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ABSTRACT

This paper analyzes the effect of using outdated Channel State Information (CSI) for relay selection and signal
amplification on the performance of Amplify and Forward (AF) relays in a Rayleigh fading environment,. Here two relay
selection schemes are considered, namely single hop (Partial Relay Selection-PRS) and dual hop (Opportunistic Relay
Selection -ORS). Relay selection typically assumes Perfect CSI; However Outdated CSI caused by time variation of
channel or due to feedback delay cannot be ignored; hence relay selection depends on the correlation between the actual
and the outdated channel, which deteriorates the system performance. The two reduced complexity Fixed Gain (FG) and
Variable Gain (VG) AF relay selection systems are considered. For both these schemes the effects of the relay chosen and
the correlation between the delayed and current channel information on the system performance such as outage probability,
Bit Error Rate are analyzed. Simulation results imply that the performance of AF relay selection depends on the correlation
between the actual and the outdated channel information. The analysis shows that when the correlation is low the single
hop relay selection perform better than the dual hop relay selection, however as correlation increases the dual hop relay
selection scheme shows a superior performance.

Keywords: relay selection, outdated channel state information, amplify and forward, signal amplification, rayleigh fading, outage

probability.

1. INTRODUCTION

Cooperative communication [1] is an emerging
technique that improves spatial diversity and coverage
extension in wireless networks. A key component of
cooperative communications is relaying in which a source
takes help of user terminals in its coverage area to relay
the source signal to the destination. There are three
different relaying protocols namely (i) Decode and
Forward Relay (ii) Compress and Forward relay (iii)
Amplify and Forward relay. In Amplify-and-Forward (AF)
protocols [3], [6], the form of the “overheard” signal does
not require complex processing at the relays and only
requires scaling and retransmission of the received signal,
hence it is highly used protocol because of its simplicity
and high performance. The development of wireless
communication necessitates the case of having multiple
relays to increase the performance and diversity gain.
However, a system with multiple relays increases
complexity and the power requirement and hence the
overall implementation cost increases.

The inefficient utilization of the channel
resources can be mitigated by relay selection. Previous
relay selection schemes select a subset of relays[4], this
leads to the inefficient utilization of channel resources,
hence relay selection schemes which selects only a single
best relay for retransmission of signal to the destination is
implemented. The single relay selection schemes include
(i) Single hop (Partial relay selection) (ii) Dual hop
(Opportunistic relay selection). In this scheme a single
best relay is selected, hence only two orthogonal channels
(regardless of the number of relays) are required.

Relay node is selected based on instantaneous
and partial knowledge of the channel [5]. Here the channel

state information is assumed to be perfect and no feedback
delay is considered. In ORS, a single relay based on the
instantaneous global (two hop) CSI of the network is
selected to assist the source (2). There have been several
works in the literature dealing with the concept of relay
selection (see, e.g., (6ml1-26ml)) and the references
therein). Most of these works deal with the case where
perfect CSI is available for relay selection. The effect of
outdated CSI on Opportunistic relay selection in Decode
and Forward relay has been investigated [7]. The effect of
various fading environment over relay selection schemes
has been analyzed in the literature[9-11].The performance
of the opportunistic relay selection scheme in dual-hop
transmissions has been analyzed in the literature [12-13].
The outage probability is analyzed in [12], and the error
performance of opportunistic relay selection with variable
gain (VG) (also known as channel state information (CSI)-
assisted) AF relaying under Rayleigh and Rician fading is
analyzed in [9] and [10-11]. In [8], a new reduced
complexity partial relay selection scheme using VG AF
relays was introduced. Although the performance of this
scheme is inferior to that of the opportunistic relay
selection scheme, this simpler approach finds wide
applicability especially in low complexity ad-hoc and
sensor networks because such network nodes may not
have resources to implement complex relay selection
protocols. Among the works that have covered partial
relay selection, in [8], the performance of VG AF relaying
has been analyzed.

So far only few papers have investigated the
impact of outdated CSI on the performance of single hop
and dual hop relay selection. In a time varying
communication systems outdated CSI is used for relay
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selection and signal amplification [14-22] due to feedback
delay or scheduling delay..

