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In this paper, we analyze the outage performance of Device-to-Device (D2D) communication system in the
presence of co-channel interference (CCI). Gamma distribution is considered here to model the random
channel gain powers of D2D communication system and co-channel interferers. A characteristic function
(CF) expression of the D2D communication system in the presence of CCI is presented as a function of
various parameters of the system. Based on this CF expression an outage probability expression is presented
as a function of arbitrary parameters of channel fading, CCI and path-loss. Effects of the CCI on the outage
performance are then discussed with the help of numerical results under various channel and interference

conditions.
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1 Introduction

The inevitably increasing demand of communicati-
ng smart devices increases demand of high data rate
and hence causing shortage of wireless bandwidth [1-3].
Device-to-device (D2D) communication system is one
of the emerging technologies to fulfill the demand of
high data rate and to enhance the performance of
cellular communication system. D2D communication
system is a fifth generation (5G) cellular communicati-
on system standard that allows direct communication
between user devices without routing of data through
cellular infrastructure which results in an improved
data rate [4-7]. However, due to the presence of large
number of wireless communication devices, coexistence
issues arise. In the absence of suitable coordination
between various wireless communication devices in
the network co-channel interference (CCI) may take
place [8-11]. Therefore, effects of CCI should be consi-
dered in the performance analysis of D2D communi-
cation systems. In this work, our aim is to analyze the
effects of CCI on the performance of D2D communi-
cation systems. Outage probability is a useful tool
to analyze the quality of the received signal at the
receiving node in the presence of CCI and various
channel conditions. Qutage probability of multi-hop
D2D communication system is studied by authors
in [12] over Rayleigh fading channel. In [13], authors
studied the outage probability of D2D communication
system over Suzuki fading channel. Authors in [14]
has studied the outage performance of D2D communi-
cation system in presence of interference and noise
in Rayleigh fading. Authors in [15], studied outage

probability of D2D communication system over Raylei-
gh fading channel. In [16], authors have considered
the Gamma faded channel for the desired D2D si-
gnal and Nakagami faded channel for the CCI signals.
Moreover, authors have considered identically distri-
buted co-channel interferers. No diversity is considered
in the paper.

In this paper, outage performance of D2D
communication system in the presence of CCI is di-
scussed. Outage probability expression as a functi-
on of various channel and interference parameters is
presented. Also, the random channel gain powers are
assumed to be gamma distributed for both desired
and interference signals. The generality of the Gamma
distribution and its ability to model severe fading
conditions makes it an attractive choice for the analysis
of different fading conditions [17]. Furthermore, to
combat the fading conditions maximal ratio-combining
(MRC) and selection combining (SC) schemes are
incorporated in our system. The rest of the paper is
organized as follows. In Section 2, system model and
outage probability expressions are presented. Numeri-
cal results are discussed in Section 3. Finally, this paper
is concluded in Section 4.

2 System model

As shown in fig. 1, a pair of D2D devices
is communicating. There are also N co-channel
interferers with variable power levels. These interferers
are located at various distances from the D2D receiver.
Our system is assumed to be interference limited [18].
Random channel gain powers of the communication
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link and interference are assumed to be independent
and gamma distributed. To combat the fading condi-
tions maximum-ratio-combining (MRC) and Selection
Combining (SC) schemes with M diversity branches
are considered. The PDF of the gamma distribution
is [19]

f(z)ZW,z>0,d>0,c>0, (1)
where ¢ is the shape parameter and d is the
scale parameter of gamma distribution. The shape
parameter ¢ measures the severity of fading and scale
parameter d is related to the average power of di-
stribution. Path-loss also affects the performance of
communication systems. Therefore, a simplified path-
loss model [20] is considered in this work.

D2D receiver node
D2D sender node
N co-channel interferers (Iy)

Desired signal
Distance between D2D pair x

Co-channel interference signals
Distance between the n-th co-channel Yn
interferer and the D2D receiver

Fig. 1. System model of D2D communication system

The signal-to-interference power ratio (SIR) at the
output of M branches MRC combiner is

A 2 u M
s Lo h
Ss,MRC _ (4Mo> (m) kz::1 k
S] N ]
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In (2), the power of the D2D signal is Pg, x is the
distance between D2D pair, A is the wavelength, w is
path-loss exponent (2 < u < 5) for the D2D signal,
xq is the reference distance and hy is an independent
gamma variable in the k-th diversity branch. Similarly,
the power of the n-th co-channel interferer is Py,
which is located at a distance y, from the D2D recei-
ver, yo.n is the reference distance, v, is the path-loss
exponent of the n-th co-channel interferer (2 < u < 5)
and (3, is an independent gamma variable of the n-
th co-channel interferer. To study the quality of the
received D2D signal over a hostile channel, due to its
effectiveness outage probability is considered here [21].
Outage probability is defined as the probability that
the SIR of a received signal is below a predefined
threshold R. The outage probability for our MRC
based system is

