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Abstract —In this paper a relay selection scheme for amplify and forward relaying is proposed to select one relay from multi-relay networks. The
selected relay by the proposed algorithm cooperates only if the signal to noise ratio (SNR) of the source-relay-destination link is greater than the SNR of
the source-destination link. A theoretical bit error rate performance of the proposed scheme is derived. Computer simulations are performed to validate
the theoretical developments. The outage probability of the proposed scheme is simulated for different threshold value. Moreover, a power allocation
algorithm based on bit error rate minimization is applied. The performance of the proposed relay selection scheme is compared with other existing
schemes. The simulation is performed for known and estimated channels. Channel estimation is performed by least square algorithm and the effect of
the channel estimation error on the performance of the algorithm is investigated. Numerical results show that the proposed algorithm has better
performance than some of the other relay selection algorithms. Moreover, the proposed algorithm saves the power since the selected relay participates

only when the total signal to noise ratio of the direct link is weak.

Index Terms— Fading, Cooperative Communications, relaying system, amplify and forward..

1 INTRODUCTION

Cooperative communications enable efficient utilization

of communication resources, by allowing nodes or termi-

nals in a communication network to collaborate with each
other in information transmission. It is a promising technique
for future communication systems. Cooperative communica-
tion allows communication terminals in a network to hear and
help the information transmission of each other, by taking
advantage of the broadcast nature of wireless communica-
tions. It can be used in improving network connectivity, en-
hancing power and spectrum efficiency, and improving com-
munication reliability. Moreover, comparing to other emerg-
ing techniques that could achieve similar performance ad-
vantages, such as multiple-input-multiple-output (MIMO)
technique, cooperative communication is superior in deploy-
ment flexibility and hardware feasibility. The rewarding mer-
its of cooperative communication make it one of the promising
techniques for future wireless communication systems [1].
Various cooperation schemes have been designed for enhanc-
ing the performance of wireless communication networks [2-
6]. Most recently, cooperative communication has been adopt-
ed in Long Term Evolution (LTE) Release 10 as a key technol-
ogy for future generation commercial wireless communication
systems.

Different algorithms for relay selection algorithms are pro-
vided in literature. In [7] Opportunistic relay selection is pro-
posed where one relay is selected based on maximizing the
end-to-end SNR. The best relay k is chosen according to:

AL H

, where Ag j is the fading gain of the channel between the

k = argmax(min {A, |

source and relay jand A j g is the fading gain of the channel

between relay j and destination. In [8] relay selection takes
place by comparing the instantaneous SNR (ISNR) from the
source to therelay (75, j )and from the relay to the destination

( 7j,d )-In[9], the authors proposed a relay selection algorithm

that chooses a relay node based on a predetermined threshold
that guarantees a satisfying performance. This algorithm com-
pares all the received instantaneous signal to noise ratio
(ISNR) at the relay and at the destination which are denoted
by ( 7s,j ) and (7j d ) with a predetermined threshold (1)

which is chosen to guarantee a satisfying performance. Then,
ISNR of each eachrelay (s, j ) is compared to (y )if ( rs,j )is

greater than or equal to(y¢ ) then (7} ¢ ) is compared to ( y¢ )
if (7j,d ) is greater than or equal to (t ) then the chosen relay
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is j . If the ISNR of all the relays fail to pass the threshold, the
max min rule introduced in [9] is used to select the relay but
with comparing the ISNR instead of the fading acording to the
following equation

k=arg max(min{|gw|2 ,|gj1d|2})

