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Abstract- This paper considers a cooperative Non-Orthogonal Multiple Access (C-NOMA) network with multiple relays
and destination user underlay interference constraints from device-to-device (D2D) users. The selected relay improves the
decoding capacity from the base station to multi-users over block Rayleigh fading channels. Three relay selection schemes
are proposed, such as the partial relay selection scheme for the first hop (RSFH) and second hop (RSSH) and the maximized
decoding capacity by the two-stage relay selection (TSRS). To consider the outage performance of the proposed system, the
derivations of the analytical expressions for both relay selection schemes for all destination users are provided, and Monte
Carlo Simulations are used to confirm the accuracy of these mathematical analyses. Finally, the effects of system essential
parameters such as the number of DF-relay nodes, the fixed-power allocation, perfect/imperfect successive interference
cancellation (SIC), and the strength of interference from a D2D pair in various scenarios are investigated.
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1 INTRODUCTION

As a potential candidate for the incoming future
network networks B5G, compared with conventional
OMA, NOMA has key advantages such as high band-
width efficiency, serving huge amounts of mobile data
traffic with low latency, user fairness, and higher diver-
sity gain [1, 2]. The fundamental principle of NOMA is
serving multiple users in the power domain in which
users with poorer channel conditions are allocated
more power than users with better channel conditions.
Moreover, the receiver is equipped with SIC to help
detect the desired signal. SIC enables the user with
the strongest signal to be decoded first. After that,
the signal of the strongest user is re-encoded and re-
modulated and is then subtracted from the composite
signal. Then, other weaker signals are decoded using
the same procedure. The discussion of resource allo-
cation in NOMA and some future research trends of
NOMA for 5G and B5G networks have been consid-
ered by researchers in [3]. This special issue presented
the benefits and opportunities that NOMA offers, its
practical applications, and the principles of coopera-
tive NOMA to 5G and B5G networks. Furthermore,
some investigators discussed the principles, key fea-
tures, advantages, and disadvantages of NOMA and
other advanced wireless techniques and provided com-
prehensive comparisons of the solutions for various
aspects such as spectral efficiency, system performance,
and receiver complexity [4, 5]. As a potential candidate
for future wireless networks, including wireless sensor
networks (WSN), especially clustering problems [6],
when considering the application of NOMA for WSN
and other wireless networks, authors focus on how

to improve the efficiency energy of these networks,
interference issues, clustering, and so on [7].

1.1 Related works

NOMA for downlink and uplink networks has been
introduced in studies in which numerous valuable
contributions have considered the performance of such
NOMA networks. Particularly, the authors in [8] in-
vestigated the performance of NOMA, including the
superior performance in terms of ergodic sum rates
and outage performance in a cellular downlink with
randomly deployed users. Authors in [9] investigated
the downlink cooperative NOMA in the relaying en-
ergy harvesting network with the effects of hardware
impairment. Moreover, in [10], user pairing and power
allocation approaches for downlink NOMA for visible
light communication systems have been investigated.
Later, some authors examined the security efficiency of
the NOMA network with a multi-input, multi-output
technique using meta-heuristic algorithms [11, 12].

To achieve improved coverage, diversity gains,
and better fairness in comparison with conventional
NOMA, cooperative power-domain NOMA (C-NOMA)
was introduced. In [13] a C-NOMA transmission
scheme was considered in 5G systems that could obtain
an improved diversity gain for weaker NOMA users
and reduce the system’s complexity by pairing the user.
Authors in [14] presented the concepts of C-NOMA in
combination with other wireless techniques in 5G to
prove the potential advantages of C-NOMA, such as
increased capacity and high energy efficiency. Another
study [15] considered the performance of end-to-end
C-NOMA in Internet-of-things networks with energy
harvesting over Nakagami-m fading channels. These
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authors examined the effects of time allocation for EH,
transmission power, fading conditions, and the number
of IoT devices on their proposed system.

