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Abstract

One of the best strategies for maximizing the capacity of 5G and future-generation
networks is non-orthogonal multiple access (NOMA). By integrating NOMA into
the cognitive radio network (CRN), a new era of communications is on the horizon.
There has been a rise in the importance of wireless connectivity metrics like
spectrum efficiency (SE), average capacity, and bit error rate (BER) due to the
proliferation of mobile service use, particularly for real-time applications. Modeling
and designing power domain (PD) NOMA technologies and analyzing the impact
that varying the bandwidth (BW) and the number of antennas has on the 5G
network's BER, SE of the downlink (DL), average capacity, and outage probability
(OP) are all reevaluated and introduced in Chapter three. In Chapter Four, two
coupling strategies for DL NOMA networks are proposed: near-far (NF) coupling
and close-and-close (C-C), or far-and-far (f-f) coupling. The overall average rate
versus SNR of six users is determined using the proposed methods of single carrier
NOMA (SC-NOMA) and time division multiple access (TDMA) at different
intervals and distances. The cooperative NOMA methods have a huge amount of
potential to solve several problems with the next generation of wireless networks by
providing unprecedented levels of connectivity and speed. In Chapter Five, it was
demonstrated how the power location coefficient (PLC) affects the performance of
NOMA, cooperative DL NOMA, multiple-input multiple-output (MIMO)
cooperative DL NOMA, and massive MIMO (M-MIMO) cooperative DL NOMA
for far users in 5G networks by measuring the coefficient OP. In Chapter six, the
SE, average capacity, and BER of DL PD NOMA combined with a new approach
to the cooperative cognitive radio network (CCRN) through a competitive channel
(C-CH) or a dedicated channel (D-CH), 64x64 MIMO, 128x128 M-MIMO
separation distances in the 5G network were evaluated and explored. The analysis
of the proposed systems is performed under the assumptions of additive white
Gaussian noise (AWGN) and Rayleigh fading, and it also takes into account
successive interference cancellation (SIC) and unstable channel conditions.
Implement all simulations using the MATLAB software program. When comparing
the obtained results with previous works, the outcomes of the presented methods are
significantly improved.
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CHAPTER ONE
Introduction

This chapter offers a concise overview of the study's motivation, scope and
constraints, methodology, and some fundamental definitions, as well as a few
ways to increase Spectrum Efficiency (SE) for Non-Orthogonal Multiple Access
(NOMA) in 5G networks.

1.1 Background

Wireless networks have undergone several advancements in recent decades.
Multiplexing techniques are a crucial advance in access methods, enabling
numerous users to communicate over a single wired or wireless channel.
Multiplexing, sometimes referred to as access, is essential for radio stations to
optimize their utilization of tools and resources by collaborating effectively. The
technologies may be categorised into two distinct classes: orthogonal multiple
access (OMA) and NOMA [1]-[2]-[3].

Various access technologies, such as orthogonal frequency division multiple
access (OFDMA), code division multiple access (CDMA), time division
multiple access (TDMA), and frequency division multiple access (FDMA), have
been utilised by wireless network technologies spanning from the first
generation to the fifth generation. Conventional orthogonal multiple access
(OMA) methods enable the broad provision of orthogonal radio services in the
time, frequency, and/or coding domains [4]-[5]-[6].

Users just need to broadcast a single signal utilizing their FDMA frequency
resource, and the receiver can readily decode information from any user
regardless of the frequency range it was broadcast on. By assigning orthogonal
spread sequences to their transmitted symbols, users in a CDMA network can
share the available bandwidth and processing time by designating orthogonal
spread sequences for their transmitted symbols. OFDMA is a hybrid approach
that uses a time-flow grid to allocate radio resources, similar to the way FDMA
and TDMA operate [6]-[7].

Nevertheless, the limited quantity of orthogonal resources hampers the capacity
of conventional OMA systems to accommodate a substantial number of
connections. Additionally, theoretical research has demonstrated that OMA isn't
always successful in reaching the maximum achievable rate in multi-user
wireless networks. In addition, a set range of interference prevention
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mechanisms must be implemented in all OMA technologies, which wastes
resources, particularly the spectrum [8].

In contrast to NOMA, which is fundamentally different. In NOMA, the sole
distinguishing factor among users is their relative output power within the power
domain (PD) type. Every user has identical frequency and time slot allocations.
The NOMA transmitter utilizes superposition coding (SC) to separate the
downlink (DL) and uplink (UL) signals, enabling the receiver to conduct
successive interference cancellation (SIC) to isolate individual users [9]-[10-
[11].

NOMA, in addition to its conventional multiple access applications, can be
regarded as a spectrum-sharing solution because it allows parallel transmissions
on the same frequency range. 4G used OFDM technology, which utilized a non-
orthogonal characteristic to speed up power management (rapid transmission
power (TP) control), to counteract the distance effect [12].

However, NOMA is in the power domain (PD). Each user must use a separate
path loss to achieve multi-user multiplexing in a new domain of power. Using a
novel technique based on path loss, NOMA can superimpose the transmission
signals of many channels. Because of this, it's clear that stronger signals are
advantageous. This means that all the mobile devices within the same cell
tower's service area can theoretically share the same high-speed Internet
connection. In NOMA, multiple users share a single block of resources like radio
channels, time, or code distribution [13]-[14]-[15]-[16]-[17].

Transmission power (TP) is increased for user equipment (UE) that is further
from the base station (BS) while using NOMA DL, UEs closer to the BS have a
reduced value. Every piece of user equipment in a network receives an identical
signal, which contains all the users' data. Before calculating the total received
signal strength, each User UE determines which signal is the strongest and
decodes it separately.

The SIC receiver uses iterative removal to locate the necessary signal. Nearby
UEs can prevent signals from far UEs by interacting with the BS. The UE with
the strongest signal will have its signal decoded first [18]-[19] because it has the
greatest impact on the overall received signal strength.

The two types of NOMA implementations, UL and DL, have a few subtle
distinctions. BS now makes use of SIC to identify and isolate individual user
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signals. The BS on the receiving end is responsible for putting the SIC into
action. That is to say, the signal of the closest user will be deciphered first.

Each new generation of mobile communication schemes introduces novel
multiplexing techniques. Upon examining the historical development and
intricate nature of mobile communications, it becomes evident that the initial
generation (1G) was distinguished by a singular voice service known as FDMA.
This technology facilitated rates of up to 2.4 kbps. The transition from 1G to
second generation (2G) on his cellular phone was the first time he had made
much progress. Understanding the difference between the analogue radio
transmission used by 1G networks, and the digital signals used by 2G networks,
is critical to understanding the distinction between the two generations of mobile
networks.

The key factors that pushed this generation forward were the need for a safe and
dependable communication system, a data exchange rate of 144 kbps, and
TDMA being used as the channel access technique. Third-generation (3G)
WCDMA devices are the benchmark for features like online and email access,
video and photo downloads, sharing, and voice calls.

Four generation (4G) aims to provide its users with low latency in voice calls,
multimedia presentations, and the Internet by leveraging the Internet protocol
(IP). This will allow for faster data transfer speeds and higher-quality video.
OFDM-based cloud computing enables state-of-the-art internet access on mobile
devices, IP telephony, video conferencing, and more with a maximum speed of
around 1 gigabit per second (Gbps) [20]-[21]-[22]-[23].

The fifth-generation (5G) wireless network is the most recent development in
cellular technology. Thanks to the possibilities enabled by 5G networks, a
variety of electronic gadgets, beyond only individuals and their smartphones,
will be able to connect with each other[24]-[25]-[26].

