN'D+] 3 7x/a,|1 +F1x\ »
\/ 1+ le sl"oal) 1 + l"lx Sroa’z) ij=1

(11)

is a (2 x 2) matrix with elements a; ; i,

where [a; ;]

i,j=1
j=1, 2, and the constant K is given by:

1
K=

[(N1,)T(N7,-1)|Ep|""

(12)

The function I'(-) is the gamma function. The values a;
and a, with a; > a, are the eigenvalues of the destination
interferer channel parameter (2 x 2) correlation matrix X,
tElg,g;'], i=1,2,---,Ny,. Using the (2 x 2) determinant
formula, the MGF M,_. (s) is given by:

Y full-co

2 —x/m |1 + le\
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The MGF M, (s) is further simplified as:
M, . (s) :I(</ g(x;ap)dx / xg(x; 2—aty )dx (15)
0 0

) /O " gl an)dx /0 ol 2—¢x1)dx>

aNip=2e=/%|1 4 T x|
(1 + l"lx—sl“ool)(l + le—sfoaz)

where

(16)

g(x;a) = 7

and we use the fact that X;) = E[g,g,'], i =1,2,--,Ny,,
has unit diagonal elements because the channel parame-
ters g(IDDt1> and g(IDDt2> i=1,2,-, Ny, are distributed
according to  CA/(0,1?), so that the trace of X;, is tr(Z;,
) =2=a; +ay. The result in Eq. (15) is valid for the
multiple correlated CClIs with N, >2. For the single inter-
ferer case with N, =1, we obtain the simpler MGF
M, (s). Let the conditional MGF M, ) (s) be the
MGF M, (s) conditioned on A, [19] and the RV A, be
the random eigenvalue of R (the other eigenvalue of R is
the constant Np). (Note that 1; and Ny are the eigenvalues
of R = NyI, + E\GG', and f3; and f3, are the eigenvalues of
GG'") Then the MGF M, (s) of ygui-co is derived as:

S) B /.oo MYCOM] (s)f,11 (Al)d/ll
JNgy ;

:/ 7B e
No ne
< 1 1
— (/11 ) (M*NO)/E/DdAI
ARl

- / M-NoJe e b
No E? (1-Tos) (1—%5)

1

M

Yfull-co (

(17)

-1 —x/a2|1 + F1x|

\/ 1+ le sfool)(l + le—srooz

=K
(S) xNID—l —x/al‘l + r1x|

Vruu co

\/ 1+ le sl"oal)(l + I'1x—sLy02)
xNip=2 —x/a2|1 + le\

\/(1 + l"lx—sl"oal)(l + l"lx—sl"oaz)

With some algebraic manipulations, the MGF M, (s)
is expressed as:

aNip=2e=5/%|1 4 T x|

MYtull'co (S) =K xNID’Ze’x/“ZH + F1x|

\/(1 + le—sfoal)(l + le—sfoaz)

aNip=2e75/%2|1 4T x|

I =
Jo \/(1 + Tx—sTo1)(1 + T'1x—sToos) 0 \/(1 + Tx-sToo1)(1 + T'ix—sToos)

/‘” /” aNip=2e75/%|1 4 T x|
- X X
0 \/(1 + le—sroal)(l -+ le—sl"oaz) 0 \/(1 + rlx—Sr()O'])(l -+ le—sl"oaz)
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In the derivation of Eq. (17), we use /11~)(%, where the
notation y? denotes a complex chi-squared distribution
with one complex degree of freedom; f, (1) = (A1-No)
e”M=No)/Eip JEF | 1y 2 No. Now we have derived M, (s)
for all Nj,>1. From M, (s), we obtain the characteris-
tic function (CF) ¢, ~(t) =M, (v-1t). The PDF

f yfu“_m(yfuu_m) of Yful1 - co is Obtained from qbyfu“_m( ) by the
Fourier transform, which is easily calculated using the
fast Fourier transform (FFT). Then, SERgj.co with the
coherent binary phase shift keying (BPSK) is calculated
as [19]:

SE Rfull-co = /0 Q( V 2yfu]l-co )ffull-co (qullfo)d}/full-co

(18)

where Q(x)21/v2m [ e %dy. For Nj, =1, SERgy- co
can be alternatively calculated by Eq. (10.20) in [19]. For

a given threshold yi"), the OP Pl (5 i)y jg ge-

fined and is calculated as:

full- full- full-
PE,ut «) (y(Th CO)) =p ()’fuu -0 S )/(Th CO))

(full-co)
Th

= o ffull-co ()/full-co) d)/full-co ( 1 9)

Next, we derive Pf:gn CO)(y(Tr}fnm)) and SER,,, - for

pR — - — wt S.D,
P® = 1. To obtain the decision Xpon-co = wnon QySPH),
the weight Wyop - o is expressed by Whon-co = Ry COgOSD tl)

with Ruonco = No + E; < l(]DDtl > (<g(1DDt1)> ) The
notation (a,»)iil is a (1 x N) matrix with elements a;, i = 1,2
,**,Np,. The maximum instantaneous output SINR at the

destination can be expressed as:
=E g<S P tl) R;on cogE)&D’tl)
— Eg ’ slgt

Ynon-co
(S,D, tl) R_

non-co

(S,D,t1)

