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Abstract

In this work, Non-orthogonal multiple access (NOMA) technology is considered in cognitive radio (CR) networks in which
the secondary users can only access the utilized spectrum of the primary user such that the primary user can tolerate the
interference created by the secondary network. On the other words, the combination of CR and NOMA (CR-NOMA) is a
novel concept to enhance the spectrum efficiency and the reliability of the network communication. The relaying technology
with capability of energy harvesting is also considered which can improve the outage performance. In this scheme, the proper
relay harvests energy from the secondary transmitter while it transmits the data of the secondary transmitter to the
corresponding receiver. With this regard, the network throughput is improved in outage behavior and imperfect successive
interference cancellation (SIC) condition at two users. Hence, the proposed problem is maximizing the performance of the
network by proper selection of the relay for data transmission, setting the transmission power of the selected relay and optimal
power allocation coefficients to each user with constraints on the outage probability and the interference in the primary user
communication. For solving the problem, an iterative low complexity algorithm is proposed using the convex optimization
scheme and Karush—Kuhn—Tucker conditions to select the best relay for transmission and users’ power allocation coefficients
and also set the transmission power of the selected relay. Simulation results verify the effectiveness of the proposed algorithm
for increasing almost 30 percent of the network performance in comparison to the bench mark algorithms in different
conditions.

Keywords: NOMA-Cognitive Network; SIC Technique; Network Throughput; Convex Optimization Method; Probability
of Outage.

decode signals of the other users and obtain their own
signals [2], [3]. In [4], the performance of NOMA is studied

1- Introduction

Non orthogonal multiple access (NOMA) is a technique for
the fifth generation (5G) wireless communication in
comparison with OMA approach. On the other words,
NOMA-enabled user utilizes the available resources such as
frequency/time/code which results in spectral efficiency,
user fairness and low latency in spectrum access [1]. In the
NOMA networks, the transmitter sends its signals to all
receivers by allocating different fractions of its power to
nodes with respect to the estimated channel conditions. On
the other hand, more transmission power is assigned to the
users with weaker channels while the users with strong
channels have less transmission power -coefficients.
Therefore, the users with stronger channels perform a
successive interference cancellation (SIC) technique to
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in partial channel state information (CSI). They also state
the outage probability in a closed form expression and the
average two users’ sum rate is calculated. To improve the
network performance, NOMA scheme with relay is
considered especially when the users are far from the
transmitter or the channel condition is weak [5]. In [6], [7]
and [8], a cooperative NOMA network with relay is studied.
It is shown that the performance of both non-cooperative
NOMA and cooperative OMA are worse than the
cooperative NOMA. On the other hand, the cooperative
communication can enhance the reliability of the users
especially cell-edge users [9].

Due to the development of the high data rate services, the
fixed spectrum allocation is not useful and spectral efficient
communication networks are required. In cognitive radio
(CR) networks, the primary users have the exclusive rights



to use the spectrum. However, in these networks, the
primary network allows the frequency band is utilized by
the secondary network with respect to the interference
created by the secondary users on the primary user
communications [10]. In [11], combination of NOMA and
CR networks is utilized to ensure a reliable transmission
from primary users and secondary users while the spectral
efficiency is improved. This enhancement can be obtained
by using cognitive radio networks based on NOMA
technique when the secondary transmitter sends its NOMA
messages to its secondary receivers on the licensed
spectrum if the primary user can stand the inter- network
interference  created by the secondary users’
communications. However, in NOMA technology, intra-
network interference can also happen when several users
access the same spectrum with different power levels.
Therefore, a proper combination of NOMA and CR
networks is required to decrease the interference and
improve the spectrum utilization.

Energy efficiency is another important issue in these
networks due to the energy constraints of devices [12].
Energy harvesting (EH) is a technique where the radio
frequency (RF) signals are used as the sources for
harvesting the energy of wireless devices [13]. In this case,
the energy efficiency of cognitive radio networks can be
enhanced by utilizing the energy harvesting techniques [14].
In [15], the energy efficiency is maximized by power
transmission allocation in unmanned aerial vehicles based
NOMA networks.