In this paper we study the performance of the FG
and VG Amplify and Forward relay selection systems in
the presence of outdated Channel information due to
feedback delay. The Fixed Gain AF relays using PRS
retransmit the signal using a constant amplification factor;
hence the current channel estimation is not required at the
relay. The Variable Gain AF protocol using PRS considers
the effect of outdated channel information for both relay
selection and signal amplification. Next the two Variable
Gain AF protocol based on ORS systems, where selection
is based on the bottleneck SNR (i.e., minimum of ‘source-
relay’, ‘relay-destination’ link SNRs) of the path are also
analyzed. The VG AF protocol that uses outdated CSI for
both relay selection and signal amplification, and the VG
AF protocol presented in [20] are considered. In all four
cases of study, we analyze the system performance in
terms of its outage probability and BER.

The rest of the paper is organized as follows. In
section Il the system model of both relay selection
schemes are introduced and the statistical expression for
the outage probability and BER for all the case is
discussed. The performance results for the system under
consideration and related discussion are given in Section
I11. Finally Section IV concludes the paper.

2. THE STATISTICAL ANALYSIS

a) System model

Consider a cooperative relaying setup where dual
hop Amplify and Forward relay system with a single
source S, single destination D and L relays are present as
depicted in Fig.1, in addition no direct link between S-D
link is assumed due to the effect of high shadowing
between them; so S can communicate with D only through
the relay terminals. The fading in all S-R; and R;-D paths
is assumed to be independent and identically distributed
according to the Rayleigh distribution i.e., the channel
gains are complex Gaussian random variables with zero
mean and unit variance. All the nodes are half duplex and
thus cannot receive and transmit simultaneously.
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Figure-1. System model.
b) Single hop relay selection
In single hop relay selection the source
continuously monitors the quality of its connectivity with
all the relays through the transmission of local feedback.

With this partial information of S-R or R-D channel the
relay selection follows the best link between source and
relay or the relay to destination. We assume that this
feedback link has a time delay of T4 Based on the
outdated CSI; S selects a single relay, with the K" worst
S-R; link. After that the communication takes place in two
timeslots. During the first timeslot, S transmits its signal
with an average power normalized to unity to the selected
relay. In the second time slot, the relay amplifies the
received signal and the output is transmitted to D.
However in some cases the data transmission between S
and D may not be scheduled immediately after the relay
selection. Denoting the outdated channel between S-R; as,
the relationship between the outdated channel and the
present channel is given by

f

hep, = Ci19scn, + A 1 — CFwspn, 1)
|

hp.p =CTagp.np+ ® 1 — Ciwp, p

@

Where, hgp, ~—and Ffg,p is the channel between
source to relay and relay to destination at the current time
instant, C denotes the correlation coefficient between
outdated and the current channel, and Wsg, and wg, p

are complex Gaussian RV having the same variance as RV
of hgg, andhg n respectively.

Let Ps denotes the transmission power at S, y is the
modulated signal and 7tg, is the AWGN noise which

satisfies g (|n3k|2} — o2 . Then the received signal

at the relay is given by

i,
¥r, =+ Fshsp,x +np,

©)

The relay then multiplies the received signal with gain G
and the output is transmitted to D. The received signal at
D is given by

¥p = hg pGyg, +7p

4)
Where 1y is the AWGN, which satisfies
E(lnpl?) = o5 |
Let Figey = |hsnk|2¢‘1 and ¥z gy = |hnk9|2¢32 ,

Where #* ==& *= " =% and B, is the transmit

power of relay. Consider
2 2
Migey = |9’5&k| Pi-Vziey = LQ'Rkﬂl P2 .
YVigey @l V20 gre the  delayed  version  of

Fackn Qe Ty tiy- Thus the selection of the best relay is
not based on the current channel; hence the channel with
maximum Y1 is selected for the communication, if

Fiogs B Foeon & wes @ Fyegy 19 the order obtained by
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arranging in increasing order of magnitude then the relay
selected is given by [5]

ko= arg mas () (5)

B.1 Fixed fain relaying

The FG AF protocol must consider the scheduling
delay. Thus CSI used for relay selection differs
substantially from actual CSl in both VG and FG AF
relaying. The amplification factor in FG AF is chosen as

z

— (6)
“qlf.eﬂli,l haxy] J4ol
The end to end SNR for this fixed gain relaying is given
by
PP

T‘Pﬁﬂ. - o Fhl:ﬁ'tt )