N <(1DﬁD~t1)>N'D !
i=1 8i i=1

Esg;

Ny +E1D<gi1D’D’tl)>

B X

C1/Ty +T/ToW’
(20)

2
The RV X2|g, (5:D:01) | is exponentially distributed with
the PDF fx(x) 2e™*, x>0. The chi-squared-distributed

Ny, Nyt
RV W2(g™Pm) 0 ((g'™P")) 7) ~x%, has the PDF

fww)21/(N;,-1)! - wN=le™ w>0, with Nj, com-
plex degree of freedom. The RV Y2 1/To+TI/ToW has
the PDF
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r 1 (Toy-
fy(y)ér—f((Foy—l)/Fl)N”’ te T/ /(N -1)!

(21)

with y 2 1/Ty. Then, the RV y,0n - o = X/Y is ratio distrib-
uted, and the £, (y,0n-co) is derived as:

f}'mm,c0 (ynowco) = /1/1_ ny (Ynon-coy)fY (y)dy

< Ty 1 No<1 —((Tum
= e Yooy 0= ((Toy—1)/T;)Np L~ ((Coy=1)/T1) 7o,
//roy Iy (N, -1)! ((Toy-1)/T1) ly
(22)

Similarly as in the ng) = 0 case, with f we

v (Vion-co)>
y(T';f"'co)) and SER o, - oo for PR = 1.

Now based on the total probability theorem, finally,
we obtain a closed-form expression for the OP Py (y17,)
at the destination as:

Pl ) = P 1) (119

(non-co) (

calculate P,

+ Pt () P (23)
and the average SER at the destination is derived as:
SER = /0 Q(\/Zy)f (r)dy
= SERfull co (1 P ) + SERnon -coP R>- (24)

With these exact analytical expressions, we can inves-
tigate the effects of the distance between the source and
the relay, i.e., X5z and fast/slow-fading interference at
the destination, i.e., ;.

4 Results and discussion
We assume that the signals have the exponential correl-
ation [20]. Thus, with the source-relay channel correl-
ation coefficient rgp € [0, 1):

1 rSR]

re 1 (25)

Xop = {
and with the destination interferer channel correlation
coefficient r7,€[0,1):

. 1 Ty
5[ 7] o)

D

We define the total SNR as ['P®2E@% /N, and the
total INR I*2E°%! /N, where EY™ = E + Ef = 2Es
and EP = (2Ny,)E;, , where the factor 2 represents
two time slots. The correlation coefficients are explained
as follows: the smaller the rsy is, the larger the distance
between the source node and the relay node is. On the
other hand, the smaller the r;, is, the more independent,
i.e., the less correlated, the two channel coefficients
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Ip,Dity Ip,Dit>)

gE ) and gE are, for a given i among i = 1,2, -+,
Nj,. This means that the maximum Doppler spread is
larger so that the coherence time is smaller, i.e., fast fad-
ing [21]. Thinking in the opposite direction, i.e., slow
fading, is also true.

First, we investigate the effect of the probability of
symbol errors PgR) at the relay on the OP P, (yz,) at the

destination. We assume that with N;, = 2, T = (2N;,)
It =3 dB+3 dB+4 dB =10 dB is fixed. We also as-
sume that there are almost uncorrelated users (rgz = 0.01)
and slow-fading multiple correlated CClIs (r;, = 0.99),
which are the assumptions of the previous researches, i.e.,
independent users and flat-fading interference over tstp.
In Fig. 2, the OP performance is shown for various P
values. We observe in Fig. 2 that the OP performance with
P® <0.001 reaches that with the full cooperative case PX)
= 0. Since this paper focuses on the performance analysis
for the source-relay distance and fast/slow fading CClIs,
from now on, we set PgR) = 0.001. In Fig. 2, we also show
the analytical and simulation results, which are in good
agreement, so that the following analyses are based on the
analytical expressions.

Next, we analyze the OP P, (yz;) at the destination
for various rgz and 7, values. In Fig. 3, for the fixed ry,
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=0.99, i.e, slow fading CCIs (which is the previous re-
search assumption), the OP P, (y7;,) at the destination
is shown for various rsz. We observe in Fig. 3 that as the
correlation between the source and the relay becomes
larger, the OP performance degrades severely and co-
operative diversity decreases. It is shown in Fig. 4 that
for the fixed r;, = 0.01, ie., fast fading CCIs (which is
considered in this paper), the OP P, (y7,) at the destin-
ation is shown for various rsz. The results in Fig. 4 are
similar with those in Fig. 3, but the patterns of the OP
performance degradation are different. In order to inves-
tigate the difference, we plot the combination of Fig. 3
and Fig. 4 in Fig. 5. It is investigated in Fig. 5 that the
performance of the large distance between the source
and the relay is better than that of the small distance, re-
gardless of interference fading speed at the destination.
We define the impact of fast-fading CCIs on the per-
formance as the SNR T loss in decibel compared with
slow-fading CCIs. We observe in Fig. 5 that given the
distance between the source and the relay (rsz = 0.01 or
0.99), the performance of fast-fading interference at the
destination is basically worse than that of slow fading,
except in the low SNR regime for the distance being
small (rsz =0.99). The exception is explained as follows:
since the small distance results in lost diversity, in the

