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Summary 
In this paper, performance of device-to-device (D2D) 

communication system over a κ-µ shadowed fading channel with 

spatial randomness, is analyzed. The D2D communication 

system is considered to be affected by various co-channel 

interferers in the system. The co-channel interference (CCI) is 

caused by the wireless devices in the system with which proper 

coordination is lost. The distribution for the CCI signals is 

assumed to be Nakagami. Expression for the probability density 

function (PDF) of the signal-to-interference ratio (SIR) of the 

D2D communication system is presented. Based on this PDF 

expression, effects of fading channels parameters, path-loss and 

interference conditions on the outage probability, success 

probability, outage capacity and symbol error rate (SER) are 

numerically analyzed. 
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Co-channel interference, device-to-device, κ-µ shadowed fading, 
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1. Introduction 

Device-to-Device (D2D) communication system is 

characterized as a promising solution for the ever-

increasing demand of high data rate applications. D2D 

communication system, a standard of 5th generation (5G) 

cellular communication system, is defined as the direct 

routing of information between active devices in a 

proximity without using the conventional cellular 

infrastructure. D2D communication system not only 

solves the problem of high data rate but also reduces load 

on base station (BS) and conserves battery power of the 

communicating devices [1-3]. In a network the D2D 

receiver can be at any distance from the D2D transmitter 

device, therefore spatial randomness of D2D channel is a 

matter of concern [4-5]. The frequency band for the 

wireless cellular communication is limited and a large 

number of bandwidth hungry devices compete for these 

resources. Lack of coordination between these wireless 

devices can cause co-channel interference (CCI), which 

degrades the performance of communication systems [6-

8]. Therefore, effects of CCI should be considered while 

analyzing the performance of D2D communication 

systems. Outage probability, success probability, outage 

capacity, and symbol error rate (SER) performances are 

effective tools for analyzing CCI effects on the 

performance of D2D communication systems. Authors in 

[9], analyzed the outage probability of D2D system in a 

finite cellular network region over Nakagami fading 

channel with Rayleigh faded interference. In [10], authors 

examined the outage probability performance of D2D 

communication system with shortest path routing over 

Rayleigh fading channel. Performance of D2D 

communication system over Rician fading channel is 

studied by authors in [11]. 

The aim of this paper is to analyze outage probability, 

success probability, outage capacity and symbol error rate 

(SER) performances of spatially random D2D 

communication system in an interference limited scenario. 

The interference signals are assumed to originate from 

any wireless device in the system with which proper 

coordination is either lost or temporarily interrupted. The 

channel for the D2D communication is considered to be 

κ-µ shadowed distributed. The κ-µ shadowed distribution 

is a generalized distribution as it includes Rayleigh, 

Nakagami, Rician, κ-µ, one-side Gaussian and Rician 

shadowed fading distributions as special cases [12]. The 

channel for the CCI is assumed to be Nakagami 

distributed. The Nakagami is another versatile 

distribution frequently used in the research works to 

model various channels. The rest of this paper is 

organized as follows. In Section 2, system model is 

discussed and expressions of the probability density 

function (PDF) of the signal-to-interference ratio (SIR) of 

the system, outage probability, success probability, outage 

capacity and SER are presented. In Section 3, numerical 

results of the D2D communication are discussed. Finally, 

Section 4 concludes this paper. 

2. System Model 

A pair of device-to-device (D2D) communication system 

is considered with N co-channel interferers. An 

interference limited system is considered. System model is 

shown in Fig. 1. The power of the channel gain for the 

D2D communication signal is assumed to be κ-µ 

shadowed distributed. The probability density function 

(PDF) of   shadowed distribution is [13] 
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where 1F1 is confluent hypergeometric function [14]. The 

signal considered for the κ-µ shadowed fading is 

comprised of clusters of multipath signals. A dominant 

component that exist in each cluster can randomly 

fluctuate due to the shadowing phenomena. µ represents 

number of clusters, κ is the ratio of the total power of the 

dominant components and the total power of the scattered 

components, δ is the shadowing parameter and Ω is 

related to the average power. The channel gains for the 

interferer signals are considered to be Nakagami 

distributed. To keep the analysis mathematically tractable, 

following assumptions are considered: 1) All co-channel 

interferers’ distances from the D2D pair’s receiver is 

approximately same; 2) All co-channel interferers are 

assumed to be independent and identically distributed 

(IID). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1  D2D Communication System Model 
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D2D Receiver 

 

The PDF of Nakagami distribution is [15] 
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where m is the shape parameter which describes the 

severity of the fading channel and φ is the average power. 

In a network D2D with reference to transmitter, the 

receiver can be uniformly located within a circular region 

of radius xl. Therefore, the distribution of the channel 

distance between D2D pair x can be expressed as [16] 
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The D2D communication system is affected by path-loss 

effects. A simplified path-loss model is considered here. 

The power of the received signal at the receiver of D2D 

pair is given as 
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where PD is the power of D2D signal, x is the distance 

between D2D pair devices, λ is the wavelength and u is 

the path-loss exponent, x0 is the reference distance. The 

power of the i-th interferer at the receiver of D2D pair is 
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where PI is the power of interference signal, y is the 

distance between the i-th interferer and the receiver of the 

D2D pair, v is the path-loss exponent and y0 is the 

reference distance. The SIR of the D2D system is 
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where   is the    shadowed fading variable for the 

D2D signal and i  is the Nakagami fading variable of i-

th interference signal. Using the identity, 
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   the PDF expression of the 

SIR, , is given in Eq. 6. In Eq. 6, 
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.Tm Nm  Moreover, g  where .m   The 

outage probability is the probability that the SIR of system 

falls below a predefined threshold R. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hence, the outage probability of the D2D system is given 

as [17] 