Where £ = ?—fa-. For the statistical analysis of single

hop relay selection, the PDF of ﬁ_,:k-_:, is to be determined
and is given by

Fraa) = K3} Tk, SE(h2) 0

[ e e ki

L P T T @)

(E-fotmM1-CH1

Outage probability

The outage probability is the important quality of
service (QOS) measure and is defined as the probability
that a target data rate cannot be supported by the system,
i.e., the overall end to end SNR is lower than the threshold

value¥T. The outage probability of the FG AF relaying
protocol is given by F._ [:ﬁ—ﬁ Fr(Foer = ¥pl

k=1

L o=
) =1-2%() ) T 67D

(L—k+m+1) ol .
+ ¢ T i-0YT07 |‘((L il Mt i

y (L—k+m+ g e,

- 2‘I (L—k+m+1)Cyy
@k +mA- 0+ Dere:

©)

Where K;(#)denotes the it"order modified Bessel
function of second kind. The above equation gives the
exact outage probability for all SNR values but influence
of network parameters such as L,.C SNR imbalance on the
systems outage performance equation is not explicit in that
equation. To obtain useful insights about the diversity
order and coding gain high SNR approximation is used.

The outage probability with large ¢y aned % (high SNR
approximation) with ratio g ? is given by
)

k-

Iy ) ¥ — =
Folre) Zlf—km}u 0+1° -k+m+1)

e

(-1rk(E)() (_\‘ (lli—k+w@'21-€}+1)'?’:]+g]

(10)
with m g=%& 4+ A(1— v+ EI(—4A) —In(a))
o= k() k(-0 () “TEEEE

P QEFFIL is the Euler-Mascheroni constant and
Ei(x) denotes the exponential integral function. The first
order approximation for the special case of correlation
with © = ©,1 is given by

7::( In(gp,) + 1.01004771.. ] C=0
1
Fragn 0T) = i k (T —1m (5  )in (L i 1) ot
=l @y &
(11)

Average bit error rate
With the expression for system outage probability
in low to high SNR regime, the general bit error rate is

given by
% 1 P
Q( Iﬁnqiﬂ = j Fregs 7/ zdt

Where®, @ = 0, are constants depending on the
modulation schemes, here - L(QPSK
modulation) is considered. On substituting the value of

E;T[‘m_in Equation (12) the BER for FG AF protocol is

given as follows,

Pb=IiIE

12)

5= w_wTeke
- i

s (K, (&) - K, (32))

3l nal

Z ( 1]rv{n 1}
{c;_“mm—rjﬂ}“(

(L—-k+m+1)
C-k+mO-0+1) " E‘PL)
(13)
Where
ClhEmiydm Ll
fgm (14)

Pl bmirdm s L fe, ((Emiodm) (1=l

B.2 Variable gain relaying

In variable gain single hop relay selection
systems, each relay makes one channel measurement from
S-R, based on which the relay is selected at the source and
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the selected relay uses the outdated channel information
for computing the amplification factor. The VG AF
protocol amplification factor is given by

[ f=

7 m ———
: 4%—|¥Hﬁ-| "Eﬁ

(15)

This VG scheme has a reduced implementation compared
to other VG scheme where both estimation of
'&.'!‘E;- and &g, are needed. From (16) and (4) the end
to end SNR for Variable Gain can be given by

- bt (16)

FE#E Faiet F:..:,‘r;'l':l.

Outage probability
The outage probability of the VG AF relaying
protocol is given as

Fpas () ™ FV(Yogn @ ¥r) 17)
z k-1l ~ 1 .
(- r;C” ¥l n+1) i
b ) 21- ZZE wlu z ptn 'H+W
v %S0 IP (L r:+m|(1 C‘w+1]
x'tl(p+n+2,n+2:
Pafte-teema-01)

(18)

Where T(a, bya)is the confluent hyper geometric
function of second kind. High SNR approximations are

given as follows
In(gy/p) )(E)
(1= )/ \py

(19)