P,y = P(RS; > Ss,.mRc)- (3)

Based on the expression (3), we define a decision
variable 0 as

0 =RS; — Ss,mRrC- (4)

For a satisfactory reception quality, the value of 0
must be negative. Otherwise outage will take place.
Mathematically,

>0
0 { <0 (5)
To obtain an expression for the outage probabi-
lity a characteristic function (CF) based approach is
considered here. The CF of the decision variable 6 is
N M

[T =jAw)™ TT (0 +iB)™™, (6)

k=1

Outage
Satisfactory Reception

Po(w) =

n=1

where J; is the shape parameter and oy is the scale

parameter of the desired received signal in the k-th

diversity branch. In (6), 7, and e, are the shape

and scale parameters of the n-th co-channel interferer,
respectively. Moreover, in (6)

Yon'm 2
An = RPI,nmivgn; (7)
u—2
By =P, oy (8)

The characteristic function expression in (6) is a
function of various parameters of the desired D2D
and CCI signals, and fading channels. Hence, based
on this characteristic function expression the outage
performance is analyzed. Based on (5) and (6), the
outage probability of our systems can be determined
by using the following formula,

1OC
pout:er/Md%
2 7 w
0

where Im (.) is imaginary part of the CF expression
in (6).
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The outage probability expression of our MRC based D2D communication system is

N M
o | sin [Zl nntan=! (A,w) — kz Sptan™t (Bkw)]
n= 1

dw.

1 1 =
Pout,MrC = 3 + ;/
0

Now for the selection combining (SC) based di-
versity scheme, the SIR of the k-th diversity branch is

2
A zo \ ¥
SS—SC,k _ P3(47r1-0) (70) hy,
St N 2 vy
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The outage probability of our SC diversity based

D2D communication system is

Pout = P(RS; > Ss—sc,max)- (11)

N
wx J] [1+
n=1

nntan™t (A,w) — Sptan™! (Bkw)]

(9)

(Anw)ﬂ B [1 n (Bkwﬂ *

k=1
Based on (11), we define decision a variable v as

Y= RSr —Ss_sc,max- (12)

For a satisfactory reception, the value of 1) must be
negative. Otherwise outage will result. Mathematically,

I

where Ss_gc,max = . maXM (SS—SCJc) is the branch
=1,

selected by the SC scheme. Now, based on (11) to (13),
the outage probability expression of our SC diversity
based D2D communication system is

>0
<0

Outage
Satisfactory Reception ’

(13)

dw | .
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3 Numerical analysis

Numerical results are presented based on the outage
expression presented in Section 2. Our expression is
valid for arbitrary values of channel conditions. In
the following numerical results, the reference distances
zo and Yo, are assumed to be 1 meters. In fig. 2,
outage performance of D2D communication system wi-
th selection combining (SC) and maximum ratio combi-
ning (MRC) diversity techniques are shown. Shape
parameters of D2D signal d;, for M = 3 branches are
considered to be {2, 4, 1}, path-loss exponent of the
D2D signal, u is considered to be 3.5 and the power
Ps is fixed at 20 dBm. There are N = 5 co-channel
interferers in the system. Powers of the interferers Py,
distances between the n-th interferer y,, and the D2D
receiver, path-loss exponents of co-channel interferers
and the shape parameters of interferers are assumed
to be {13, 10.79, 11.76, 13, 10.41} dBm, {30, 35,
50, 70, 75} meters, {4.7, 2.5, 3, 4.7, 2.5} and {1, 5,
2, 3, 5}, respectively. Outage threshold R is set to
be 16 dBm. From the figure it is observed that the
outage performance of the D2D communication system
is better with MRC diversity than the SC diversity.
Moreover degradation in performance is observed with
increase in distance x due to path-loss effects. In fig. 3,
outage performance of MRC based D2D communi-
cation with varying number of diversity branches is
shown.

