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Abstract

One of the most strongly nominated wireless access technologies for use in the next
generation of wireless communications is Non-orthogonal Multiple Access (NOMA).
When a comparison is made between one of the orthogonal multiple access (OMA)
technologies, for example, the orthogonal frequency division multiple access
(OFDMA) technology, we note that NOMA offers a set of good characteristics such
as massive connectivity, high reliability with low latency and efficient spectrum
resource management. The main working principle of NOMA is to serve more than
one user using the same wireless resources in terms of time and frequency. The
resource allocation (RA) of the NOMA system (power allocation), fairness among
users, interference management and improving the throughput of the system are the
important challenges because is operating under a considerable group of constraints
that prevent harmful for the user that have a poor channel condition.

Among the challenges and problems facing NOMA are increasing the sum rate and
maintaining an appropriate level of fairness in allocating Power among users. As a
result, In this thesis wireless system model to maximize users' sum rate was proposed
by allocating appropriate power. This model consists of a central cell and a group of
six neighboring cells in a cellular system with cross-tier interference and two
algorithms to improve the total sum rate.

This thesis used three scenarios; In the first scenario, OMA technology was applied.
The second scenario applies the NOMA technique using the GA genetic algorithm.
In contrast, the third scenario involves the application of NOMA technology using
the Gray Wolf Optimization GWO algorithm to the proposed system. Users' sum
rates were used as a metric for evaluating the algorithms performance in simulation
scenarios. In addition, the performance was compared in the presence and absence of

Vi



interference from neighboring cells. The results showed that the proposed method
(NOMA using GWO) is better than OMA and NOMA using GA in terms of user
sum rate and fairness. The highest total rate obtained from the system is (258.0092

Mbps). The results were simulated using MATLAB 2021a.
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Chapter One: Introduction and Literature Review

1.1 Introduction

Various multiple access schemes have been introduced for previous and current
generations of cellular mobile communications. These schemes include frequency
division multiple access (FDMA), time division multiple access (TDMA), code
division multiple access (CDMA), and orthogonal frequency division multiple access
(OFDMA). These multiple access technologies, based on their method of managing
wireless resources between users, are considered orthogonal access technologies.
Single Carrier SC-FDMA or OFDMA is used in 3.9 and 4th generation (4G) mobile
communication systems such as Long-Term Evolution (LTE) and LTE-Advanced,
which are standardized by the 3rd Generation Partnership Project (3GPP) [1-3].
Orthogonal multiple access (OMA) was a reasonable choice for achieving high
system-level throughput [4]. Thus, the 3GPP has recently convened a meeting to
discuss the future evolution of Long term evolution LTE. It is necessary to go to
realistic solutions that rise to the level of future challenges in wireless networks in

order to ensure continuity during the next decade in 3GPP radio access technologies

[5].

A combination of multiple approaches would be required to meet such demands,
namely techniques for spectrum efficiency enhancement and efficient use of
frequency bands. In this aspect, one of the essential things in 3GPP is to improve the
spectrum efficiency well and enhance it, which is done by new radio access
techniques. Although achieving a further threefold increase in spectrum efficiency

over the LTE baseline for Future Radio Access FRA may be difficult. Since LTE
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already outperforms 3G High-Speed Packet Access (HSPA) in terms of spectrum
efficiency by a factor of three to four. The target gain will be ten times greater than
that of 3G HSPA; For example, a significant increase in capacity can be achieved if

other methods are used, such as network densification can be up to 500 fold up [6].

The use of interference cancellation to improve the spectrum efficiency of non-
orthogonal multiple access (NOMA) schemes is a promising new multiple access
scheme for future radio access (FRA) [7]. There are many advantages and
characteristics that NOMA enjoys. In general, NOMA techniques can be classified
into Two Sections Code Domain NOMA (CD-NOMA) and Power Domain NOMA
(PD-NOMA) [8]. This thesis will study the power field in detail. To maximize
system throughput, optimization algorithms are proposed, such as Genetic Algorithm

GA and Grey Wolf Optimization Algorithm GWO.

1.2 Problem Statement

Now and With the increasing number of users, it has become necessary to switch to
the new technique with better performance and better ability to handle more users. In
the case of multiple access, communications techniques can make efficient use of
limited spectrum resources. One of the most important multiple access methods that
show high efficiency in managing spectrum resources and high throughput based on

different studies is NOMA.

Power allocation and control is critical factor in increasing the capacity of wireless

networks, particularly in NOMA systems, due to their direct impact on the user's sum
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rate. It is necessary to consider these wireless resources while studying the

performance of the NOMA system.

The main problem addressed in this thesis is to increase the sum rate of each user
within the downlink NOMA system with the possibility of achieving fairness in the

allocation of power using the scale of the sum rate obtained by each user.

1.3 Literature review

To complete the components of the thesis, many related works to the topic of NOMA

have been studied and include them as follows :

In [9], Boya et al. (2014) the problem of resource allocation in the downlink NOMA
network was studied through the allocation of power and sub-channels, taking into
account the balance between the number of users and the maximization of the total
rate. To solve this problem, the User-Sub channel matching algorithm (USMA) was
proposed, which is a modified and low complexity algorithm that has the ability to
balance the number of users and sub-channels and form a stable match. Through the
simulation results, it was found that the number of users who subscribed to the same
channel significantly affected the overall sum rate. Also, the overall rate of users in
the case of using NOMA technology with the proposed algorithm is much higher
than in the case of using OFDMA technology, regardless of the number of users or
sub-channels. In [10], Jianyue et al. (2017). NOMA downlink power allocation was
studied to maximize the overall user rate while adhering to Quality of Service (QoS)
constraints. Effective methods for power distribution and sub-channel allocation

were jointly proposed by exploiting the dynamic matching algorithm coupled with
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the optimal power allocation. The results showed that the proposed method for
optimizing the joint resources achieved near-optimal performance compared to
OFDMA schemes. In [11], Islam et al. (2017) ,as detailed study was carried out on
the work of wireless resource allocation algorithms in the downlink NOMA system.
Through this study, it was found that these algorithms have a critical role in
increasing NOMA throughput. In order to achieve fairness among users with high
system throughput, the Divide -the next largest difference based User Pairing
algorithm D-NLUPA was proposed. A comparison was made between MIMO-OMA
and MIMO-NOMA. The results showed the superiority of MIMO-NOMA in
throughput and outage probability. In [12], Chin-Liang et al. (2018) the resource
allocation were investigated in an OFDMA-based NOMA downlink system with a
base station and an even number of users. Where every 2 users were shared together
in certain sub-channels. The optimum power is assigned to both users who share the
same sub-channel, and this allocated power is subject to a minimum user capacity. A
water-filling algorithm has been proposed to allocate energy and amplify gains
across different subcarriers while meeting the constraints of user fairness. Simulation
results show that the proposed scenario overcomes the traditional OFDMA in terms
of providing better system capacity. In [13], Ken et al.(2019), The problem of
wireless resource management was specifically studied, the problem of allocating
power to achieve a balance between increasing the overall total rate of the system,
taking into account the retention of the user's minimum limit in the NOMA system.
To provide a solution to the problem of matching the sub-channel with the number of
users and allocating the optimum power, the Global Optimal Search (GOS)
algorithm is proposed. The proposed algorithm achieved an increase in the

throughput of the system, but it was not the optimal solution because its high
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complexity. In this case, an algorithm with low complexity was proposed, the
Adaptive Proportional Fair (APF) algorithm. In [14], Estela et al. (2019) the optimal
relationship between the channel conditions of two NOMA downlink users was
studied in terms of maximizing the overall rate of the system. To solve the problem
of allocating the sub-channel to the users, the ideal partner search algorithm (IPSA)
is proposed to select the most suitable partner for each user on the same sub-channel.
Where it was found through this study that any difference between the states of
channels for two users significantly affects the performance of the system. This
difference is highly dependent on the conditions of each channel. The simulation
results showed that the proposed algorithm overcame many methods, as it overcame
the random subcarrier and power allocation (RSPA) and user grouping (UG) in terms
of the number of users in the system, achievable total rate and BER. In [15], Amanjot
et al. (2019) The power allocation problem in the NOMA-OMA downlink hybrid
network has been studied. Two users are paired up with a random mechanism, one
with good channel conditions and the other with poor channel conditions. These pairs
compete with each other for the appropriate transmitter power transmitted by the BS
to achieve the highest overall rate. This process is repeated for each pair to get its
appropriate transmitted power from the base station. Simulation results show that the
proposed scheme leads to a good overall rate when compared to schemes using OMA
alone or NOMA alone. In [16], Marie et al. (2020) the use of new strategies for
power allocation and sub-channels were studied in the non-orthogonal multiple
access scenario. The goal of these strategies is to reduce spectrum usage while
maintaining the required data rate for each user. These strategies include user pairing
selection optimal or sub-optimal power allocation; a non-orthogonal hybrid scheme