 
0 0

lx R

outP f r  dr  dx

 
  

 
           (7) 

 

The success probability is also an important performance 

metric and is defined as the probability that the SIR of the 

system increases above a threshold R [18]. Success 

probability, i.e., PS of the D2D communication system is 
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Outage capacity is defined as the probability that 

instantaneous channel capacity 
C , of a communication 

system drops down below a fixed channel capacity 

threshold Cth. To get an expression for outage capacity, at 

first the expression for PDF i.e. 
 Cf c

 
 is given as, 
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Therefore, outage capacity of D2D communication system 

is 
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An analytical expression for the symbol error rate (SER) 

performance of M-ray Phase shift keying (M-PSK) 

modulated D2D communication system is given in Eq. 11. 
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Where M is the order of modulation. The analytical 

expression for the SER performance D2D communication 

system incorporated square M-ray quadrature amplitude 

modulation (M-QAM) scheme is 
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3. Numerical Results and Analysis 

In this Section, numerical results are presented to analyze 

the effects of channel fading and interference on the 

outage, success probability, outage capacity and symbol 

error rate (SER) performances of D2D communication 

system. For the simplicity of numerical analysis, x0 and y0 

are assumed to be 1 meters. The outage threshold R are 

assumed to be 10 dBm, respectively. The value of xl is 
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assumed to be 100 meters [16]. Outage performance of 

D2D system for various values of shadowing parameter 

and the distance between D2D receiver and co-channel 

interference (CCI) sources y is shown in Fig. 2. The 

values for D2D signal power PD, path-loss exponent u, 

fading parameters κ and μ are considered to be 20 dBm, 

2.7, 2.5 and 2, respectively. The values of power of the 

interferer PI, interference path-loss exponent v, 

interference fading parameter m and number of interferers 

N are assumed to be 10 dBm, 3.3, 3 and 5, respectively. 

From the figure it can be seen that the outage 

performance of the system is worse for the lower values of 

the shadowing parameter δ. It is because shadowing 

effects are severe for the lower values of δ and as the 

values of δ are increased, the severity of shadowing 

decreases and hence, the outage performance of the 

system improves. Moreover, for the same values of δ, 

outage performance of D2D system improves as the values 

of the distance y increases. It is because of the path-loss 

effects of the CCI channels.  

Fig. 2  Outage performance with varying values of the shadowing parameter 

Fig. 3 shows outage performance with various values of δ 

and v. The values for PD, PI, κ, m, y, u and N are set to 

be 20 dBm, 10 dBm, 2.5, 3, 70 meters, 2.5 and 5, 

respectively. It can be observed from the figure that as the 

value of δ increases the outage performance of the D2D 

communication system improves. Increase in value of δ 

shows improvement in shadowing condition. An 

improvement in outage performance is also clear with an 

increase in the value of v. This is due to severe path-loss 

conditions of CCI channel. In Fig. 4 the success 

probability performance for various values of interference 

fading shape parameter m and the distance y is shown. 

The values of PD, PI, u, v, δ, μ, κ  and N are assumed to 

be 20 dBm, 10 dBm, 3, 2.7, 1, 2, 2.5 and 5, respectively. 

From the figure it is observed that the success probability 

performance is worse for lower values of the m, i.e., 

fading shape parameter of CCI channel and is almost 

insensitive for the higher values of m. For the same values 

of m, success probability performance of the D2D 

communication system improves with increase in values 

of y. It is due to weakening of the interference signals at 

the receiver of the D2D receiver due to path-loss effects. 

Outage capacity performance with varying values of 

fading parameter of desired D2D signal μ and the 

shadowing parameter δ is shown in Fig. 5. The values of 

the parameters PD, PI, u, v, m, κ, N, Cth and y are 20 dBm, 

10 dBm, 3, 3.5, 3, 2.7, 5, 0.1 bits/s/Hz and 70 meters, 

respectively. From the figure, is observed that the outage 

capacity performance of the system is better for the higher 

values of the D2D fading parameter μ. It is due to the 

improved fading conditions of the desired D2D channel. 

Moreover, for the same values of μ outage capacity of 

system decreases with increase in values of shadowing 

parameter δ. 

Fig. 3  Outage performance with varying values of the shadowing parameter 
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Fig. 4. Outage probability for various values of the interference shape 

parameter m 

Fig. 5. Outage Capacity performance with varying fading parameter of 

D2D signal. 

SER performance of 4-PSK modulated D2D system with 

varying values of desired signal path-loss exponent u is 

shown in Fig. 8. The values of PI, δ, μ, κ, v, m, N and y 

are assumed to be 10 dBm, 5, 3, 2.1, 4, 3, 5 and 80 meters, 

respectively. From the figure is seen that the SER 

performance of the system is worse for the higher values 

of u. It is due to deteriorated SIR condition of the system 

due to path-loss. Moreover, it can be observed from the 

figure that SER of the D2D system for the same value of 

path-loss exponent u, decreases with increase in transmit 

power of D2D signal PD. 

Fig. 6  SER performance for various values of path-loss exponent u of 

desired signal 

4. Conclusion  

Performance of a D2D communication system over a 

    shadowed fading channel is analyzed. The    

shadowed distribution is a generalized distribution as it 

includes various distributions. Effects of co-channel 

interference due to various wireless devices are also 

considered. Expression of the PDF for the SIR is 

presented as a function of various interference, path-loss 

and channel parameters. Based on the PDF expression, 

numerical results of the outage probability, success 

probability, outage capacity and symbol error rate (SER) 

are discussed. It is observed that the presence of co-

channel interference, shadowing and path-loss degrades 

the performance of the D2D communication system.  
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