[1 + (Anwﬂ

(14)

Nn Ok

N [1 + (Bkw)ﬂ N

Here, M = 2, 3 and 5 diversity branches are consi-
dered. Values of §; of D2D signal for M = 2, 3 and 5
branches are considered to be {3, 1}, {3, 1, 0.5} and {3,
1, 0.5, 0.7, 0.5}, respectively. Values of u for the D2D
signal is considered to be 3.5 and the Pg is fixed at 20
dBm. Number of co-channel interferers N is considered
to be 7. Values of Py, yn, v, and 7, are assumed to
be {13, 10, 10.8, 11.76, 13, 10.8, 10} dBm, {30, 35,
40, 55, 70, 75, 80} meters, {4.7, 3.5, 2.5, 3, 4.7, 3.5,
2.5} and {1, 2, 5, 3, 1, 2, 5}, respectively. R is set to
be 17 dBm. It can be seen from the figure that when
diversity branches are increased outage performance
of the system is improved. It is also observed that as
the D2D devices moves away from each other, outage
performance degrades. It is due to the decrease in
the received power of the desired signal at the D2D
receiver due to path-loss effects. Outage performance
of MRC diversity D2D communication system with
varying shape parameters of D2D signal is shown in
fig. 4. Ps, M and u are assumed to be 20 dBm, 3 and
3.5, respectively. For N = 5 co-channel interferers, P; ,,
, T, Un, and y,, are assumed to be {13, 10.79, 11.76, 13,
10.41} dBm, {1, 5, 3, 1, 5}, {4.7, 2.5, 3, 4.7, 2.5}, and
{30, 35, 50, 70, 75} meters, respectively. Threshold is
set at 17 dBm. It is clear from the figure that under less
severe fading conditions for the desired signal, outage
performance of the system is improved.
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Fig. 2. Outage performance of D2D communication
system with SC and MRC diversity
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Fig. 4. Outage performance with varying shape
parameters of the desired signal

Performance of MRC diversity D2D communication
system with various path-loss exponents of D2D signals
and the threshold values is shown in fig. 5. Pg, z, M
and 0y, are assumed to be 20 dBm, 70 meters, 3 and {1,
0.7, 2}, respectively. For N = 5 interferers, Pr ,, Un,
N, and y, are assumed to be {7, 8.45, 10, 9.54, 7.78}
dBm, {3, 3.1, 3, 2.5, 3.2}, {5, 3, 4, 3, 5} and {40, 45,
555, 70, 75} meters, respectively. From the figure, it is
observed that by increasing the path-loss exponent for
the desired signal, the outage performance degrades
due to increase in path-loss and hence, reduction in

Pout

30 35

X (meters)

40 45

Fig. 3. Outage performance MRC diversity with varyi-
ng number of diversity branches M
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Fig. 5. Outage performance with varying values of
threshold R (dBm)

the received signal strength at the D2D receiver. We
also observe degradation in the outage performance at
every path-loss exponent value as the threshold value
is increased.

Outage performance of MRC based D2D communi-
cation system with various values of path-loss
exponents of the co-channel interferers is shown in
fig. 6. Pg, u, M and §; are assumed to be 20 dBm,
3.4, 3 and {1, 2, 1}, respectively. For N = 5 co-channel
interferers, Pr.,, n, and y, are assumed to be {13,
10, 11.76, 13, 10} dBm, {1, 2, 3, 1, 2} and {25, 30,
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50, 70, 75} meters, respectively. Outage threshold is
fixed at 17 dBm. From the figure, it is observed that
the outage performance is improved as the path-loss
exponents of the interferers are increased. This is due to
the weakening of the interference signals at the receiver
node.

In fig. 7, numerical analysis of a scenario of D2D
communication system with MRC diversity technique
is shown. In this scenario, 20 equal power and equal
path-loss exponent co-channel interferers are consi-
dered. 10 of the interferers are placed at a distance
30 meters and the rest are placed at 70 meters from
the receiver node. The powers and path-loss exponent

Pout

——v=[2.6,2.7, 2.8, 2.9, 2.9]

107 —+-v=[3.2,3.3,3.4,3.5,3.6]| -
—o-v=[3.5,3.7, 4.0, 4.1,4.2]
10°® ; ’
25 30 35 40

X (meters)

Fig. 6. Outage performance with varying path-loss

exponents of co-channel interferer signals
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Fig. 8. Analysis with various fading conditions for the

interference and desired signals

of the interferers are assumed to be 8.75 dBm and 3.7,
respectively. For our desired signal, the values of Pg,
u, M and dj, are assumed to be 20 dBm, 4.3, 3 and 5,
respectively. Threshold is fixed at 18.13 dBm. Firstly,
the fading condition for the interferers near the receiver
is considered to be better than the ones away from the
receiver. Then, the fading conditions are considered to
be reversed for the interferers. From the figure, it is
clear that when the interferers near the receiver are
under severe fading conditions than the ones away from
the receiver node, outage performance of our system
suffers despite the fact that all the interferers have same
path-loss exponents and transmit powers.