has been introduced. This hybrid scheme enables dynamic switching to orthogonal
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signals when non-orthogonal access does not improve the data rate achieved for each
sub band and dynamic switching from NOMA to orthogonal signals. But one of the
drawbacks of these strategies is the high complexity due to the frequent use of the
Successive Interference Cancellation SIC at the receiver side, including orthogonal
and non-orthogonal access. As a result, there are studies and research to reduce its
complexity and maintain the level of overall sum rates for users. In [17], Mohammed
et al. the problem of joint power distribution and antenna selection (J-PA-AS) for
downlink clustered non-orthogonal multiple access (NOMA) networks is studied. In
particular, the goal is to perform antenna selection for each user group and allocate
transmit power to its users in order to maximize the network's total rate, while
meeting Quality of Service (QoS) requirements. In turn, a low-complexity two-stage
algorithm is proposed, in which the first stage optimally solves the problem of
distributing the power of the sum-rate to the maximum for each pair (antenna, user
group). In the second stage, antenna selection was optimally resolved in polynomial
complexity via Kuhn-Munkres with the KMB backtracking algorithm. The
simulation results are presented to validate the proposed algorithm, which has been
shown to give the optimal network sum rate efficiently, and in comparison with the
optimized J-PA-AS scheme (resolved via a global optimization package), and
superior to other scaling schemes. The effect of spatial diversity on the network
aggregate was also highlighted, as it turned out that the more antennas in the base
station, the higher the network aggregate rate, and the lower the outage ratio. In [18],
Shweta et al. user association UA and power allocation PA problems were jointly
addressed with the goal of maximizing the sum-rate of the MIMO-enabled mega-
delivery network while exploiting NOMA and full-duplex techniques. Based on the

proposed framework, the hitch and jumper rate equations with imperfect channel
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state information CSI have been formulated. Furthermore, the total rate is maximized
with minimal service quality and delivery limitations during accounting fairness
issues. Initially, a non-convex problem is formulated and then a corresponding
solution is obtained by dividing it into several convex sub-problems. The simulation
results showed a significant improvement in the sum rate using the proposed
algorithm on the current schemes. Finally, in addition to the number of antennas and
the number of SBS stations, the results showed the dependence of the total rate on
the self-cancellation factor and the minimum transmission rate. In the future, the
common UA and PA problem of multiple antennas in each SBS with defective CSI
and more than one MBS in the network will be investigated which will make it more
suitable for future practical applications. Besides, the energy efficiency measure of
the proposed framework was evaluated and optimized to study the trade-off between
power consumption and spectral efficiency (SE) to improve system performance. In
the few existing literature, channel correlation is useful for massive MIMO
technology with the help of NOMA technology. Hence, improving the performance
of the proposed framework can also be studied while considering channel correlation
in the future to make the study more robust for real-time deployment. Table 1-1

briefly shows the related works that were explained above.
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No. Title of related work

Radio Resource
Allocation for
1 Downlink Non-
Orthogonal
Multiple Access
(NOMA) Networks
using Matching Theory
Multichannel Resource
Allocation for
2 Downlink
Non-Orthogonal
Multiple Access
Systems
Resource Allocation for
Downlink NOMA
3 Systems:
Key Techniques and
Open Issues

Low-Complexity Resource
Allocation for Downlink

Multicarrier NOMA System

Spectrum Resource and
Power Allocation With
5 Adaptive Proportional
Fair User Pairing for
NOMA Systems
A Fast Algorithm for

6 Resource Allocation in

Table 1.1: The related works

Transmission
Year

scenario

2014 Downlink

2017 Downlink

2017 Downlink

2018 Downlink

2019 Downlink

2019 Downlink

Max.

users in

each sub

channel

More than

two users

Two

More than

two users

Two

Two users

Two users

No. of

antennas

Single

Single

Multiple

antennas

Single

Single

Single

No. of cells

Single-cell

Single-cell

Single

Single

Single

Single cell

Cal.
External

interference

No

No

No

No

No

No
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10

11

Downlink Multicarrier
NOMA
Power allocation for
downlink multiuser
hybrid NOMAOMA
systems: An auction
game approach
New Optimal and
Suboptimal Resource
Allocation Techniques
for Downlink Non-
orthogonal Multiple
Access (NOMA)
Joint Power Allocation
and Antenna Selection
for Network Sum-Rate
Maximization in
Clustered Downlink
NOMA Networks
Low-Complexity Joint
User and Power
Scheduling for
Downlink NOMA over

Fading Channels

Performance
Enhancement of Non-
Orthogonal Multiple
Access (NOMA) Based
on Optimization

techniques

antenna

2019 Downlink | Two users Single Single cell No
antenna

2020 Downlink Two Single Single No

2021 Downlink Two Multi Single cell No
antenna

2021 Downlink Two Single Single cell No
antenna

2022 Downlink Multiple Single Multi cell Yes
users antenna
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1.4 Thesis Objectives

The specific objectives of this thesis are:
1. To build a downlink NOMA system using Matlab simulation.

2. To suggest Algorithms that achieve a high sum rate for the user, taking into

account the fairness among them.

3. To Make a comparison between NOMA using the proposed algorithms and OMA

in terms of the sum rate.

1.5 Thesis Contributions

This thesis aim to provide a better performance of NOMA downlink through several

essential contributions to improve system performance are as follows:
1. Implementation of GA and GWO Algorithms in the downlink NOMA system.

2. Allocation of power between users in the NOMA system using GA and GWO
Algorithms. In addition, the minimum and maximum number of users sharing the

same channel has been included as part of the optimization problem.

3. Calculating the effect of interference between users and BSs of neighboring cells

on the total rate of the system.

4. Investigate the system's performance in the presence of different numbers of users

and sub-channels.
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Chapter One Introduction and Literature Review

1.6 The structure of the thesis

This thesis contains five chapters. The first chapter provides an introduction, problem
statement, Literature review, thesis objective, and thesis contributions. The rest of

the thesis is organized as follows :

Chapter Two: Displays multiple access technologies, The difference between
orthogonal and non-orthogonal multiple access techniques, General description of
non-orthogonal multiple access technologies in the cases of uplink and downlink

And finally, the optimization techniques used in this thesis.

Chapter Three: This chapter includes, describing the proposed system model and

optimization problem formulation.

Chapter Four: Shows the simulation results for the proposed optimization

techniques.

Chapter Five: It includes the most important conclusions reached through the thesis

with ideas and proposals for future research directions.
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Chapter two: Theoretical Background

2.1 Non Orthogonal Multiple Access (NOMA) Technique

One of the best ways to increase bandwidth, data rate, and network capacity in
wireless systems is to use multicarrier transmission [19]. Since the network nodes
(cells) and users can simultaneously transmit and receive data via the shared medium
(i.e., channel) with the minimum level of interference [20], subsequent generations of
mobile communications have employed several multiple access techniques for data

exchange between a base station (BS) and users.

In addition to the new promising multiple access technique for the fifth generation of
wireless systems, this chapter provides an overview of the fundamentals of multiple

access techniques used in each generation of mobile technologies.

2.2 General overview of multiple access techniques

In this section, the most prominent multiple access technologies that have been used
in each of the different generations of wireless communications will be presented.

Include: FDMA, TDMA, CDMA, and OFDMA.

2.2.1 Frequency Division Multiple Access (FDMA)

The oldest communication technique used in broadcasting, land-mobile two-way
radio, and other applications is FDMA (frequency division multiple access). It all
starts with a frequency band assigned by the FCC (Federal Communications
Commission). The FCC issues licenses to operate wireless communication systems

in specific frequency bands. These frequency bands are further subdivided into
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channels and assigned to users. Figure 2-1 depicts the fundamental principle of a
typical FDMA technique. As illustrated in the picture, the FCC-allocated frequency
band is divided into multiple frequencies, referred to collectively as channels. Each
channel has a unique user allocated to it. The channel is occupied for the duration of

the call in this technique. FDMA has been used for 1G wireless system [21].

Frequency
/]\ User D
_|
-
3
%. User C
g.
>
S User B
>
Q.
g,
a /\
= User A : Sub channel{Sub-band
J v
Time

Figure 2-1 Frequency division multiple access (FDMA) [22].

2.2.2 Time Division Multiple Access (TDMA)

Time-division multiple access is a multiple access scheme, which is widely used in
broadband satellite systems and the GSM cellular mobile systems. In time-division
multiple access (TDMA), the available channel bandwidth in its entirety is used by
every user, but the users take turns in making use of the channel in a timely manner.

In other words, the channel is sequentially time-shared among many users through
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non-overlapping time slots in a circular manner (i.e., one after the other). It was used

in 2G cellular networks. [23], as showed in figure 2-2.
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Figure 2-2 Time Division Multiple Access (TDMA) [22].

2.2.3 Code Division Multiple Access (CDMA)

Code-division multiple access (CDMA) is a channel access method used by various
radio communication technologies. CDMA is an example of multiple access, where
several transmitters can send information simultaneously over a single
communication channel. This allows several users to share a band of frequencies (see
bandwidth). To permit this without interference between the users, CDMA employs
spread-spectrum technology and a special coding scheme (where each transmitter is

assigned a code).
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CDMA optimizes the use of available bandwidth as it transmits over the entire
frequency range and does not limit the user's frequency range. Figure 2-3 depicts the

fundamental principle of a typical CDMA technique.

It is used as the access method in many mobile phone standards. 1S-95, also called
"cdmaOne"”, and its 3G evolution CDMAZ2000, are often simply referred to as
"CDMA", but UMTS, the 3G standard used by GSM carriers, also uses "wideband
CDMA", or W-CDMA, as well as Time Division- Code Division Multiple Access
(TD-CDMA) and Time Division-Synchronous Code Division Multiple Access (TD-

SCDMA), as its radio technologies [24].

User D /

User C
Frequency

User B |// /ﬂ P
oo S ,\@b&
ser L q;\&@ i

Figure 2-3 Code Division Multiple Access (CDMA) [22].

