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Abstract-

 

An outline of NOMA principles is provided in this 
article. Furthermore, this page discusses cooperative NOMA 
and its variations, explains power allocation in detail as a 
technique of resource allocation for NOMA, and gives an 
overview of the research challenges related to NOMA.

 

We 
then, use a two-case scenario, to suggest a dynamic power 
allocation (DPA) plan for the downlink NOMA users, albeit it 
can also be expanded to many use cases. The DPA relies on 
channel state information (CSI) to guarantee the quality of 
service (QOS) for cell center customers (user c). The Outage 
probability (OP) as a critical performance criterion simulation 
data is also provided, and they demonstrate a notable 
performance improvement when DPA is employed compared 
to fixed power allocation.

 

Keywords:

 

NOMA, 5G, Power allocation, Cooperative 
NOMA.

 

I.

 

The Introduction

 

he newest member of the multiple access family, 
non-orthogonal multiple access (NOMA), has 
received praise as a viable way to increase 

spectral efficiency in fifth-generation (5G) cellular 
communication networks[1], [2]. A

 

low latency, excellent

 

dependability, enormous connection, superior fairness, 
and high throughput are among the properties of 
NOMA, a suggested multiple-access solution for 5G 
and beyond networks [2] [2]. The multiple access 
strategies listed below, including FDMA, TDMA, CDMA, 
and OFDMA, have been implemented in cellular 
networks of the first through fourth generations [3]. The 
term "traditional orthogonal multiple access (OMA) 
technologies" refers to all of these multiple

 

access 
schemes [4].

 

The number of users served in OMA is 
usually tiny, as the number of resources allocated is 
generally

 

limited.

 

The allocation of resources does not 
result in intra-cell interference in OMA, making it simple 
to retrieve data on many users.

 

A new technology known 
as NOMA is being developed for 5G, which is expected 
to contribute to the development of novel radio access 
systems. In a NOMA system, a base station uses a 
superposition coding algorithm to transmit the users' 
signals. It also uses interference cancellation techniques 
to prevent a disturbance

 

at the reception side [5]. The 

downlink NOMA enables several users to share a single 
medium at the same time, frequency, or code while 
using varying power levels [6], [7], which enhances the 
performance of the channel in several ways, including 
energy efficiency, fairness, and spectrum efficiency [8]. 
NOMA allows many users to share the same time, 
frequency, and code resources at varied power levels, in 
contrast to traditional orthogonal multiple access (OMA) 
techniques. The traditional OMA technology struggles to 
meet the expectations of a growing user base due to 
orthogonal resource limitations. Strong users benefit 
from better channel conditions than weak users, who do 
not [1]. The allocation of a higher power to users with 
more vulnerable channels is moved by supporting a 
certain quality of service (QOS) or improving user 
fairness, and this QOS is usually quantified by 𝑅𝑅𝑖𝑖 ≥ 𝑟𝑟𝑖𝑖  
where 𝑟𝑟𝑖𝑖 is the minimum required rate for user i [3]. For 
signal decoding to be accomplished at the reception 
side, strong users implement the SIC technique while 
weak users decode their messages by treating the 
strong users' messages as noise [1]. The received 
signals are ranked according to the signal-to-
interference-noise ratio or the power from the largest to 
the most minor [9]. In general, user fairness is increased 
by giving users with good channel circumstances low 
power and giving users with lousy channel conditions 
high power [10]. The users served to achieve 
imbalanced rates, which could be crucial in cases with 
tight fairness limitations, given that NOMA is based on 
the SIC order [7]. Power efficiency is vital for ultra-
Reliable low latency communications (URLLC) since the 
NOMA system has a power delay tradeoff, especially 
when many devices are battery-powered. As a result, we 
recommend using dynamic power allocation.  

