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Abstract: The main factors that resulted in the popularity of current wireless systems are low transmit power, improved quality of
service (QoS), better coverage, more capacity, spatial diversity and high data rates. To address such issues, dual-hop relaying is a

promising technique for wireless communication.
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i In the present study, the performance of dual-hop amplify and forward multiple relay cooperative diversity network with best relay
1 selection has been investigated, where direct and indirect links are used for communication between the source and destination. Only the
| performance of best relay has been considered which participated in the transmission alone. The relay node that achieved the highest
! SNR at the destination has been selected as the best relay. The results indicate that full diversity order can be achieved with a single
1
1
1
1

relay with fewer resources.
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1. INTRODUCTION

Spatial diversity has provided a fascinated interest
in order to reduce signal level fluctuation caused by
fading. In many cases it is not possible in mobile phones
to use several antennas due to a number of constraints,
so another type of spatial diversity was introduced by
Laneman in (2004) referred to as cooperative diversity
that creates spatial diversity in a distributed manner. In
cooperative communication, mobile phone creates
virtual Multiple Inputs Multiple Outputs (MIMO)
system that relays each other’s message (Janani, et al.
2004). In order to improve reliability and efficiency, an
idea of hybrid system was introduced in which MIMO
technique was applied to ad hoc relay networks that
combined the benefits of MIMO system and ad hoc
network (Yijia, and John, 2007).

2. MATERIALS AND METHODS
2.1 Technical Background

Spatial diversity is a leading candidate to
handle the fading problems, because of its straight
forward adaptability to other forms of diversity i.e.
frequency and time diversity (Theodore, 2002).
Cooperative diversity is a special type of spatial
diversity which is created in a virtual format with the
collection of allocated antennas each belonging to
independent nodes having their own data to transmit. It
has two basic features. Firstly, that the transmitted
signal is not only received at the intended destination
but also to the nearby nodes. Secondly, the nearby
nodes act as individual distributed antennas that lead to
the generalization of multiple antenna system (Salama,
and Mohamed, 2008).

In cooperative communication, wide area cellular
network and ad hoc network are combined together
where the nodes in ad hoc network provide transmit
diversity to source and destination that may increase the
quality of services (bit error rate, block error rate and
outage probability measured at physical layer) via
cooperation (Aria, and Ahmadreza, 2004). Hence, it
exploits the benefit of MIMO in different scenario
at lower cost and better performance (Abdulhadi,
et al. 2010).

2.2 Related Work

Nabar, et al. have investigated the performance of
two hop diversity network over fading relay channel.
Analysis shows that if proper power control is in use,
complete spatial diversity can be obtained (Nabar, et al.
2004). The performance of two hop regenerative and
non-regenerative system over Rayleigh fading for single
relay channel (Hasna, et al. 2003) and for multiple
relays (Anghel, and Kaveh, 2004) have been explored
separately. The results showed that at low SNR,
regenerative systems outperform non-regenerative but
in the high average SNR scenario, both are almost the
same.

Experimental evidence supports that regenerative
relay systems outperform the non-regenerative relay
systems for multi-hop systems with large number of
hops (Hasna, and Alouini, 2003). It was inferred that
when the relay is in line of sight with the source rather
than the destination, the performance of the
system is improved (Majhi, et al. 2010). The selection
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cooperation accomplishes full diversity order and offers
improved performance because the relay does not
desecrate power by transmitting over lossy channel.
Results show that practically geographical distributed
nodes provide better improvement for the channels
whose quality is degraded by shadowing and attenuation
(Beres, and Adve, 2008).

2.3. Proposed Model

Our system model is shown in (Fig. 1),
consisting of a source node ‘S’, destination node ‘D’
and a number of cooperating relay nodes Ri
(1=1,2....,M). ‘S’ communicates with ‘D’ directly over a
channel having Rayleigh fading coefficient hgp. Also
‘S’ communicate with ‘D’ via set of K relays using
AF protocol, our goal is to select one relay out of the set
of K relays in order to retransmit the signal from source
to destination. The Rayleigh fading channel coefficients
between ‘S’ and relay Ri are hg g, and between relay Ri
and ‘D’ are hg, . These all channel coefficients and are
considered mutually independent and non-identical

Fig. 1: Opportunistic relaying system model

AF protocol is used for indirect link having an
end-to-end SNR given by (Salama, and Mohamed,
2008).

YS,R,: . YRi,D
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where, yg, = |hsg, | S and yg,p= |hg D| ~ are

the instantaneous SNRs between source ‘S’ and relay
‘Ri’ and between relay ‘Ri’ and destination ‘D’
respectively.

The relay which provides highest end-to-end SNR
at receiver is considered for retransmitting source signal
to destination. If maximum ratio combiner (MRC)
technique at ‘D’ is used then the resultant SNR at ‘D’
can be written as (Salama, and Mohamed, 2008)
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where, ysp = |h5,D|2% is the instantaneous SNR

between source ‘S’ and destination ‘D’.