1-1- Related Works

In [9], outage probabilities of primary user and secondary
users are derived under imperfect CSI and imperfect SIC in
cooperative cognitive radio networks based NOMA. In [16],
underlay CR- NOMA network is considered and the
probability of outage is evaluated to show the performance
of secondary NOMA wusers. In [17], the error rate
performance of a NOMA based CR network is considered
by relay selection with imperfect SIC. In [18], a NOMA
network is proposed with capability of energy harvesting.
In this paper, multiple groups are considered with two users
in each group where the NOMA technique is applied in each
group and OMA technique is applied for inter- group. In
this paper the performance of the system is analyzed and a
closed form expression is derived for outage probability
with imperfect channel state information (ICSI)
consideration. In [19], a cooperative CR network is studied
and outage probability is derived with ICSI consideration.
Optimal power allocation for two users is also obtained such
that the fairness of outage probability is maintained for two
users. In [20], a cooperative NOMA network underlay
cognitive radio network is studied with imperfect SIC and
the probability of outage is obtained for each secondary user.
In [21], the problem of maximizing the minimum secrecy
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energy efficiency is proposed by time slot and secondary
transmission power allocation under transmission security
and reliability constraints in a CR-NOMA network with the
capability of non-linear energy harvesting of the secondary
users. In [22], the reliability and security performance of a
cooperative NOMA cognitive radio network is studied in
the existence of eavesdroppers. The connection outage
secrecy outage probabilities of each primary user are
derived with cooperative NOMA and non-cooperative
NOMA. In [23], a distributed sequential coalition formation
algorithm is proposed for user grouping and power
allocation such that the minimum rate requirement of the
primary user is satisfied. In [24], a cooperative underlay
cognitive radio NOMA is considered and the outage
probability for two secondary NOMA user is calculated
under Nakagami-m fading channel. In [25], A CR-NOMA
network is proposed for spectrum efficiency and an energy
harvesting relay scheme is considered to forward the
secondary transmitter messages to the secondary receivers.
In this paper, the outage probability and the throughput
network are obtained on imperfect SIC. In [26], the outage
probability and the system throughput are derived while the
effect of the power allocation coefficient of NOMA and
energy harvesting parameters on outage with imperfection
SIC are investigated. In [27], ergodic sum rate and outage
probability of the network are investigated in full duplex
and half duplex modes at secondary user. In [28], the outage
probability is expressed while the network throughput is
improved in imperfect SIC condition.

To the best of our knowledge, the above works have made
efforts to solve a variety of problems in CR-NOMA
networks while the outage probability is obtained. However,
maximization of the network throughput and improvement
of the outage probability and the interference created for the
primary user communication are not considered
simultaneously in these works. Therefore, this motivates us
to explore the efficiency of the cognitive radio relay based
NOMA networks by selecting the suitable relay, setting its
transmission power and allocating power coefficients of the
secondary users. A summary of the works is provided in
table 1.

1-2- Motivation and Contributions

In this work, a CR-NOMA network is considered with the
energy harvesting capability of the relays. On the other hand,
the secondary transmitter is allowed to forward its messages
to its secondary users via the proper relays such that the
primary user can stand the interference created by the
secondary user communications. We also note that the CR-
NOMA network works with imperfect SIC over Rayleigh
fading channel. Therefore, our proposed problem is
maximizing the overall throughput of network by selecting
the suitable relay, setting its transmission power and
allocating power coefficients of the secondary users so that
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the outage probability of the secondary users and
interference created for the primary user are improved. The
main contributions of the paper are stated as

e A cognitive radio network is investigated, where the
secondary source can use the licensed spectrum of the
primary user and employs NOMA to forward its
messages through the proper relay with energy
harvesting capability to two secondary destinations
through the Rayleigh fading channel.

e  We formulate the problem of maximizing the network
throughput by selecting the suitable relay, setting its
transmission power and power allocation coefficients
of the secondary users under the outage probability of
the secondary users and interference created for the
primary user communication constraints.

e The problem is solved using the convex optimization
method and KKT conditions are applied to determine
the optimal conditions. Then, an algorithm based on
ellipsoid method is proposed to search the optimal
solution for the problem which has polynomial
complexity.

e Simulation results verify the efficiency of the
proposed algorithm for improving the network
throughput and outage probability of the secondary
users and also interference created for the primary user
communication.

This paper is stated as follows. In section 2, the system

model is stated. The motivation and problem statement

and its solution are stated in section 3. The proposed
algorithm for solving the problem is stated in section 4. In

Section 5, Simulation results are presented. Analysis of

results are presented in section 6 while the conclusions are

stated in section 7.