The development of 5G wireless technology will enable peak data rates of
several Gbps, extremely low latency, higher reliability, massive network
capacity, improved availability, and a more consistent user experience.
Improved functionality and efficiency enable new user experiences and industry
ties. The highest capacity of 5G is predicted to be 20 Gbps, allowing for multi-
giga-bitrates while delivering data through wireless internet connections. The
latency of these connections is five milliseconds or less, making them superior

3



to landline networks and perfect for time-sensitive programs. With 5G's
improved bandwidth (BW) and antenna enhancements, wireless data
transmission capacity will increase dramatically. [27]-[28]-[29].

The effective deployment and acceptance of 5G technology necessitates the
resolution of several technological obstacles. Several primary obstacles exist:

Challenges related to the allocation of frequency bands and the availability of
spectrum: Securing appropriate frequency bands and spectrum poses a
significant obstacle to the adoption of 5G technology. The assignment and
release of spectrum require a significant amount of time and might involve
intricate and expensive procedures.

Strategy for implementing 5G network: Implementing 5G networks necessitates
a substantial investment in infrastructure, encompassing the construction of
fresh BSs, antennas, and additional equipment. Deploying may be a difficult
process, and it can also be rather expensive.

Enhancing mobile devices: It is necessary to upgrade mobile devices at the user
end to ensure compatibility with 5G technology. This can provide a difficulty,
particularly in regions where consumers may lack access to the most recent
technology or may be unable to pay for upgrades.

Overseeing the costs associated with the implementation of 5G technology
networks: The implementation of 5G networks necessitates substantial financial
resources, and effectively managing these expenses might pose a difficulty.
Operators must carefully manage the expenses associated with acquiring
spectrum, building network infrastructure, and upgrading devices, while also
considering the money earned from 5G services.

The 5G specs exhibit a high level of intricacy and variety. The 5G requirements
are intricate and varied, posing challenges in the development and deployment
of 5G technology. The spectrum allotment, investment in 5G technology, and
implementation of 5G networks are progressing at a sluggish pace. This can
impede the accessibility of 5G services and hinder the widespread adoption of
5G technology. The deployment of 5G technology requires significant
investment in infrastructure, including the allocation of spectrum, and the
utilization of high-speed switches and routers. Capabilities and difficulties of a



developing network, 5G technology offers the potential for new applications and
services, but it also brings up problems with the availability of spectrum.

To summarise, the effective deployment and uptake of 5G technologies are
hindered by many technological problems that must be resolved. The challenges
encompass various aspects such as frequency band and spectrum availability,
strategies for deploying 5G networks, upgrading mobile devices, managing
expenses associated with 5G network deployment, allocating spectrum, making
investments, and deploying the network.

Today's wireless networks suffer from limited range and inadequate BW. As a
result, wireless networks will need to develop in the next decade so they can
keep up with the growing demand for traffic and services before the spectrum is
completely exhausted [30]. When multiple users in different locations and
periods share the same frequency band, spectrum usage can be maximized while
also accommodating the anticipated increase in demand (i.e., counter BW
scarcity).

The issue of increased spectrum sharing might potentially be addressed using
Professor Mitola's "Cognitive Radio (CR)" methodology. In order to provide
radio and wireless services, it is essential to establish a system that allows users
to (a) determine the type of connections they need and (b) obtain these
connections through wireless digital assistants and associated networks.

Both of these objectives must be met simultaneously [31]-[32]. The CR is
constantly monitoring its environment and adjusting its settings to make the most
efficient use of available BW. For the most part, it's safe to reuse frequency
channels that have already been in use for transmissions for around 90% of the
time, so this tactic's main goal is to maximize spectrum utilization.

Depending on the circumstances, CR will either transmit all the available
frequencies in a region or limit their use to a particular time and location. Don't
bother the current user while they're using this blank tape, but feel free to take
advantage of the tape's versatility for your purposes. Hence, it is crucial to
distinguish between the primary user (PU) and the secondary user (SU) in the
context of the cognitive radio (CR) architecture. Authorized user and primary
user authentication are given top priority. Since BW has been enhanced, more
material and faster transmission rates for services can be provided. To achieve



CR, one must first sense the spectrum, analyze the spectrum, and make decisions
regarding the spectrum and how to move within the spectrum [33]-[34]-[35].

Spectrum sharing maximizes the usefulness of wireless radiofrequency, this
method is essential for preventing interference between cognitive radio and
primary licensing. There are two options for achieving this [36].

1.1.1 Cooperative for Spectrum Sharing

This spectrum accommodates both a centralized data hub and a decentralized
network-wide control channel. The first approach is more precise, but it takes
significantly longer, has a more complicated implementation, and uses more
energy than the second approach [37]-[38]. Collaboration between PUs and SUs
also has SE benefits.

1.1.2 Uncooperative Spectrum Sharing

There is no way for individual users to exchange data, but this is perfect for
facilitating communication between a small number of cognitive user networks
[37]-[38].

The CR endeavour can be ranked as such, depending on the spectrum utilization
scenario:

Interweaving is the process by which one user (SU) can only broadcast when
another user (PU) is not using the licensed spectrum.

If the impact on the primary network is kept to a minimum, data can be sent on
both the primary and secondary levels simultaneously over an underlay. This is
possible if the underlay is used.

Third, an SU sends its signal while also making use of the major network'’s
transmission infrastructure.

When compared to conventional OMAs, NOMA's central notion is to maximize
spectral efficiency (SE) for multiple users over a shared network by multiplying
their respective power inputs. NOMA and CR spectrum sharing have been
combined in this innovative new field of study.



5G necessitates high performance, high connection, and low latency, all of
which can be provided by a cooperative effort between NOMA and CR. Despite
its immense potential, NOMA is a difficult problem to solve cognitively given
that interference affects both NOMA and CR, the former leads to NOMA
multiplexing in the latter's control domain, which in turn causes significant inter-
network interference of the latter. There are several types of interference [39]-
[40]-[41], including primary interference, secondary interference, and intra-
network (or co-channel) interference.

For this reason, it is crucial to effectively integrate NOMA and CR to lessen
interference and maximize the system's primary resources. Cognitive NOMA
(C-NOMA) seeks to improve spectrum sharing through proactive means by
merging CR and NOMA spectrum sharing. Enhanced SE, massive connectivity,
low latency, and greater fairness are just a few of the many advantages of the
cognitive shared NOMA spectrum.

For next-generation radio networks to lessen the possibility of interference while
making the most efficient use of the spectrum, greater familiarity and
coordination are required. Radio stations can't make the most of their resources
and potential without strong teamwork. The most efficient use of the hybrid
broadcasting spectrum also requires that intelligent radios in an integrated
system can communicate with radios they have never seen before. These radios
need to be built to communicate in crowded and contested areas, as well as to
convey the frequency band that may be used by a diverse set of radios without
requiring central coordination or pre-allocated airwaves [41].

1.2 Problem Statement

The problems of this research are:

1.The signal between the transmitter and receiver for cognitive NOMA
network is impaired by different parameters such as imperfect channel
information, noise, fading and interference which degrade network quality
of service performance and spectrum efficiency.

2.NOMA schemes make the spectrum efficiency and channel capacity
utilization well, however, there is a great interference between the users.

3.How can the dynamic spectrum access method significantly improve
spectrum utilization efficiency without losing the advantages associated with
the static spectrum allocation scheme?
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1.3 Motivation for the Study

The relevance of the research is in its ability to totally utilize the spectrum,
reduce the BER, and increase the capacity to improve the quality of service

(QoS).
1.4 Objectives

The objectives of this research are:

1. To study and analyze the performance of NOMA-based cooperative
spectrum sharing in 5G Networks.

2. To design and simulate a CR - NOMA-enabled 5G network.

To enhance the efficiency of NOMA using cooperative spectrum sharing.

