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In this paper we study a two-user cooperative Non-Orthogonal Multiple Access (C-
NOMA) system for downlink transmissions. In this system the user closer to the base
station act as a full-duplex relay for the user which is placed away from the base sta-
tion. Firstly, the performance of C-NOMA with full-duplex relay based system will be

analyzed through the closed form expressions of probability of outage by considering
static power assignments at base station and user assisted relay. Secondly we investi-
gate the outage performance with variable relay power allocations. In both the analysis
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we also examine the impact of perfect and imperfect SIC implementation. Simulation
based numerical results confirm the applicability of mathematical analysis for both
fixed and variable power allocations.
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l. Introduction

The higher data rate and massive connectivity are
two key metrics of 5G and beyond 5G cellular net-
works. The ability to achieve higher spectral effi-
ciency(SE) and massive connectivity makes the
Non-Orthogonal multiple access(NOMA) technique
a very promising and proficient candidate for the
next generation networks [1-2]. Unlike orthogonal
multiple access(OMA) scheme, NOMA is intended
to assist multiple users simultaneously at a single
base station in same time/frequency slot but with
different power levels. Although, sharing the same
time/frequency resource may lead to co-channel
interference(CCl) between the users at the receiver.
So successive interference cancellation technique is
utilized to reduce CCI [3].

For successful SIC implementation in conven-
tional NOMA systems, receiver must have the prior
knowledge of information of other receivers. Ding
et al. suggested a unique cooperative NOMA
scheme to improve the spatial diversity gain at re-
ceivers and the signal transmission rate at the base
stations [4]. In cooperative NOMA systems two
most preferred relaying approaches that have been
used in the previous works are half-duplex relaying
and full-duplex relaying. In Half-Duplex C-NOMA
scheme, the system will function in two stages,
where in the first stage, the base stationtransmits the
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superimposed composite NOMA signals to the
proximate receivers (i.e., users/relays). Then, in the
second stage, the proximate receivers forward the
information of distant receivers, whereas in Full-
Duplex C-NOMA scheme, the user/relay node will
collect and forward the signals simultaneously to
their distant receivers. The limitation of full-duplex
technology lies in the fact that it introduces some
self-interference (SI) generated from the output of
transceiver to the input activated by the signal leak-
age [5], which has severe impact on the perfor-
mance of the full-duplex system.Moreover, full-
duplex technology has been employed in C-NOMA
systems by many researchers because it receives-
and-forwards the information on the same frequen-
cy by exploiting the total system bandwidth.
Recently, the combination of NOMA with re-
lay-assisted communication has picked up part of
consideration due to its capability of improving us-
er’s transmission rate while enhancing the spectral
efficiency of the network. In recent past only few
authors have investigated User assisted relay based
cooperative NOMA systems. In [6-8] authors have
studied and analyzed system performance of half-
duplex(HD) C-NOMA systems where reception of
signal at near user and forwarding of signal from
near user to far user takes place in two different
stages. In addition to this [9] investigated the HD-
C-NOMA system both for uplink and downlink
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transmissions. To further enhance the system per-
formance full-duplex(FD) C-NOMA systems were
also investigated in [10-12].

In this work we analyze the user assisted relay
based cooperative NOMA systems for downlink
transmissions. This model considers that there is
line of sight(LOS) path available between base-
station(BS) and near user only and Non-LOS path is
available between BS and far user due to heavy
shadowing.

The body of this paper is organized as follows:
In the subsequent section we start with system
model for the above mentioned scenario where we
analytically represent the signal model and SINR
model. Then in section Il we theoretically analyze
the probability of outage for static power assign-
ments at base station and relay. Simulation results
for user-assisted relay based C-NOMA system will
be discussed in section 1V. Finally, section V sum-
marizes the objectives and outcomes of this entire
work.