ES

—1

T o ST

E
1

0, Fom s ) ] e 2065
R
o Hlm il
- r3 r3
F1 (1 o o Lo TR L

Where g mm

)

and

£
- 3 I3
4 R e P
Average bit error rate

Using (12) the average BER for the VG AF
protocol is given as follows,

n

(p+n+ lfllp“ﬁ%'?’]'(p -n +lj g'?i

580 Qe
Z . pad

"Rt - gl ”M (e-kemp-0+1) 55+ 2

! {4

F(p+%) iJ+-:J+i"+ m—;—-;:
U, I+2)
5
T(2+3)
(20)
L 1 1
Where §y = o ™ T A-C0R |

L
o . I 2
te Rern (L= Kdmld (1=00al)
Following the similar approach in FG AF the average BER

for VG AF relaying at high SNR regime can be obtained
as below,

= ”'I“G‘E];‘l Jm =1y Pitp: In{py/py)
Py %?ﬁ lz[ = ( m ,]M(L—k+m+1+;ew‘(1—£",l,)

1)

Dual hop relay selection

The dual hop relay selection method or
(Opportunistic Relay selection) refers to the case where
the decision on the selected relay is determined by both S-
R and R-D links. At the first phase of transmission the
signal from source is sent to all relays and in the second
phase of transmission a single relay with highest value of

# = min (Pt ) (22)
is selected for retransmitting the source signal.

C.1 Variable gain |

In this scheme it is assumed that relay is selected
and amplification factor is found using the outdated
channel state information, but the channel states may have
changed at the time of actual communication. Though the

selection of relay is made using¥y(p. ¥y, the actual
SNR at the time of communication isfy; i, #gc- The

amplification factor in this scheme is given by (15) and the
end to end SNR is given by (16).

Outage probability
The outage probability for this VG | scheme is
given by

s d _ 2o (TaPads .. )
Frege ) M1 —Fr (I‘r.-wii’a ﬁ*:” L @3)
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':l:‘*:I: =1 k1 2
RO #1= =85 > P Y P G
Faga™' T I:l—ﬂj_,'@£m=ppwr-=nprl=l. .
X+¥T
g A-Log, | 1 — = o T
W G- (e +=55)
qu‘-.i-f ; i‘YI:-FT‘ dx
=t (?}'J+ x ]
(24)

on approximating the above expression for high values of
SNR, the first order approximation for this scheme is
given by,

k-1 k=1 2 z v (Gl n_ o
E G 1-k (i] Pr? 7o Gi® ) Gaf Tﬂmlu iy .w'
m=0 =0 (=i =1
e -:“‘“((1—2? _(1—cc‘|1- 'r")
m’.i(l_u -'Esf,umt) (4= Cpstn e P
(25)
Where
Ry,
£3)
-I%-'#.—k-li‘i'ﬁ )
1 . {ml
Qi ™ §imhidmiey -
fEmfdm L gy tm2
L fml
Ty
Vet ™ (E=fetmblie, i
e i T p
b =)
B 1
14 #.-k-m?J
1 jml
i CF -
fugy ™ ﬁﬁ;hz j=3
i jml
lr‘ ll..- [_| 11-'-;. Lr:l
T, [ A -
S et 3 jmz

Average bit error rate

The average BER can be obtained by substituting
(25) in to (12) and after the simplifications the BER can be
expressed as

PRLELL XY
b 2 2 k Pm 'pn. Qm,:. an_;u

E
|
[y
ES
|
[y
[

| g
- 2 Cy(rmi—rag)
oo ( _m”r.{*'l]
P\ (1 — Ty 4
“ s

T I 1 2] )
Tl - T = T
e (1-Cpy (1-C) %)

v a CL(""rr..i—?';-,-'J ;2
Tnj B(1 _El"‘h*'z(u——clf*' Tnj )

1-cCy)
?'r'!__i{l —-L) -,

(26)

C.2 Variable gain relaying 11

In VG | scheme it is assumed that the relay
selection at S is performed using the outdated channel
state information due to feedback delay from the relays. In
Variable Gain 1l relaying scheme it is assumed that the
selected relay has the present CSI of S-R link through
channel estimation, and will select the gain factor
accordingly. This assumption leads to the analysis of
having perfect CSI at the relays for calculating the gain
factor. The Gain factor in VG Il system is given by

s
—_— (27)
A
w
and the end to end SNR is given by

P e Pmieic: '
o * Vg ®1

Outage probability
The outage probability of VG Il system is given by,

T‘rq =

3 ~(rmitrnaj) i"" rtyr)
_1__() mezpanQmiz%lj*e l sl TS
Tni}

m=0 n=0 =1 = ‘\J

2
*K( [T iy + )
1 0 _\lrmnl}(h' YI’)