4. To compare the proposed system with existing techniques using potential
parameters for NOMA-enabled 5G Networks.

w

1.5 Research Methodology

Depends on the ideas of cooperative spectrum sharing and NOMA in the 5G
network. In this framework, the following phases approach to describe the
research methodology.

e Phase one: Description Methodology, Utilizing the survey literature in our
study, that is, the current books and literature related to our topic will be
studied to get the idea of model formulation and solution technique.

Phase two: Analytical Methodology, to Analyze NOMA and cooperative
spectrum sharing algorithms.

Phase three: Modeling Methodology, for developing a new model, for
proposed solutions.

Phase four: Simulation Methodology, to simulate the new model using a
MATLAB software program.

Phase five: Examine the performance results for the new proposed model
versus the conventional model in terms of spectrum efficiency (SE),
average capacity, BER, and outage probability (OP).



1.6 Scope and Limitations

This study is concerned only with DL NOMA PD and CR strategy using energy
sensing in the 5G network with limiting factors of (4 to 6) users, BW (60-200)
MHz, distances (d) between (50-1000) m, and Rayleigh fading channels.

1.7 Thesis Layout

The thesis is laid forth as follows. The literature review will be presented in
chapter two. Algorithms for the proposed methods will be discussed in chapters
three through six. A summary and conclusions will be offered in chapter 7.



CHAPTER TWO

Literature Review

This chapter describes the technical knowledge used in this thesis. The
background work for OMA and NOMA is set, with subjects like CR, CR-
NOMA design, multiple-input multiple-output (MIMO) cooperative DL
NOMA, and massive MIMO (M-MIMO) covered. The literature on the
subject, focusing on papers that discuss DL NOMA and CR, was reviewed.

2.1 Fundamental concepts

Multiple access is the capability of a wireless communication system to
simultaneously serve to route several transmitters and receivers over a single
channel utilizing time, frequency, or coding. Creating channels requires first
dividing the available resources in an orthogonal or semi-orthogonal way.
Although each sender may have its own data-transfer capabilities, users will still
be limited to the BW that the receiver makes available to everyone. The idea
behind multiple-access technology is to get the most out of scarce resources like
energy and BW with as little disruption as possible. Multiple access refers to the
practice of allocating distinct channels to individual users. It is commonly used
in telephone systems where voice signals are allocated to dedicated channels.
The term "random multiple access™ refers to a way of sharing BW that depends
on burst transmissions but does not ensure access to the channel that has been
allotted. Whether a system employs multiple access or random access and what
kind of channelization is utilized depends on its specifications and adaptability.
Increased channel capacity is achieved by sharing BW [42]. OMA, on the one
hand, and NOMA, on the other [43].

2.2 Orthogonal Multiple Access (OMA)

The channels in an OMA system are used to distribute the system's power or
BW among its users. Using a variety of basic functions, the receiver in this
system can isolate the signal of interest from background noise [43]. Frequency,
time, and encoding are only some of the ways that the channel might be divided.
The effectiveness of various techniques for dividing traffic into manageable
chunks varies widely and is highly context-dependent. OMA's many advantages
include its resistance to the near-far effect and its use of higher-order modulation
techniques to boost the rate of a single user. It also helps prevent intra-cell

10



interference by allocating distinct signal sub-spaces to each user. With a
straightforward receiver design, OMA systems can provide high throughput for
packet-based service delivery [44]. OMA is inefficient in terms of spectral
power usage and is sensitive to cross-cell interference and synchronizing frames
to preserve orthogonality [45]. OMA is the basis for all of today's wireless
networks, even though it was developed more than a decade ago. [46] While 2G
networks use TDMA and FDMA, 3G networks use CDMA and 4G networks
use OFDMA as their primary mode of operation.

2.2.1 Time Division Multiple Access (TDMA)

Digital transmission systems, whether wireless or wire, frequently use TDMA,
a type of multiple access [47]. The channel access method (CAM) is a good
option for shared media network situations. To allow for simultaneous use by
several users, a single radio frequency is typically partitioned into "time slots"
[48]. The users are given time slots that will be used to send and receive data
regularly. This is because each user sends out a series of data bursts in quick
succession, separated by a guard interval to prevent overlap [49]. The ability to
perform the handoff during idle times also allows the user to save battery life by
turning off the transmitter when it is not in use.

TDMA is commonly used in conjunction with FDMA because using various
carrier frequencies in separate cells results in improved user BW. Reusing these
frequencies in more distant cells reduces the likelihood of interference.
Additionally, a cell may have a significant number of carrier frequencies, each
of which may contain its own TDMA bit stream in addition to a collection of
user terminals [47]-[50]. Depending on the BW available, TDMA can be either
wideband or narrowband. Technology such as digitally enhanced cordless
technology (DECT), wireless networks, and second-generation cellular systems
(GSM, 1S-54) all utilize this standard.

2.2.2 Code Division Multiple Access (CDMA)

The rising demand for wireless communications may be successfully met by the
novel approach known as CDMA. CDMA is an excellent approach for meeting
this need since it can be readily adjusted to optimize the user's ability to calculate
marginal error performance. While both TDMA and FDMA have limitations on
user support, Each access method has a capacity limit for the number of users it
can accommodate [51]. Users can have access to both synchronous and

11



asynchronous channels using this multiplexing technique by changing and
deploying their data-carrying signals with predetermined signature sequences.
Whether a data signal is intended for an individual user or a collective of users
who must collaborate to authenticate its origin, there are two distinct ways in
which it can be disseminated [50]. Different types of code division include
multicarrier code division multiple access (MC-CDMA), multicarrier direct
sequence code division multiple access (DS-CDMA), multitone code division
multiple access (MT-CDMA), etc. Increasing the length of symbols helps with
transmission synchronisation since the MC-CDMA approach can decrease the
rate at which symbols are sent on each subcarrier [52]. Using the specified
spreading code, the DS-CDMA transmitter disseminates the original data in the
time domain. The ability of a spreading code to reduce interference from several
users is dependent on its cross-correlation characteristic.

Superimposing signals with different time delays allow for selective frequency
fading in the channel [53]. The autocorrelation property of the spreading codes
consequently enables us to isolate a specific part of a received signal among
several [52]. By utilizing a predetermined spreading code in the time domain, a
transmitter can ensure that the spectra of all the subcarriers are orthogonal and
as far apart in frequency as possible [50]. Due to the use of longer spreading
codes, MT-CDMA can accommodate a greater number of users than DS-CDMA
[52]. The capacity of CDMA technology to treat user signals coming from
neighbouring cells as noise has led to its widespread usage in military
applications [54].

2.2.3 Orthogonal Frequency Division Multiple Access (OFDMA)

To get around the problems with signalling transmission and boost the
transmission rate, the wireless broadband network frequently employs a
technology called OFDMA, which is based on OFDM. The whole BW is divided
into distinct channels that do not overlap. This converts the channel frequency
into numerous parallel streams and modulates them into carriers or sub-carriers
to transmit data to many users. The time-domain waveform of these subcarriers
is kept at a minimum frequency spacing from them to preserve orthogonality.
However, there is still some frequency overlap between the signal spectra of
several subcarriers. This ensures efficient utilization of the available BW. If the
OFDM transmitter has access to channel knowledge, it can adjust its signalling
strategy to work with the channel [55]. The Inverse Fast Fourier Transform
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(IFFT) is a technique used to create OFDM with minimal increase in complexity
while allowing for a wider spectrum of subcarriers. With sub-channelization, the
OFDM system gives higher SNR users less of a priority than lower SNR ones.
[56].

This technique is widely used for transmitting data across wireless channels and
has been included in several wireless standards, including the IEEE 802.11a
local area standard for example. OFDM technology was selected for 4G [59]
because of its enhanced processing capacity and simplified receiver design for
larger carrier BW.