I1.  System Model

The system model for relay based two user down-
link C-NOMA system is shown in figure 1. This
system consists of single base station which broad-
casts the composite NOMA signal to near user(U:)
meanwhile U1first decode this superimposed signal
and forward the information to far user (U2). As Uz
receive the signal from base station via Up so,
Uifunctions as a full duplex relay for far user Ua.
The channels from base station to U; and from U;
to Uz are labelled as h; and h respectively. Both hy
and h, are modeled as complex Gaussian random
variables with zero mean and variances |1 and I>
respectively. Now in the following sub-section we
provide the signal model and SINR model from BS
to Uiand Uxfor user assisted C-NOMA system.

hs
() A
h1 R h2 %
Base Station ul

1in

Fig.1.System model for User assisted relay based
two user downlink C-NOMA system considering
near user U; as a full-duplex relay for far user Uo.
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1.1 Signal Model

Let us consider m, and m, as the messages
corresponding to U and U: respectively. The super-
imposed signal transmitted by the base station to U
for downlink NOMA system is,

m(t) =aPm,(t) + VBPm,(t),

where b=1-

P is base station transmit power, a(0 =a =and

(0 =k < , are power distribution coefficients of
messages m, and m, respectively.

In full duplex mode U; simultaneously receives
the message from base station and transmits the
message( m,'(t —t: of Uz with power Pu. If mes-
sage of U, is successfully decoded by Ujthen

mj =+ In full duplex relay based transmission U
will also affected by self-interference. So we con-
sider a parameter z(0<z= to indicate self-
interference cancellation factor at U:. If z is close to
1 then, it represents absence for failure of self-
interference cancellation and z close to O indicates
perfect self-interference cancellation. The signal
received at Uy is,

7 (©) = B EOmE) + b (OVZPum, ™ + 0, (D),
)

where and represents the channel of self-
interference signal and noise at U; respectively.
Both  and are modeled as complex Gaussian
random variables with zero mean and variances s
and o respectively.

The received signal at U is,

7 (£) = hy(D)Pum,"(t — 1) + ny(8),

n,represents complex Gaussian distributed noise at
U with zero mean and variance 6°.

1.2 SINR Model

Successive interference cancellation(SIC) is applied
at U; to decode the message m; from composite
NOMA signal. First m; is decoded by Ui then it
subtracts m, from » and detect m,. Thus SINR for
detecting m; at Uy is given by,

Behy |2

gi =

aFflhy |2 +ePulh 2 +62

and the SINR for detecting :at U1 is given by,
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Finally after success full detection of  :at Uy, the

SINR for decoding :at Uz is given by,

.Fi.".ll-'.'.:lz
- 5

gi =

T2

I11. Probability of Outage

In this section, firstly we analyze the outage proba-
bility by considering static power assignments at
both base station and user assisted relay(U1). To
begin with let us denote and as the target
SINR to decode the messages  :and : respec-
tively. There are two necessary conditions for suc-
cessful detection of = a) gf= ( :Iis success-
fully decoded at U;) and b)  gf = ( :is success-
fully decoded at Ui). Then to successfully decode

atUz gf = .

An outage happens when either of the above
mentioned condition is failed. Thus the probability
of outage can be calculated as,

Pout =1—-Prlgl = G, gt = G, g = G,],

(")

The analytical expressions of outage probability
for different range of © ’ is given as follows:
Casel: when either is in the range,

1
Zag=0l a-=
146

Pout =1,

This happens because message of Uz should be
successfully decoded at U; then only U; can decode
its own message. So if the power allocation parame-
ter is too large then U1 may fail to decode message
of Uz or if the power allocation parameter is too
small then U; may fail to decode its own message
then an outage will happen.

Case2: when is in the range,
1
0 L —
A= 1G £ 6.6,
. _a'cy &c
Pout =1 - ——1 oFly  Ful
QFly +ZFuighy
Case3: when is in the range,

Gy
L
G, + G, + G, G,

=
“=1fc,
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2 2
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—_——

(= NF-1i - — — - —
LB-afy Pl [b—aGy Pl Pul;

PhRY =1 —-

(b—a6; )Pl +2Pul 6

(10)

IV. Simulation Results

In this ség%ion we evaluate the performance of
user assisted relay based cooperative NOMA(C-
NOMA) system through numerical simulations. The
numerical simulation analysis is carried out in two
steps: Firstly, relay transmit power(Pu) was fixed
and outage probability is calculated for range of
base station powers(P). Then in the second step out-
age probability was also analyzed for range of relay
power while keeping the base station power fixed.