Orthogonal code space

2.2.4 Orthogonal Frequency Division Multiple Access (OFDMA)

FCC (Federal Communications Commission) provides licenses to operate wireless

communication systems over given bands of frequencies. These bands of frequencies
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are finite and have to be further divided into smaller bands (channels) and reused to
provide services to other users. This is governed by the International
Telecommunication Union (ITU). OFDMA is a relatively new wireless
communication standard used in 4G WiIMAX (Worldwide Interoperability for
Microwave Access) and 4G LTE (Long-Term Evolution) protocol. It may be noted
that WiMAX is an IEEE 802.16 standard, while LTE is a standard developed by the
3GPP group. Both standards are surprisingly similar and bandwidth-efficient.
OFDMA is used in the 4G cellular standard. Both LTE and WiMAX standards use
several common technologies with subtle differences. The main common technology
is orthogonal frequency-division multiple access (OFDMA). In WiMAX, OFDMA is
used on both the downlink and the uplink, whereas in LTE it is used only on the
downlink. Figure 2-4 depicts the fundamental principle of a typical OFDMA
technique. However, the technology used in the uplink of LTE, single-carrier
frequency division multiple access (SC-FDMA), is nothing but a simple modification

of OFDMA [25,26].
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Figure 2-4 Orthogonal Frequency Division Multiple Access (OFDMA) [22].

2.3 Multiple access approaches that are orthogonal versus non-

orthogonal

Multiple access techniques are the key part of radio access technologies for cellular
communications. These techniques can be classified into orthogonal and non-

orthogonal multiple access methods.

In orthogonal multiple access techniques (OMA), signals transmitted by different
users are orthogonal to each other either in frequency, time, or code domains in order
to mitigate the multiple access interference (MAI) effects. This principle has been

simply employed in FDMA, TDMA, CDMA, and OFDMA [27].

OMA has failed to meet the rigorous needs of future communication systems, which
include great spectrum efficiency, huge connection with a variety of QoS, low
latency, and user fairness [28]. Considering all of these needs, it's no surprise that
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new and promising communication systems consider them a problem. As a result,
Non-Orthogonal Multiple Access (NOMA) is presented as one of the potential

technologies that can be used to meet the new demands [29].

In the field of wireless communications networks, NOMA is a viable technique for
building new radio access for the fifth generation (5G) of wireless networks [30].
Figure 2-5 shows the difference in the amount of power allocated to each user in both
OMA and NOMA techniques. Through the combination of the notion of
Superposition Coding (SC), which is used on the transmitting side, and the (SIC)
principle, which can be used on the receiving side , NOMA can achieve high spectral

efficiency [31].

Power Power

Orthogonal between users Superposition and power allocation

Y Y

Time, Code, Frequency Frequency

Orthogonal Multiple Access (OMA) Non-Orthogonal Multiple Access (NOMA)

Figure 2-5 Allocation of resources in multiple access approaches that are

orthogonal and non-orthogonal [27].

While the number of devices connected to wireless mobile communication systems
has increased dramatically in recent years, spectrum resources remain extremely

constrained. As a result, reusing them a few times for various users and applications
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is one way to alleviate the spectrum access problem. Additionally, as demand for the
Internet of Things (I0T) has grown, the imperative to link every person and thing to

the network has grown [28].

Current wireless communication systems have some restrictions, which limit any
future advances necessary to meet the criteria for future wireless communication
systems. This motivation drives researchers to develop appropriate techniques and
possibly incorporate them into the next generation of wireless communication
systems in order to meet emerging requirements such as extremely high spectral
efficiency, extremely low latency, massive device connectivity, high achievable data
rate, user fairness, high throughput, support for diverse quality of service (QoS),

energy efficiency, and low cost [32].

In reality, OMA approaches have encountered a number of difficulties. One of these
issues is the insufficient number of supported users, which is restricted by the

number of orthogonal resources that are available [33].

The spectral inefficiency of OMA is another problem that it must contend with [34].
It enables customers experiencing bad channel conditions to reserve one of the few
bandwidth resources available in the event that the user has high-priority data to send
or has not been served in a lengthy period of time. Because of this issue, the whole

system's spectral efficiency and throughput are significantly impacted [35].

Regarding user fairness, low latency, and massive connectivity in OMA, for example
in OFDMA with scheduling, a high priority for serving is returned to the user with a
good channel condition, while the user that has bad channel condition should wait for

access. That finally causes a fairness problem and high latency.
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Due to the aforementioned restrictions, OMA is insufficiently applicable and
acceptable to supply the characteristics required by future generations of wireless
communication systems. As a result, experts have proposed NOMA as a strong

option for the next generation of wireless systems' multiple access technique [36].

Specifically, two fundamental terms have been addressed: (SC) and (SIC). These
terms have been addressed in order to make non-orthogonal multiple access practical
to implement. In order for distinct users to be superimposed in either the power-
domain or the code-domain, NOMA makes use of the notion of superposition coding
on the transmitting side. Figure 2-6 shows the main principle difference between the
Oma and Noma techniques. This is possible since these users are sharing frequency
or spreading code at the same time. Users inside the system can be allocated to many
groups at the same time, allowing for greater flexibility. Due to the implementation
of NOMA in each group, the orthogonal bandwidth resources have been allotted to
the groups that have been formed. In order to recognize and decode received

messages, successive interference cancellation is used at the receiving end [37, 38].
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Figure 2-6 A comparison between the NOMA and the OFDMA [39].

On the other hand, NOMA can be divided into two categories: Code Domain CD

NOMA and Power Domain PD NOMA [7]. In (PD-NOMA), Users are assigned

different power levels depending on power allocation algorithms, which in turn

depend on the user's channel circumstances to achieve the highest benefit in system

performance. Because the power allocation procedure is also utilized to segregate

various users, multi-user interference cancellation can be performed using the notion

of SIC [29].
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2.4 NOMA's Advantages

When a comparison was made between NOMA and OMA based on different studies,
then it was proved that NOMA overcame OMA in terms of the efficiency of the
using the spectrum, as it was more efficient in the case of the downlink by a
percentage that reached 30%, while the percentage reached 100% in the case of the
uplink [28] for that. NOMA has been considered as one of the most efficient multi-
access techniques in the optimal use of the spectrum. NOMA has the characteristics
and advantages that make it able to overcome the challenges that faced OMA as well
as meet the requirements of the next generation of wireless communications systems

[40,41]. Below are some of the features that enabled NOMA from overcoming OMA

Spectral efficiency and throughput : Because each user is assigned a specific
frequency resource regardless of whether they have excellent or poor channel
conditions in OMA, the overall system has low spectral efficiency and low
throughput, which is a problem in OFDMA and other OMA techniques [28]. In
NOMA, the same frequency resource is simultaneously allocated to many mobile
users with a different power assignment to each of them [42]. A weak user can use
the same frequency resource assigned to the strong user, and SIC operations can
detect interference in the receivers of both users. Thus, there will be a significant rise
in the probability of achieving greater spectral efficiency and high throughput, as

shown in Figure 2-7.
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Power Power

OMA (OFDMA based) NOMA

N
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Frequency Frequency

Figure 2-7 An illustration of the differences between OMA and NOMA [43]

Fairness of user : The problem of fairness between users in the distribution of
wireless resources when using OFDMA technology (one of the OMA technologies)
appears if two users are assumed within the system, one with good channel
conditions and the other with poor channel conditions. In this case, service priority
will be given to the first user [44]. On the other hand, unlike OFDMA, in the case of
using NOMA, the service mechanism differs, as it serves both users at the same time,
and thus this mechanism leads to achieve user fairness and increasing system

throughput [6].

Compatibility: In contrast to OMA, NOMA does not require major modifications in
the architecture to be compatible with future communication frameworks. For
example, it is included in the (3GPP LTE Release 13) Long-term evolution

Advanced 3G Partnership Project [45].
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Massive connectivity: Because NOMA resource distribution is non-orthogonal, the
number of supportable users/devices is not strictly restricted by the number of
orthogonal resources available. As a result, NOMA can provide enormous

connectivity by greatly expanding the number of simultaneous connections. [39].

Low transmission latency and signaling cost: Access-grant requests are used by
OMA to communicate between users and BS [46]. The user must make a scheduling
request to the BS to initiate communication. When the BS receives the request, it
schedules the uplink transmission and responds to the user by issuing a clear-to-send
signal to certify the link is clear. As a result, there is a significant increase in
transmission latency and signaling overhead. With this much latency, 5G cannot be
relied on to provide widespread connectivity. In particular, the LTE access grant
operation takes around 15.5 ms before data transmission [39]. As a result, the radical
requirement of a user delay of less than 1 ms cannot be easily met [47]. For NOMA
uplink communication, the transmitter uses multiple access without requests to grant
access. To put it another way, NOMA was implemented with significantly decreased
transmission latency. Using SIC on a more significant number of users, on the other

hand, can result in increased latency [48].
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Table 2-1 NOMA and OMA are being compared [27].

Advantages

Disadvantages

Low complexity in the

It has a lower spectral

receivers efficiency
OMA Supports a limited number of
users (fewer)
Not achieving justice
e It has a higher spectral High complexity in the
efficiency receivers high sensitivity to
e Provides a high connection channel uncertainty
NOMA density

achieve user fairness
lower transmission latency
Higher quality of service
QoS

2.5 General description of NOMA in downlink and uplink

This section demonstrates the fundamental concepts of NOMA, both in the downlink

and uplink directions. Whether upward or downward, NOMAs are subsets of

multiple access channels (MACSs) or broadcast channels (BCs). Due to the critical

importance of these multiple access techniques in the next generation of

communication techniques, was present the NOMA principles in two parts, one for

downlink and one for uplink. The first section will cover the fundamentals of NOMA

in the downlink, while the second section will demonstrate NOMA principles in the

uplink.
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2.5.1 Downlink NOMA

On the downlink NOMA network, the transmission side is illustrated in Figure 2-8.
As shown in this diagram, this network is comprised of two users that are served by a

base station that has a single transmitter antenna and a single receiving antenna.