—1=15, 0.8]

——1=[0.8, 5]

10°® . . . .
30 32 34 36 38 40

X(meters)

Fig. 7. Outage analysis with varying fading conditions
for the co-channel interference

Pout

10-8 I I I .
10 11 12 13 14 15 16 17

R (dBm)

Fig. 9. Analysis with various fading conditions for the
interference and threshold
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Fig. 10. Outage with various path-loss exponents for
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Similar to our previous scenario shown in fig. 7, 20
equal power and equal path-loss exponent co-channel
interferers are again considered in fig. 8. However, this
time the fading conditions of the desired signal are
also varying. 10 of the interferers are at a distance
of 30 meters and the rest are at 70 meters from
the D2D receiver. The powers and path-loss exponent
of the interferers are assumed to be 8.75 dBm and
3.6, respectively. Threshold value is set at 10 dBm.
The values of Ps, x, M and u are assumed to be
20 dBm, 50 meters, 5 and 4.5, respectively. Similar
process of swapping the fading conditions of the near
and far placed interferers is adopted once again. From
the figure, once again it is observed that the outage
performance suffers when the interferers near the recei-
ver are under severe fading conditions as compared to
the case when the nearer interferers are under better
fading conditions. However, the gap between the two
cases increases with the improvement in the fading
conditions of the desired signal.

Outage performance of MRC diversity based D2D
communication system with varying shape parameter
values of co-channel interferers is shown in fig. 9.
Values of Pg, 0, M, x and u are assumed to be 20
dBm, {2, 3, 5}, 3, 50 meters and 3.5, respectively.
For N = 5 interferers, P; ., vy, and y, are assumed
to be {13, 10, 11.76, 13, 10} dBm, {4.7, 2.5, 3, 4.7,
2.5} and {30, 35, 50, 70, 75} meters, respectively. It is
clear from the figure that outage performance suffers
under worse fading conditions for the interferers. Also,
when the threshold value is increased performance
degrades. Effects of varying path-loss exponents of co-
channel interferers on the outage performance of MRC
based D2D communication system are shown in fig. 10.

10 T T T

—~4—N=5 (SC)
—%-N=5 (MRC)
-6-N=10(SC)
2 -%-N=10 (MRC)|
—-N=15 (SC)
-8-N=15 (MRC)

Pout

10710 L . . L . .
25 26 27 28 29 3

Fig. 11. Outage performance with varying number of
interferers

Values of Pg, u, x, M and J;, are assumed to be 20 dBm,
3.5, 50 meters, 3 and {1, 2, 1}, respectively. For N =5
co-channel interferers, Py, n,, and y, are assumed
to be {13, 10, 11.76, 13, 10} dBm, {1, 2, 3, 1, 2}
and {25, 30, 50, 70, 75} meters, respectively. From the
figure, it is observed that outage performance improves
as the path-loss conditions for the interference signals
get worse. It is due to the weakening of the received
interference signals.

Outage performance of SC and MRC based D2D
systems with various numbers of CCIs are shown in
fig. 11. Values of Ps, u, x, M and J, are assumed
to be 23.01 dBm, 3.5, 30 meters, 3 and {1.5, 1,
0.7}, respectively. The interferers are assumed to be
independent and identically distributed. The values for
interferers parameters Py ., and y, are assumed to be
11.76 dBm and 50 meters, respectively. Threshold R
is set to be 14.77 dBm. From the figure, it is observed
that outage performance of the system worsens as the
number of interferers are increased. Moreover, for the
same number of interferers system with MRC shows
better performance than the system with SC. It is
also observed that increase in the path-loss exponent
of CCI improves outage performance. It is due to the
weakening of the CCI signals with the increase of the
path-loss exponent values.

Conclusion

The D2D system is studied in the presence of
multiple co-channel interferers. The effects of path-
loss are also considered. Gamma distribution is consi-
dered to model the random channel gain powers
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of the desired and interference signals. To analyse
the system, an expression for the outage probabili-
ty is presented as a function of diversity branches,
path-loss parameters, channel fading and interference
parameters. It is observed that diversity schemes
improves the outage performance of the D2D communi-
cation system. Furthermore, it is observed that
the performance of the MRC diversity based D2D
communication system is better than that of SC di-
versity based system. It is observed that the presence
of fading and path-loss degrades system performance.
Also, co-channel interference in spite of being affected
by the fading and path-loss conditions degrades outage
performance of the system. It is observed that when
the path-loss exponent of the CCI is decreased, the
outage performance of the D2D system is degraded.
For the distance between the D2D devices, x = 30
meters , and the path-loss exponent values of the
N = 5 interferers are v = {3.5,3.7,4,4.1,4.2}, the
outage probability is P,,, = 1.414 x 10~". When
the path-loss exponent values of CCI are decreased
to v = {3.2,3.3,3.4,3.5,3.6}, the outage perfromance
degrades, i.e., P,,; = 6.614 x 107%. When the path-loss
exponent values of CCI are further decreased to v =
{2.6,2.7,2.8,2.9,2.9}, the ouage perfromance further
degrades to P,,: = 0.0057.
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Amnani3z 360iB cucteM 3B’43KYy Pi3HOBUILY
npucTpii-mpucrpiit