2.3 Non-Orthogonal Multiple Access (NOMA)

The 5G network may benefit from the use of NOMA [60]-[61]. It solves serious
problems like fast data transfer rates, minimal lag time, and extensive network
coverage. High SE may be achieved by using superposition coding (SC) at the
transmitter and SIC at the receiver to accommodate many users. Decoding and
removing the distant user's signal is done by the adjacent user. Due to the local
user's faint signal, the distant user experiences minimal challenges in
deciphering it [61]-[62]-[63]. CD-NOMA and PD-NOMA are both common
kinds of NOMA, with CD-NOMA referring to code domain NOMA and PD-
NOMA referring to power domain NOMA. CD-NOMA utilizes sparse code
multiple access (SCMA) and low-density signatures (LDS) to divide outgoing
signals into a customizable number of SCMA groups. To reduce the effects of
symbol-to-symbol interference, the LDS method is used. This LDS is
constructed from sparse spreading codes, each of which has some components
that are not zero. These sparse codes make it possible to create more
differentiated code words for the signal's transmission, which in turn allows for
a higher number of users to superimpose in a non-orthogonal form.

Despite having similar power levels, users can be differentiated at the receiver.
The usage of multiple access LDS and multicarrier modulation OFDM relies on
orthogonal mapping and sparse spreading techniques to facilitate the
simultaneous use of frequency diversity and overloading. On the other hand, this
can result in exorbitant costs and a complicated receiver. Using LDS and
quadrature amplitude modulation (QAM) mapping to produce code words [64],
SCMA further optimizes sparse spreading. The complexity of the receiving end
is low because the sender and recipient's codebooks are both public [65].
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Here, the primary focus of our attention is on PD-NOMA. Sharing the equivalent
assets (i.e., time, frequency, and code) efficiently across a wide range of users at
variable power levels is made possible by PD-application NOMAs of the
superposition principle, in which consumers with lower channel gains are
serviced with more power and vice versa. By using the SIC method at receivers
to decompose multiple user signals, PD-NOMA dramatically improves spectral
efficiency [66]. In a system that uses SIC, the receiver alternates between
decoding signals coming from two different users, while disregarding noise
signals coming from a third user. When a signal is improved at one receiver, it
is no longer usable at a second. See Figure 2.1 for an overview of the core
components of this NOMA system.
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Figure 2.1. Construction of the NOMA System

In comparison to the processes that are now provided by OMA systems, the
procedures that are provided by NOMA for resource allocation, user selection,
and cauterization are considered to be superior [67]-[68].

Throughout this thesis, the PD-NOMA will be abbreviated to NOMA for the
sake of brevity. Furthermore, the name "NOMA" will only apply to the PD-
NOMA scheme from now on research.
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2.3.1 Power Domain (PD) NOMA

The PD is multiplexed in PD-NOMA so that it may accommodate many users,
channel frequencies, code delivery, and access. This is shown in Figure 2.2, PD-
NOMA is preferable to OMA since it allows several users inside a single cell to
communicate over a single shared frequency channel [69].
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Figure 2.2. The NOMA scheme's TP levels
2.3.2 Transmission Downlink (DL) With NOMA

The BS in a DL NOMA conducts an information wave overlap for its users.
Each user (U) employs a process of SIC to pick up its signals. The benefits and
number of SIC beneficiaries are displayed in Figure 2.3. The node Uz will be
located near the BS, whereas the node U, will be positioned at the opposite
extremity of the network.
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Figure 2.3. NOMA for N-user DL transmissions

Using the NOMA architecture, U users can take advantage of the whole width
of the transmission channel (W+r) and the number of subcarriers (NSC).

Additionally, guaranteeing that N users sharing the same subcarrier have no
interference, the NOMA system makes use of the SIC. The BS sends out a signal
with an intensity of P, on the nt" sub-carrier (n = 1,2,..., NSC) to the ut
user (u = 1,2,...,U).

In = ?:1 vV Pi,n hi,nXi,n + N; (2.1)

where i*" user multiplexed on the nth subcarrier is denoted by h;,,, and white
additive Gaussian noise (AWGN) is denoted by N,.

2.3.3 NOMA for the Uplink (UL)

The UL NOMA architecture is unique in comparison to the DL NOMA. Figure
2.4 illustrates the UL NOMA network. At the start of UL NOMA transmission,
the BS should receive a power allocation control message. This time around,
SIC will be utilized by BS to recognize user signals [69].

The optimal detection sequence will involve starting with the stronger signal for
decoding before moving on to the weaker one.
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Figure 2.4. NOMA for N-user UL

A complete uplink signal, including all user signals, as received by the BS is
represented as:

yi(t) = x(£) gx + wy (t) (2.2)

AWGN at the U, with zero mean and density No(W/Hz) is denoted by
wy (t), and g, is the channel attenuation factor between the BS and the U,.

2.3.4 Superposition Coding (SC)

NOMA transmitters use SC to combine PD user signals. To maximize the
capacity of a scalar Gaussian broadcast channel [70], SC takes a non-orthogonal
method by fusing the information of several users into a single signal. This paves
the way for the simultaneous transmission of data from the number of users
through a shared set of radio waves and clock cycles.

Suppose a scenario with N users, complex-valued symbols, x;, is formed by
mapping the data bits for the k™ user into the constellation of m-array
modulation. Here, N users are considered while discussing quadrature phase-
shift keying (QPSK). This occurs when Uz's (higher-power) constellation is
superimposed on Uy's, and a superposed constellation is formed (with lower
transmit power (TP)). The superimposed symbol for an N-user scenario is as
follows:
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Xy = \/P_T(\/a_1x1 +azx; + \/a—3x3 + o+ yagxy) (2.3)

Py represents total transmitted power, while «, represents the fraction
subject to the constraint k=1,2,...,n, where a; + a, + -+ a, = 1.

2.3.5 Successive Interference Cancellation (SIC)

After superimposition, the time and BW frequency of the signal transmission
remains unchanged. Ensuring considerable variances in power distribution
across users at the transmitter [71]-[72]-[73] allows the SIC multiuser detection
technique to reveal the wanted signals at the receiver. Use the notation to
represent the signal that User k sees.

Yie = hexy + wy (2.4)
Vi = h/pr(Vagx, + Vazx, + \Jazxs + -+ Vapx,) + wy (2.5)

The complex channel coefficient for user k is denoted by hj, while w; stands
for the AWGN.

The receiver belonging to Userl disregards transmissions from other Users as
interference or noise, and quickly converts signal x; to desired signal yi. The
reason is that U:'s signal is stronger than U>'s when measured at the receiver,
greater than that of Us's signal, and greater still than that of Un's signal (i.e., a; >
a, > as ... > a,), this is achievable. But user n is an exception to this rule. User
n's receiver initially deciphers User n-1's signal.

Uz swiftly decodes the signal y, they received by disregarding the signals from
other Users as interference or noise.

Contrarily, this is not the case with Uz. Uz's receiver decodes the transmitted
signal from U1 before the signal from U, may be received. A complete decoding
of Uy's signal at U>'s receiver would result in a decoded signal. When trying to
pick up U's signal, any other signals, including Usi's recovered signal, are
considered interference and cancelled by the received signal. At the Un's
receiver, the signal from Un.1 is decoded first. Assuming that Un's receiver
correctly decodes the signal from Un.1. For the Un's signal to be picked up, the
signal from Un-1 is retrieved and superimposed on the received signal to cancel
itself out (as interference).
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Figure 2.6. Methods of the SIC in the N-user DL Scenario

2.4 NOMA Downlink (DL)

Consider a cellular network with N users, where N is an integer between 1 and
N, and a single BS with one antenna. The BS divides system BW into K
subbands, or resource blocks (RBs), where each RB uses the same BW to
transmit data using an overall transmit power (PT) over the air. Each RB is
predicted to have flat fading since its BW is estimated to be less than the coherent
BW. Nonetheless, BW exhibits frequency selective fading. Each RB-n sorts its

users in descending order of channel gains,|h1,n|2 < |h2,n|2 < |h3,n|2 < <

|hN,n|2. By having the BS and the UE implement the SC and SIC techniques,
respectively, NOMA makes it possible for a single RB to support multiple users.
However, in OMA schemes like OFDMA, each RB can only support a single
user at a time.