The tight upper bound for ysg , can be
expressed as (Salama, and Mohamed, 2008)

Yi = VYsrpp < Min(Vsg, - Yr;,0) 3

The PDF of the instantaneous SNR 'y; can be
written in terms of average SNR from ‘S’ to Relay ‘R;’

= E(th.)ﬁ and from R’ to ‘D’

VSR' 7Ri,D =
Y . i

E(h3, D)— as where y; = _SRL—“D using the value of
YsRr;TYR;D

y; in equation (2), the total SNR can be rewritten as

Ye= Vspt Vb 4

This approximation is accurately enough
specially on medium and high SNR values. Our final
results are established with the help of Monte Carlo
simulations.

2.4 Analysis and Equations
The error probability for a multi-channel coherent
reception can be calculated

P(elyspys) = Aerfe ( 8750 + yb)) ©)

where, ysp, ¥p are SNR values of direct and
indirect links respectively and erfc(.) is referred to as
error function. It is expressed in terms of Gaussian
probability integral as (Telatar, 1999)

%2
sin? (9)) do (6)

From (6), the error probability in (5) can be expressed
as:

erfc(x) = —f /Zexp(

Vs _ —

’ xp (sinilgg)) exp (sinﬁZ]EZ)) do (7)
Also it is assumed that random variables are
independent, the joint PDF £, .5 (¥sp, ¥5) can be
written as £, 5 (vs,p) f,5(¥»)- Therefore the error
probability can be expressed as :

P(elyso.vs) = 21

P(e) = f f P(elvsp:¥v) fysp (Vs.0) fyp ) dVs pdvs
0
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By substltutlng (7) into (8), we get

P(e) = ﬂ f (51 2(9)>exP (Jig))

fyso(Ys.0)fy, (¥6)dOdYs pdyy (9)
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As the order of integration can be interchange (Telatar,
1999) so, the error probability in (9) can be written as:

_ 27" B B
Ple) = ”fo MyS'D (sinz(g)) Myb (sinz(e)) do (10)

where,
MYS,D = fooofys,D(Vs,D) exp(_]/s,n)dys,n

M,, = j Fu () exp(—v5)dy

represent the MGF of direct link SNR i.e. ysp and
indirect link (relay) SNR i.e. y,, respectively.

The outage probability for best antenna selection
can be written as (Salama, and Mohamed, 2008)

Poyt = P-(1 < R) (11)

It can be seen that P, is actually the CDF of
v, evaluated at 22R — 1, thus
Poue = Fyt(22R -1 (12)
where F, is the CDF of the total end-to-end SNR

using the opportunistic relaying in cooperative diversity
and can be obtained as shown (Telatar, 1999)

F — -1 My s,p(S)Myp(S) 1
eo) s A (13)
3. RESULTS AND DISCUSSION

The following graphs are plotted in terms of bit
error rate (BER) and outage probability versus the
average signal to noise ratio (SNR) It is observed from
(Fig.2) that the outage probability is decreasing when
increasing the number of relays. This means that
required outage probability is

Qutage Probability
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Fig. 2: Outage probability vs Average SNR for our system at end-
to-end spectral efficiency R=1bps/Hz, for balanced link (y; =¥ )
and the direct link SNR y, = 3db

achieved at a smaller value of SNR if we keep the
number of relays large enough e.g. for K=5 the outage
probability of 10-°is achieved by the system at the SNR
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of approximately 24db but the same outage probability
is achieved by the system with K=4 at an SNR of
approximately 27db.

It can be observed from (Fig. 3) that the outage
performance is getting better with unbalanced link
compared to the balanced link. As the number of relays
increases from 2 to 5 in unbalanced link, its outage
probability decreases more as compared to the balanced
link. We observe that the outage performance of
unbalanced link is better than the balanced link by the
comparison of Fig. 2 and 3. It is noticed that the
improvement in any single link can notably improve the
overall performance of the system.
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Fig. 3: Outage probability vs Average SNR for our system at
R=1bps/Hz, for unbalanced link ( y; = 5y, ) and the direct link
SNR ¥, = 3db

It can be observed from (Fig.4) that the
proposed scheme achieves better BER performance as
the number of relays is increased. The bit error rate
decreases as the number of relays increases for some
fixed values of SNR because diversity gain and virtual

antenna array gain are monotonically increasing
function of relays (K).
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Fig. 4: BER performance against average SNR with increasing
number of relays for balanced (y; = y,) and the direct link SNR
Yo =3db

It can be observed from (Fig. 5) that the BER
performance is improved for unbalanced link as
compared to the balanced link. It shows that bit error
rate decreases as the number of relays increases. By
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observing Fig.4 and 5, it can be noticed that the BER
performance achieved with unbalanced link is little
more than that what we achieved in balanced link.
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Fig. 5: BER performance against average SNR with the increasing

number of relays for balanced link (y1 = 5y,) and the direct link
SNR Y, =3db

4, CONCLUSION

In our study, we analyzed the performance of
dual-hop AF multiple relay cooperative diversity
network with best relay selection. The relay node that
achieves the highest SNR at the destination was selected
as the best relay. Our analysis indicated that full
diversity order can be achieved with a single relay with
fewer resources.

In best relay selection scheme, minimum signal
overhead is involved at the cost of minor complexity.
The overall performance of the system is dependent on
the improvement in any link but better performance can
be achieved if quality of both the links is improved.
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