Fig. 1. is an example of a two-user downlink 
NOMA system in the power domain with SIC being 
implemented at user 1 (user c) and superposition 
coding at the transmission side where the transmitter 
transmits multiple users signals at the same time [11], in 
this case, signals of user c and user e. The transmitted 
signal is given by:  

𝑆𝑆𝑡𝑡 = ∑ �𝑃𝑃𝛼𝛼𝑖𝑖𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1

   (1)  
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Where: P = total transmitted power, 𝛼𝛼𝑖𝑖  = power 
allocation coefficient, and 𝑥𝑥𝑖𝑖  = modulated information of 
users. 

The significant contribution of this paper is to 
theoretically analyze the outage performance
dynamic power allocation strategy that can be applied 
to a downlink scenario with two users. This PA ensures 
the quality of service for the cell center user. This power 
allocation is then used for performance analysis. Mainly, 
outage probability is used as a criterion to analyze the 
system performance under two conditions: 

1. Considering only the path loss. 
2. Taking into consideration both path loss and 

shadowing. 
The rest of the paper is organized as follows: 

the next section highlights some of the NOMA research 
challenges, and related works on improving the 
performance of users in non – orthogonal multiple 
access, and section III discuss performance 
improvement of users in NOMA by further breaking it 
down into two parts, i.e., power allocation and 
cooperative NOMA, in section IV the performance 
analysis and outage probability is used as the 
performance metric, in section V we present the 
simulation results and discussion, and finally section VI 
gives the conclusion. 

II. Related to Works 

When compared to OMA systems, one of the 
major drawbacks of NOMA is the receiver's complexity 
brought on by the use of SIC, as well as the added 
implementation complexity for signal decoding. The 
complexity of receiving also grows with the number of 
users in the cell. Therefore, a high-performance 
nonlinear detection algorithm is required at each stage 

of SIC, for error-free propagation [12]. Another difficulty 
unique to the NOMA method is that once a SIC error 
occurs, all user information is decrypted with errors.This 
is a flawed SIC and a study topic that NOMA hasn't fully 
covered yet [13]. 

In cooperative NOMA, the combined effect of 
multiple copies of user messages increases the 
complexity on the user’s side and degrades the overall 
performance. It also increases the system complexity of 
user cooperation [14]. 

Due to the many advantages that NOMA offers, 
recently, the secrecy issue of NOMA has been studied 
[15]. Since relays re-transmit a copy of the information 
symbols that are summed up via SC and transmitted 
over the same frequency band, which means that once 
the carrier frequency is successfully located by the 
eavesdropper, all users' messages may be intercepted, 
the challenge of realizing secure communications with 
NOMA remains. This is especially true in NOMA 
cooperative relay networks [16]. 

Further research and development are required 
in NOMA to make the 5G goal a reality. 

The improved performance of users in NOMA 
has been studied actively in recent years, and the most 
common one is the study of fixed power allocation to 
address the issue. Still, in this power allocation, the 
concentration is on the cell edge user neglecting the cell 
center user as its quality of service gets compromised. A 
reversed relay-assisted NOMA network is introduced 
considering user fairness. The model has been 
analyzed in terms of all KPIs (e.g., EC, OP, BER) with a 
more accurate imperfect SIC model and imperfect 
CSI [17]. As a result, the authors of [18] developed a 
novel power allocation strategy called a dynamic power 
allocation scheme that aims to balance service quality 
for consumers with varying data rates. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1: Power Domain Downlink NOMA System with Two users 

The power allocation for NOMA based on 
proportional fairness scheduling is studied for both 
max-sum-rate and max–min–rate problems [19]. 