The BS uses SC to perform PD multiplexing of user data by assigning a
percentage oy, (0 < ay, < 1) of the Py to Un. Since the overall must-TP
does not go above the maximum power budget P, the power location
coefficient (PLC) to each Uy at RBy is calculated as YX_; (ayn + app + -+ +
o n) = 1 requirement that must be met to keep transmission power below the
Py limit.

20



In SC, the TP is divided so that the user with the poorer signal gets more of it
and the user whose signal is stronger receives a lower, (i.e.,P;, > P,, >
P3y >--> Pg, >0) provide QoS or user fairness [74]-[75]-[76].
Nevertheless, this is not always the case from an information theory perspective.
Power sharing between paired users is determined by a set of predetermined
points within the capacity region. To add insult to injury, if the QoS standards
for all users are met, the weaker user may receive less power.

Each user N at RB n receives a superposed signal, which may be represented as,
YNn = hN,nxs + Wy (2-6)

When the x5 = ¥N_; /Pray, xy, the signal is superimposed on the wy
AWGN and the AWGN have a power spectral density (PSD) of No. The weakest
user will interpret signals from other users (with a higher user index, N > 1) to
be interference, forcing that user to decode the intended signal. Intracellular
interference or intra-cluster interference is the name given to this phenomenon
[77]. Initially, the user with greater authority (U1) decrypts the signal transmitted
by the user with lesser authority (Uz). Decoding the Ui signal involves
subtracting the decoded signal from the received signal and discarding the signal
for users with a user index greater than 2, denoted as k > 2, due to its interference.

To retrieve the required signal, all N users must decode the weaker user's signal,
where j < N, and after which they subtract the stronger user's signal from the
decoded incoming signal, U;, where [ > N, as interference. Finally, the
strongest user's receiver (Un) is able to decode the signal with no interference
because of the perfect cancellation of all previous interference. The maximum
data rate that user N may achieve at each of the N RBs will be calculated
assuming optimal SC and SIC values for BS and UE.

p nthnl2
Ry, =1lo (1 4 — N[N, ) 2.7
Nn &2 Z£N+1ai|hN,n|2Pi,n+Uz ( )

The formula that follows determines the maximum throughput that may be
accomplished by the Nth most powerful user for each of the N RBs.

2
Ry .n = log, (1 + —aNPN';lth'”l ) (2.8)
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It is evident that (2.8) can significantly affect individual user rates since there is
a one-to-one link between the amount of users and their noise. The weakest user
is the most affected. Due to its interference-limited nature, NOMA might not be
the best option for all users, particularly in situations with a high user base. As
SC and SIC are introduced to serve a greater number of users, it is also possible
that the receiver and transmitter may become more complicated [74]. One
solution that has been applied to NOMA to deal with these issues is user pairing
or clustering, where the participants are divided into smaller groups into various
pairs or clusters, wherein the RBs, or each has its own sub-bands.

The success of this method is highly sensitive to the users chosen for each pair
or cluster, as users' channel conditions vary widely. According to [78], which
investigates the effect of user pairing, pairing users with more dissimilar channel
conditions can further boost NOMA with fixed power allocation and outperform
OMA in terms of performance.

NOMA's resource allocation takes into account both PLC and user pairing, a
sophisticated scheme is needed to provide the best possible performance. Many
works, including [79]- [80]- [81], use mathematical optimization theories to
apply to the NOMA resource allocation problem.

2.5 Cooperative NOMA

The notion behind cooperative NOMA is that more proficient NOMA users can
serve as decode-and-forward (DF) relays for other, less capable NOMA users.
There has been no change in our acceptance of the DL transmission for two
users. Cooperative NOMA calls for two transmission intervals. The first period
corresponds to the direct transmission phase in non-cooperative NOMA. The
second interval, commonly referred to as the cooperative stage, is when Uy will
use the DF relaying protocol to send Um the decoded message. Chapter 3 of this
thesis is based on a cooperative NOMA design.

The primary advantages of cooperative NOMA over standard NOMA are:

A strong user in NOMA can now decode transmissions from a weak user thanks
to SIC technology. A strong user in NOMA can now decode transmissions from
a weak user thanks to SIC technology. As a result, the DF relay protocol needs
to be considered. Benefits all users more equally as the weak user's dependability
is not as heavily relied upon, which is greatly enhanced by the usage of
cooperative NOMA. Therefore, NOMA transmission fairness is ensured, and 3)
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the large diversity benefit is achieved even for the weak NOMA user, making
cooperative NOMA a powerful tool in the fight against multi-path fading [82].
2.6 5G Concept

Seeing as how Information and communication technologies (ICT) have brought
about previously unheard-of benefits and conveniences, it has come to be seen
as a crucial component of societal and economic growth. Users are now able to
access broadband services from their mobile devices, such as smartphones and
tablet computers, with an end-user experience that is practically on par with that
of wired connections, thanks to the emergence of 4G wireless network services.
Mobile services that necessitate fast speeds, rapid reaction times, high
dependability, and energy efficiency are challenging to supply, even with the
advent of 4G wireless network technologies. As a result, in the 5G era, these
capabilities are now prerequisites for any new services to be considered.

The need for existing 4G/Long Term Evolution (LTE) networks to meet the
requirements of Internet-related services is growing as technology connected to
these services advances. This makes it impossible to provide a service to all
customers at a consistently high standard. Additionally, the number of
concurrent mobile users who can enjoy a high-quality video experience on LTE
networks is restricted.

Future 5G services would enable limitless data transmission, an enormous
number of simultaneous connections, and the introduction of novel mobile
gadgets, in particular sensors powered by renewable energy sources, making
possible new forms of media like 360-degree films and holograms. 5G services
can be used in many different contexts, not just for making phone calls or surfing
the web.

Given this context, 5G networks are a critical component of the infrastructure
that drives growth across the whole ICT sector and beyond. International Mobile
Telecommunications-2020 (IMT-2020) is a standardization initiative led by the
ITU-R Working Party (WP) 5D that contains a vision statement outlining the
many uses for 5G. You can read this declaration here: [83]. Some examples of
potential uses include ultra-reliable and low-latency communications (URLLC),
enhanced mobile broadband (eMBB), and communications for massive
machine-type communications (MMTC).

23



Important factors in most of the service scenarios examined by ITU-R eMBB
include peak data rate, user-perceived data rate, spectrum efficiency, mobility,
network energy efficiency, and area traffic efficiency. Additionally, a number of
URLLC service use cases emphasize mobility and low latency as two of their
top priorities. Reliably and transparently managing the massive swarm of
intermittently transmitting devices in mMTC service scenarios is a prerequisite
for 5G networks [84]. The data rate as perceived by users and SE are the most
important performance parameters. Figure 2.6 displays their importance in
essential key performance.

User Experience

Peak Rate (Gbit's) Throughput

eMBB
Region Flow Spectrum
Capacltg Efficiency
(Mbit/s/m” )

Mobility

Network Power
Efficlency k)
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Connection e
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Figure 2.7. Displays the Various application KPIs Requirements [84]
2.6.1 5G Mobile Network Spectrum

According to the recommendations of the Global System for Mobile
Communications (GSMA), Figure 2.7 depicts a scenario in which 80-100 MHz
of contiguous spectrum is made available to each operator in the core 5G bands,
and approximately 1 GHz of the spectrum is made available to each operator in
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the millimetre wave bands. According to Table 1, the frequency was split into
two classifications [84].