2- System Model

A cooperative cognitive radio (CR)-NOMA network is
considered with the capability of energy harvesting of the
relays (Fig.1). Primary network includes one primary
transmitter and one primary receiver while in secondary
network, the secondary source selects a suitable relay from
the N relay and forwards its messages to two NOMA users
(U; and U,). It should be noted that due to the poor channel
condition or the long distances between the secondary
transmitter and secondary receiver, the proper relay can
receive the information and harvest the energy to forward
the signal to the secondary users by decode-and-forward
(DF) technique utilization.

Table 1. Summery of the works

Proposed Works(Ref.) Year Contributions

2024,20 Outage probability is
BLI8L9] 18,2019 derived under imperfect
J[201,124] 20192 | "SIC or imperfect CS1

[17] 2020 Error rate performance
is considered by relay
selection with

imperfect SIC

[21] 2018 Minimum secrecy
energy efficiency 1s
maximized by time slot
and secondary
transmission power
allocation under
transmission security
and reliability
constraints with the
capability enerl%y
harvesting of the
secondary users

Reliability and security
performance of a
cooperative NOMA-CR
network is studied

[22] 2019

[23] 2019 Power allocation is
done such that the
minimum rate
requirement of the

primary user is satisfied

2020,20

Outage probability and
24,2025 ou b

the throughput network
are obtained on
imperfect SIC

[25], [26], [28]

[27] 2023 Ergodic sum rate and
outage probability of

the network are
investigated in FD/HD

modes

The wireless channel model is the Rayleigh fading model.
We also assume that all nodes (primary or secondary users)
have one antenna with available CSI. However, SIC is done
in the secondary user. According to the cognitive radio
network scenario, transmission of the secondary network is
only allowed if the primary user can tolerate the interference
created by the secondary transmission on the primary user
communication. Therefore, the restriction on the
transmission power of the nth relay is stated as follows

Pp. < min (—2—, P, ) (1)
n |hRy, Pl "

Where 1;;, is the interference temperature constraint on
primary user while hg, p is the channel coefficient between
the n th relay and primary receiver [29]. In NOMA
transmission, the secondary source sends its signal X (t) =
a;P; x; + ny to the suitable relay. In this scheme, «; is the
portion of the transmission power P; for the ith user with
Y&, a; = 1. x; is the unit messages of the i th user and ng
is the additive white Gaussian noise (AWGN) between the
secondary source and the proper relay with variance N,.
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We assume three time slots with the duration T. The first
time slot with duration 8T is considered for energy
harvesting the selected relay and the second time slot with

duration (1 — 6)2 is for transmitting data from the

secondary source to the suitable relay. In the third duration,
the signal to the corresponding users are transmitted using
the selected relay [25]. In this case, the harvested energy at
the suitable relay in the allocated time duration is obtained
as [30]

2
Es = 7lps|hRnP| 6T 2)
———+ Information Transfar
Primary net
. [ T —— +  Energy Harvesting
— )
§| PR Interference

kR
Rl R

. Ril , =
R3S E_d_ll_.-r—vﬂm

Fig.1 System Model

Where 7 is the energy conversion efficiency of the energy
harvesting circuitry. Therefore, Pz" which is the maximum
transmit power from the energy harvesting for the nth relay
is given by

P H _ Es
Fn 7 a-s)t

A3)

By assuming that a; < a, it is meant that more
transmission power is allocated to U, while the channel
coefficient of U; is stronger than U,. Using the received
signal via the selected relay, the signal-to-interference plus
noise ratio (SINR) after considering x; as an interference is
obtained as follows

2
Ps|h
az s| RnS| (4)

YR2 = 2
@1 Ps|hg,p| +No(e+1)

And using imperfect SIC, the SINR after detection of x, is

a1Ps|hRns|2
2 5)
@2Ps|gR,s| +No(e+1)
Where gps~CN(0,§4g,s) with 0 <& <1 where this
metric indicates the residual interference level due to the
imperfect SIC. In the second timeslot, the received signal
at U; i = 1,2 is obtained as

YrR1 =

Vi = hgi/Pr,Va1x; + Vazxy) + 1Ip + 1y (6)
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Where hg_; is the channel model between the suitable relay
and ith user while x; is the message of the ith user and n;
is the additive white Gaussian noise (AWGN) of the ith user.
Ip~CN (0, Nye) is the interference created from the primary
user communication on the wusers and the relay
communications [19]. In this case, using SIC
implementation in U, , x, detection and considering x; as a
noise, the SINR is stated as

azPRy IR 1|2
— n n 7
V12 cleRn|hRn1|2+N0(£+1) Q)
We also note SINR using imperfect SIC as follows

a1 PRy |hg|?
= Y ®)
@2PRy|IRp1| +No(e+1)