Moreover, authors in [16] solved two optimization
problems, including maximizing the minimum secrecy
rate of the users and maximizing the sum secrecy rate
of the C-NOMA system with imperfect SIC. Contribut-
ing to C-NOMA studies, [17] investigated the C-NOMA
performance with the maximum energy harvested relay
selection method and applied the Deep Convolutional
Optimized Neural Network to optimize user power
allocation. Furthermore, one of the essential problems
in C-NOMA with a relaying network is relay selection,
in which the effects of relay selection on the outage
performance of Energy harvesting C-NOMA schemes
were investigated [18].

Apart from the above research, one exciting trend
with developing the internet-of-things and mobile ap-
plications as device-to-device (D2D) was the improved
capacity. In D2D communication schemes, mobile de-
vices that are closer can communicate directly without
transmitting data links to the base station or core
network [19]. Later, authors in [20] studied the optimal
power allocation of NOMA-enabled D2D communi-
cations framework with imperfect SCI. In addition,
power allocation for the downlink NOMA with D2D
communication was investigated in [21]. The authors
discussed open research challenges and proposed some
interest directions, including multi-user power alloca-
tion, signaling overhead, and interference by D2D pairs
that may be studied by the research community soon.
Furthermore, another study investigated the uplink
NOMA scheme containing normal cellular users and
underlay D2D users deploying traditional OMA. In
this publication, researchers showed that the influence
of interference from the D2D pair leads to outage
performance and the ergodic capacity of the uplink
NOMA network.

1.2 Proposed system model

Based on the above survey and to the best of my
knowledge, the publications of the C-NOMA network
in multi-DF relaying nodes under interference of the
device-to-device pairs are limited. NOMA is still con-
sidered a potential candidate for B5G due to its advan-
tages in serving multiple users simultaneously in the
same frequency band, significantly improving spectrum
efficiency. In addition, the DF protocol enables more
reliable transmission by enhancing the signal strength
at distant users. However, device-to-device (D2D) inter-
ference significantly impacts the system’s communica-
tion quality, especially in cooperative relay networks.
Therefore, this paper proposes the downlink C-NOMA
scheme in the DF multi-relaying system with the in-
fluence of D2D pairs. The source communicates with
multiple users via the help of a relaying network. To
enhance the decoding capacity from the base station
to multi-users over block-Rayleigh fading channels,
three relay selection schemes are proposed: the par-
tial relay selection scheme for the first hop (RSFH)

and second hop (RSSH) and the two-stage relay se-
lection (TSRS). Closed-form expressions for the outage
probability (OP) for both relay selection strategies are
derived to evaluate the system performance. Moreover,
Monte Carlo simulations are used to confirm the accu-
racy of these mathematical analyses. Finally, the effects
of system parameters such as the number of DF-relay
nodes, the fixed-power allocation, perfect/imperfect
successive interference cancellation (SIC), the strength
of interference from the D2D pair, and the position of
the relay node in various scenarios are investigated.
Notation: ||.|| is the Frobenius norm; CN (0,0) is a
complex Gaussian distribution with zero mean and

. k
variance ¢; and < L) = kL

it(k—i)!"

2 DESCRIPTION OF SYSTEM MODEL AND RELAY
SELECTION

2.1 Description of system model

As shown in Figure 1, a system model of a down-
link C-NOMA with multi-users is proposed, where a
station (S) broadcasts the data signal to K-destination
users U, k = 1,..,K via a multi-relaying network
underlying the impact of a D2D pair. In addition,
the multi-relaying network includes M single-antenna
nodes, denoted as R;, i = 1,.., M, and employs the
DF protocol to forward the received signals to desti-
nation users. I define Rb as the best relay chosen by
the selecting strategies that assist in communicating
between S and the destination users. In my proposed
system, the relays and multi-destination users in the
NOMA scheme employ the perfect/imperfect SICs to
detect the desired signals in which multi-destination
users are affected by the communication of a D2D pair.

