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ABSTRACT

This paper presents a proficient relay selection criterion for
large-scale cooperative wireless networks (LSCWN) under
Rayleigh fading, where each node in the network employs an
Amplify and Forward (AF) relay protocol. We obtain analytic
expression for Probability Density Function (pdf) and
Cumulative Density Function (CDF) of end-to-end
instantaneous signal-to-noise ratio and obtained minimized
expression for the Moment Generating Function (MGF). The
performance of the proposed relay selection criteria is
analyzed and simulated. Simulation results shows an
improvement in outage probability and symbol error rate by
63.88% and 84.89%, respectively, when the number of hops
are increased from 1 to 3.

Key words : Large scale cooperative wireless network, relay
selection, moment generating function, PDF, CDF.

1. INTRODUCTION

Wireless network performance degraded by fading and its
affect can be mitigate by providing the redundancy at the
receiver  called diversity technique.  Cooperative
communication is the technique provides the spatial diversity
by forming Virtual Multiple Input Multiple Output (VMIMO)
without having multiple radio terminals at both the
transmitter and receiver. Cooperative communication is the
promising technique for the latest wireless communication
because of its ability to improve coverage area with reduced
node transmission power, capacity and spectral efficiency
[1-7].

There are several cooperative relay protocols based on their
operation at relays. Some of the most commonly used
protocols are DF and AF. In AF relaying protocol, relay node
forwards the amplified version of the source message to the
destination (also called non-regenerative relaying protocol).
Whereas in DF relaying protocol, the re-encoded form of the
message is forwarded to the destination (also called
regenerative relaying protocol). [2-7].
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Routing is the key factor of large cooperative wireless
networks which has high impact on the performance of the
network. In recent years, several routing algorithms have
been proposed based on the way of establishing the path. They
are based on: protocol operation, network structure, initiation
of communication, path establishment or next op selection
[8].

Next hop selection based routing algorithms are classified
into 3 categories namely: Proactive, reactive and hybrid
routing algorithms. In proactive routing algorithms, route for
every node is calculated and maintained by routing table well
before it is needed. This route table is updated periodically by
route update process [9-10].

In reactive routing algorithms, route is established only when
it is needed. Therefore these routing algorithms do not need to
maintain any routing information (route table) globally.
Modified versions of routing protocols were presented for
MANETSs and VANETSs [11-13].

Energy Efficiency or energy conservation and network life
time are the key parameters for the cooperative routing
algorithms. Several routing algorithms have been proposed
recently to enhance the energy efficiency and lifetime of the
cooperative wireless networks [14-16]. Authors in [17] have
been adopted bio-inspired algorithms to obtain optimal
cooperative routing path.

The authors in [18] have been derived the minimal form
expression for the harmonic mean of two random exponential
random variables over Rayleigh fading channels. The study of
cooperative network with parallel relay has been presented in
[19-20] over Rayleigh fading channels. In [21-22] the authors
have been studied the total performance of non-regenerative
cooperative wireless network, to do this they developed the
analytic expression for average SER and outage probability
for different modulation schemes. But all the fore mention
authors considered the network with dual hop for their
analysis.

The study of outage probability for
Multiple-Input-Multiple-Output multi hop network based on
radio terminal selection criteria over Rayleigh fading have
been presented in [23]. In [24], the authors have been
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obtained the expression for outage probability over Rayleigh
fading channel for non-regenerative multi hop networks
based on power allocation. Asymptotic expression for the Py

and P. of non-regenerative cooperative network with
multiple hops over generalized—k fading and Rayleigh fading
channels are presented in [25-26] respectively. Study of
cooperative network with multiple hops over Nakagami-m
fading is presented in [27], in this, authors have been
considered incremental relay selection scheme where the
existence of relay paths depends on the direct link SNR.

In multi hop network, if one of the channels is weak the
performance of the network may degrade, since the received
SNR is the minimum SNR of all the individual links in the
path. To prevent the received SNR hop selection scheme for
AF cooperative multi hop network is presented in [28]. To
simplify the analysis, the authors considered the spectral
efficiency of dual hop network and multi hop network are
equal. In [28], the number of hops are dynamic and are
decided by a control relay node based on the SNR at the
destination. In this paper, we proposed a proficient relay
selection criteria for LSCWN and analyzed its performance
using Py and P .

The rest of the paper is organized as: In section 2, we describe
the system model and relay selection criteria, Performance
Evaluation is presented in section 3. In section 4, we present
simulation results of the proposed approach. Finally, we
concluded the paper in section 5.