In [10] two relay selection algorithms are proposed where
one aims to reduce the number of probed relays and the se-
cond one aim to increase the maximum spectral efficiency. In
[11] multiple relay selection algorithms are investigated, the
first one chooses the relay with the maximum SNR, the second
one chooses the relay based on the strength of the channel
from the source and to the destination. the third one chooses
the relay with best worse channel. The relay selection algo-
rithm in [12] deals with cognitive networks in which there are
primary and secondary users. The relay selection goes as fol-
lows, an interference threshold is predetermined that guaran-
tees there is no interference on the primary users caused by
the secondary users then the relays with the best relay-to-
destination SNR is chosen. In [13] the paper deals with net-
works that have 2 users, the relay selection is based on maxim-
izing the reliability of the links between the users and the re-
lays thus the relay with the max worse SNR is chosen. The
opportunistic relay selection proposed in [14] deals with two
way relaying which offers a solution to the loss in spectral
efficiency due to the use of half duplex systems. The incremen-
tal-best-relay technique proposed in [15] aims at saving chan-
nels by using relays only if the ISNR from the source to the
destination is not high enough to offer a reliable transmission.
This is performed by comparing the ISNR from the source to
destination link by a threshold. If the ISNR from the source to
the destination link is less than the threshold, the relay is send
the re-encoded data to the destination and then the destination
uses MRC to combine the signals coming from the best relay
and the source. In [16], a relay selection algorithm is proposed
using the availability of the partial channel state information
(CSI) at the source and relays. Power is distributed between
source and relay through a feedback. The selected relay de-
cides whether to forward the received information or not ac-
cording to the quality of the received signal. This is performed
be comparing the received SNR with a threshold.

In this paper, an algorithm is proposed to select one relay
from multi-relay networks. The performance of the relay selec-
tion algorithm is investigated for amplify and forward relay-
ing; where one relay is chosen based on instantaneous SNR
either between the source and the relay or the relay and the
destination. The selected relay participates only if the total
SNR of the source-relay-destination link is greater than the
SNR of the direct link between source and destination. This
overcomes the overheads of determining the value of the op-
timum threshold used to decide if the relay will participate or
not as in [15]. Also, in the proposed algorithm we take into
consider ation the dynamic change of the fading since channel
estimation is performed in each frame of transmission. Fur-
thermore, and unlike [16], the proposed scheme does not re-
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quire comparison with the threshold at the relays which can
lead to some error propagation. Analytical performance eval-
uation in terms of the average error rate is derived and vali-
dated by simulation. The simulated performance is performed
for known and estimated channel and is compared with other
existing methods for relay selection. The channel between
source and relays and between relays and destination is esti-
mated using least square algorithm. The performance of esti-
mation algorithm is measured in terms of least mean square
error.

The rest of the paper is organized as follows. In section 2, the
system model is presented. In Section 3, we introduce our
proposed relay selection algorithm , channel estimation algo-
rithm, outage probability, and the power allocation algorithm.
The mathematical analysis of the performance of the proposed
algorithm is presented in Section 4. In Section 5, simulation
and results are presented and finally the conclusion is dis-
cussed in Section 6.2 Procedure for Paper Submission

2 SYSTEM MODEL

The considered system model is shown in Fig. 1, in which a
source node, a destination node communicate over a Rayleigh
fading channel. A number of relay nodesR j(i=12,..,n)are

deployed to help the source to send its information to the des-
tination. We consider the direct link between source and des-
tination. The source, relays, and the destination are deployed
with single antenna. All relays are assumed to operate in the
half duplex mode; hence transmission occurs in two time slots,
corresponding to the source to relay j and from relay j to des-
tination respectively. The fading channels between the source
and the relays and between the relays and the destinations are
assumed to be flat quasi-static fading channels, which are con-
stant within the frame and varying from frame to frame. All
the relay nodes are assumed to be located in a two dimension-
al plane where ds p, dS,RJ' , and de’D (j=12,..,n) denote the

distance of source to destination, source to relay j, and relay j
to destination links respectively. As shown in Fig. 1, the re-
ceived signal at relay R; from the source is given by:

I's,R; ) = S(t)hs,Rj + N R, @
where S(t) is the transmitted signal, hs g j is the fading chan-

nel parameter between the source and relay R; which is mod-
eled as zero mean complex Gaussian channel with variance
0'25,R i and N R; (t) is the additive white Gaussian noise be-
tween the source and relay R;j which has zero mean and vari-

anceN,/2.
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Fig.1. Multi-relay communication system with direct link

The relays use amplify and forward protocol in which each
relay amplifies the received signal by an amplifying factor G
which is either fixed or variable. The variable gain is given by:

G — \/ L @
PS |hSR| + N o
Thus the received signal at the destination is given by:
rij.-‘}({ )=G 3 (7 )’1{&;5 Tz p @) o

Assume that, the instantaneous signal to noise ratio (ISNR) of
source and relay j (S- R;j) channel is denoted by 7sRr j and the

ISNR of the channel between relay j and the destination
(Rj.D)isdenotedbymj,D.