Without loss of generality, I assume that the distance
between destination user 1 (Uy) and S is the farthest and
the distance from S to User K (Uk) is the nearest. This
means that the highest power is allocated to Uy, and the
lowest is allocated to Uk. All nodes were equipped with
a single antenna operating in half-duplex mode and
had zero-mean additive white Gaussian noise (AWGN)
with the same variance of NO.

Throughout this paper, I assume that (i) there are
no direct links between S and the multiple destina-
tion users, (ii) the channels undergo identically and
independently distributed Rayleigh block-fading chan-
nels; thus channel gains are exponential random vari-
ables (RVs) with the coefficients and distances (h;, d),
(hi, dix)) and channel gains, respectively go; = (ho;)”,
ik = (hik)z, with parameters Ay; = (do;)" and Ay =
(di)’, where r is the path-loss exponent, and (iii)
local CSI is assumed at the relays while global CSI is
assumed at S and the users.

Let X be an exponential random variable with param-
eter Ax , where the probability density function (PDF)
and cumulative distribution function (CDF) of X are
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Xs={x1, Xz}

DF relays

Figure 1. The system model.

respectively given as
Fx (x) =1 —e X7, (1a)
fx (x) = Axe %, (1b)

Thus, the CDFs and PDFs of g¢;, gix can be expressed
as shown in (la) and (1b), respectively.

2.2 Relay selection strategies

The relay selection strategies can be expressed
as follows:

+ The partial relay selection scheme for first hop
(RSFH), the best relay is selected by

Ry = arg max {go;}. 2)

The best relay was selected based on the link from
S to the relay cluster; hence, only the CDF and PDF of
RV gop were changed and are respectively expressed as

Fg, (x) = Prgop < x] = Pr[max {go;} < x]
=y ey

M
=[]Prigo <] = (1 - e_on)M, (3a)
i=1

o () = AoMe o (1) (3b)

+ The best relay is selected based on the partial relay
selection scheme for the second hop (RSSH). Due to the
assumption that the distance from the relay cluster to
U; is the farthest compared with the other users, the
channel condition of R — U is the worst. As a result,
we can use the basis of the channel condition for the
R — U link to choose the best relay as

Ry = arg max {gii}. 4)

Thus, the CDF and PDF of RV g1 can be changed and
expressed respectively as

Fg, (x) = (1 - efAlx)Mr (5a)
fo () = MMe™1% (1 ‘ﬂlx)m1 . (5b)

+ The two-stage relay selection (TSRS) selects the
best relay.

We denote () as a set of relays decoding the data
successfully from source S; the size of () is defined
as |Q)] = m, where m € {0,1,..., M}. Without loss of
generality, we assume that Q = {Ry, Ry, ..., Ry }. With
R;; as the achievable data rate of the link S-R;, where
¥s,i = 1 —22Rsi, the probability for choosing the set is
expressed as

Y11 = Y0, - YLK = YO,
Y21 2 Y0r s Y2,K 2 YO

PrlQ)] — Dp | o 6
[ ] ')’m,l Z Y0r s s Ym,K Z Yo, ( )
Ym+1,1 < Y0s 7+ Ym+1,K < Y0,
’YK,l < Y0r 7 +ees ,)/K,K < Yo,
The probability Pr[|Q}| = m] is obtained as
Pr(Q=m]=( " ) xPriQ @)
=m]={ .