2.SYSTEM MODEL

For the analysis, we consider an Large Scale Cooperative
Wireless Network (LSCWN) with ‘M’ Nodes over Rayleigh
fading channel and every node in the employs Amplify — and
— Forward (AF) relay protocol and each node having fixed
transmission power (P). Let Source (rp) broadcasts
information ‘x’ to a destination node (d) in multiple hops (N)
as shown in figure 1. By using relay selection algorithm,
source node selects one node (from its transmission region) as
relay node, which acts as the source node for the next hop.

(\ Source Node G Relay Destination
&/

Figure 1: Schematic Model for N-Hop Large Scale Cooperative
Wireless Network

Let r* be the set of nodes in the transmission coverage area
of (k-1)" relay node. Source broadcasts the information ‘x’ to
the destination and relay (r'), where i=1,2,3,....... The

information at the destination and relay (') can be given by
[29-30],

Yoo = \/Ehrod X+,

Yoo =VPh x+7, . (1)
Where P is the transmit power; 7, ,, 1, are the additive

white Gaussian noises for the links r, —d and r, >r".
h,s and h_. are the channel coefficients between the links
r,—d and r,—r" respectively, which are modeled as

2 2 -
|hij| =oydy”,
and n is the path loss exponent.

where a”? is the variance of the link i — j

2.1 Relay Selection:
Let R, be the transmission coverage area of each node in the
network. Source node (r,) select one of the nodes (ril) as
relay (b, ) as follows:
1. The instant SNR for the selected relay in first hop is
given by
Vg = min(y,onumd)

2. Forms a set of nodes which has the relative difference
less than the pre-defined threshold 1,

z ={p|maxiER{yq1}—yql <Tipe rﬁ} @

where R={1,2,.....} be the set of nodes in R, and y,

be the instantaneous SNR i" hop relay.
3. Selects one node from set Z as relay node b, which is

closer to line of sight i.e.,
by = min(dis (I, o5 )) 1.z

The instant SNR for the selected relay in first hop is given by
Vb, =min(yrﬂbl’7/bld) 3)
the selected relay node (&,) becomes the intermediate source

node for the next hop. The instant SNR for the k™ hop relay is
given by

Vo, = {min (}/,Obl VWb, seereeereees 1 Vhed )} (4)

Therefore the upper bound of the total SNR (7, ) is given by
N-1

Ve S Vo + 27 (5)
1=1

The entire network shown in figure 1 is assumed with
Rayleigh fading. Therefore the pdf and CDF of the
instantaneous SNR of a link can be written as:

f ()= _ieiv/?m (6)

m
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F, () =1-e7" ™
Where ‘m’ denotes link index.

3. PERFORMANCE ANALYSIS

An analytic expression of MGF for end —to—end SNR (7, ) is
evaluated first and then the PDF and CDF for the y, are
obtained in this section.

3.1 MGF

The MGF for y, can be written with the assumption that the
instantaneous SNRs of all the links are independent as

M, () =M, [ M,, () ®)

M \ and Mm are the MGF of instantaneous SNR for the

link (source— destination ) and i" hop relay (given by equ
4)) respectively MGTF for the SNR vy given by
M, (s)=E{e™}=["ef,(n)dy ©)

MGF for the link source to destination is given by (after the
simplification)

1
M, (8)=——= (10)
(1+yrd )
MGF for the k™ hop relay link is given by
M, ()= e 1, (r)dy (12)

To evaluate the PDF of SNR y, , CDF for same SNR will be
evaluated first. The CDF of y, can be expressed as follows
for the independent link SNR’s (i.e., Voo Ytz roemesssses Y kg
are independents).

F =1- Pr( >;/)Pr(7/12 7/) .......... pr(7/r,kd>7)

:';_[1_ pr(yml < yﬂ[1_ Pr(;/ 2 < yﬂ .......... [1— Pr(yrikd < yﬂ

_1- [ (y)}[ - (y)} .......... [1— F (y)} (12)
After substltutmg the CDF of the SNR for the respective links,
equation (12) can be re-written as

F. (n)=1-e7" (13)

Where 74 =— L .

)/r[,ri1 ;rilri2 7/rikd
PDF for the SNR , can be obtained by performing the

differentiation w.r.t toy.