However, spectrum is a finite resource, therefore wireless operators throughout
the world will likely need to use a combination of the low, mid, and high bands
to deliver the kind of 5G experience their customers need and boost spectrum
efficiency by employing novel spectrum sharing technologies.

Sub6G P Millimeter Wave
Focus on 3.5GHz Focus on 38/39/60/73GHz
i II\ Illl- L e
Tw I||I|| |IIII|I | I|II ||III| I 111 II|II| IIII|| Iw
12 3 456 10
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\ Jz
5G main spectrum 5G expanded spectrum

Figure 2.8. 5G Network Spectrum [84]

Table 2.1. The 5G Frequency Classification [84]

Frequency Classification Frequency Range
FR1 410MHz-7125MHz
FR2 24250MHz-52600MHz

2.7 Spectrum Efficiency (SE) Technique

The definition of "Cognitive Radio™ (CR) was developed further in [85] and
[86], with a particular emphasis on "Dynamic Spectrum Access” (DSA). The
outcome was a revised description of CR as an "environmentally aware, self-
learning wireless communication system" that adapts its transmission
characteristics in response to statistical fluctuations in the RF signals it receives.
This is done to achieve two main objectives.

The IEEE 802.22 [87], the IEEE 1900 [88], and the IEEE 802.11af are just a few
of the current CR standardization projects that are underway.
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2.8 The Principles of Cognitive Radios (CRs)

The technologies that make opportunistic spectrum sharing possible are crucial
to CR's success. One concise definition of CR is provided in [89]: In response
to changes in its operating environment, the CR radio adapts the settings of its
transmitter. To avoid interfering with the transmission of preexisting networks,
the problem is to share the spectrum with them. So-called "Spectrum Hole" (SH)
or "white space” is what the CR makes available for such purposes. According
to [85], SH is defined as follows: The SH is a piece of the radio spectrum that is
ordinarily used by the PU but is being made available to another user at this time
and location. If another SU begins to use the same SH where the CR is operating,
the CR may relocate to a different SH or remain in the same SH while adjusting
the strength of its transmissions or the modulation scheme it employs to mitigate
interference.

2.8.1 Critical roles of CR
The critical roles of CR include:

e Learn which spectrums are currently unoccupied.

e Choose the most appropriate channel.

e Assist other users in gaining access to this channel.
e Leave the channel as soon as the authorized user returns.

The CR model necessitates the use of dynamic network protocols within a pre-
existing network topology. Cross-layer adaptation to the Open Systems
Interconnection (OSI) network architecture is proposed in [89]-[90] to ease CR
model implementation. This is done to accommodate the CR model. Spectrum
sensing and sharing both contribute to the overall effectiveness of the network
in this configuration. Spectrum adaptation requires the coordination of features
at the application, transport, routing, medium access, and physical layers, which
is accomplished through spectrum decision and spectrum mobility.

2.8.2 Benefits of Cognitive Radio (CR)

Helping networks make the most efficient use of available spectrum bands in
order to satisfy customer demands for service quality is the main objective of
CR. To accomplish this objective, new activities for managing the spectrum will
need to be devised to account for the dynamic character of the spectrum. It is
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illustrated visually in Figure 2.11 [85]-[91] how spectral sensing (SS), spectral
analysis (SA), and spectrum decision (SD) are interdependent. The SS function
is able to detect SH through the use of permitted as well as unlicensed frequency
bands. This indicates that their properties are susceptible to change, not only as
a result of the ever-shifting radio environment but also as a result of the operating
frequency and the BW of the signal.

Because the spectrum is constantly changing, communication protocols must
adjust wireless channel parameters. Choosing the best spectrum band requires
considering QoS requirements such as transport, routing, scheduling, and
sensing data. Realizing SA and SD functions requires a method that crosses
many layers and makes use of the interdependence of the characteristics of a
stack for communication as well as closeness between them with the physical
layer. Therefore, SA and SD are issues that occur at a higher layer, but the core
of SS is comprised of the Physical Layer.

/ / Radio Environment

Transmitted Signal

RF Stimuli

Spectrum Hole Information

Spectrum Sensing )«

Channel Capacity

Spectrum Sensing

Figure 2.9. The Cognitive Radio Process [85]

A

2.8.3 Sensing of the Spectrum (SS)

The SS function's job is to keep an eye on things from the vantage point of a
network node to identify stale frequencies. By monitoring the electromagnetic
spectrum, the CR can detect and react to environmental changes. SS, which is
implemented as a physical layer and media access control mechanism [92]-[93],
is firmly within the purview of detection theory, as has been discussed at length
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in the works [89]-[94]-[95]. Even though the identification of signals is the
responsibility of the Physical Layer SS, there are in fact two distinct sorts of
detection methods: those that need prior information (like pilot detection), and
those that don't (like energy detectors (ED)) [92]-[96]. In terms of when and
what spectrum to detect, the MAC portion of the SS (in frequency) is the most
important. To put it another way, multipath, shadowing, and local interference
all influence how well the SS performs in each area. Interactions between these
elements can reduce the SNR, thereby causing detections to be missed or false
alarms to be generated by local detectors.

2.8.4 The Spectrum Analyzer (SA)

It is possible to pick the spectrum band that is most appropriate for each node
thanks to the SA function of cognitive radio networks (CRNs), which classifies
the spectrum bands that are available for availability. Because of the inherently
dynamic nature of networks, each SH is required to take into consideration the
ever-evolving radio environment, as well as interference and information
regarding the frequency band. There are examples of this that may be observed
in the bandwidth and frequency of the operating system. Because of this, it is of
the utmost importance to develop certain criteria for determining the relevance
of a particular range of frequencies that are contained within the electromagnetic
spectrum. It is made clear in reference [89] that the following are mentioned
explicitly:

Interference: Traits are dependent on the spectrum band being used. There is a
negative correlation between operation frequency and path loss. If a node
maintains the same level of TP across all frequencies, its range will decrease as
the frequency increases.

Error rates in the link can vary based on the type of modulation that is being
utilized as well as the quantity of background noise that is present within the
channel's working frequency range.

There will be a delay at the connection layer since path loss, wireless link error,
and interference will vary by spectrum band. The time required for a packet to
go across the link layer will vary substantially because of these differences.

The interference of other users can reduce the network's channel quality during
the holding time. The holding time is the average amount of time a node can
remain in a band before being evicted. The frequency of spectrum handoffs
increases as the holding time decreases. System throughput and connectivity are
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compromised during spectrum handoff operations due to the time spent
returning transmission to a new channel. Thus, more time spent on hold by a
channel is preferable. Time spent waiting during a spectrum handoff can be
minimized by thinking back on previous handoff data. The channel capacity,
which is determined by the variables, determines the spectrum band. The SNR
is commonly used to estimate channel capacity; however, due to its one-sided
focus on the receiver's observations, it fails to consider any of the channel's other
salient features.

2.8.5 The Spectrum Decision (SD)

As a consequence of this, the anticipated channel capacity of the numerous
spectrum bands that have been characterized can be utilized to choose the
spectrum band that is best applicable to the situation for operational purposes.
The standards for the level of service provided by each node in the CRN can be
broken down into a number of discrete metrics, such as the amount of
transferable data, allowable error rate, latency bound, communication method,
and BW. The results of applying the best decision rule can be used to select the
bands of the electromagnetic spectrum that are the most appropriate for a certain
application. Numerous best practices are published in the literature that can be
included in the SD function. With the assumption that all channels have the same
throughput capacity, [97] presents SD ideas that prioritise fairness and
communication cost. The SNR of a channel is taken into account while deciding
which channels to skip to discover the best ones. This method is presented in
[98]. As discussed in [99], a central, adaptable decision-making structure is
developed with spectrum sharing in mind. The method of adaption considers not
only the number of users but also the available infrastructure at the hub.