We can observe that (i) in the case m = 0; the best relay
set ) is null, and thus, the source S cannot send data
to the destination users with the help of M relays; (ii)
in the case 0 < m < M, then Q) # {@}, and destination
user 1 will select a best relay R, in the set () based on
the following rule

R, = arg max {SNRj }. (8)

2.3 Signal transmission

Because of the downlink C-NOMA scheme with K
destination users, the superimposed mixture signal is
transmitted from S, which is given by

K
x =Y /Pax; )
i=1
Here, P is the transmit power of S, x; and «; denote
the signal and power allocation coefficients to user i
K
i=12...,K), Ya; =1and a7 > ap > ... > ap >

i=1
... > ag. The received signal at the selected relay R; is
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expressed as

K
R, = 3 V/Paixihg, + ng, (10)
i=1

where npr is the conversion additive white Gaussian
noise (AWGN) at R with ng ~ CN(0, (Tl%) . In NOMA,
the strongest signal will be decoded first, and other
weaker signals are handled as noise, and so the same
procedure occurs with the next strongest signal. As a re-
sult, the signal-to-interference and noise ratios (SINRs)
for users at the selected relay are respectively given by
%Iflb _ %, (11)
‘Z2 a;Pgop + 0f
i=

R aPgop
r)/xkb: k—1 io 7 (12)

Y &i;iPgop + Y a;Pgop + 0R
i=1 i=k+1

R ag P
et L (13)

'21 ei;Pgop + OR
1=

The cancellation error term is ¢;, representing the
remaining portion of the canceled message signal i*".
Because of the DF protocol, the selected relay must
first successfully detect each signal. After completely
decoding destination users Ry, will forward the super-

imposed mixture as xg = Z v/ Pra;x; to the destination

users, and the received 51gnal at each user includes the
signal from R, and the signal from the D2D pair. At
destination user k, the received signal is given by

K
=Y /Papxihg + \/Ppexpehpe +ng - (14)
i=1

where n; is the conversion additive white Gaussian
noise (AWGN) at R with ng ~ CN(0,07).
The SINR for each signal at user k is expressed as

U, a1 P
1ok = — L REK , (15)

422 ;Prgx + Pprgpk + 0F
1=

u a—1PRrgK
'Yxkk,l = k—2 L g 7 (16)

K
L T Prgi + .Zk a;Prgk + Por&pk + 0F
- =

U ar P
Tk = RSk L (17)

Z T PR + Z “:Png + Ppi&pi + 07

i=k+

Here, the cancellation error term is T;, representing the
remaining portion of the canceled message signal i'"".

3 PERFORMANCE ANALYSIS

The outage probability is the probability that the SINR
decreases below a predefined threshold, denoted as «.

In NOMA cooperative transmission, evaluating the OP
performance of the system is enabled by examining
the transmission performance of multiple users with
threshold 7. Thus, in this section, we analyze the
outage probability of the proposed system with three
relay selection strategies.

3.1 OP analysis for RSFH and RSSH

Because of the NOMA and DF protocols, using the
partial relay selection schemes, we denote Ey as the
event that the probability of the selected R, node
successfully decodes users’ signals; hence Ej can be
expressed as

= 0P
R R R
=DPr [’Yxf’ > Y0, Vg, > VO s Vi > 70} . (18)

By substituting equations (11-13) into (19), Ey can be
given by
Eo — OP
R
=Pr [’ > 70,..

R R
'/')/xkb > ’)/0/"'//7361? > ')/0]

P
:PI’[K A1780n > Y0, e e
2204 iPgop + Ppgp + ‘TR
i
axPgop
] S0 > 70
'21 &ittiPgop + Uﬁb
i=
= Pr [Pgoy¥o > 0%, 0], (19)
K-1
here, Yo = min{ — Y0 Z Kiyoy KK — Y0 2o fi“z’}-
i=2 i=1

Define E; as the event in which destination user k
detects its signal; the Ey can be expressed as

Ex =Pr [%q > Y0, - ,vxk > 'YOI'Yxk > vo} (20
By substituting equations (15-18), E; in (20) can be
given by

Ey =Pr [kang > YoPpk&pk + 01370} ;@D

here,

K
ll)k mln{(&l—'onoci>,...,
i=2

k=1 K
(D‘k_'YOZTi“i_'YO Z D‘i)}-

i=1 i=k+1

The probability that destination user k can exactly
detect its signal when both events Ey and Ej occur, is
Pr [Ey, Ex). Therefore, the outage probability that user k
cannot detect its signal is expressed as