Finally, we consider the effect of the path loss as E(hs2 D ): 1,
E(hSZ,R,- ): (dS,D /ds,Rj )aand

2
E(hRj ,D)z (dS,D /dRJ- ’D)a where « is the path loss exponent

and Y is the distance between terminal x and y [14].

3 PROPOSED RELAY SELECTION ALGORITHM

3.1 Description of the proposed Algorithm

The proposed algorithm based on the ISNR of the source-
destination, source-relays, and relays-destination links. We
assume quasi-static channels in these links; that is the channel
changes from frame to frame. In each frame, a training se-
quence is sent in the beginning of the frame to estimate the
channels before data transmission. The relays estimate the
source-relays and the destination estimates relays-destination
and source-destination links. Channel estimation algorithm is
described in details in the following section.
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The algorithm of selecting the best relay is described as fol-
lows: first the relay with the maximum ISNR from the source

to the relay is selected and denoted as R; where its ISNR from

the source to the relay is denoted as ygp and it is given by

hsg |° E
Thse I By where E—b is the signal to noise ratio. Then
o] 0o

the relay with maximum ISNR from the relay to the destina-
tion is selected, which is denoted as R; where its ISNR from

VSR =

the relay to the destination is denoted as yg j.d and it is given
IhR; g =

o

by YRjd = , thenyg, 4 is compared to VSR and the

larger one is selected. This algorithm can be summarized as
follows:

1. Setc=1, Vsmax =/sR; and Ymawd =7R.d

2. If c =nthen go to step 6 else c= c+1

3. If VsR, ”7smax then 7smx =7sR; andX=C

4. If yr.d > Vmax,d then ypexd =7r,,a and Y =C

5. Gotostep2

6. If 7xd > /sy then the chosenrelay is X else the chosen
relayisy .

In the proposed algorithm, the destination chooses either to
receive only from the direct link or to combine the signal com-
ing from the direct link and the selected relay. This is per-
formed by comparing the total ISNR of the source-selected

relay-destination (S —R; —D) link denoted by ., with the
ISNR of the source-destination link denoted by ¢, ; where in

case of AF protocol },,.,, is given by:

-'T:::.'.'_..— - . 1 4)

If ¥iotal > ¥sp,» combining is performed at the destination; oth-
erwise the destination uses only the received signal from the
source. The illustration of the proposed algorithm is shown in
the flow chart given in Error! Reference source not found..
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Fig. 2. Flow chart of the proposed algorithm

3.2 Channel Estimation

Channel estimators are used to estimate the channel complex
gain. There are many algorithms which are used for channel
estimation one of them is the least square algorithm which is
discussed here. Channel estimation takes place first by the
source, which sends a Ready-to-Send (RTS) packet to the N
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relays; the RTS packet consists only of pilot bits, which are
sent with the same carrier frequency and power as the pay-
load data. The N relays after receiving the RTS packets send a
Clear-to-send (CTS) packet back to the source. Upon receiving
the RTS packet the N relays can estimate the Channel complex
gain between the N relays and the source. The N relays then
send a RTS packet to the destination, which sends back a CTS
packet to the N relays, and upon receiving the RTS packet, the
destination can estimate the channel complex gain between
the N relays and the destination. The received signal at the
relays is given by:

7)) =hs,(t)+n ®)

Where, Jl-[iis the required channel complex gain and sq(t) is

the pilot signal. By using least square method the channel
complex gain is estimated as follows:

- A 1
h=I83S,] S,r, ©6)

Where SQ is the pilot signal vector containing the pilot se-
quence of bits and I is the received vector. The performance
of the Least Square algorithm is measured by the Mean Square
Error (MSE), which is one of the many ways that measure the
accuracy of the perfect versus the estimated channels.