2.8.6 Mobility of the Spectrum

The Spectrum Mobility feature allows a network to dynamically use the
spectrum by allowing CR nodes to switch to the most optimal frequency band.
Spectrum handoffs, also called spectrum mobility functions, are the means by
which the CRN node changes its operational frequency. Spectrum mobility
occurs in a CRN whenever a node's current channel conditions deteriorate due
to relocation or the introduction of an interferer. Spectrum Mobility has resulted
in the creation of a brand-new kind of handoff that has been given the name
"spectrum handoff" [100]. The effectiveness of the CR can either increase as it
is used or decrease as it is used. So, the network protocols will change modes
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whenever the CR node's activity frequency changes. The protocols that are used
at each network layer need to be able to modify one's behaviour based on the
specifics of the working frequency's transmission channel, in addition to being
able to remain transparent when a spectrum handoff is occurring and during the
related latency. Spectrum mobility management in CRNs ensures that the
performance of programs operating on a CRN node is unaffected by the
movement of traffic between nodes. Therefore, accurate estimations of the time
it will take to switch the spectrum are necessary for mobility management
techniques. SS and SA algorithms can collect this information, which provides
an estimate of the channel holding time. After a CRN node learns of the delay,
it is up to mobility management protocols to lessen the impact on the node's
ability to keep communications flowing uninterrupted. Additional delays
introduced by spectrum handoffs reduce the efficiency of the underlying
communication protocols. Therefore, the most difficult component of
establishing spectrum mobility is to work toward a reduction in the SS latency
associated with spectrum handoff. Spectrum handoff has an impact on various
characteristics of the channel, including link-layer delay, interference, the
percentage of dropped wireless connections, and path loss. However, the
spectrum handoff could result from modifications to the physical layer or the
MAC channel parameters. In addition, the user application can ask for a
spectrum handoff to switch to a more desirable frequency band.

2.8.7 Sharing of the Spectrum

Considering that all nodes in the CRN must use the same wireless channel,
coordinating their transmission attempts is essential. When compared to typical
MAC problems in classical systems, sharing spectrum is easier to grasp.
Contrarily, spectrum sharing in CR networks raises a separate set of concerns.
These one-of-a-kind problems arise from the necessity of integrating with other
systems and the incredible diversity of the observable electromagnetic spectrum.
The procedures for sharing radio frequencies in the CRN are summarized in
[101]. There are five stages to the spectrum-sharing process:

e Spectrum sensing (SS): Before being able to transfer packets, the various
types of CRN nodes first need to have an understanding of how the local
spectrum is being utilized.
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Spectrum allocation: Once the node knows how much spectrum is
accessible, it can assign a channel. Both spectrum availability and current
spectrum access policies contribute to this distribution.

Spectrum Access (SA): Given the possibility of concurrent spectrum access
by different nodes in a CRN, these attempts must be coordinated to reduce
the likelihood of interference between users.

After a piece of the radio spectrum has been chosen for transmission, a
"handshake™ between the sender and recipient indicates receipt that this
portion of the radio spectrum has been chosen for transmission.

Spectrum Mobility: The nodes in a CRN must employ the spectrum mobility
function to move to a different open area of the spectrum if the conditions of
the allotted spectrum deteriorate.

Current literature on spectrum sharing focuses on architecture, allocation
behaviour, and access methods. Following are several spectrum-sharing
methods that are technically conceivable, given the presence of distinct
architectural elements.

Spectrum access and allocation procedures are managed by a governing
body. An innovative distributed sensing method is presented to help with
these processes; in this method, various network nodes report their spectrum
allocation measurements to a central location. This data is then used to
generate a map of the spectrum’s usage. You may see some examples of this
style of building in [92]-[102]-[103].

In situations where building new infrastructure is not a desirable option,
distributed solutions are often advocated. Spectrum access and allocation are
delegated to individual nodes according to either regional or worldwide
policies. The vendor or a third party, like the Federal Communications
Commission, may establish these guidelines (FCC). An example of this is
found in [104].

Spectrum Sharing methods can be broken down into several categories
according to how they handle user access:

Cooperative approaches consider how a node's communications will affect
other nodes. Spectrum allocation techniques consider the interference
measurements taken by each node and transmit this information among the
nodes. Though there are also distributed cooperative solutions, all
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centralized approaches are treated as cooperative by default. The references
[105]-[106]-[107]-[108] provide some good examples.

e The present node is the only one taken into account by the non-cooperative
method. Individualistic strategies are also known as "selfish" solutions. Less
effective spectrum utilization may emerge from non-cooperative techniques,
but they don't require nodes to coordinate their actions or share their
command data. Some illustrations of this can be seen in [97]-[109]-[110].

e According to reports in the literature, cooperative systems perform better
than non-cooperative ones when comparing the architecture and access
behaviour of these approaches, and distributed solutions closely follow
centralized solutions. This research’s findings are supported by the literature
(see [111]-[112] for examples).

e Spectrum-sharing methods are categorized following the access technology
in use.

A node can join an existing network by making use of unlicensed radio
frequencies through the implementation of an overlay spectrum-sharing
protocol. As a result, the primary system encounters less interference [108]-
[111]-[112].
The Underlay-Underlay paradigm ensures that all participants are cognizant of
the interference they may be contributing. If interference from the SU at the PU
is below a specific limit, simply simultaneous transmission from the primary and
secondary systems is required. The BW requirements and complexity of this
technology are higher than those of overlay approaches.
Theoretical research into spectrum access in CRN has shown crucial trade-offs
that must be considered while designing spectrum access protocols. Spectrum is
used more equally and efficiently, according to studies, when people work
together to do so. However, the cost of collaboration owing to signalling
overhead may make this advantage less appealing in the long term. Spectrum
access techniques always influence the performance of legacy systems, as stated
in [113]. Overlay techniques concentrate on the voids in the spectrum, while
underlay requires dynamic spreading methods to guarantee interference-free
operation across coexisting systems.

2.9 Cognitive Radio NOMA (CR-NOMA)

Recently, CR systems have also begun implementing a revised NOMA strategy.
These emerging technologies, when used together, may considerably streamline
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the power allocation design and consistently satisfy consumers' requests for
high-quality service [114]-[115]. To improve secondary network (SN)
connectivity, for instance, the authors of [116] implemented NOMA strategies
on huge underlay CR networks. In CR-NOMA systems, the overlapping signals'
power must be kept below the interference threshold at the primary network
(PN), which is a requirement that isn't present in traditional NOMA wireless
networks. Similar work may be found in [117], where secondary NOMA
transmitters relay information from PN receivers to SN receivers. Also, in [116],
the CR-NOMA networks with an overlay were investigated, wherein NOMA
messages are broadcast to the SUs from a secondary source. An examination of
the data reveals that NOMA users do better than OMA users when the target
data rates and PA parameters are chosen with more attention. In addition, CR-
NOMA networks have used cooperative communications to their advantage
[118]-[119]. One example may be found in [118], where the authors conducted
research on the feasibility of using NOMA to enable superposition transmission
between a unicast PU and multicast SUs. In this scenario, the SN cooperates
among PUs to compensate for their unequal allocation of the primary spectrum.