OPk =1-—Pr [Eo, Ek] . (22)

Combining the expressions of Ey and Ej , equation (23)
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can be re-written as
OP,=1-"Pr [IPkPng > Y0Ppr& Dk

+ 070, Pgop¥o > ‘TIZ{'YO}

2
o)
« Y0Pk _ | %0
) /0 l(l - ng( oPr lPkPR>)ngk(x)
(23)

Theorem 1. The OP of user k for the RSFH and RSSH
schemes can be expressed as follows, respectively

0'2 M
1- (1 —exp (/\015%?)>
/\k”270
exp (570 )
Axr0Ppi
PRy +Ap

dx.

OPFSHH =1 —

X}\D

(24)

OPRSSH — 1 Apk

R —
Me B + Apk

TR0 o0
X exp (—Aol;‘% — Akl/j;(TR (25)

Proof. See Appendix A.

3.2 OP analysis for TSRS

Here, I consider the two-stage relay selection (TSRS)
strategy. According to equation (6), Pr [(}] is obtained as

a1 Pgo1
K 2
'Zz a;Pgo1+og
i=

ax Pgo1
K—1 > Y0,
'21 £t Pgo1+0g
i=

2’)/0,...,

’ a1 P
% > Y0, ...,
Pr[Q)] = P SR (26)
r =Ir B g Pgom
KR8 >y,

K—
'21 &0 Pgony +Ul%
i=

DLP[)M
K#<r)/0/‘..,

'Zz a;Pgom+03
i=
agx Pgom
K1 <%0

L i Pgom+og

L i=1 .
Lemma: The probability of the event that a set of relays
decode the data successfully from the source is given by

A 02 M—m
Pr(Q] = <1 —exp (—%Y(JMQ))
1

2
X exp (—/\0 mgg?()) . (27)

Proof: Given in Appendix B

Therefore, the probability Pr[|Q)| = m] is obtained as

Pl =] = (1) xPrlc)

5 M—m
(MY (4o [ Por0%R
- m P P91

moaey
X exp (—AO Plgl 0 , (28)

and

Aovor2 \ \
Pr[|Q|—0]—<1—eXp (— 0;5?)) . (9)

The non-outage event is obtained, as user k can detect
the desired signal as

—TSRS
E; =Pr ['yglk > Y0, e %%Qil > Yo, fygj‘ > 70] . (30)

Thus, the event that user k cannot detect its signal is

—=TSRS
expressed as 1 —E;" .

Theorem 2. The outage probabilities of users with the two-
stage relay selection (TSRS) strategy are expressed as

VIf ¢
T
—_——

< 70, the outage probability at Uy is given by

VIf 2 > v the outage probability at Uy is expressed as
L4
i=2

M
>
OPlRSTS = <1 —exp (— AOJSF) +

I A o2 -m mo3 i
m 1—¢ Olzg]R 6*2‘0 Preifo
M

M M (31)

Z _

m=

K
1 (ﬂl—“ro L “i)PR
x |1 — Ap1e =

M0 (712

MPp170
7k . o
*1 =70 ,):2"‘1‘ PR
iz

VIf 0 <0, the outage probability at Uy as OPkTSRS =1,

VIf 6, > 0, the outage probability at Uy is given by

M
2
OPRSTS — P(l —exp (Aog;;m)) i

( v > ( AOWOU[%)MW
1—e ™
" M (32)

Ao
2 k%70
m=1 — o RT0 Amve kPR
POy _ /DK€
€ x |1 Av0Ppk |y
0. PR +Apk
K
X1 —Y0 X & |,
. =2
here, 0, = min 1 K
Qp—Y0 X Tk — Y0 L &
i=1 i=k+1

Proof: Given in Appendix C
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Figure 2. The effect of the number of relay nodes on the outage
performance.

