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Summary

In this paper, performance of a device-to-device (D2D)
communication system in an interference limited scenario is
analyzed. Channel for the D2D communication is assumed to be
n-u distributed. Co-channel interference (CCI) in the system is
caused by the devices that have lost proper co-ordination with the
D2D system. Nakagami distribution is considered for the CCI
signals. Expression for probability density function (PDF) of
signal-to-interference (SIR) of the D2D system is presented.
Using this PDF expression, outage probability and success
probability performances under various conditions of channel
fading, path-loss and interference with selection combining (SC)
diversity scheme are numerically analyzed.
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1. Introduction

Device-to-device  (D2D)  communication,  enable
communication over direct links between users in
proximity, is envisioned as a promising technology to
improve performance of cellular communication networks.
D2D communication offloads the base-station (BS) [1-3].
In D2D communication system, the communicating
devices can be at any distance. Therefore, it is important to
consider the spatial randomness of the D2D
communication [4]. In the absence of proper co-ordination
between various wireless communication devices, co-
channel interference (CCI) can cause problems in the D2D
system. Hence, CCIl effects should also be taken into
consideration while analysing D2D communication system
[5-6]. Outage probability and success probability are
important performance metrics for the analysis of D2D
systems. Authors in [7], have studied outage probability of
D2D communication system using the shortest path
routing algorithm. A Rayleigh faded D2D and CCI
channel is considered for the analysis. A resource
allocation scheme is proposed and studied by authors in
[8] for D2D cluster multicast communication systems.
Success probability performance of D2D systems using
statistical-feature-based power control algorithm over a
Rayleigh faded channel is studied in [9].

The aim of this paper is to study and investigate outage
probability and success probability performance of a D2D
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communication system under selection combining (SC)
diversity scheme. The system considered for analysis in
this paper is interference limited. The sources of co-
channel interference (CCIl) signals are assumed to be
wireless devices which have lost co-ordination with the
D2D system. The D2D devices are considered to be at
random distance. The fading model for D2D
communication signal is assumed to be #-u distributed.
The #-u distribution is a flexible and generalized fading
model that includes fading distribution like, Nakagami and
Hoyt as special cases [10]. Nakagami distribution is used
for the modelling of CCI channels. Nakagami is a well-
known distribution often used for modelling fading
channels. Selection combining (SC) based diversity
scheme is incorporated to mitigate the effects of fading.
The rest of paper is organized as follows. Section 2
presents the system model and the expressions. In Section
3, numerical analysis is presented. Finally, this paper is
concluded in Section 4.

2. System Model

A device-to-device (D2D) communication pair in an
interference limited scenario is considered. Spatial
randomness is considered for the D2D channel. Fig. 1
shows the layout of the D2D system. As shown in the
figure, there are N number of co-channel interferers in the
system. The channel for D2D communication system is
assumed to be x-u distributed. The probability density
function (PDF) of the #-u distribution [11]
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where 0<7n<w is the ratio of powers of in-phase and

quadrature components of scattered signal in each
multipath cluster and u describes the number of multipath
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include the effects of path-loss, a simplified path-loss
model is considered [13]. For mathematical tractability,
the co-channel interferers are assumed to have equal
powers and are assumed to be equidistant from the
receiver of the D2D pair. The co-channel interferers are
considered to be independent and identically distributed.
The interference channel is assumed to be Nakagami
distributed. The PDF of the Nakagami distribution is [14]
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In above expression, m is the shape parameter of the
fading distribution. Shape parameter m describes the
severity of the fading channel. Q is the average power.
Selection combining (SC) diversity is incorporated in the
D2D system to mitigate the effects of fading channel. In a
D2D communication system, the receiver device can be
uniformly positioned within a circular region of radius Xp
with reference to the transmitter device. Therefore, the
distribution of the channel distance between D2D pair can
be expressed as
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Fig. 1 System Layout
Table 1: Nomenclature
A D2D device ‘
Desired D2D Signal | el >
The random distance between D2D devices X
i-th Co-channel Interferer *F
Co-channel Interference Signal —_—
Distance between i-th Co-channel Interferer and the y
D2D Receiver

The expression for the SIR at the output of L branches SC
diversity scheme is
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In (3), «, is the independent #-x fading variable of ¢—th
diversity branch signal, P is the power of the ¢-th
diversity branch of D2D signal, u (2<u <5) is the path-
loss exponent of the ¢ —th diversity branch of D2D signal.
The random spatial distance between D2D pair is denoted
by x and xo (1< x, <100 meters) is the reference distance.
Bi is the independent Nakagami random variable for i-th
interferer, P, is the power of the i-th interferer signal, v is

the path-loss exponent, y is the distance between i-th
interferer and the receiver of the D2D pair and yo is the