—— analytical
O simulations

————— (P((f) =1; non—cooperative)

Fig. 2 The outage probability, Po(yr4), for various PéR) values in the presence of almost uncorrelated users (rsz = 0.01), and slow-fading multiple

10°

g 107
©
[s2]

”~E

o=

3
o
© 10°
£
3

©
ko) R ]
E (Pl(9 =0; full cooperative) —————————-
(0]

[=)]
8
S 10°}

107L :
5 10
r, (dB)
correlated CCls (r;, = 0.99), and thermal noise, with Nj, = 2, ' =10 dB, and y;;, =3 dB

L
15 20 25
rSH=O‘01 , rID=O.99
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Outage Probability (OP) P, (1,,=3 dB)
E;I

—_
O‘
©

104 ‘
5 10

T, (dB)

with N, = 2,1 =10 dB, yr, =3 dB,and P® = 0.001

(r, =0.99)
D

Fig. 3 The outage probability, Po.(yrs), for various rsg values in the presence of slow-fading multiple correlated CCls (r, = 0.99), and thermal noise,

15 20 25

PP=0.001)

low SNR regime, the weak power correlated signals
transmitted by the source and the relay are more vulner-
able to highly correlated CCls (r;, = 0.99) than almost
uncorrelated CCIs (r7, = 0.01). (Note that if we ignored
thermal noise, we could not observe the exception in the
low SNR regimes.) In other words, besides the exception,
DF-relaying OC more easily cancels out almost
flat-fading CCls (r;, = 0.99) than fast-fading CClIs (ry,
= 0.01). Slow-fading CCIs represent highly correlated
CCIs, and fast-fading CClIs represent weakly correlated
CCIs. In result, the source-relay distance (rsz) is gener-
ally a more dominating factor than the fading CClIs (ry,)
at the destination, when the performance of OC for
these systems is analyzed. It is also shown in Fig. 5
that the previous research assumption (r;, = 0.01, ry,
= 0.99) is the most optimistic. In order to further in-
vestigate the effects of various rsz and r;, on the
average SER for the DF-relaying OC system, Fig. 6
shows the SER of the BPSK modulation versus the
SNR Ty It is clearly shown in Fig. 6 that there is the
gap between the most optimistic case (r;, = 0.01, ry,
= 0.99) and the most conservative case (rsg=0.99, ry,
= 0.01). The gap is about 8dB in the SNR I, at the
SER of 10™*. We also observe that the results in Fig. 6
are consistent with those in Fig. 5.

Now, we discuss the difference between OC and
non-OC. In order to achieve cooperative diversity, OC
maximizes the SINR, reduces CCIs’ power, and increases
diversity. On the other hand, non-OC, such as MRC,
maximizes only the SNR so that a smaller output SINR
is produced and the performance is degraded severely in
the presence of CCls.

5 Conclusion

In this paper, we investigated the effects of the
source-relay distance and fast/slow-fading CCIs on
the performance of the DF-relaying OC system. Con-
ditioned on the probability of symbol errors at the
relay, we first developed the MGF of the instantan-
eous maximum output SINR. Using the total prob-
ability theorem, we then derived closed-form
expressions for the OP and the average SER at the
destination. With these analytical expressions, it was
shown that the performance of the large distance be-
tween the source and the relay is better than that of
the small distance, regardless of interference fading
speed at the destination. Furthermore, we also showed
that given the distance, the performance of
slow-fading interference is basically better than that
of fast fading, except in the low SNR regime for the
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D

Fig. 4 The outage probability, P ym), for various rs values in the presence of fast-fading multiple correlated CCls (r;, = 0.01), and thermal noise, with N}, = 2,
r°d — 10 dB, yp=3 dB and P¥) = 0.001

— rSR=0'99’ r/D=0.99

<0.99, r =0.01
D

s ’SH=0'01‘ r= 01

= rSR=0.01 , rID=O.99

Outage Probability (OP) Pout( yTh=3 dB)
S
T

5 10 15 20 25 30 35
r, (dB) (P®=0.001)

Fig. 5 The outage probability, Py (y7), for various rsg and ry, values in the presence of fading multiple correlated CCls, and thermal noise, with
Nj, = 2, T =10 dB, ys»=3 dB,and P{¥) = 0.001
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Fig. 6 SER for various rsz and r;, values in the presence of fading multiple correlated CCls, and thermal noise, with N, = 2, Fﬁ"m’ =10 dB, y;n=
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distance being small. In result, the source-relay dis-
tance is generally a more dominating factor than the
fading CClIs. Finally, we presented the average SER
performance, which showed the gap between the most
optimistic case and the most conservative case.
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