(28)
Simple high SNR approximation is expressed as
2 k-1 k-1 2
}rgq4(YT} R ( ) Pm P1n Z Qi
m=0 n=0 i=1
2 140) (29)
El:-'lﬂ. adf ( .l
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Wheregg, . 0 —— . -,
Lpmh (ot |
1 j=1
Gy = (E -k +u)g, -
CF+(1=-C){l-k+n+l)e
1 j=1
Tyip = (E--#'l'ﬁ'l'lj?l j-
Cg+(1-C)(i-k+n+ g
Average bit error rate
The average BER for this case is given by
. L k=1 k=1 2
AF DYDY
B m n i
Zﬁﬁ k m=0 n=0 t=1
Dt (143)

3. SIMULATION RESULTS

a) Single hop relay selection

In this section the performance of FG and VG
system discussed in section Il under single hop relay
selection is analyzed. The number of relays throughout the
analysis is fixed with L=5. The VG AF and FG AF
relaying discussed under single hop system is labeled as
FG PRS and VG PRS respectively.

Figure-2 shows the outage performance analysis
of FG and VG relaying schemes against ¢4 (in dB) with

(u=1, £=0.8). The performance of both best relay (k=5)
and worst relay (k=1) selection schemes are analyzed. The
analysis shows that for the best relay the VG PRS relaying
schemes performs better than the FG PRS scheme. But in
the case of worst relay selection the VG PRS schemes
performs better than FG PRS at low SNR but at high SNR
the VG PRS scheme becomes worse.

10°

—& —FG PRS [}
— &G PRS

Qutage Probability

= 1‘0 1‘5 2‘0 2‘5 30
SNR(in dB)

Figure-2. Outage probability vs. SNR (.3 for single
hop relay selection.

Figure-3 shows the effect of correlation between
the actual and delayed channel on the outage probability.
For the best relay selection the increase in the value of
correlation (’{] improves the performance for all the
system. The VG PRS system outperforms FG PRS system
when the two channels are well correlated i.e., for higher
values of . In worst relay selection the FG PRS system
performs better at lower values of . The performance of
FG PRS system degrades as T increases in contrast to that
the performance of VG PRS system increases at high level
of @, this is because of incorrectly selecting the
amplification factor for the selected relay. The gap
between the best and worst relay selection system vanishes

as @ = @,

10

—& —FG PRS [{
—8—VG PRS

Outage Probability

107

o EI‘1 EIIZ EI‘3 EI‘A EI‘S EI‘B EII? EI‘B EI‘B 1
Correlation coefficient

Figure-3. Outage probability vs. correlation coefficient

() for single hop relay selection.

Figure-4 presents the error rate performance of
the two systems with QPSK modulation. The performance

is measured for low correlated channels with £=0.1 and
for highly correlated channels with ©=0.8. The
performance results shows that for high value of
correlation between the outdated and the actual channel
the VG PRS scheme performs better than FG PRS scheme.
If the correlation is low the FG PRS system performs
better at high SNR. Hence FG PRS scheme is better when
the actual and outdated link is less correlated but when the
correlation is high the VG PRS systems performs better.

—= —FGFPRS |]
—&— VG FRS

10

correlation=0.2

= 10 a5 20 25 30 35
SNR(in dB)

Figure-4. Average BER vs. SNR (s,) for single hop
relay selection.

5050



VOL. 10, NO. 11, JUNE 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

b) Dual hop relay selection

In this section the performance of VG | and VG II
system discussed in section Il under dual hop relay
selection is analyzed. The number of relays is throughout
the analysis is fixed constant with £=5. The VG | and VG
Il relaying discussed under dual hop system is labeled as
VGI and VGII respectively.

Figure-5 shows the outage performance analysis
of VG | and VG Il relaying schemes against gz, (in dB)

where (u=1, €, = .8, T, = (.F). The performance of
both best relay (k=5) and worst relay (k=1) selection
schemes are analyzed. The analysis shows that the relay
with perfect channel state information i.e., where the
instantaneous CSI is available (VG Il) relaying schemes
performs better in all the cases. But in the case of worst
relay selection the VG | schemes performs better than VG
Il at low SNR.