Where g, 1 is defined similar to gg 5. SINR at U, is also
obtained as

“ZPRn|hRn2|2
2 )
@1PRy |hRp 2| +No(e+1)

Y2 =

In Raleigh fading channel, for obtaining the outage
probability, cumulative distributed function (CDF) and the
probability density function (PDF) of the wireless channel
h with mean A are defined as

Fox)=1—e 2 (10)
And
fu@) =1e7 (11)

As we know, the probability of outage is very important
metric to evaluate the performance; Therefore, the outage
probability with imperfect SIC for x; is formulated as
follows

OuP; =1—PVry2 > Vot VRt > Vit V12 >
Y1t Y1 > Yien) (12)

Where y; ¢, { = 1,2 is the threshold corresponding to the
target rate R; ¢ for two users. According to [25], we have

OulP, =1-72,x1Z, (13)
Where Z, is expressed as follows

Y,-2R
Zy =Y, — (14)
Y3Aps+Ar,s
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AR, s +1)0-0
— RSy = P andy, = $p3001
©1ps+ARy,s ¢

Where Y; =

- {p+1

We also have [25]

0, = y“h(EH),@ _ Yzrn(etD) ,0 = max (0,,0,) (15)

pray 2 p1a;
And
p=rnld . T =3 (16)
Where p; = ;‘I—h . Z, is also expressed as follows
0
Zz = Al + A2 (17)

Where A, is stated as[22],[25]

Y22, W(Y3x1+C)

Ay =0 W(O) + C) — -2 (18)
And
A, =W (Ox) —WP(Ox, +0) =Y, Y(Y5x1) +
Y, Y(Yax, + C) (19)

_ _Asp _ Asp _
Where  x; = - ons C=—"— Trens Y(x) =

— _ A _ 2né

e*(xE;(—x) +e™), 0, = oy and Kk = o) We also

note the outage probability for x, which is calculated as
follows [25]

OulPb,=1- P(YRn,z > Y2t VRp1 = Vith V2 > Yz,th) =
17, x Z (20)

Where Zj; is calculated as follows [22],[25]
Z3 = 0,¥W(020; + C) + W(O,x2) —W(O2x, +C)  (21)

As shown in (13) and (20) formulas, important parameters
which impress on the probability of outage implementation
are SINR threshold, power allocation coefficients and the
channel gain parameters. Therefore, for evaluation of the
network performance, the overall throughput is expressed
as follows [25]

Tiotar = (1 - OuPl)Rthl + (1 - OuPz)Rthz (22)

Where Ry, and Ryp, are the fixed target rates in delay-
limited mode.

3- Problem Formulation and Its Solution

In this section, our goal is maximizing the network
throughput while the constraints on the outage probability
of the secondary users and interference created for the
primary user communication are satisfied such that suitable
relay is selected to transmit the secondary source messages
to the NOMA users, its transmission power is adjusted and
the optimal power allocation coefficients of the secondary
users are obtained. Therefore, our proposed problem is
formulated as follows

maximizeg p Ry Trotal (23)
S.t. Oup, <pB Vi=12 (23-1)
PUinterf = PRnlhRnPI2 < Iy (23-2)
Yoo <1 (23-3)

The first constraint (23-1) shows the constraint on the
probability of outage of each user while (23-2) states the
constraint on the interference which the primary user can
tolerate due to the secondary network communications. (23-
3) represents that the sum of the power allocation
coefficients of the secondary users is equal to one.
Exhaustive search algorithm is optimum solution for the
problem in which all possible states of the answer is tested
and the best answer which maximizes T;,¢,; and satisfies
the constraints of the problem is selected as the optimal
solution. However, due to the complexity of this method,
we consider an iterative algorithm based on convex
optimization to find the local solution for the problem.
According to KKT conditions, Lagrangian function is given
by [31]

Luyv,m) = —Trotar + ui(Oupl. -pB ) +v(PUinterf —
Ip) + 1Ty —1) (24)