In a downlink scenario, in general, the base station broadcasts superposition of n
signals to users by a selection of their different power levels. The BS sends a signal
to the user n (n=1,2,...,N), which is represented by s,, and transmission power p,,.

Summation of p,, (n=1,2,....N ) is equal t0 p¢otai-

The transmitted signal can be represented by the formula:

xzz\/ﬁsn n=12...,N (2.1)
n
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Figure 2-8 NOMA downlink scheme with power assignment diagram [49].

Then, the signal received by the user n can be represented by the formula:
(2.2)

Vo = hpyx +wy,

where h,, denotes the complex channel coefficient between the base station and the
user n, w, denotes Additive White Gaussian Noise at the user n including noise

variance o2,

The successive interference cancellation method is applied at the user terminal in

order to eliminate the influence of the undesirable received signal components. SIC
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decoding order is determined by the position of users in the list, which is ordered

h 2
according to the quality of channel | ;zl , Based on this order, each user can
n

decode its signal correctly and avoid interference caused by signals from other users

[35].

Typically, users with low quality channels should have greater power levels given to
them in order to improve their received signal-to-interference-noise-ratio (SINR)
and ensure good detection reliability. The converse method is used by users with a
higher quality of channels. They have a high possibility of accurately detecting their
data, despite the fact that they require less power. Because of this, the SIC method

can be used in their receivers [50]. assuming that

hil?  |hy|? Iy 2
L 23
o5 o lofs

Distribution of allocated power among the users can be arranged as:

P1<pP2<-<Dpn (2.4)

Further, in the case of two users as shown in Figure 2-8, it was assumed that the
quality of channel of the first user is better of the second user, and thus

hq|? h,|? . .
| 12I > | ZZI and p; <p, . In NOMA networks, in the downlink state, SIC

03 P

operations are performed by the user. These operations implement by adopting a
descending order according to the channel quality of the user, and since the quality of
the channel of the strong user is the best, it is he who performs the operations of the

SIC. This is done first by detecting the weak user's signal, then subtracting it from
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the total signal received, then the strong user obtaining his own signal. [35], as

shown in Figure 2-9. Thus, the throughput R; of user 1 can be expressed as

follows:

P;|h
R1:10g2 1+

whereas, for the user 2 it is:

R, =log, <1 +

P, |hy|? )
(p1lhq]? + 022)

(2.5)

(2.6)

Super imposed signal of
User 1 and User 2

Base Station

S

Receiver of User 1

User 2
detection

Subtract signal
of User 2

User 1
detection

User 2 detection

Receiver of User 2

Figure 2-9 Diagram for the SIC decoding process at the user’s terminals [51].
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2.5.2 Uplink NOMA

This section provides an overview of uplink NOMA, including its fundamental ideas,
existing schemes, and performance. The uplink NOMA operates in a manner quite

distinct from the downlink NOMA.

In the uplink NOMA, each user broadcasts its own unique signal s,, to BS using the
same radio frequency range shared by numerous users, as illustrated in Figure 2-10.
In this situation, the transmitted and received signals respectively can be expressed as

follows:

Xpn = +/PnSn n=12..,N (2.7)
y = Z hpx, +wy, n=12,...,N (2.8)
n

where h,, denotes the complex coefficient of the channel between the BS and the

user n, w, denotes the AWGN at the BS.
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Figure 2-10 Schematic of the uplink NOMA with allocated power [51].

It is assumed that

|hq1]% _ |hy|? |hy|?
p > p > e > p (2.9)

Thus, the allocated power levels for the users are assumed as:

P1>D2> " >DN (2.10)

The amount of transmitted power per user is restricted by the amount of maximum
battery power available to the user. If the channel gains of all users are sufficiently

distinct, they will be able to utilize their battery power independently up to the
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maximum. When the channel gains get too close to each other, the power control can
be used to improve the performance of users who have better channel gains while

keeping the performance of users who have weaker channel gains [52, 53].

The concept of SIC decoding in the uplink NOMA is quite different from that in the
downlink. The optimal order of SIC decoding is based on the order of decreasing of

2
quality of channel li?zl [54].

n

In NOMA's uplink, the signal is detected in two stages: In the first stage, the base
station detects the signal of the strong user s;, which is the first user who has a
higher channel gain than the second user, in case of interference caused by the
second user. In the second stage after the process of detecting the first signal s;, the
receiver subtracts this signal from the total signal that was received, and then detects

the second user's signal s,[7], as shown in figure 2-11.

Superimposed signal
of Userl and User2

\\/ SIC process
User 1
User 1 Subtract signal User 2 detection
detection of user 1
Receiver of Userl and User2
User 2

Figure 2-11 Scheme of SIC decoding process at BS [51].

As a result, we can obtain the individual data rates for user 1 and user 2 as follows:
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p1lhy|? )
R =1lo 14— 2.11
! gz( p2lha|? + of (211)
h 2
R, = log,(1 + pz'g;' ) (2.12)

2

2.6 Optimization techniques

In this thesis, two approaches of improving the performance of the proposed NOMA
system will be used to improve the overall sum rate of the system by allocating the

appropriate power for each user, taking into account the fairness in this allocation:
2.6.1 Genetic Algorithm

GA was inspired by the Darwinian theory of evolutionary , in which the survival of
fitter creatures and their genes were simulated. GA is a population-based algorithm.
GA evaluates the fitness of each individual in the population using a fitness
(objective) function. For improving poor solutions, the best solutions are chosen

randomly with a selection (e.g. roulette wheel) mechanism [55, 56].

The GA algorithm is stochastic, so one might ask how reliable it is. What makes this
algorithm reliable and able to estimate the global optimum for a given problem is the
process of maintaining the best solutions in each generation and using them to
improve other solutions. As such, the entire population becomes better generation by
generation. This algorithm also benefits from mutation. This operator randomly
changes the genes in the chromosomes, which maintains the diversity of the

individuals in the population and increases the exploratory behavior of GA. Similar
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to the nature, the mutation operator might result is a substantially better solution and

lead other solutions towards the global optimum [57].

GA enables us to tackle unconstrained, bound-constrained, and general optimization
problems [58]. There are five stages in implementing a genetic algorithm, namely:
initial population, fitness function, selection, crossover, and mutation. Selection,
crossover and mutation are called reproduction operators [59]. Figure 2-12 shows a
flowchart illustrating the genetic algorithm. In addition, Algorithm 1 presents the

steps for implementing this algorithm.
2.6.1.1 Initial population:

The starting population is often a population of randomly generated solutions or

individuals [59].
2.6.1.2 Fitness function:

Also called fitness value, it is a suitable mechanism for determining the best solution
to a problem or determining the best chromosome. Where a fitness value is
determined for each chromosome. Whereas a lower value indicates that the solutions

or chromosomes are not suitable, a higher value indicates that it is well suited [60].
2.6.1.3 Selection:

It is a genetic factor that is used for the selection process of the parents who will
survive in order to produce the next generation. In most cases, the fathers with the
highest fitness values for mating are selected. The main objective of this selection
process is to give encouragement to individuals of high fitness to adapt in order to be

selected for the next generation [61].

34



Chapter two Theoretical Background

2.6.1.4 Crossover:

It is the process by which new solutions are generated from the current population by
collecting genetic information from the original chromosomes to then produce a new

population or offspring [59].

2.6.1.5 Mutation:

With a mutation probability mutate new offspring at each position in chromosome.
Similar to the case of crossover, the choice of the appropriate mutation technique
depends on the coding and the problem itself. Mutation has the greatest effect in
treating locality of crossover. It gets random solution that may lead GA to the global

optimum [58].
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Figure 2-12 Steps of a simple genetic algorithm [58].

2.6.2 Pseudo-code of the standard Genetic Algorithm

Algorithm 1

1: Input : N : Population size; Pc : Crossover rate; Pm : Mutation rate.
2: Output : Best Chromosome.

3:t_0
4: Initialize arbitrarily the initial population P(t)
5: while (not termination condition) do

6: Evaluate P(t) using a fitness function
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7: Select P(t) from P(t — 1)
8: Recombine P(t)

9: Mutate P(t)

10: Evaluate P(t)

11: Replace P(t — 1) by P(t)
12:t t+1

13:end

2.6.3 Grey Wolf Optimization (GWO)

2.6.3.1 Introduction

It is an improved algorithm and the nature of its work is inspired by nature,

specifically from the behavior of grey wolves in how they hunt their prey [62].

Grey wolves are considered from the Canidae , and they are from the main predators,
that is, they are at the top of the food pyramid. Most of the time, they prefer to live in
a herd, and the herd consists of 5 to 12 wolves. One of the things that is very

important is that they have a strict social hierarchy [62]. as shown in Figure 2-13.