.
2*|

g
e

MSE = Eﬂﬁi,. -1, ”

3.3 Outage probability

The outage probability is another performance measure that
is used to measure the performance of the relay selection algo-
rithm. It is defined as the probability that the achievable rate
falls below a certain rate threshold. Thus it can be interpreted
as the falling of the total instantaneous SNR below a certain
target SNR where the target rate threshold is related to the
threshold SNR as stated in [20] by the following equation:

Veipezinid = -1 (8)

where Yy eshoid 1S the SNR threshold and I' is the rate
threshold. Consequently, the outage probability can be
denoted as the probability the sum ISNR falls below a certain
threshold

P ¥oim < Viresnoid | )
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in case of Incremental relay selection with AF:

;I:'S:'.!.:___— + ;IRJD rf ;I:'s:'a.:____ > ;IEJD

(10)
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4 PROPOSED RELAY SELECTION ALGORITHM
In this section we derive the average error probability for the
proposed scheme for different types of modulation schemes
using amplify and forward protocol.

P(&) = Pr(direct) P, (direct) + Pr(combined) F_(combined) (14)

where Pr(direct) is the probability that the direct link is

Yewecipiz Omlysénding the information to the destination and the select-

Where 7 totahe js given in (4). The outage probability for
different threshold values is illustrated in the simulation and
results section.

3.4 Power allocation based on Bit Error Rate
minimization

Since full CSI is available at the destination to the S-D, S-R and
R-D links optimal power could be allocated to ensure better
quality of service (QoS) where the QoS is measured in terms of
the Bit Error Rate (BER). Considering the system model after
relay selection has occurred, the received signal at the destina-
tion and at the relays are given by (11) and (12) respectively

rsp(t) = Jl.Phsps(t) = ngp (1) (11)
rog () = \J(1=k, ) Phgg s(2) + 1 (1) (12)

where kg is an optimization factor that denotes the fraction
of power assigned to each node and is used in [21] as a way
for power optimization. Assuming that the power is divided
between the source and selected relay regardless of the loca-
tion of this relay, accordingly the power of the source is pro-
portional to ks P and the power of the relay is (1-ks)P . Power
optimization is done with the goal of minimizing the probabil-
ity of error, thus the optimization problem can be stated as
follows:

min (k) (13)

Where P, is the bit error probability of the proposed
scheme. The optimum value of could be obtained by Matlab
simulations because of the difficulty associated with this op-
timization problem. Thus by simulating this process the opti-
mum could be assigned to the source and the relay according
to the quality of the links at each SNR value. So the scenario
would be after the destination gets the full CSI in the first time
slot. The optimum would be allocated according to the given
database using the controlling node which is the destination.

ed relay is not transmitting, P,(direct) denotes the average
error probability for the direct link from source to destination
and P(combined is the average error probability at the des-
tination when the selected relay is participating and its signal
is combined with the direct link signal (from source to destina-
tion). We assume that the best relay is selected using the algo-
rithm described in Section 3. The probability Pr(direct) is
given by Pr(direct) =1-Pr(ys; <7,) where y, is the total in-
stantaneous signal to noise ratio of the channel between the
source and the relay and the channel between the selected re-
lay and the destination using amplify and forward protocol
where y, is given by:

;3R R, D (15)

Fe=
i

Ysr, T VR,D

Note that y, is the simplified version of the total instanta-
neous SNR using AF protocol, thus the probability of decod-
ing the signal coming from the direct link only is given by:

Pr(direc =1-Pr(y5 < 7;)

.~ 3
[Lexd = |a
= B s
J; g w1 (16)
wp & 3D 5D
. ™
[ =¥, |
—exp —< |
lx:'IED )

Finally, Pr(combined) denotes the probability that the se-
lected relay is qualified to share and it is given by:

Pr(combined) =1-Pr(y 4 = 7;)

For
i 4

=l-exp - _
.‘.‘ -';ED -u

(17)

The average error probability of the direct link from source
to destination is given by:

P (direct) = ‘ 0] | c;r\/; | f_ﬁ ['_ Y0¥ > ,.'f';_'lc::"..'f (18)
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where f 7SD (17sp >71) the conditional probability
density function of Ysp given that ygp >7, . This condi- Using the approximation of the Q() function:

tional PDF can be obtained as: 2
-a
1xl2 R 2}/ . .
1 £ P Q(a\/;):— [ e2sin"0dg , and since the moment generating
. : . T o0
Lo\ ¥ ¥Vp=r )= eNp ——— |eNp —— | (19) .
= Ry WS function My(s) = jexp (sy) fy (»)dy is the Laplace trans-

Substituting (19) in (18), the average error probability for the form of f (7/) (23) can be written as:
direct link from source to destination can be written as:

¥l P (combined) = Yily L
| Glﬂ\/_l—e:xp - dy o= |2k 5

B(direct) = E}.p —_

; m . _ ; L . . v T
(20) (RN 5V P (Tar, | -—_|ag
T Typ L2

In (20), a is a constant its value depends on the modulation
type. For BPSK, a = \/E , for BFSK, a=1, and for on-off-
keying, a = 1/f If the selected relay is sharing and the
cooperation takes place; P,(combined) can be written as:

P (combined) = Ih o]l anz | . (2dz (1)

Where AE (s the probability density function of
7 AF Where 7AF =7%sp ]/R p - Since the two links (direct
and the selected relay) are mdependent, the overall probability
density function f, - (/) can be obtained by finding the
convolution of the two exponential PDEs and f,op(») - This  After some mathematical manipulations the probability of
convolution is performed as f, AF ()= fp (- X) f;,R p (X)dx error in case of AF protocol can be written as:
and the result of integration is given by?

N R -

f (2= [ e —g™7 | (22)
— L

Where 4 =1/ Ysp and ﬂz =1/ 77RSD . By substituting (22)
in (21) can be written as:

L Ay e R
P (combined) =- e - |dz

The theoretical average bit error probability is plotted against

SNR for different values of }gp in Fig. 3. The figure shows
that as }7SD increases, the BER performance enhances.

(23)

IJSER © 2015
http://www.ijser.org



International Journal of Scientific & Engineering Research Volume 6, Issue 10, October-2015

ISSN 2229-5518

o Amphfy and Foreand

!
14 16 18 20 22 24
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Fig. 0. Theoretical performance of the proposed
scheme for different values of average signal
to noise ratio of source to destination link.

5 SIMULATION AND RESULTS

In this section, numerical results are presented to evaluate the
performance of the proposed relay selection algorithm and to
validate the theoretical error probability. The results are ob-
tained for known and estimated channels. The performance
curves of average bit error rate (BER), outage probability, and
the mean square error of estimation are plotted versus the sig-
nal to noise ratio. The BER performance of the proposed algo-
rithm is compared with other existing relay selection schemes
through simulation. The simulation parameters are as follows.
The number of bits is N=1000,000; the type of modulation is
binary phase shift key (BPSK), the number of relays is four
relays, and the number of pilot bits used for channel estima-
tion is 5 bits.

The outage probability of the proposed scheme is illustrated in
Fig. 4 for three different threshold values: gfh =5dB, 10 dB,
and 13 dB. These values are selected to show the dependence
of the outage probability on the selected threshold. The figure
shows that as the threshold value increases, the outage proba-
bility becomes worse. This is because the probability of the
total ISNR to be lower than the threshold increases.
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o Anplify and Forward

=8=Threshold | | ]
Theshold 2 |
=0 Thueshold 3 | |

Cratage Probahility

=]
1

SNR[HE]

Fig. 4. Outage Probability of the proposed algorithm for
three different threshold values.

Fig. 5 shows a performance comparison between the proposed
relay selection algorithm, best relay selection and partial relay
selection algorithms and the direct link using a path loss factor
of 1.6 which depicts free space communication. The perfor-
mance of the direct link is included to measure the enhance-
ment in the performance using the relaying system. The fig-
ure shows that the proposed algorithm outperforms the best
and partial relay selection algorithms and consequently the
direct link. This is because the proposed scheme sometimes
combines the signal of the direct link with the signal of the
selected relay at the destination and this enhances the BER
performance. Finally, the figure illustrates the benefits of co-
operative communications when comparing the performance
of the direct link with the other relay selection schemes. For
example, at BER , the proposed relay selection outperforms
the best relay selection algorithm by about 1 dB.