Where y;, v and n are the Lagrangian multipliers which
have non-negative values. In fact, by applying Lagrangian
function, the problem is converted to an unconstraint
problem. On the other hand, for minimizing L(u;, v,n) and
maintaining the problem constraints, the optimal value of
the Lagrangian multipliers should be determined. In this
case, we propose an iterative algorithm with low
complexity to obtain the optimal values of the multipliers,
optimal relay, its transmission power and power allocation
coefficients of the secondary users. For this purpose, we use
the ellipsoid method to solve convex functions. In fact, by
applying this method, the optimal solution for the problem
is obtained in finite iterations which is polynomial in the
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input size. The parameters are updated in i + 1 th iteration
as

2 2 ~ o~
Aiy1 = == (A — —A,3iGi" A1) (25)
And
1 ~
Xig1 = X = —AiJi (26)

Where §; = % and g; is the subgradient of L(y;,v,7)
gi Aigi

at the ellipsoid center x;. The ellipsoid is halved in each

iteration and one ellipsoid half is removed based on 4;. n is

the unknown parameters’ number [32]. Hence, the ellipsoid

method can be candidate for multi-dimensional search

methods.

4- Proposed Algorithm for Problem Solution

For solving the problem in (23), we consider an iterative

algorithm. The proposed algorithm consists of the following

steps in each iteration
e For each relay, the probability of outage for
each user according to (13) and (20), the
interference created by the secondary network to
the primary user communication and therefore, the
overall throughput are calculated.
e Lagrangian multipliers, a;,i = 1,2 and also
transmission power of each relay(Pp,, ) are updated
using the ellipsoid method in (25) and (26).
e According to the previous step, the new values
of T¢ota1, probability of outage for each user and
PUinterf are calculated.
e The proposed algorithm terminates if the
number of iterations reaches to the certain value or
the convergence value of the algorithm is satisfied,
Otherwise the algorithms goes to the first step and
the algorithm is repeated again. We note that the
result of increasing the number of iterations is
more accuracy of the iterative algorithm.
o After stopping the algorithm, the relay which
leads to more T;,zq;, less probability of outage for
each user and less interference for the primary user
communication, is selected as the best relay.
Pseudo code for our proposed algorithm which is
named Power Allocation Coefficient Adjustment
and Relay Selection (PACARS) is presented in
Fig.2.

PACARS Algorithm

iter =500;

Initialization:

HiE[Auimin'“imax]

ve [vmin' Umax]

ne [nmin' nmax]

a;€[0,1]

¢ is the small number

it = 1 %%number of iterations

While(([v*? — vt| > ¥)|| (it < iter))

Calculate Tyy¢q;, Ou_P for each user and PUinterf for the primary user
Update u;, v, nand a; multipliers by applying the ellipsoid method
Recalculate Tyy¢q; , Ou_P for each user and PUinterf for the primary
user.

it=it+1

End While

According to Tyy¢q; and constraints of the problem, the best relay is
selected

Fig.2. Pseudo code for the proposed algorithm

5- Results and Discussion

We utilize MATLAB software for simulation. We consider
a square field with the length of 500 m in which the
secondary users, secondary base station, primary user and
relays are distributed randomly. Number of relays is set to
5. Rayleigh fading channel is assumed as the channel model
which is presented as follows [33], [34]

-L
h=10%.g 27)

Where g is considered as a Gaussian random process with
zero mean and unit variance for Raleigh fast fading. L states
the path loss according to the free- space path loss (FPL)
model . Another part is a real Gaussian random variable
with zero mean and standard deviation 3 for large scale log-
normal shadowing. Therefore, we have [35]

L =20log (C“*T”f) +n (28)

Where f is the carrier frequency, d states the distance
between two corresponding users while c is the speed light.
Simulation results are evaluated by averaging over 1000
independent simulation runs. The other required parameters
are stated in Table 2.
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Table 2. The value of the simulation parameters

Parameter Value
Rinys Ren, 0.5 BPCU
Asp, Apr,, 0.1

/15Rn: Ay 1

A4 2

4 0.01
0.1
0.9

o), 0.5

To compare the results of the proposed algorithm, we
propose other algorithms as the bench mark algorithms as
follows

e Fixed Transmission Power of the Relays
Algorithm: This algorithms is proposed to show
the effectiveness of the selected relay
transmission power in the network performance
such as overall throughput, probability of outage
of each user and interference created on the
primary user communication.

e Random Relay Selection Algorithm: This
algorithm is considered to show that the proper
selection of the relay has an important role in
improvement on the problem metrics in (23).
This algorithm is selected due to its low
complexity in implementation.

e Fixed Power Allocation Coefficients Algorithm:
This algorithm is selected to show NOMA
technology effectiveness, in improving the
overall throughput, probability of outage of each
user and interference created on the primary user
communication.