1’ — . . , . .

Ryell
< WGl

&
ar

W
T

Outage Probability
iy
<

é 1ID 1|5 2‘0 2|5 3ID 5
SNR{in dB)

Figure-5. Outage probability vs. SNR (&, = ) for

dual hop relay selection.

Figure-6 shows the dependency of the outage
performance of the two systems with the correlation
between the actual and outdated channel for both the best
and worst relay selection. The performance of both
systems increases as the value of @y @md ©g increases
for best relay selection scheme.

| =5

Outage Probability
s

o o1 0z 03 04 05 06 07 08 08 1
Correlation coefficient

Figure-6. Outage probability vs. correlation coefficient
(&, mg;) for dual hop relay selection.

The performance of VG Il system degrades as
iC increases in contrast to that the performance of VG I

system increases as L increase, this is because of
incorrectly selecting the amplification factor for the
selected relay. The gap between the best and worst relay
selection system vanishes as & = 2,

Figure-7 presents the error rate performance of
the two systems with QPSK modulation for which
(W G - 1:1. The performance is measured for low
correlated channels with ©, = @,1,C, = .2 and for

highly correlated channels with @q = €8, Qg = 7.
The best relay selection scheme is alone considered with
@, = g7, The performance results shows that the
average BER for VG | system is high in both cases, and
the performance gap between the two system is decreased
for highly correlated channel. The outdated CSI also
affects the diversity gain, with perfect CSI the diversity
gain is equal to the number of relays. However with
outdated CSI the diversity gain is independent of the
number of relays.

Rel]
WG

€, =01,C, = 0.2

i , = .
‘H]" ;.'( O

i s 0 =

C, =0.8,C, = 0.7

BER

5I 1‘EI 1‘5 2:] 2‘5 3IEI 35
SNR{in dB)

Figure-7. Average BER vs. SNR(«, = ;) for dual hop

relay selection.

Comparing the variation of outage performance
of PRS and ORS scheme due to change in © shows that

ORS scheme shows higher variation with changing T than
the PRS scheme. The FG PRS system outperforms VG I in
ORS scheme, but it is worse than the VG Il system in
which the instantaneous CSlI is assumed to be available.

4. CONCLUSIONS

The impact of outdated CSI due to feedback
delay and scheduling delay on single hop and dual hop
relay selection with Fixed gain & Variable gain Amplify
and Forward relays was analyzed. In the variable gain AF
relaying scheme the outdated CSI is used for both relay
selection and signal amplification. By using simulation
results for all the cases it was observed that the
performance of FG PRS scheme is better when correlation
between the current and the delay channel is low however
the VG PRS scheme outperforms at high value of
correlation i.e. when the best relay is selected the FG PRS
scheme performs better than the VG PRS scheme at low
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correlation values however this case reverses as
correlation is increased. In the case of ORS scheme the
VG Il scheme outperforms in high as well as low value of
correlation because of the presence of actual CSI for
computing the gain factor. The analysis shows that when
the correlation is low the single hop relay selection
perform better than the dual hop relay selection, however
as correlation increases the dual hop relay selection
scheme shows a superior performance.

REFERENCES

[1] J. N. Laneman and G. W. Wornell. 2000. Exploiting
distributed spatial diversity in wireless networks. in
Proc. of Allerton Conf. on Comm., Cont. and Comp.,
Monticello, IL, October.

[2] A.Bletsas, A. Khisti, D. P. Reed and A. Lippman.
2006. A simple cooper- ative diversity method based
on network path selection. IEEE J. Sel. Areas
Commun, Vol. 24, pp: 659-672, March.

[3] J. N. Laneman and D. N. C. Tse. 2004. Cooperative
diversity in wireless networks: efficient protocols and
outage behavior. IEEE Trans. Inform. Theory, Vol.
50, pp. 3062-3080, December.

[4] Y. Jing and H. Jafarkhani. 2009. Single and multiple
relay selection schemes and their achievable diversity
order. IEEE Trans. Wireless Commun., Vol. 7, pp:
1414-1423, March.

[5] Krikidis J. S. Thompson, S. McLaughlin and N.
Goertz. 2008. Amplify and forward with partial relay
selection. IEEE Commun. Lett., Vol. 12, pp. 235-237,
April.