The performance of different NOMA schemes 
including two-user MU-NOMA and multichannel NOMA 
(MC-NOMA), is investigated using optimal power 
allocation, and the performance measures used are 
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max-min fairness, sum rate, and energy efficiency for 
downlink NOMA for performance factors such as sum 
rate and energy efficiency [5]. A dynamic power 
distribution approach for the downlink NOMA scheme 
that ensures user equity by improving the quality of 
service (QOS) of both users has been looked at in[20]. 
A downlink NOMA system with cooperative full-duplex 
relaying is being studied. This technique allows the 
close user to act as a full-duplex relay for the far-off 
user.To reduce the likelihood of an outage, they first fix 
the power allocation (PA) for the base station and 
nearby users before calculating PA analytically at the BS 
and relay using closed-form equations [21]. Two 
scenarios, immediate channel state information at the 
transmitter and average CSI, have been used to 
examine power allocation (PA) algorithms that ensure 
fairness for downstream users [7]. They developed 
algorithms that produce the best result in both cases. To 
increase performance for a cell-edge user of two-user 
NOMA systems in downlink circumstances, two 
cooperative relaying strategies, namely on/off full-duplex 
relaying (on/off-FDR) and on/off-half-duplex relaying 
(on/off-HDR), have been studied [22]. A new definition 
of fairness based on information theoretic grounds 
addressed the user fairness issue in power-domain 
NOMA [10]. The performance of the NOMA scheme in 
terms of outage probability and achievable sum rate for 
a fixed power allocation was analyzed  [6]. Several 
major NOMA schemes for 5G have been discussed and 
compared from the aspects of fundamental principles, 
key features, receiver complexity, engineering feasibility, 
etc. Compared to conventional OMA, NOMA allows 
controllable interferences to realize overloading at the 
cost of a modest increase in receiver complexity [23]. A 
method was proposed to adjust the user rate according 
to the instantaneous channel state information 
(CSI). First,the optimization problem is transformed into 
an equivalence problem. By setting some parameters to 
represent a set of user sum rate allocation problems, 
constructing a penalty function by the interior point 
method, and gradually adjusting the penalty factor to 
solve the extreme point and get the optimal solution [9].  

Through this literature review, it could be seen 
that researchers have tried to improve the fairness of 
users in NOMA by using cooperative relaying, dynamic 
power allocation, etc. However, there still exists a 
research gap in NOMA that ensures the quality of 
service. To this end, we’ll investigate the impact of 
power allocation on the  performance of users in NOMA 
systems. 

III. Performance Improvement of users in 
Noma 

There are several ways in which the 
performance of a NOMA system can be improved for 
users. In this section, we outline two essential features 

that will enhance the performance of a NOMA system, 
and these are; power allocation and cooperative 
relaying. 

a) Power Allocation (PA) in NOMA 
PA plays an important role in NOMA, as users 

are multiplexed in the power domain [11]. It directly 
impacts system performance, like interference 
management, rate distribution, and user admission. An 
inappropriate PA could lead to an unfair rate distribution 
among users and system outage due to successive 
interference cancellation (SIC) failure. When PA 
schemes are being designed, it is cardinal to scrutinize 
several things like users’ channel conditions, availability 
of channel state information (CSI), quality of service 
(QoS) requirements, etc. Some of the PA performance 
metrics that are widely adopted include the number of 
admitted users, sum rate, energy efficiency, user 
fairness, outage probability, and total power 
consumption [24].Thus, the goal of PA in NOMA is to 
achieve either more admitted users, a higher sum rate 
and energy efficiency (EE), or balanced fairness under 
minimum power consumption.  

There are different types of power allocation, 
each trying to accomplish a specific goal, such as 
maximizing the sum rate, the ergodic capacity, energy 
efficiency, etc [25]. To improve user fairness generally, 
low power is distributed to users with good channel 
gain, and high strength is allocated to those with poor 
channel gain [26]. Recently, in some NOMA systems 
series, user fairness issues have received attention [6].  

As discussed in [27], [28], some fixed power 
allocation methods are adopted. This plan uses a 
recursive iteration technique to perform power 
allocation, where a recursive attribution is a number 
larger than zero but less than one. More power will be 
given to the user who has fewer channel conditions. The 
recursive attribution size, which is determined by the 
system and is fixed, also affects how much power there 
is between the two users. It can ensure that users with 
lower channel gains are given more power, but these 
users may experience unfairness and may not satisfy 
different QOS criteria from other users.  

The inspiration for us to develop our proposed 
power allocation scheme that ensures the quality of 
service for the cell center user was obtained from [18]. 
The mathematical model of the proposed system is 
illustrated using equations (2) to (4) and taking the 
basics of fixed power assignment as the reference. 