Aroplifyy and Forarard
T T

—H—Proposed [|
Partial
Best

— Direct

= L L ! h

o 5 m 15 20 25
SNER [4E]

Fig. 5. Performance comparison of the proposed scheme,
direct link and other relay selectio algorithms
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Practically, the channels from source to destination, source to
relays, relays to destination are unknown. Estimation
algorithms are used to estimate these channels. In this sequel,
we use least square algorithm to estimate these channels. The
effect of channel estimation errors on the BER performance of
the proposed scheme is shown in Fig. 6. The figure shows that
the performance of the proposed algorithm using known and
estimated channel parameters is nearly similar. This implies
that channel estimation is accurate due to good choosing of
the number of pilot bits. It is noted that, increasing the number
of pilot bits for channel estimation leads to accurate estimation
but decreases the throughput because the useful information
bits in the frame decreases. On the other hand, decreasing the
number of pilot bits leads to inaccurate estimation.

1

10

—0O—Known Channel
~—* “Estimated Channel

10° r r r r
0 5 10 15 20 25
SNR [dB]

Fig. 6. BER performance of the proposed algorithm for
known and estimated channel

All the channels between source and the relays and between
the relays and destination are estimated using the least square
algorithm. Fig.7. and Fig.8. show the real and imaginary val-
ues of the known and estimated channels. The figures show
nearly perfect channel estimation which confirm the result of
Fig. 6. The Mean Square Error of channel estimation is plotted
versus the SNR and the result is shown in Fig.9. The figure
shows that as at low SNR, the noise is dominant and the error
between the actual and estimated channel is large. When SNR
increases, this error decreases.

Channe] Estiration

Feal Component - Fnown Channel
*  Real Component - Estimated Channel

FReal Component of the Channel

L L L
o 5 10 15 20 25 30

SHE. [dE]

Fig. 7. Real part of the known and estimated channel
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4 T T T

Treaginary Component - Known Channel

3k #  Imaginary Component - Estimated Channel

Imaginary Component of the Channel

1
1} 5 10 15 20 25 30
SNE. [4E]

Fig. 8. Imaginary part of the known and estimated chan-
nel parameters

Charre] Estimation

1 T T T T T

Ivlean Seuare Ermor

1 4
0 5 10 15 20 25 30
SHER. [dB]

Fig. 9. Mean square error of estimated channels

The result of the power allocation method described in Section
3.4 for AF protocol is summarized in Table 1. The method of
power allocation aimed to determine the optimum value of
the parameter ks that minimizes the BER. Table 1 shows the
optimum value of the parameter ks for AF protocol that
minimizes the BER along with the corresponding BER for dif-
ferent values of SNR. This power allocation parameter optimi-
zation results in a much better performance resulting in nearly
no errors at any signal to noise ratio.
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Table 1 Probability of error minimization based power

allocation

SNR Ks BER

0 0.65 0.0001

5 0.19 0.0001
10 0.09 0.0001
15 0.03 0.0001
20 0.01 0.0001
25 0.01 0.0001
30 0.01 0.0001

6 CONCLUSION

The performances of a relay selection scheme for amplify and
forward protocol in Rayleigh fading channel has been evaluat-
ed. Mathematical analysis of the BER performance of the al-
gorithm has been derived. Computer simulations are per-
formed to validate the theoretical analysis. A power allocation
algorithm based on bit error rate minimization has been ap-
plied. Channel estimation has been performed by least square
algorithm and the effect of the channel estimation error on the
performance of the algorithm has been investigated. It has
been shown than the performance of the proposed algorithm
has better performance than best relay selection and partial
relay selection algorithms. Moreover, the proposed algorithm
saves the power since the relay participates only when the
total signal to noise ratio of the direct link is weak.
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