4 NUMERICAL RESULTS AND DISCUSSION

In this section, the numerical results and discussion
of the outage probability for destination users in the
downlink C-NOMA with the impact of a D2D pair for
three relay selection strategies are presented via Monte
Carlo simulations to validate the analytical expressions
given in the above sections. Specifically, the parameters
in the proposed system are set as follows: (1) the target
data rate, Ry = 0.5 bits/s/Hz; (2) the path loss exponent
is set up with a value of 2.7; (3) considering the two-
dimensional plane, the coordinates of the S node, R
are set to (0,0), ( do,0); (4) the signal to noise ratio
(SNR) at each user is assumed to be the same value
and it is defined as SNR = P/¢?, and the value
of noise variance at the relays, destination users, is
set as 03 = 0% = of. = .. = o = 0.1; (5) the
simulated OMA scheme is compared to the NOMA
scheme wherein the total bandwidth is shared equally
among destination users. A glance at the figures reveals
that the analytical results match the simulation results.
A more detailed performance analysis of various cases
will be shown below.

Figure 2 presents the effects of the number of relay
nodes on OP at U; with three relay selection strategies,
including RSFH, RSSH, and TSRS, in which two cases
are considered, M = 3 and M = 5. The system
parameters are set as follows: dg =1, d; =1,dy =12,
the values of the cancellation error terms at all NOMA
users are ¢ = 1%, the power allocation coefficients
for each destination user are a7 = 0.7, ap = 0.3, and
the interference power from D2D is assumed to be
SNRpyp = 3 dB. Generally, as the number of relay
nodes increases, the outage performance of both U
and U, improves with all three relay selection methods.
However, the OPs at U; with RSFH and U, with
RSSH are unchanged when the transmit power is high
enough, while with TSRS for Uj, the outage perfor-
mance is significantly improved, and the system model
applying the TSRS method offers the best performance.

100
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Figure 3. Effects of power allocation coefficients on the outage per-
formance at user 1.
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Figure 4. Effects of power allocation coefficients on the outage per-
formance at user 2.

Figure 3 illustrates the outage probability perfor-
mance at user DU1 of the proposed model for three
relay selection methods: RSFH, RSSH, and TSRS. In
this case, we consider the proposed system with three
relay nodes and two destination users in two cases
of power allocation, where the coefficients for each
destination user are x; = 0.7, ap = 0.3 and a7 = 0.8,
ay = 0.2. The system parameters are set as follows: the
distance from selected relay to source and to users are
do =1, d; =1, dy = 1.2 respectively, the values of the
cancellation error terms at all NOMA-users as € = 1%,
and the interference power from D2D is assumed to
be SNRpyp = 3 dB. First, we observe that the trend
of OP at U; decreases when the transmit power at S
increases with three relay selection methods in both
the C-NOMA and OMA schemes. In addition, Figure 3
shows that the TSRS relay selection offers the highest
performance, while RSFH gives the lowest performance
in both the C-NOMA and OMA schemes. Moreover,
it is shown that U; in the C-NOMA scheme obtains a
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Figure 5. Effects of the D2D pair communication strength on the
outage performance.

much better outage probability performance than OMA
at high transmit power. In contrast, OMA exhibits better
performance at low transmit power. The main reason
for this is that in C-NOMA, the transmit power P is di-
vided into multi-parts for multi-users, thus the smaller
the transmit power, the less allocation power for each
user in NOMA. As a result, at very low transmit power,
the signal strength in C-NOMA compared to OMA
is very weak. However, the difference in performance
between C-NOMA and OMA at high power is much
more than at low power.