𝛼𝛼𝑒𝑒 > 𝛼𝛼𝑐𝑐 , 𝛼𝛼𝑒𝑒 + 𝛼𝛼𝑐𝑐 = 1    (2) 

𝑅𝑅𝑒𝑒𝑁𝑁 = log2 �1 + 𝛼𝛼𝑒𝑒 |ℎ𝑒𝑒 |2

𝛼𝛼𝑐𝑐 |ℎ𝑒𝑒|2+1
𝜌𝜌
�    (3) 

  𝑅𝑅𝑐𝑐𝑁𝑁 = log2(1 + 𝜌𝜌𝛼𝛼𝑐𝑐 |ℎ𝑐𝑐 |2)   (4) 

 

© 2023   Global Journals

G
lo
ba

l 
Jo

ur
na

l 
of
 C

om
pu

te
r 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

  
  

  
 V

ol
um

e 
X
X
III

 I
ss
ue

 I
 V

er
sio

n 
I 

  
  
   

3

Y
e
a
r

20
23

  
 (

)
E

Performance Study of Downlink users in Non-Orthogonal Multiple Access (NOMA) for 5G 
Communications



Where:  

  

  

ℎ𝑒𝑒 & ℎ𝑐𝑐 = Channel coefficient for users e and c 

𝑅𝑅𝑒𝑒𝑁𝑁 &𝑅𝑅𝑐𝑐𝑁𝑁 = Data rate for users e and c  

𝜌𝜌 = Transmit SNR 

b) Cooperative NOMA (C-NOMA) 
Cooperative NOMA is another important 

concept that, when combined with NOMA, improves the 
system performance for users in downlink transmission, 
and further improves system efficiency in terms of 
capacity and reliability [13]. In downlink transmission, 
channel conditions may vary due to the near-far 
problem and self-interference. The users in various 
channel conditions can be categorized as strong or 
weak. In C-NOMA, the strong users can serve as relays 
for the weak users, which has the potential to utilize the 
spatial degree of freedom (DoF) even for users with a 
single antenna [29]. Furthermore, users in strong 
channel conditions employ SIC at the receiver in NOMA 
by decoding messages of users who belong to weak 
channel conditions is the main advantage in C-
NOMA [14]. We will consider a four-node system 
network, i.e., BS, Users A, B, and C, as shown in Fig. 2 
[30]. The BS transmits the message for user A, which is 
superimposed with symbols of both A and C. Therefore, 
user A should subtract the messages of users B and C 
before decoding its message using SIC. Similarly, user 
C decodes its message C. In this approach, users A 
and C are considered as relays and forward their 

 

•

 

Coordination phase:

 

Users exchange their source 
data and control messages with each other and, or 
the destination. The source user broadcasts its data 
to both the relay and the destination.

 

•

 

Cooperation phase:

 

Users retransmit their 
messages to the destination

 

cooperatively. The 
relay forwards the source’s data either by itself or 
cooperating with the source to enhance reception at 
the destination [31].

 

To ensure

 

cooperation among users, different 
relaying protocols

 

and techniques could be 
employed, and this depends

 

on the relative user 
location, channel conditions, and transceiver complexity.

 

The cooperative communication protocols

 

which would 
be outlined include Amplify and Forward (AAF) and 
Decode

 

and Forward (DAF) protocols [32].

 

AAF:

 

was 
proposed and analyzed in [32],

 

where each user receives 
a noisy version of the signal transmitted by its partner, 
then amplifies it and

 

retransmits it to the base station. 
The base

 

station

 

receives two independently faded 
versions of the signal and combines them to make better 
decisions on information detection.

 

The main drawback

 

of this method lies in the fact that noise contained in the 
signal is amplified as well and is often used when the 
time delay, caused by the relay to decode and encode 
the message has to be minimized or when there is 
limited computing time/power available to the relay.

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.

 

2:

 

An Example

 

of Three User Cooperative Relay Network with NOMA

 

 

 

  
 

IV.