Leaders are called alpha (o)) and they are both male and female. The alpha is mostly
responsible for making critical decisions such as where to sleep when, wake up and
hunting decisions. Alpha decisions apply to the entire group. An interesting thing is
that Alpha is not necessarily the strongest member of the group, but rather the most
efficient at managing the group, which means that the importance of the herd lies in

its organization and management, not in its strength [63].
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(B) is the second level in the group hierarchy. It comes after alpha and replaces it in
the event of his death or absence. His role can be likened to that of an advisor in

making all critical decisions [64].

The third level is wolf (Delta [ ). Delta includes fishermen, rangers, and scouts.
They are responsible for protecting the boundaries of the pack, alerting them of

upcoming danger, and caring for sick and wounded wolves [62].

The latest level is the wolf (omega Q) and is considered the scapegoat for the group.
His presence is important in the group, as the groups were witnessing internal
fighting in the event of his loss. Sometimes she plays the role of nannies in the group

[65].

Here are the three main steps in the process of hunting gray wolves

1. Identifying, following and approaching the prey

2. Encircling the prey

3. Attacking the prey.

Figure 2-13 Gray wolf group hierarchical diagram [62]
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2.6.3.2 The Flowchart of GWO Algorithm

Figure 2-14 shows the working steps of the Gray Wolf Algorithm GWO in detail.
Also, the implementation steps of GWO is explained in Algorithm 2.

Start

Utilize initial parameters (number of grey wolves,
number of iterations etc.)

Create initial population of grey with different social
hierarchy (o,f3,[! and Q)

Estimate the position of prey by a, B, [, and Q

Evaluate the position of grey wolves by the position
of the prey

Grad the grey wolves (the best solution named a, the
second best solution named 3 etc.)

No

Stopping
criteria

Figure 2-14 Flowchart of Grey Wolf Optimization GWO Algorithm [66].
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2.6.3.3 Pseudo code of GWO Algorithm:

Algorithm 2

Begin
Initialize the population of grey wolves Xi (i=1, 2, ..., n)
Initialize a, A, and C

Calculate the fitness values of search agents and grade them. (Xa= the best solution
in

the search agent, Xp3= the second best solution in the search agent, and XJ= the third
best solution in the search agent)
t=0
While (t < Max number of iterations)
For each search agent
Update the position of the current search agent by Equation (3.6)
End for
Update a, A, and C
Calculate the fitness values of all search agents and grade them
Update the positions of Xa, X5, and X6
t=t+1
End while
End
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Chapter Three: System model and optimization techniques

3.1 Introduction

Due to the huge increase in the demand for spectrum through the need for massive
connectivity in future generations of wireless communications, capacity
improvement, radio resource allocation and interference management are being
considered to meet these demands. NOMA is one of the most promising technologies
that can be adopted in the 5G and beyond for the task of managing the optimal use of
the spectrum band. Optimizing the overall sum rate of the NOMA network is the
objective function in this chapter. The optimization problems addressed in this
chapter are: Allocation of power, taking into account fairness among users in the

wireless resource allocation process.

In this thesis, GA and GWO Algorithms are adopted to solve the optimization

problems required to improve the user sum rate in the proposed model.

3.2 The proposed system model

The proposed system consists of a central cell, in addition to six adjacent cells
surrounded by a circular pattern. Each cell contains a single BS, as shown in Figure
3-1. In the central cell, signals are sent to the users deployed in the cell via the base
station and are expressed by n = {1, ...., N}. All users are scattered within the central
cell in a circular area, and all devices ( BS and users ) have one Omni-directional
antenna. The sub-channels resulting from the bandwidth splitting process performed

by the BS are expressed by k ={1,... ,K}. The total system bandwidth is
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expressed by B, while the bandwidth of a single sub-channel is expressed by B; =
B / K. One user can receive the signal sent by the BS through multiple sub channels,
and multiple users can be served through one sub-channel at the same time according
to the principle of work of the NOMA system. The interference in the common sub-
channel will be very strong because more than one user is sent on the same channel
at the same time. It is considered that the base station is fully aware of the channel
state information CSI. The BS allocates each user a different power by relying on the
channel state information CSI of the sub channel. Users on the same k sub-channel

are denoted by M. The signal sent from the BS is signified as :

X = Z Prn Sn (3.1

neM

In the above equation signified by py ,, is the power that is allocated to the user n ,

s, represents the message of the user.

Assuming that all users within the central cell CC and BS are equipped with one

antenna, the signal received by user n is expressed as:
Yin = hk,nxn +w, (3.2)

The above equation indicates the following: w,,~N (0, 02) stands for the Additive

| Rien | ’
0-2

White Gaussian Noise, the noise variance represented by 2. Whereas,

indicates the quality of the channel. In NOMA networks, in the downlink state, SIC

operations are performed by the user. It includes the implementation of these
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operations by adopting a descending order according to the channel quality of the
user, and since the quality of the channel of the strong user is the best, it is he who
performs the operations of the SIC. The SIC process is implemented by the near user
(the strong user) in several steps. In the first step, it detects the signal of the far user
(the weak user) and then subtracts it from the received signal, then the strong user

gets its own signal.

Power

Figure 3-1 System model of the proposed NOMA system.

3.3 Formulation of the optimization problem

To perform the process of improving user sum rate and resource allocation, users
who are sent on the same sub channel are denoted by M, so the throughput obtained

by the user n can be expressed by

43



Chapter Three System model and optimization technigues

pk,n | hk,n | :

I+, + 02) (33)

Rk = z Bk logz(l +

neMm

I, Represents the interference between the users inside the CC.
I, It represents the interference caused by the base stations of neighboring cells.

In order to reach a good optimization to maximize user throughput, the number of
users is determined on the M sub-channels, where it is considered that all the sub-
channels are available to all users with the allocation appropriate power for each user
and determine the upper and lower limits of the users in the sub-channels
M, < M < M,,, where M,, refers to the maximum number of users on the sub channel

while M; indicates the minimum for it.

Iyn = Z pk,n|hk,n|2 (34)
nenN

6
o= Poso@lhseon®]’  (35)

Prn = allocated power to user n on sub — channel k.

Peso = External Base Station power.
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Equation 3.6 represents the objective function of maximizing the sum rate for each

user within the proposed system:

2
pknlhknl
max B 1 1+ - - 3.6
P 22 k1082 I, + Ijn + 02 (36)
kEK neM ’
Cl : 2 2 pk,n < Ptotal (3-7)
neM keK
Cy:M; <M < M, (3.8)
C3: Ry > Rymin (3.9

Because of the limited power that the BS transmits, it must be optimally distributed
over the sub-channels. A set of constraints was used to include them in the processes
of improving the throughput of the NOMA system, where the constraint C; is
included in order to achieve the optimal distribution of power and adherence to it by
the power distribution variable Py, . The process of determining the number of
users in esch sub-channel is captured by constraint C,. As for the data rate obtained
by the user, it is processed in constraint C5. The problem is non convex, due to the

presence of C; .

In order to obtain results in implementing the improvement steps that were followed
above, the following are the steps that illustrate the throughput improvement

processes that took place on the NOMA system.
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1. In order to implement the above optimization processes, the GA and GWO
Algorithms were proposed, which are classified among the optimization algorithms,

as their working principle is inspired by nature.

2 . Dividing the main optimization problem, which is the total sum rate optimization
problem, into two sub-problems: power allocation and taking into account the

fairness in this distribution.
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Chapter Four: Simulation Results and Discussion

4.1 Introduction

This section presents the parameters of the proposed strategies in Table 4.1. The
NOMA-GA and NOMA-GWO strategies are then compared with OMA in different
scenarios. The first scenario occurs when there is interference caused by cells
adjacent to the central cell using different numbers of users (4, 8, 12 and 16). The
same number of users will used in the second and third scenarios without
interference from neighboring cells. The results were calculated and plotted using

MATLAB 2021a.

TABLE 4-1 Simulation Parameters.

Parameter Value
Cell radius 200 m
Total Bandwidth (B) 5MHz
Total power ( Pt) 1 watt
Fading Rayleigh flat fading
Noise power spectral density -173 dBm/Hz
Number of users 4,8,12, 16
Number of sub-channels 2,3,4,5,6,7,8,9,10

4.2 The results

4.2.A. Scenario One: Results in the case of external interference

In this section, the total sum rate will be calculated if the interference caused by the
base stations of the six neighboring cells on the model proposed in this thesis is taken
into account, using three schemes to show the difference when using each scheme, as

shown below:
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1. In the case of 4 users:

Figure 4-1 shows the difference in the sum rate obtained by the user in different
cases when applying the OMA, NOMA-GA, and NOMA-GWO methods indicated
by the blue, red, and green curves, respectively. This figure shows that the highest
sum rate obtained in OMA technology when the number of sub channels NOS was 3,
with a total rate of 46.7740 Mbps. Whereas in the case of using NOMA-GA, the
highest total rate obtained was when the NOS was 8, and the total rate was 56.0329
Mbps. Whereas, NOMA-GWO got the highest overall rate when the NOS was 8 and
the total rate was 63.9497 Mbps. As such, NOMA-GWO achieved the highest

sum rate against all methods.

70
4-Users with OMA
4-Users with NOMA-GA
60 - 4-Users with NOMA-GWO

Sum rate (Mbps)

2 3 4 5 6 7 8 9 10
Number of Sub-channels

Figure 4-1 The sum rates in the case of 4 users with external interference.
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Each curve in Figure 4-1 represents the user's sum-rate values in each of the above
scenarios, and these values rise and fall in each case depending on the quality of the
channel. Whereas, in the case of generating random fading channels that have high
quality, the sum rate values increased. In the case of having a lower quality channel,
this value decreases, considering that the interference caused by the BSs to
neighboring cells is also variable depending on the quality of the channel in each

case. As a result, we saw a change in the level of the curves in each case.
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The table 4-2 shows the sum rate values of each sub channel in the case of 4 users

and 10 sub channels using OMA, NOMA-GA and NOMA-GWO techniques.