1 -7 ; k
f, (r)==—e"" (14)
Vet
Therefore equation (11) can be written as
M, (6)=—— (15)
(1+ Y ok S)

Finally the MGF of the total SNR is given by

M, (s)=M, (s)M (s)M (€) . M (s)

7b2 YbN
M, (s) = H

Where )/Go =)/r0d

16
1+ VoS (16)

3.2 Outage Probability

It is one of the performance criteria over fading channels,
which gives the probability to fall the total SNR below a
pre-defined threshold value 7 [31].

R =], f,()dy=F, () (17)
The PDF of y, can be obtained from MGF as
f () =L (M, (5) =], M, (s)e”ds (18)

Where L’l(o) denotes the inverse Laplace transform.
Substitute the obtained MGF expression M, (s) in the

equation (18). After the simplification the PDF of the total
SNR y, can be written as

v (7 N2 e
f, ()= Z(Z ) ¢ (19)

= H(J/e' ye')

i=0,
i#]j

The CDF can be obtained by integrating PDF w.r.t. y , after
the simplification it can be written as

v (;GI )M e rlre

F.()= Z 5 — (20)
=0 H(J/e' ~Vei )
j:O
i#]
Substituting CDF equation into MGF yields
(D) (re) e
P, = (21)

= ﬁ(;el _;G' )

i#]

1l
e

3.3 Average Symbol Error Rate:

Based on Movement Generating Function, P. for M -ary
QAM modulation scheme can be evaluated as [21]

B =1L |7 [ Sowm
o
_A(_ L ) iy (S

n[l N] IO M [sinze}m

4. SIMULATION RESULTS

Simulation results of our proposed algorithm and analysis is
presented in this section. We evaluated performance of our
proposed algorithms using MATLAB with the simulation
parameters listed in Table 1.

(22)




D. Praveen Kumar et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(4), July — August 2020, 6400 — 6405

Table 1: Simulation Parameters

Parameter Value
Transmit Power (P) 1w
SNR Threshold 2dB
Noise Variance 10™°
Modulation M -QAM
Path loss exponent (n) 4
Combining Strategy MRC

Figure 2 depicts the simulated symbol error rate (SER) for
4-QAM over SNR for the number of hops N=1, 2 and 3. From
the figure, it can be observed that the SER performance was
enhanced with N. The simulation value of SER for N=1 and
SNR=20dB is 0.03027, at the same SNR for N=3 the SER is
0.004572. The percentage of SER improvement is observed
as 84.89% by escalating the N from 1 to 3.

Figure 3 shows the P. of the network over Rayleigh
fading channel w.r.t SNR for N=1, 2 and 3. The simulation
value of outage probability at N=1 and SNR=20dB is
3.223*107, at the same SNR and N=3 the outage probability
is 1.164*107 The percentage improvement of outage

0.03223—001164X100) 63.88%
0.03223
when increased the number of hops from 1 to 3. The SER and
outage probabilities for different SNR values are given in
Tables Il and 111, respectively.

probability is observed as [

—6—N=1| ]
——N=2| |
—8—N=3| |

107 F

0 5 10 15 20 25 30 35
SNR(dB)
Figure 2: Average SER Performance of LSCWN
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=
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Figure 3: Outage Performance of LSCWN

40

Figure 4 shows the variation of SER w.r.t to number of hops at
different SNR values (SNR=20dB, 25dB 30dB). From the
figure it is clearly observed that the SER is improved by
increasing the hops.

[—9—sNR=2008] !
—#—SNR=25dB | |
| —8—SNR=30dB | 1

25 3 35 4 45 5
Number of Hops
Figure 4: SER Performance of LSCWN

1 1.5 2

Table-2: Symbol Error Rate for different SNR values

SER
SNR N=1 N=2 N=3
20 0.03027 0.01113 0.004572
25 0.005259 0.001072 0.000213
30 0.00069 7e-5 le-5

Table-3: Symbol Error Rate for different SNR values

SNR P
N=1 N=2 N=3
20 0.008097 | 0.002922 0.001185
25 0.001371 | 0.0002559 5.026-5
30 0.0001858 | 1.526-5 1.46-6
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5. CONCLUSION

Performance analysis of large scale cooperative wireless
network over i.i.d Rayleigh fading channel with Amplify and
Forward (AF) relays was presented in this paper. For this
network, a simplified form expression of MGF of end — to —
end SNR (y,) is derived first and then the PDF and CDF for

the y, are calculated. Based on PDF and CDF, we analyzed

the P, and P. metrics for QAM modulation scheme. From

the simulation results, we conclude that the presented
approach prevents the performance degradation of multi-hop
network by considering a separate link from each relay node
to destination.
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