In this C-NOMA system we consider power al-
location coefficient a = 0.3, variance associated with
different channels are 1:=1, 15=0.5, Is=0.1. The target
SINR &; = 1to perfectly decode the message m,and
G; = 1for successful detection of m;. We also as-
sume nose power as unity, i.e. s?>=1and the transmit
powers at both base station and relay are considered
in dB which is be equivalent to signal to noise ratio.

Fig. 2 demonstrates the probability of outage for
a range of base station powers (P=0 to 40 dB) with
fixed relay(U1) transmit power (Pu=15 dB).

0
10"9ers== i ,
\:\\\ Relay ==7=1, Sim
) . N Power(Pu)=15dB 0 z=1, Theory
8 N \\ ==z=0.1, Sim
2 Ny o z=0.1, Theory
O \‘ ‘\
4 \ .,
0 Y, N
> N N
= LN
0 . \
2 \\ h
210! NG \a\
~ \~g..-_":g_..___e_
0 5 10 15 20 25 30 35 40
BS Transmit power(dB)

Fig.2. Probability of outage in two user full-duplex

relay based C-NOMA system with and fixed
Pu=15 dB.

Here Wegt))bserve that the outage probability
curve is a perfect match with the theoretical analy-
sis given in section Ill. Secondly, with respect to
increasing values of base station transmit power(P)
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the numerical values of probability of outage is de-
creasing and when P is significant enough it con-
verges to a minimum value. We have also shown
the impact of self-interference parameter ‘z’ on
probability of outage.

We may observe that at P=25 dB, Pout = 0.1
with imperfect self-interference cancellation(z=1)
and it reduces to 0.073 with perfect self-interference
cancellation(z=0.1). So to improve the performance
of relay based C-NOMA systems superior self-
interference cancellation technique should be
adopted.

Further Fig. 3 illustrates the probability of out-
age for the same setup and parameters but with in-
creased relay transmit power(Pu=25dB). So it is
clearly evident that relay transmit power increases
the outage curve converges to the minimum value at
higher base transmit powers(P) as compared to fig.
1 but the numerical values of probability of outage
is significantly reduced at higher value of P. For
P=35 dB it can be seen that Pout=0.038 and 0.01
with imperfect(z=1) and perfect (z=0.1) self-
interference cancellation respectively. So the per-
formance of C-NOMA system can be further im-
proved by increasing the value of relay transmit
power(Pu) upto certain limit.
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that in all three cases simulation based outage prob-
ability curve matches with the theoretical curve.
Furthermore, we detect that the minimum out-
age probabilities are obtained with a«=0. at
Pu=28 dB, with a=0. at Pu=30 dB and with
e = 0. at Pu=26 dB. We also notice that outage
performance is at its best when satisfies the upper
limit of the range given in (9). So it is necessary
that the power distribution coefficient should be
optimized to further enhance the performance of C-
NOMA systems.

0
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Fig.4. Probability of w.r.t Relay Power Pu with BS
power P=40 dB and with variable power allocation
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Fig.3.Probability of outage in two user full-duplex
relay based C-NOMA system with « = 0.3 and fixed
Pu=25 dB.

In Fig. 4 we have shown the probability of out-
age performance for a range of relay transmit power
(Pu=0 to 40 dB) while keeping the base station
power fixed at P=40 dB. To analyze the outage per-
formance w.r.t Pu, three different values of power
allocation coefficient (are considered. We observe
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performance with variable relay power allocations.
In the numerical analysis it is evident that perfect
self- interference cancellation plays a vital role in
improving the outage performance. Secondly relay
transmit can also be varied upto certain limit for
reducing the probability of outage. Furthermore, we
can conclude that there is a tradeoff between power
allocation coefficient at base station and relay
transmit power so, one extension may be the joint
optimization of these two parameters to further im-
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prove the performance of full-duplex relaying based
cooperative NOMA systems.
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