Table 4-2 The sum rate values of each sub channel in the case of 4 users with

external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)
1 4.0644 2.1027 1.8821
2 1.1993 1.3545 1.9310
3 0.8574 0.1893 2.1024
4 0.5150 4.5930 1.3689
5 2.0061 0.7117 1.5240
6 1.3684 2.2018 2.9096
7 0.4392 3.0961 0.8788
8 0.0813 0.2885 2.0934
9 5.8534 2.0594 2.9245
10 0.2096 2.7556 3.5767
Sum of the values 16.5941 19.3526 21.1914

The table 4-3 shows the sum rate values of each user in the case of 4 users

and 10 sub channels using OMA, NOMA-GA and NOMA-GWO technigues.

Table 4-3 The sum rate values of each user in the case of 4 users with external

interference.
Users OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)
1 7.9231 10.4908 9.5114
2 5.7774 4.7100 5.0010
3 1.2966 3.3111 3.5816
4 1.5970 0.8407 3.0974
Sum of the values 16.5941 19.3526 21.1914
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The table 4-4 shows the power values, of each sub channel in the case of 4 users

and 10 sub channels using the NOMA technique with the Genetic Algorithm

NOMA-GA and NOMA with Grey Wolf Optimization Algorithm NOMA-GWO.

Table 4-4 The power values of each sub channel in the case of 4 users with

external interference.

Sub channels

NOMA-GA power (watt)

NOMA- GWO power (watt)

1 0.1166 0.1
2 0.0750 0.13
3 0.0666 0.04
4 0.0142 0.01
5 0.1331 0.14
6 0.1476 0.01
7 0.0833 0.02
8 0.1342 0.26
9 0.1142 0.17
10 0.1142 0.12
Sum of the values 0.999 1

The table 4-5 shows the power values of each user in the case of 4 users

and 10 sub channels, using the NOMA-GA and NOMA-GWO.

Table 4-5 The power values of each user in the case of 4 users with external

interference.
Users NOMA-GA power (watt) | NOMA-GWO power (watt)
1 0.1822 0.1312
2 0.3000 0.3
3 0.3533 0.3488
4 0.1635 0.22
Sum of the values 0.999 1
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2. In the case of 8 users :

Figure 4-2 shows the achievable user sum rate difference in different cases when
applying the OMA, NOMA-GA and NOMA-GWO methods shown with blue, red
and green curves, respectively. The figure also shows that the highest sum rate was
obtained in the case of OMA technique when the NOS was 2, where the sum rate
became 32.8395 Mbps. Whereas in the case of NOMA-GA, the highest rate was
obtained when the NOS was 9, the total rate was 52.1354 Mbps. In the case of
NOMA-GWO, the highest total rate was obtained when the NOS was 9 so that the
total rate became 62.6032 Mbps. As such, NOMA-GWO achieved the highest sum

rate against all methods used.

70

8-Users with OMA
8-Users with NOMA-GA
60 - 8-Users with NOMA-GWO
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N
w
N

Figure 4-2 The sum rates in the case of 8 users with external interference.
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For existing curves in Figure 4-2, The value of the sum rate of the user has begun to
increase or leasing in each case as a result of the same reasons mentioned in

figure 4-1.

The tables 4-6 and 4-7 show the values of the sum rate for each sub channel and user,
respectively, in the case of 8 users and 4 sub channels using OMA, NOMA-GA and

NOMA-GWO techniques.

Table 4-6 The sum rate values of each sub channel in the case of 8 users with

external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO rate
(Mbps) (Mbps) (Mbps)
1 0.9636 11.3408 10.3242
2 6.2320 15.7022 12.6570
3 6.1345 6.3911 6.2394
4 14.631 9.5064 14.3042
Sum of the values 27.9611 42.9405 43.5248

Table 4-7 The sum rate values of each user in the case of 8 users with external

interference.
Users OMA rate NOMA-GA rate NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 0.4348 2.6290 3.4187

2 5.9798 1.0878 2.9509

3 0.0796 0.0238 0.4907

4 14.152 31.238 14.0836

5 0.5284 0.1688 2.0456

6 0.2522 3.8123 8.8090

7 6.0554 3.2055 5.4161

8 0.4789 0.7753 6.3102

Sum of the values 27.9611 42.9405 43.5248
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The table 4-8 shows the power values, for each sub channel in the case of 8 users

and 4 sub channels using the NOMA-GA and NOMA-GWO.

Table 4-8 The power values of each sub channel in the case of 8 users with

external interference.

Sub channels NOMA-GA power (watt) | NOMA-GWO power (watt)
1 0.3166 0.3375
2 0.0875 0.0527
3 0.3825 0.3069
4 0.2125 0.3027
Sum of the values 0.9991 0.9998

The table 4-9 shows the power values for each user in the case of 8 users

and 4 sub channels using the NOMA-GA.

Table 4-9 The power values of each user in the case of 8 users with external

interference.
Users NOMA-GA power (watt) | NOMA-GWO power (watt)

1 0.2083 0.3125
2 0.05 0.0411
3 0.0605 0.0325
4 0.1 0.1
5 0.0403 0.0554
6 0.25 0.25
7 0.115 0.125
8 0.175 0.0833

Sum of the values 0.9991 0.9998
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3.) In the case of 12 users :

Figure 4-3 shows the difference in the user achievable sum rate in different cases
when applying the OMA, NOMA-GA and NOMA-GWO methods indicated by blue,
red and green curves respectively. The figure below shows that the highest sum rate
was obtained in OMA technique when the NOS was 5, where the total rate became
39.1593 Mbps. Whereas in the case of NOMA-GA, the highest rate was obtained
when the NOS was 5, the total rate became 79.4627 Mbps. In the case of the NOMA-
GWO application, the highest total rate was obtained when the NOS was 5, where
the total rate became 87.1316 Mbps. NOMA-GWO achieved the highest sum rate

against all the used methods.
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Figure 4-3 The sum rates in the case of 12 users with external interference.
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For existing curves in Figure 4-3, The value of the sum rate of the user has begun to

increase or leasing in each case as a result of the same reasons mentioned in

figure 4-1.

The tables 4-10 and 4-11 show the sum-rate values for each sub channel and user,

respectively, in the case of 12 users and 4 sub channels using the OMA, NOMA-GA

and NOMA-GWO techniques.

Table 4-10 The sum rate values of each sub channel in the case of 12 users with

external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO rate
(Mbps) (Mbps) (Mbps)
1 1.4976 2.7994 3.4697
2 6.9549 4.3216 10.5041
3 1.1864 10.621 8.7405
4 0.2616 12.9691 11.5113
Sum of the values 9.9005 30.7111 34.2256

Table 4-11 The sum rate values of each user in the case of 12 users with

external interference.

Users OMA-rate NOMA-GA rate NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 0.0448 1.9204 0.3672

2 1.1896 0.6139 1.1265

3 0.3135 4.2066 3.8819

4 0.2408 2.4572 0.2104

5 1.1347 0.0712 2.6165

6 5.7163 49370 8.8419

7 0.4176 0.1290 0.4171

8 0.0171 0.0049 1.4393

9 0.3080 14.2873 11.399
10 0.0889 0.0157 1.7510
11 0.4252 1.9185 1.0163
12 0.004 0.1494 1.1585
Sum of the values 9.9005 30.7111 34.2256
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The table 4-12 shows the power values for each sub channel in the case of 12 users

and 4 sub channels using the NOMA-GA and NOMA-GWO.

Table 4-12 The power values of each sub channel in the case of 12 users with

external interference.

Sub channels

NOMA-GA power (watt)

NOMA-GWO power

(watt)
1 0.2419 0.2
2 0.2569 0.275
3 0.3090 0.225
4 0.1916 0.3
Sum of the values 0.9994 1

The table 4-13 shows the power values for each user in the case of 12 users

and 4 sub channels using NOMA-GA and NOMA-GWO.

Table 4-13 The power values of each user in the case of 12 users with external

interference.
Users NOMA-GA power (watt) NOMA-GWO power
(watt)
1 0.0833 0.05
2 0.0125 0.15
3 0.25 0.125
4 0.125 0.025
5 0.0416 0.25
6 0.1006 0.075
7 0.05 0.045
8 0.0859 0.125
9 0.0527 0.05
10 0.0312 0.025
11 0.125 0.0552
12 0.0416 0.0248
Sum of the values 0.9994 1
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4) The case of 16 users:

Figure 4-4 shows the difference in the user achievable sum rate in different cases
when applying the OMA, NOMA-GA and NOMA-GWO methods indicated by blue,
red and green curves respectively. The figure below shows that the highest user sum
rate was obtained in OMA technique is when the NOS was 7, where the sum rate
became 40.2803 Mbps. While in the case of NOMA-GA, the highest rate was
obtained when the NOS was 7, where the total rate became 106.2261 Mbps. In the
case of NOMA-GWO, the highest total rate was obtained when the NOS was 7, so
the total rate became 110.5116 Mbps. As such, NOMA-GWO achieved the highest

sum-rate against all the used methods.
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Figure 4-4 The sum rates in the case of 16 users with external interference.
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For existing curves in Figure 4-4, The value of the sum rate of the user has begun to
increase or leasing in each case as a result of the same reasons mentioned in

figure 4-1.