Xycetin 3., Xan A. P., Mexdi X., Canrem C.M. A.

Y miit cTarTi aHAM3YETHCA NPOLYKTUBHICTH CHCTEM
3B’a3Ky “npuctpiii-npuctpiii’ (D2D) npn magBHOCTI MiXK-
xananpaux nepemkon (CCI). Jdna mopmenoBanusa koedi-
[I€HTIB ITOCUJIEHHSI BUIIQIKOBOI0 KAHAJy CHCTEMU 3B’SI3KY
D2D i mixkkaHAIPHAX TIEPENTKO] BUKOPUCTOBYETHCS TaMMar-
posnozais. Bupas xapakrepuctmanol dyHKIl
38’s:3ky D2D B mpuCyTHOCTI MiXKKaHAJIBHUX IEPENIKO
MIPE/ICTAaB/ICHO K (DYHKINIO PI3HUX MapaMeTPiB CHUCTEMU.
Ha ocuosi Bupasy xapakrepuctudHoi GyHKOii IMOBIpHICTD
3001B IIpeICTaBICHO K (DYHKIHIO JOBLIHHAX TapaMeTpiB 3a-
racaHHs KaHAJLy, Mi’KKaHAJIbHAX MEPENTKOJ 1 3aracaHHs Ha

CcucreMmn

nuraxy. Boims MikkaHAJIbHEX IIEPemKo Ha HMOBIPHICTH

300iB IIpOaHAII30BaHa 3a JIOTIOMOTOI0 YHCJIOBUX DPE3y/IbTa-
TiB IpM Pi3HUX KAHAJBHUX 1 iHTepdEpeHIiitHIX yMOBax.

Karo4061 cro6a: 3aBamy B CyMIIIEHOMY KaHAJI; 3B SI30K
D2D; ramma-po3nonin; fIMOBIpHICTE BiIMOBH

Anamu3 cboeB cucrem
YCTPOMCTBO-yCTPOIICTBO

CBA3UW BHJA

Xycetn 3., Xan A. P., Mexou X., Canem C. M. A.

B 310l crarbe aHaIM3UPYETCd MPOU3BOIUTETHLHOCTH
cucrem cBa3u “ycrpoiictso-ycrpoiicteo” (D2D) upu na-
gmamn MexkKanaapabrx momex (CCI). s momenmposa-
HUS KO3 DUITMEHTOB YCHUJIEHUS CIy9alHOTO KaHAIA CH-
crembl cBa3u D2D u MeKKaHAJIBHBIX IIOMEX HUCIIOJIb3YeTcs
raMMa-pacrpeesieHne. BbIipaykeHne XapaKTepUCTUIeCKOi
dbyukmun cucrtembr cBsizu D2D B mpucyrcTBum MeKKa-
HAJIbHBIX IIOMEX IIPEeJCTAaB/IEHO KaK (DYHKUIUIO PA3IUIHBIX
mapaMeTpoB cucTeMbl. Ha OCHOBE BBIDAYKEHUs XapaKTe-
puctuueckoil MYHKITNNA BEPOSTHOCTH COOEB MIPEICTaBIEHO
Kak (DYHKIMIO IPOU3BOJIbHBIX [1APAMETPOB 3aTyXaHUs Ka-
HaJla, MeXKKaHAJIbHBIX MOMEeX WM 3aTyXaHWus Ha ImyTu. Bim-
sdHUEe MEXKAHAJbHBIX [TOMEX Ha BEPOATHOCTH COOEB IIPo-
AHAM3UPOBAHA C I[OMOIIBIO HYHUCJIOBBIX PE3YJIbTATOB IIPU
PA3IMYHBIX KAHAJIBHBIX U MHTEPHEPEHIIMOHHBIX YCIOBUSX.

Karowesovie Me)KKAHAJIHHOE BMEIIATeIbCTBO;
D2D-cBs3b; ramMmma-pacopeiesieHne; BEPOSTHOCTh OTKAa3a
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