 

Performance Analysis

 In this section,

 

we analyze the proposed power 
allocation in terms of outage probability to evaluate its 
performance

 

and also give an overview of outage 
probability under two conditions, i.e., path loss only and 
pass loss and shadowing.
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messages. As a result, three copies of messages are 
received via different channels (two copies through the 
cooperative phase and one from the direct phase). 

Performance Study of Downlink users in Non-Orthogonal Multiple Access (NOMA) for 5G 
Communications

= power allocation for user e

= Power allocation for user c

DAF: An example of this can be found in [33]. This 
strategy follows that the relay station decodes the 
received signal from the source node, re-encodes it,
and forwards it to the destination station. It is the most 
often preferred method to process data in the relay 
since there is no amplified noise in the signal sent [31].

𝛼𝛼𝑒𝑒
𝛼𝛼𝑐𝑐



 

 

  

 

  
  
  
   

 
 

  
   
 

  
 

  
   

 
  
  
  
  

 

rate surpasses Shannon's rate[34]. The generalized 
expression for the probability of an outage is given 
below:

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1−𝑃𝑃𝑟𝑟{𝑅𝑅𝑒𝑒𝑁𝑁 > 𝑅𝑅𝑒𝑒𝑇𝑇 ,𝑅𝑅𝑐𝑐𝑁𝑁 > 𝑅𝑅𝑇𝑇} (4)

Where; 𝑅𝑅𝑒𝑒𝑇𝑇 & 𝑅𝑅𝑐𝑐𝑇𝑇 are target rates for user

probability achieved by 
function of the minimum data rate for the cell edge user 
when fixed power allocation (FPA) is used and αe =
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0.95,αc = 0.05. The distances from the BS to the users 
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a) Outage Probability (OP)
Outage probability is defined as the point at 

which the received power (Pr) falls below a given 
threshold (Pmin)[22]. Fig. 3 shows outage probability 
under two conditions, i.e., a) considering path loss only,
which gives a deterministic model, and b) considering 
path loss and shadowing which gives a continuous 
system. In Fig. 3a), the power decay as the users move 

further away from the transmitter is the same power as 
received in the circle. When a specific threshold is met, 
there is no outage, and there is no chance that there will 
be one. Once the boundary is exceeded probability of 
being in an outage is one. Fig. 3 b) It can be observed 
from the shadowing that some parts of the cell are also 
experiencing an outage, and the received power there is 
below the threshold.

Pout = 1

a) O

– pathloss and shadowing

Fig. 3:

SIC, users should decode data at a rapid pace. An 
outage occurs and data loss results when a user's data 
rate surpasses Shannon's rate[34]. The generalized 
expression for the probability of an outage is given 
below:

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1 − 𝑃𝑃𝑟𝑟{𝑅𝑅𝑒𝑒𝑁𝑁 > 𝑅𝑅𝑇𝑇 𝑅𝑅𝑁𝑁 > 𝑅𝑅𝑇𝑇} (4)

Where; 𝑅𝑅𝑒𝑒𝑇𝑇&𝑅𝑅𝑐𝑐𝑇𝑇 are target rates for user

V. Si Re Di

Through simulation, we assess the 
effectiveness of the suggested resource allocation 
strategies in this section. Fig. 4 showsthe outage 
probability achieved by the scheme and is shown as a 
function of the minimum data rate for the cell edge user 
when fixed power allocation (FPA) is used and αe =
.095,αc = 0.05. The distances from the BS to the users 

S
rate must not exceed the 

SIC, users should decode data at a rapid pace. An 
outage occurs and data loss results when a user's data 
rate surpasses Shannon's rate[34]. The generalized 
expression for the probability of an outage is given 
below:

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1− 𝑃𝑃𝑟𝑟{𝑅𝑅𝑒𝑒𝑁𝑁 > 𝑅𝑅𝑒𝑒𝑇𝑇 ,𝑅𝑅𝑐𝑐𝑁𝑁 > 𝑅𝑅𝑐𝑐𝑇𝑇}   (4)