Fig.3 shows the overall throughput versus different values
of n. As we know, 7 is the energy conversion efficiency of
the energy harvesting circuitry. Clearly, the proposed
algorithm duo the proper selection the relay, setting its
transmission power and power allocation coefficients of the
secondary users, has the maximum value of this metric.
However, the proposed algorithm with random relay
selection has the minimum value. This algorithm presents
the importance of the suitable relay selection for improving
the network performance.

Fig.4 illustrates the outage probability versus different
values of 7. We note that all of the algorithms satisfy the
constraint on the outage probability. However, the
algorithm with the fixed power allocation coefficients for
the users has the maximum value of this metric. In fact, this

issue shows the importance of NOMA technology
utilization in the performance improvement of the network.
Fig.5 presents the overall throughput for different values of
p; . Clearly by increasing p;, the overall throughput is
decreased due to the increasing the interference. Proposed
algorithm with the power allocation factors setting has the
maximum value of this parameter while the random relay
selection algorithm has the minimum value. This shows the
importance of the suitable relay selection in improving the
performance of the network.

According to Fig.6, all algorithms satisfy the probability of
outage constraint; however, the algorithm with fixed «, has
the worst value of the outage probability. On the other
words, NOMA technology has an important role for
improving this metric.

Fig. 7 presents the overall throughput of the network for
different values of &. The algorithm with random relay
selection has the worst value of this parameter. In fact, this
figure shows the effect of the suitable relay selection in
improving the throughput of the network. By increasing §,
the relays harvest more energy, therefore the selected relay
has more transmission power. In this case, the overall
throughput of the network also increases.

Fig.8 presents the outage probability for different values of
6. In fact, § exhibits the balancing between the energy
harvesting and information processing. Increasing & leads
to more time for energy harvesting. According to this figure,
the algorithm with fixed a has more probability of outage
since NOMA technology is not used in their network.
Fig.9 plots the overall throughput of the network for
different values of . In fact, { is the residual interference
level due to the imperfect SIC. Therefore, by increasing ¢,
the overall throughput is decreased. On the other hand, the
highest value of the overall throughput is obtained in lowest
value of {.

Fig.10 presents the convergence analysis for the proposed
algorithm to find the optimal value of the Lagrangian
parameter versus different iterations. In fact, this figure
presents the steps of reaching the optimal values of the
Lagrangian parameters. In figure, the convergence is
evaluated according to overall network throughput for the
steps that reach the optimal value of the Lagrangian
parameters. In the 9th iteration, the optimal value of the
Lagrangian parameter is obtained.

6- Analysis of Results

As it is clear in the previous section, the goal of the problem
is maximizing the network throughput by selecting the
suitable relay, setting its transmission power and allocating
power coefficients of the secondary users while the outage
probability and the interference created for the primary user
communication are improved. Fig.3, Fig.5 , Fig.7 and Fig.9
illustrate the overall throughput enhancement in
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comparison to the bench marked algorithms by varying the
energy conversion efficiency of the energy harvesting
circuitry (1), interference effects(p;) , balancing between
the energy harvesting and information processing(d) and
the residual interference level due to the imperfect SIC({)
parameters. In similar way, in Fig.4, Fig.6 and Fig.8, the
proposed algorithm decreases the outage probability and
improves this network metric. Fig.10 presents convergence
analysis of the proposed algorithm to find the optimal value
of the Lagrangian parameter in ellipsoid method. This
figure states the iteration in which the optimal values of the
Lagrangian parameters are obtained.
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7- Conclusions

In this work, performance of a cooperative CR-relay based
NOMA network is investigated in term of the throughput,
outage probability and interference tolerated by primary
user in Rayleigh fading channels. The problem of
maximizing the network throughput is proposed to select
the proper relay with the energy harvesting capability, set
the transmission power of the selected relay and optimize
the power allocation coefficients to each user with
constraints on the outage probability and the interference
created for the primary user communication. The problem
is solved based on convex optimization method and KKT
conditions. Numerical results validate the efficiency of the
proposed iterative algorithm in comparison to the bench
mark algorithms for different values of energy conversion
efficiency of the energy harvesting circuitry (1) ,
interference effects (p;) , balancing between the energy
harvesting and information processing (&) and the residual
interference level due to the imperfect SIC(¢). The problem
investigation for Nakagami-m fading channel and multiple
users can be considered for the future work of this paper.
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