[6] M. O. Hasna and M.-S. Alouini. 2003. End-to-end
performance of transmission systems with relays over
rayleigh-fading channels. IEEE Trans. Wireless
Commun., Vol. 2, pp. 1126-1131, November.

[7] J. L. Vicario, A. Bel, J. A. Lopez-Salcedo and G.
Seco. 2009. Opportunistic relay selection with
outdated CSI: outage probability and diversity
analysis. IEEE Trans. Wireless Commun., Vol. 8, pp.
2872-2876, June.

[8] Maham and A. Hjgrungnes. 2009. Performance
analysis of amplify-and- forward opportunistic
relaying in Rician fading. IEEE Signal Process. Lett.
vol. 16, pp. 643-646, August.

[91 M. Torabi, W. Ajib and D. Haccoun. 2009
Performance analysis of amplify- and-forward
cooperative networks with relay selection over
Rayleigh fading channels. In: Proc. IEEE VTC —
Spring, pp. 1-5.

[10]S. Ikki and M. H. Ahmed. 2007. Performance analysis
of cooperative diversity wireless networks over
Nakagami-m fading channel. IEEE Commun. Lett.,
Vol. 11, pp: 334-336, April.

[11]A. Bletsas, H. Shin and M. Z. Win. 2007. Outage
optimality of opportunistic amplify-and-forward
relaying. IEEE Commun. Lett., Vol. 11, pp. 261- 263,
March.

[12]Y. Zhao, R. Adve and T. J. Lim. 2006. Symbol error
rate of selection amplify- and-forward relay systems.
IEEE Commun. Lett., Vol. 10, pp. 757-759,
November.

[13]1G. Andrieux, J.-F. Diouris and Y. Wang. 2002,
Channel time variation effects on transmit
beamforming in the TDD mode of UMTS. in Proc.
IEEE PIMRC pp. 1987-1991.

[14]H. Ding, J. Ge and Z. Jiang. 2010 Asymptotic
performance analysis of amplify-and-forward with
partial relay selection in Rician fading. Electron.
Lett., Vol. 46, pp. 263-264, February.

[15]Barua H. Q. Ngo and H. Shin. 2008. On the SEP of
cooperative diversity with opportunistic relaying.
IEEE Commun. Lett., Vol. 12, pp: 727-729, October.

[16]N. C. Bao and H. Y. Kong. 2009. Diversity order
analysis of dual-hop relaying with partial relay
selection. IEICE Trans. Commun., Vol. E92- B, pp:
3942-3946, December.

[17]1H. Boujemaa. 2010. Exact symbol error probability of
cooperative systems with partial relay selection.
European Trans. Telecommun., Vol. 21, pp: 79-85,
January.

[18] Beres and R. Adve. 2008. Selection cooperation in
multi-source cooper- ative networks. IEEE Trans.
Wireless Commun., Vol. 7, pp: 118-127, January.

[19]S. Lee, M. Han, T. Yu and D. Hong. 2009. Average
SNR and ergodic capacity analysis for opportunistic
DF relaying with outage over Rayleigh fading
channels. IEEE Trans. Wireless Commun., Vol. 8,
June.

[20]H. A. Suraweera, M. Soysa, C. Tellambura. and H. K.
Garg. 2010. Perfor- mance analysis of partial relay
selection with feedback delay,” IEEE Signal Process.
Lett. vol. 17, pp. 531-534, June.

[21]Nuwan S. Ferdinand, Nandana Rajatheva and Matti
Latva-aho. 2012. Effects of Feedback Delay in Partial
Relay Selection Over Nakagami-m Fading Channels.
IEEE transactions on vehicular technology. Vol. 61,
No. 4, May.

5052



VOL. 10, NO. 11, JUNE 2015 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

==
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. w

www.arpnjournals.com

[22] Bin Zhong, Zhongshan Zhang, Xu Zhang, Jun Wang
and Keping Long. 2013. Partial Relay Selection
With Fixed Gain Relaysand Outdated CSI in
Underlay Cognitive Networks. IEEE transactions on
communications.

[23] Diomidis S. Michalopoulos, Himal A. Suraweera,
George K. Karagiannidis and Robert Schober. 2012.
Amplify-and-Forward Relay Selection with Outdated
Channel  Estimates. IEEE  transactions  on
communications. Vol. 60, No. 5, May.

5053