Furthermore, Figure 3 shows that the outage proba-
bility remains stable when the transmit power is high
enough. For example, with RSFH for both C-NOMA
and OMA as SNR is greater than approximately 20 dB;
with RSSH and TSRS for OMA it is 6 dB. Finally,
when U; is allocated more power, U; in C-NOMA
obtains better performance. When the same parameters
are set as those in Figure 3, U, in Figure 4 has the
same trend as the power allocated to U, increases,
resulting in increased outage performance at Up. It can
be seen in Figure 4 that U, in RSSH obtains the worst
performance, whereas RSFH and TSRS offer better
performance. Moreover, the case of power allocation
for users with a; = 0.7, &y = 0.3 reaches a better
performance than the case of ay = 08, ap = 0.2.
Thus, we can see that the appropriate power allocation
greatly affects the system’s quality, which is NOMA's
advantage over OMA.

Figure 5 presents the effects of the D2D pair com-
munication strength to OP with both Ul and U2, and
three relay selection strategies, including RSFH, RSSH,
and TSRS, are also considered. The system parameters
are set as follows: the distance from selected relay to
and to users are dp = 1, di = 1, dp = 1.2 respectively,
the values of the cancellation error terms at all NOMA-
users are € = 1%, and the power allocation coefficients
for each destination user are a1 = 0.7, ap = 0.3. Figure 5
shows that the greater the interference power of the
D2D pair is, the worse the outage performance of the

— Analytical
NOMA-U‘ -RSFH

NOMA-U,-RSFH

NOMA-U,-RSSH

NOMA-UZ-RSSH
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Figure 6. Effects of the position of relaying network on OP on the
outage performance.

proposed system. The D2D pair influences the perfor-
mance of C-NOMA with all relay selection methods.

Figure 6 illustrates the effect of the position of the
selected relay on the outage probability with three relay
selection methods at a transmitter power SNR = 10 dB.
The system parameters are set as follows: the values
of the cancellation error terms at all NOMA-users are
€ = 1% , and the power allocation coefficients for each
destination user are a7 = 0.7, ap = 0.3. It can be
seen that the position of the selected relay influences
the outage performance of each user with each relay
selection strategy. Mainly, with the RSFH method, the
trend of OP lines at each user in both C-NOMA and
OMA systems is similar in that the further distance
the S-R link is, the better the outage performance
gets. However, with RSFH and TSRS methods, the OP
at users decreases when the distance of the S-R link
increases to the threshold. When this distance exceeds
the threshold, the OP at users increases, meaning the
outage performance is worse. Thus, the relay’s position
is essential to improve the outage performance of the
proposed system. We can see that, for instance, User 1
in the C-NOMA system with the TSRS method obtains
the best outage performance at dy 1.4, whereas in the
OMA system, this values as dy 2. Moreover, Figure 6
shows that TSRS offers the best performance compared
to RSFH and RSSH methods. Finally, in the case of the
lower distance of the S-R link, the C-NOMA system
performs better than OMA, and in contrast, the perfor-
mance of OMA is better than C-NOMA in the case the
relay is too far from the source.

5 CONCLUSIONS

My paper analyzed the outage performance of a down-
link C-NOMA scheme in a multiple DF-relaying net-
work with the impact of interference constraints from a
D2D pair over block Rayleigh fading. In my proposed
system, three relay selection strategies, RSFH, RSSH,
and TSRS, were considered to choose the best relay. This
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relay will decode the received signal and forward a mix-
ture of superimposed signals to multi-destination users,
assuming that DU1 is far from source S. Moreover,
the perfect/imperfect SICs to detect the desired signals
were equipped at receivers in the proposed C-NOMA.
The analytical expressions for the SOPs of the users
with three relaying selection strategies were derived,
and their accuracies were validated through Monte
Carlo simulations. In addition, the effects of system
parameters such as the number of DF-relay nodes, the
fixed power allocation, perfect/imperfect successive in-
terference cancelation (SIC), the strength of interference
from a D2D pair and the position of the relay node were
investigated in various scenarios. These results showed
that (1) the NOMA system obtains better secrecy outage
performance than the OMA scheme at high enough
transmit power; (2) the TSRS scheme obtains the best
outage performance, and RSFH gives the worst per-
formance; (3) the number of DF relay nodes increases,
the outage performance of the proposed system also
increases, especially with the RSSH and TSRS schemes.
In future work, I aim to further enhance the system
by incorporating Intelligent Reflecting Surface (IRS)
technology and Computational Intelligence techniques
to significantly improve the system’s performance.
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APPENDIX A
Proor or THEOREM 1