The tables 4-14 and 4-15 show the sum rate values for each sub-channel and user,
respectively, in the case of 16 users and 10 sub-channels using OMA, NOMA-GA

and NOMA-GWO techniques.

Table 4-14 The sum rate values of each sub channel in the case of 16 users with

external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 8.98 3.7092 0.0424

2 5.8204 11.5946 8.3275

3 2.5875 5.4594 15.3801

4 2.1281 11.7496 8.9777

5 3.6257 3.6766 7.2216

6 1.5851 10.0352 5.6218

7 0.8686 12.8139 13.498

8 0.9626 4.2656 11.4576

9 1.9027 4.9439 4.8669

10 2.8050 3.8170 8.1943

Sum of the values 31.2657 72.065 83.5879
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Table 4-15 The sum rate values of each user in the case of 16 users with

external interference.

User OMA rate NOMA-GA rate NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 1.4962 0.4085 2.1196
2 5.1146 0.1925 2.3068
3 0.3252 14.4496 4.4283
4 1.2843 1.0488 2.6010
5 1.5391 2.3720 1.3923
6 0.0066 0.2052 13.1080
7 2.9688 7.1691 3.1055
8 4.9626 0.2754 2.9883
9 1.9027 0.2766 2.2185
10 2.1050 16.1375 3.1616
11 7.4838 11.6293 30.0703
12 0.0057 0.0010 0.2244
13 0.2623 4.9602 0.9010
14 0.1437 4.7886 10.0196
15 0.0866 6.6249 0.2262
16 1.5785 1.5258 4.7165
Sum of the values 31.2657 72.065 83.5879
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The tables 4-16 and 4-17 show the power values for each sub-channel and user
respectively, in the case of 16 users and 10 sub channels using NOMA-GA and

NOMA-GWO techniques.

Table 4-16 The power values of each sub channel in the case of 16 users with

external interference.

Sub channels NOMA-GA power (watt) | NOMA-GWO power (watt)

1 0.25 0.0933
2 0.02 0.16
3 0.0166 0.1225
4 0.02 0.10080
5 0.0111 0.1231
6 0.0105 0.03
7 0.02 0.081
8 0.3059 0.11
9 0.3142 0.085
10 0.025 0.09

Sum of the values 0.9933 0.9957
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Table 4-17 The power values of each user in the case of 16 users with external

interference.
Users NOMA-GA power (watt) | NOMA-GWO power (watt)

1 0.0833 0.07
2 0.0309 0.05
3 0.02 0.0825
4 0.1 0.0574
5 0.1 0.0633
6 0.1 0.02
7 0.0416 0.07
8 0.05 0.05
9 0.0111 0.05
10 0.0533 0.0926
11 0.0509 0.1
12 0.0327 0.0291
13 0.1 0.0558
14 0.1 0.03
15 0.07 0.04
16 0.05 0.135

Sum of the values 0.9933 0.9957
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4.2.B. Scenario Two: Results in the absence of external interference

In this subsection, the total sum rate will be calculated without the interference
caused by the BSs of the six neighboring cells on the users in the CC. Furthermore,
the OMA, NOMA-GA, and NOMA-GWO methods were used with different

numbers of users, as shown below :

1. The case of 4 users:

Figure 4-5 shows the difference in the total user achieved sum rate in different cases
when applying the OMA, NOMA-GA and NOMA-GWO methods shown with blue,
red and green curves respectively. The figure below shows that the highest sum rate
obtained in the case of OMA is when the NOS was 8, whereby the sum rate became
240.8915 Mbps. Whereas in the case of NOMA-GA, the highest rate was obtained
when the NOS was 8, whereby the sum rate became 254.8119 Mbps. In the third
case, when NOMA-GWO was applied, the highest total rate was obtained when the
NOS was 8, where the total rate became 258.0092 Mbps. As such, NOMA-GWO

achieved the highest sum rate against all the used methods.
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Figure 4-5 The sum rates in the case of 4 users without external interference.

Each curve in Figure 4-5 represents the user's sum-rate values in each of the above

scenarios, and these values rise and fall in each case depending on the quality of the

channel. Whereas, in the case of generating random fading channels that have high

quality, the sum rate values increased. In the case of having a lower quality channel,

this value decreases. Compared with values obtained in Figure 4-1, an apparent

increase was visible in the value of the sum rate of the user due to the neglect of the

interference value caused by BSs of neighboring cells.
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The tables 4-18 and 4-19 show the sum rate values for each sub channel and user,
respectively, in the case of 4 users and 10 sub-channels using OMA, NOMA-GA and

NOMA-GWO techniques.

Table 4-18 The sum rate values of each sub channel in the case of 4 users

without external interference.

Sub channels OMA rate NOMA-GA rate | NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 3.8819 23.6819 19.8819

2 22.8478 24.7478 27.1777

3 21.9541 62.7529 30.2432

4 40.8510 0.3510 14.8510

5 62.8959 0.2170 21.8170

6 1.9338 24.1557 24.1557

7 1.3411 21.3856 31.2188

8 20.2268 23.8120 15.2120

9 45.5103 0.5103 47.5103
10 1.3411 48.0956 0.3411

Sum of the values 222.7838 229.7098 232.4087

Table 4-19 The sum rate values of each user in the case of 4 users without

external interference.

Users OMA rate NOMA-GA rate | NOMA-GWO rate
(Mbps) (Mbps) (Mbps)
1 91.1781 121.1556 107.3997
2 96.1228 23.1478 61.3411
3 13.1142 22.4167 23.5169
4 22.3687 62.9897 40.1510
Sum of the values 222.7838 229.7098 232.4087

65




Chapter Four Simulation Results and Discussion

The table 4-20 shows the power values for each user in the case of 4 users

and 10 sub channels using NOMA-GA and NOMA-GWO.

Table 4-20 The power values of each user in the case of 4 users without

external interference.

Users NOMA-GA power (watt) | NOMA-GWO power (watt)
1 0.5 0.7
2 0.1 0.1
3 0.1 0.1
4 0.2991 0.0994
Sum of the values 0.9991 0.9994
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2) The case of 8 users:

Figure 4-6 shows the difference in the user achievable sum rate in different cases
when applying the OMA, NOMA-GA and NOMA-GWO methods indicated by blue,
red and green curves, respectively. The figure below shows that the highest user sum
rate was obtained in OMA technology is when the NOS 9, where the total rate was
201.0483 Mbps. While in NOMA-GA, the highest rate was obtained when the NOS
was 9, where the total rate was 217.5398 Mbps. In the case of applying NOMA-
GWO, the highest total rate was obtained when the NOS was 10, where the total rate
was 234.5602 Mbps. NOMA-GWO achieved the highest sum rate against all the

used methods.
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Figure 4-6 The sum rates in the case of 8 users without external interference.
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For existing curves in Figure 4-6, The value of the sum rate of the user has begun to

increase or leasing in each case as a result of the same reasons mentioned in

figure 4-5.

The tables 4-21 and 4-22 show the sum rate values for each sub channel and user,
respectively, in the case of 8 users and 4 sub channels using OMA, NOMA-GA and

NOMA-GWO techniques.

Table 4-21 The sum rate values of each sub channel in the case of 8 users

without external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)
1 3.2523 82.2474 57.1768
2 6.1454 16.5102 64.1789
3 7.0342 35.8695 9.4513
4 21.058 52.7730 63.1324
Sum of the values 37.4899 187.4001 193.9394

Table 4-22 The sum rate values of each user in the case of 8 users without

external interference.

Users OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)

1 1.1563 10.2016 11.8786

2 6.1672 52.7730 47.7768

3 1.3209 1.4917 0.0049

4 16.491 65.7116 98.6437

5 1.1960 44.8695 0.0011

6 1.4786 7.0035 10.0456

7 8.1132 2.0952 5.8680

8 1.5667 3.2540 19.7207
Sum of the values 37.4899 187.4001 193.9394
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The table 4-23 shows the power values for each user in the case of 8 users

and 4 sub channels using NOMA-GA and NOMA-GWO.

Table 4-23 The power values of each user in the case of 8 users without

external interference.

Users NOMA-GA power (watt) NOMA-GWO power
(watt)
1 0.25 0.25
2 0.0625 0.025
3 0.121 0.0833
4 0.05 0.075
5 0.0133 0.0416
6 0.07 0.025
7 0.125 0.25
8 0.25 0.25
Sum of the values 0.9418 0.9999
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3) The case of 12 users:

Figure 4-7 shows the difference in the user achievable sum rate in different cases
when applying the OMA, NOMA-GA and NOMAGWO methods indicated by blue,
red and green curves, respectively. The figure below shows that the highest sum rate
was obtained in the case of OMA when the NOS was 10, where the sum rate was
191.7636 Mbps. Whereas in the case of NOMA-GA, the highest rate was obtained is
when the NOS was 10, with the total rate being 198.5792 Mbps. In the case of
NOMA-GWO, the highest total rate was obtained when the NOS was 7, where the
total rate was 214.1118 Mbps. As such, NOMA-GWO achieved the highest sum rate

against all the used methods.
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Figure 4-7 The sum rates in the case of 12 users without external interference.
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For existing curves in Figure 4-7, The value of the sum rate of the user has begun to

increase or leasing in each case as a result of the same reasons mentioned in

figure 4-5.