Where; 𝑅𝑅𝑒𝑒𝑇𝑇 & 𝑅𝑅𝑐𝑐𝑇𝑇 are target rates for users e and c

V. Sim Re Di

Through simulation, we assess the 
effectiveness of the suggested resource allocation 
strategies in this section. Fig. 4 shows the outage 
probability achieved by the scheme and is shown as a 
function of the minimum data rate for the cell edge user 
when fixed power allocation (FPA) is used and αe =
0.95,αc = 0.05. The distances from the BS to the users 
are set at de = 500m, dc =100m  for Figs. 4 and 5 and 
the path loss exponent ϵ = 4. It can be seen from Fig. 4.
that FPA  is performing very poorly, despite having user 
c close to the BS, and the probability of the system 

–

Fig. 3:
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Pout = 1

a) Outage Probability with Path Loss only

Pathloss and Shadowingb)  Outage Probability 

a) & b) Outage Probability

ulation sults and scussion

channel capacity. To offset the latency brought on by 
bandwidth, each user's data 

ince NOMA enables users to share a single 



 
   

 

  
  

 

 

   
 

 
  

 

   
 

 
 

   
 

 

 

Fig.

 

5:

 

Relationship between OP and target rate for user e in DPA for 𝑑𝑑𝑒𝑒 = 500𝑚𝑚, 𝑑𝑑𝑐𝑐 = 100𝑚𝑚
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failing is relatively high all the time when the target rate is 
more significant than 4.5 bps. This is because FPA does 
not take into consideration the channel state information 

and also does not take the target rate requirements into 
account.

In Figure 6, at a data rate of 1 bps we don’t expect any failure for the likelihood of being in an outage for 
user c is at 0, but at 10 bps the probability of being in an outage is at 20% for user c.

For the proposed dynamic power allocation
(DPA) in Figs. 5 and 6, it can be seen that there’s a 
lower outage probability because αe& αc are dynamically 
adjusted based on target rate requirements and channel 
state information (CSI). For DPA in Fig. 5, it is shown that 
the outage of user ecompared to Fig. 4 has gradual 

increase as its target rate requirements increase. As the 
target rate increases, this is the expectation, and the 
chances of the user e achieving that target rate become 
lower and lower. This would thus lead to an increase in 
its outage probability. At 10 bps we see the same failure 
rate results for both users.

Performance Study of Downlink users in Non-Orthogonal Multiple Access (NOMA) for 5G 
Communications

Fig. 4: Relationship between OP and Target rate for user e in DPA for de = 500m, dc = 100m from the BS with 
SNR = 30dBm



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6:
 
Relationship between OP

 
and Target Rate for user e in DPA for 𝑑𝑑𝑒𝑒 = 500𝑚𝑚, 𝑑𝑑𝑐𝑐 = 10𝑚𝑚 from the BS with SNR 

= 30 dBm
 

 
   

  
  

 

The behavior of FPA for varying distances is the 
same as in Fig. 4

 

and this is because FPA,as earlier 
alluded, does not take the CSI into account. From Fig.

 

5 
and 6,

 

it can be seen that as the distance keeps on 
varying,

 

the performance of user c keeps improving,

 

and 
we

 

are rest assured that the quality of service for user c 
is not compromised.

 

  

This research study provides a summary of the 
NOMA principle and goes into further detail about the 
power allocation resource allocation technique as a 
means of enhancing NOMA users' performance.

 

It can 
be seen from the results that the proposed DPA 
enhances

 

the system performance as compared to FPA.

 

Additionally, we describe the cooperative relaying 
scheme, which is another technique for enhancing user 
performance through the employment of relays.

 

Typically, users that have better channel conditions 
serve as relays. Additionally, we emphasize the research 
problems that NOMA may face in the future.
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Meanwhile, at the same speed of 10 bps user 
e’s probability of failure is 62%. Also, it can be seen that 
at 10 bps user's c’s performance improves compared 
to Fig. 5 as the user is closer to the BS and the 
probability of failure is at 20%.
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