This appendix derives the outage probability at users
in downlink C-NOMA in a multi-relaying network
with the impact of a D2D pair for two relay selection
strategies, RSFH and RSSH, in equations (25, 26, 27).
According to Equqtion (24) and substituting Equations
in (3a), (1a) and (1b), we have

M
Aoo3
RSFH _ (4 __ 0RO
OP, =1 [(1 <1 exp< PY, )) )AD

Ako2y0
X eXp — l/]kPR

[e9)

AeYoP,
x [ewp <_W
0

— )\Dx) dx] . (33)

Doing the integral in (35), we will obtain the Equa-
tion (25). Then, by substituting (3a), (1a) and (1b), for
OP at user 1 in RSSH strategy, we have

AooRY0
1—Ap|ex — R
D[ P ( PY¥,
T A0
X exp(—Apx)dx | —ex — R
(Z p(=Apx) ) p( PY,
7 AP Ao M
x/ 1—exp _doMPpr - MO0
/ Pryy 1 Pr

X exp(—Apx) dx] . (34)

OleSSH _

Using Newton’s binomial formula as the following
n ..
withn € N, (a+b)" = ¥ ( ;l > a"~1bl, Equation (36)
j=0

can be expressed as

2,
OPRSSH 1— Ao 151;(;))\
M J'Ala%m
X Z ( > ¥1PR
j=1
T iroP
170PD1
/ PRI Y )‘Dxdx‘| (35)

Performing the integral in (37), we obtain Equation (26).
With the same method, we get Equation (27) from the
below equation

RSSH ok
Opk = ]. - )\Dke P‘Yo
_ M0Ppk . A%0
X /e PRY% WPR e TADEdx,  (36)

0
This ends the proof of Theorem 1.

APPENDIX B
ProoF orF LEMMA

In this appendix, we calculate equation (29) in lemma.
According to (28), we have

K
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Combining equations (40) and (41), we have Pr[Q)] as
in Lemma. This ends the proof of Lemma.

ArPENDIX C
PROOF OF THEOREM 2 IN (33, 34)

This appendix derives the outage probability for users
in downlink C-NOMA in a multi-relaying network
with the impact of a D2D pair for the two-stage relay
selection in equations (33, 34). We consider the outage
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event at user 1 as
OPRSTS — pr [%lclf’l < 70}

= Pr |arg max {SNRj1} < 70}
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=Pr mlaxM < A17REm <%0
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Because a1 — 90 ) «; can be positive or negative, we

=2
consider the follcl)wing cases:
V'In the case < 70, Equation (42) is expressed as
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VIn the case - > 7, Equation (42) can be ex-
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pressed as
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here, p1 = a1 — 9 ‘Z2 ;.
i=
In considering the outage probability of other users
(k=2,3,..K). Denote Ej is the event that User k can detect

the desired signals with the selected relay, the E; can
be expressed as follows

P
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Thus, the event that User k cannot detect its signal is
given as

U 0}
ST, > 70,75 > Y0
= 1—Pr[0Prgi > 0Ppigpk +0270] - (44)
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Because 6, can be positive or negative hence we con-
sider these flowing cases:
vIn the case of 6 < 0, the the event OP; can be given

by
OP, =1—Pr [> YoPorgpK + 0,370] —1-0=1 (45)

vIn the case of 6 > 0, the event OP; can be
expressed as
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Therefore, substituting Equations (46) and (47) into the
equation below, we have the outage probability at user
k as in (33, 34).
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M
Pr[|Q =0]+ Y Pr[|Q| =m] x OP, if 6, > 0.
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(47)
This ends the proof of Theorem 2.