The tables 4-24 and 4-25 show the sum rate values for each sub channel and user,

respectively, in the case of 12 users and 4 sub channels using OMA, NOMA-GA and

NOMA-GWO techniques.

Table 4-24 The sum rate values of each sub channel in the case of 12 users

without external interference.

Sub channels OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)
1 5.1154 50.1160 39.1399
2 8.1917 1.1160 16.3252
3 1.2218 6.2596 55.3540
4 0.5761 61.1562 14.6068
Sum of the values 15.105 118.6478 125.4259
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Table 4-25 The sum rate values of each user in the case of 12 users without

external interference.

Users OMA rate NOMA-GA rate NOMA-GWO
(Mbps) (Mbps) rate (Mbps)

1 0.0448 0.0296 1.3410

2 1.0050 475121 2.1077

3 0.3280 0.1874 0.1582

4 0.2546 0.0610 10.0184

5 4.1520 0.2627 0.0115

6 6.0503 5.0245 56.193

7 0.1805 0.1318 0.0358

8 0.0172 0.0060 0.0279

9 0.3185 63.3504 41.1472

10 0.1363 1.3184 1.1662

11 1.4135 0.5150 2.0899

12 1.2043 0.2489 11.1291
Sum of the values 15.105 118.6478 125.4259
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The tables 4-26 and 4-27 show the power values for each sub channel and user
respectively, in the case of 12 users and 4 sub channels using NOMA-GA and

NOMA-GWO.

Table 4-26 The power values of each sub channel in the case of 12 users without

external interference.

Sub channels NOMA-GA power (watt) NOMA-GWO power
(watt)
1 0.035 0.025
2 0.3405 0.4812
3 0.5093 0.025
4 0.085 0.4687
Sum of the values 0.9698 0.9999

Table 4-27 The power values of each user in the case of 12 users without

external interference.

Users NOMA-GA power (watt) NOMA-GWO power

(watt)

1 0.0312 0.0312

2 0.0607 0.1875

3 0.1166 0.025

4 0.0625 0.025

5 0.1468 0.0312

6 0.3 0.075

7 0.0833 0.025

8 0.0416 0.025
9 0.05 0.05
10 0.0317 0.025
11 0.0277 0.25
12 0.0177 0.25

Sum of the values 0.9698 0.9999
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4) The case of 16 users:

Figure 4-8 shows the user achievable sum rate difference in different cases when
applying the OMA, NOMA-GA and NOMA-GWO methods shown with blue, red
and green curves, respectively. The figure below shows that the highest sum rate was
obtained in the case of OMA when the NOS was 10, with a total rate of 118.4300
Mbps. Whereas in the case of NOMA-GA, the highest rate was obtained is when the
NOS was 7, with the total rate being 186.6260 Mbps. In the case of the NOMA-
GWO application, the highest sum rate was obtained when the NOS was 8, with a
total rate of 215.4091 Mbps. NOMA-GWO had the highest sum rate against all the

used methods.
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Figure 4-8 The sum rates in the case of 16 users without external interference.
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For existing curves in Figure 4-8, The value of the sum rate of the user has begun to

increase or leasing in each case as a result of the same reasons mentioned in

figure 4-5.

The tables 4-28 and 4-29 show the sum rate values for each sub channel and user,

respectively, in the case of 16 users and 10 sub channels using OMA, NOMA-GA

and NOMA-GWO techniques.

Table 4-28 The sum rate values of each sub channel in the case of 16 users

without external interference.

Sub channels OMA rate NOMA-GA rate | NOMA-GWO rate
(Mbps) (Mbps) (Mbps)
1 14.4452 16.3833 27.4659
2 0.8676 0.1187 28.4330
3 4.9355 29.647 27.9673
4 37.2972 21.656 8.9874
5 0.1266 18.4654 9.9191
6 0.2812 22.320 28.6667
7 0.7305 19.362 10.6399
8 23.6089 35.5232 24.0955
9 22.3196 0.921 7.2256
10 13.8170 21.678 23.2724
Sum of the values 118.4293 186.0746 196.6728
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Table 4-29 The sum rate values of each user in the case of 16 users without

external interference.

Users OMA rate NOMA-GA rate NOMA-GWO rate

(Mbps) (Mbps) (Mbps)

1 2.1669 15.345 0.04430

2 4.8333 4.1991 24.0955

3 2.5730 2.1206 2.35313

4 2.0979 22.320 4.55855

5 1.9065 21.656 0.78783

6 0.0167 0.2093 20.52181

7 23.730 3.0805 1.31165

8 23.608 21.921 1.51754

9 22.319 21.659 23.0724
10 23.817 2.0047 1.64180
11 7.2783 9.1007 83.281
12 0.0343 6.9963 0.81536

13 0.3624 21.678 29.11118
14 0.1992 10.1150 0.46937
15 1.2223 19.669 1.14198
16 2.2645 4.0004 1.94940

Sum of the values 118.4293 186.0746 196.6728
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The tables 4-30 and 4-31 show the power values for each sub channel and user
respectively, in the case of 16 users and 10 sub channels using NOMA-GA and

NOMA-GWO.

Table 4-30 The power values of each sub channel in the case of 16 users without

external interference.

Sub channels NOMA-GA power (watt) NOMA-GWO power
(watt)
1 0.235 0.04
2 0.26 0.01
3 0.01 0.01
4 0.01 0.218
5 0.1267 0.22
6 0.01 0.01
7 0.01 0.23
8 0.3113 0.01
9 0.01 0.24
10 0.01 0.01
Sum of the values 0.993 0.998
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Table 4-31 The power values of each user in the case of 16 users without

external interference.

Users NOMA-GA power (watt) NOMA-GWO power
(watt)
1 0.0125 0.01
2 0.01 0.01
3 0.15 0.05
4 0.01 0.15
5 0.01 0.05
6 0.025 0.1
7 0.15 0.1
8 0.01 0.1
9 0.04 0.01
10 0.15 0.05
11 0.03 0.04
12 0.1 0.1
13 0.1105 0.048
14 0.05 0.05
15 0.035 0.03
16 0.1 0.1
Sum of the values 0.993 0.998
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The results shown in the figures above represent the user's sum-rate values in various
methods. NOMA using GA and GWO algorithms outperformed the first method (i.e.,
OMA) due to good bandwidth management and allocating different power levels. At
the same time, the reason for the superiority of the GWO algorithm over the GA is
that the first has better managed wireless resources in terms of allocating the

appropriate power level to each user to achieve the best sum rate.

The values of the sum rate in the presence of interference (figures 4-1 to 4-4)
increases or decreases in each case depending on the quality of the user's channel,
taking into account the interference caused by the base stations of neighboring cells.
In comparison, in the absence of interference (figures 4-5 to 4-8), the increase in the
sum rate was seen as a result of neglecting the interference of the base stations of
neighboring cells with the presence of variations in these values depending on the

quality of the channel as mentioned previously.
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Chapter Five: The Conclusions and future works

5.1 Conclusions

NOMA is one of the most important 5G wireless communication technologies to
overcome the major problems faced by OMA techniques. One of the main problems
of OMA s its inability to provide massive connectivity due to poor management of
wireless resources. In this thesis, the NOMA technique was studied, and its use led to
a good increase in system throughput compared to OMA. This is because NOMA
uses the same sub channel for multiple users with allocating different powers for the
users, so NOMA's performance relied mainly on efficiency in distributing these
resources among users. On this basis, this thesis has adopted various Algorithms for

resource allocation (power) to get the highest sum rate for users..

A wireless system model has been proposed consisting of a central cell CC and six
adjacent cells surrounding it in a circular shape. It was considered that each
neighboring cell contains one BS while calculating the effect of interference caused
by these stations on the total sum rate of the users in the CC. The total sum rate was

considered a performance measure for each scenario used in this system.

OMA technique has been applied to the system model proposed in the first scenario.
The results were not encouraging due to the inability to allocate the sub-channel at
the same time to more than one user and the inefficiency in power distribution
among users. In the second scenario, the NOMA technique was implemented using
GA. A clear improvement was observed in the results compared to the first scenario.
The reason is the ability to use the sub-channel for more than one user with a good

allocation of resources. The NOMA technique was applied using the GWO algorithm
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to the proposed system in the third scenario. The results were much better than the
previous two approaches in terms of overall system throughput and fairness in the
distribution of resources among users. This scenario is superior to the OMA-based
scenario due to its ability to allocate the same sub-channel for more than one user at
the same time, allocating the appropriate power to each user and equitable
distribution of these resources. The reason why the GA-based scenario is not superior
is that the GWO algorithm allocates power to each user better compared to GA. The
results also clearly showed the effect of interference caused by base stations to

neighboring cells in all scenarios.

Finally, from all of the above, it was found that the best scenario used in this thesis
was the scenario based on the use of the NOMA technique with the GWO Algorithm
(NOMA-GWO). The reason for this scenario to outperform and achieve a higher sum
rate is due to the optimal power allocation of power with due consideration of

fairness in this distribution.

5.2 Future works

Regarding future works and ideas that can be applied to the wireless system that is

proposed in this thesis, the following works have been included:

1. Enhancement of the wireless system performance by using multiple input multiple
output technique (MIMO) to create small sub-cells within the single cell and apply

NOMA on each sub-cell.

2. Enhance the spectral efficiency of the proposed system by using the Multiple input
multiple output- Generalized frequency division multiplexing (MIMO-GFDM)

technique.
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3. Optimizing bandwidth management for proposed wireless system by using

Artificial Intelligence Al techniques.
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