reference distance. The PDF expression of SIR, i.e., y, of
the ¢/ —th diversity branch D2D communication system is
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p=0/g where o =m/Q . The outage probability for
independent but non-identically distributed ¢, is
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where Pr (.) means probability and R is the outage
threshold. Hence, the P, .. can be written as
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Success probability expression for SC diversity based
D2D communication system for independent but non-
identically distributed ¢, is
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3. Numerical Results and Analysis
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In this section, numerical results obtained from the
expressions in Section 2 are discussed for various
parameters of D2D and co-channel interference (CCI)
signals. For the purpose of analysis, the reference
distances of D2D signal xo and CCI signal yo are
considered to be 1 meter. The value of Xp is assumed to be
100 meters [4]. Outage probability performance of D2D
system for various number of diversity branches L and the
outage threshold R is shown in Fig. 2. The values of D2D
signal power P;, the path-loss exponent u, the fading
parameters 77, and g, are assumed to have same values

for all number of branches. The values P, u, 7, and g,

are 20 dBm, 3, 2 and 1 respectively. The values of CCI
signal power P;, the path-loss exponent of the CCI
channel v, the fading parameter of the CCI m, number of
CCl signals N and the distance between the receiver of the
D2D pair and each co-channel interferer y are set to be 10
dBm, 2.8, 2, 5 and 60 meters, respectively. From the figure,
it is observed that the outage performance is better for the
higher number of diversity branches of the desired D2D
signal. Moreover, from the figure it is also observed that
the diversity gain is 6.83 dBm for the outage probability of
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Fig. 2 Outage performance with varying values of R

In Fig. 3, outage probability performance of D2D
communication for the various values of distance Xp is
shown. The values of Py, P2, 7,, g,,u, m,y, Nand R are

considered to 20 dBm, 10 dBm, 3, 1, 3, 2, 40 meters, 5 and
10 dBm, respectively. From the figure, it is observed that
the outage performance is better for the lower values of
distance Xp. Moreover, from the figure it is seen that the
outage performance of the system improves as the path-
loss exponent of CCI signal is increased. It is because of
the improved SIR condition of the system due to
weakening of CCI signals. In Fig. 4, outage probability
performance of D2D communication for the various values
of CCI shape parameter m is shown. The values of P2, 7,

4, ,u,v,y, Nand R are considered to 10 dBm, {1, 1.5, 2},

{1, 2, 3}, 3, 2.8, 55 meters, 5 and 10 dBm, respectively.
From the figure, it is observed that the outage performance
is worse for the lower values of CCI fading parameter m.
However, for the higher values of m outage performance is
almost insensitive to the variations of m. Moreover, from
the figure it is seen that the outage performance of the
system improves as the power of the D2D signal P; is
increased. It is because of the improved SIR condition of
the system.

P P
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Fig. 4. Outage performance for the various values of m
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Fig. 5 shows the outage performance with varying values
D2D signal fading parameter g, . The values for

parameters P1, P2, ,, m, u, v, N and R are considered to

be 20 dBm, 10 dBm, {1, 1.5, 2}, 4, 3, 2.8, 5 and 10 dBm,
respectively. From the figure, it is can be observed that the
outage performance is better for higher values of g, . It is

due to the improved fading conditions of the D2D signal.
Furthermore, an improvement in outage performance is
also observed with increasing values of y. It is because of
the path-loss effects. Outage performance of D2D system
with varying values CCI path-loss exponent v is shown in
Fig. 6. The values for parameters Py, P2, 77,, z,, m, U, y

and R are assumed to be 20 dBm, 10 dBm, 1, 1, 2, 3, 90
meters and 10 dBm, respectively. From the figure, it is
observed that the outage performance is better for higher
values of v. It is because of weakening of CCI signals due
to path-loss effects which improves the overall outage
performance of the system. Also, deterioration in the
outage performance is observed with an increase in the
number of CClI interferers.
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Fig. 6. Outage performance for various values of v

Success probability performance of D2D communication
system with varying values D2D signal fading parameter
7, is shown in Fig. 7. The values of parameters P2, g, , m,

u, v, N, y and R are assumed to be 10 dBm, {1, 2}, 2, 3, 2.5,
5, 70 meters and 10 dBm, respectively. From the figure, it
is observed that the success probability performance is
better for lower values of D2D signal fading parameter 7, .
Moreover, improved success probability performance is
witnessed with the increase in power of desired D2D
signal P;.
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Fig. 7. Success probability performance with varying values of 7,

4. Conclusion

D2D communication system performance over a n-u faded
channel with spatial randomness is analyzed. Effects of co-
channel interference (CCI) on performance of D2D system
are also considered. PDF expression of the SIR of D2D
system is presented in terms of various channel fading
parameters, path-loss and interference conditions. Based
on the expression of PDF, outage probability and success
probability performances are presented and numerically
analyzed. From the analysis, it is observed that various
fading conditions of the interference have insignificant
effect on the performance of D2D system. Moreover, it is
noticed that the increase in value of path-loss exponent of
CCI signal improves the performance of the D2D system.
Furthermore, it is also observed that the selection
combining (SC) diversity technique improves performance
of the D2D system.
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