2.10 Multiple Input Multiple Output (MIMO)

Problems might arise in signal propagation due to the wireless channel's
complexity and temporal variability. Multiple channels allow the wirelessly sent
signal to reach the destination node (multipath). Objects, such as trees, hills,
buildings, etc., cause the multipath by scattering and reflecting transmitted
energy. The path's signal strength, the direction of arrival, and the delay time are
all distinct from the others. Weakening of the received signal's amplitude can be
caused by multipath propagation, which can lead to destructive interference and
poor-quality wireless channel connectivity. Data delivery in digital
communication networks like the wireless Internet can be slowed down and error
rates can rise. The basic publications [120]-[121] show that multiple antennas
and multiple signals from the transmitter and receiver can reduce multipath
propagation's detrimental effects. Thus, increasing a wireless network's antenna
count for MIMO transmission can linearly enhance its spectral efficiency.
MIMO has been hailed as a technological breakthrough that has the potential to
completely change the game in light of the looming catastrophe that will be
caused by the demand to satisfy the massive data rate requirements of future
wireless communications.
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Performance advantages are given by MIMO systems' spatial diversity and
spatial multiplexing [122]. Space diversity, which broadcasts and/or receives
duplicated data symbols across many antennas, can reduce transmission failure
owing to deep fades in certain symbol copies but not others. MIMO is in the
design specs for the next generation of wireless networks, which include Wi-Fi,
WIMAX, 4G, and 5G. This was done because of the potential benefits that
MIMO offers [121].
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Figure 2.10. The MIMO System Utilizing Nt Transmitters and Nr Receivers

In wireless communications, numerous antennas have various real-world uses;
for example, increasing capacity by a factor of two without increasing BW
[121]-[122]-[123], increasing transmission reliability dramatically with space-
time coding [122] and suppressing co-channel interference effectively in multi-
user transmissions [124]. Incorporating MIMO strategies into the design of CR
networks has many benefits, one of which is enhanced performance in PNs and
SNs [125]. By employing several antennas, the secondary transmitter in a CR
network is better able to strike a balance between these two competing, yet
interdependent, specifically, it aims to increase its transmission speed while
simultaneously decreasing interference levels at its primary receivers.

2.11 Massive MIMO

M-MIMO is a key method in 5G networks since it improves SNR and SE. There
is evidence that M-MIMO can boost capacity by more than a factor of 10 and
reduce energy consumption by a factor of 100. Greater multiplexing gains, larger
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data speeds, more durable connection stability, and a better balance between
spectrum and energy economy are just a few of the possible advantages of M-
MIMO over classical MIMO, which is limited by the number of antennas.

P. = GyP,L/N (2.9)

where Gy = M — N + 1 s the array gain at users [127]- [128], P, is the BS's
TP, and L is the overall path loss.

Researchers were motivated to try integrating M-MIMO transmission into
NOMA because of the promising results that may be achieved. Ding and Poor
used the clustering MIMO-NOMA architecture to break down M-MIMO
channels NOMA into smaller, more manageable numbers of single-input,
single-output (SISO) channels [129]. It was suggested that a one-bit feedback
approach could be used to streamline the installation process of the planned M-
MIMO NOMA devices.

2.12 Obstructive Parameters of the Surrounding Environment for Wireless
Communications

Many factors and parameters affect the work and performance of wired and
wireless communication systems, the most important of which are:

2.12.1 Noise

Unwanted signals can be injected into a communication system at any point in
time, whether it's during transmission or reception. Noise is the term for any
such intrusion. Noise is an unwelcome signal that distorts the message signal's
properties through interference with the original signal. The message itself is
modified because of this change in the transmission mechanism. Most likely, it
will be inputted at the channel or the receiver.

Various factors, such as the nature of the noise's origin, the effects it produces,
and the nature of the source's and target's connections, are taken into
consideration when categorizing noise. There are primarily two sources of noise.
The first is generated by an external source, whereas the second is generated
within the receiver itself. Ultraviolet AWGN from sources like heat and gunfire
is the most critical factor.
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2.12.2 Fading

In transmission systems, fading manifests as a fluctuation in the received signal
strength. Instances of fading that can occur include:
1) Large-scale fading.
= Path loss.
= Shadowing.
2) Small-scale fading.
= Fast fading.

= Slow fading.
= Multipath fading.
I. Flat fading.

I1. Selective fading.
Rayleigh fading, caused by a signal's reflection, and described by the Rayleigh
distribution, and Raising fading, caused by a signal's reflection and the addition
of a line on the side and described by the Raising distribution, are the two most
crucial fading parameters.

2.12.3 Inter Symbol Interference (I1SI)

ISI is one sort of communication distortion that leads to significant information
loss. The square waveform expressing the 1s and Os is the standard form for
transmitting digital information. Data in the adjacent symbol sequence becomes
unintelligible when the square waveform spreads and combines with the noise
and non-linearities of the channel.

The receiver misinterprets this data because it cannot anticipate the proper level
of the square waveform, and hence some of the data is lost.

ISI is typically caused by the multipath signal propagation and non-linear
frequency response of a band-limited channel. Errors in the receiver's judgement
device are introduced when ISI is present. Therefore, it is important to consider
ISI while designing transmitting and receiving filters so that digital data is
transmitted with as few mistakes as possible.

2.13 Quiality of Service (QoS)

Speaking of "communication™ The basic properties of a network that are
essential to its capacity to deliver the promised service or function to users are
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called "quality of service" for short. Some examples of these characteristics
include being able to keep high-priority applications and traffic running
smoothly even when BW is limited. Each service model has its own unique set
of QoS characteristics that determine how the network responds to user requests
for specific outputs, such as packet delay or loss. Spectral efficiency must be
improved with each new generation of mobile communications networks to
satisfy QoS requirements.

2.13.1 Spectral Efficiency (SE)

Given the limited amount of spectrum available, it must be used effectively.
Maximum data transmission across a given BW indicates efficient utilization of
that resource. The rate at which data is transported over a certain BW in
particular communication systems is referred to as its spectral efficiency. You
can also refer to spectral efficiency as BW efficiency. The speed at which
information is carried over a given BW is typically described in terms of the
underlying communication system.

2.13.1.1 Spectral Efficiency (SE) of 5G NR

The SE of the 5G network can be measured by the formulation that can be used
to measure roughly the specimens of 5G new radio (NR) (bit/sec / Hz):

5G NR Throughput,bps
Channel (Band)Bandwidth,Hz

Spectral ef ficiency 5G = (2.10)

It expands upon the guidance provided by the 3GPP.
2.13.2 Throughput

Simply explained, throughput is the quantity of information that can be sent and
received in each length of time over a certain communication link. Technical
variables such as latency, packet loss, jitter, and Others have the ability to impact
the rate at which data is transmitted (measured in kilobits per second, or
multiples thereof). not to be equal to BW. Evaluation of 5G New NR throughput
(which varies with MIMO layer count, BW, frequency range, modulation type,
etc.). Based on the 3GPP standard TS 38.306: Radio connectivity capability of
DL and UL 5 G to receive NR User Equipment, the maximum performance is
determined (UE).
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2.13.3 Bandwidth (BW)

BW measures information transmission and reception speed. More information
can be transferred over a network if its BW is increased. Instead of referring to
a measurement of velocity, the term BW is more commonly associated with a
measurement of power. There is a wide range of frequencies available, but only
those below a few hundred GHz may be used for practical communication. They
make cautious use of the limited number of accessible frequencies to meet our
massive demands. Government bodies are established to establish policies about
the use of available BW.
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Figure 2.11. The BW of the Channel
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2.13.4 Channel Capacity

The maximum number of users on a frequency band is called radio
communications "channel capacity”. The maximum information that can be
successfully conveyed over that frequency range determines this value.
This parameter is crucial since radio capacity determines a cellular network's
maximum data transfer speed. The carrier-to-interference ratio (CIR) and radio
spectrum availability (B) determine the maximum data rate that may be
broadcast on a radio channel. For any wireless system, this phrase can measure
radio capacity.

C=Blog, (1 + CIR) (2.12)

Estimating the CIR in dB is as simple as

CIRgz = 1010g1(CIR) = 10logyq (sreeSerrmd 25 )

Y. Prec(Interfering BS's

(2.13)

Where P, is the signal power from the serving or interfering BSs. Calculate
P,.. (d), the received signal intensity at varying distances (d) from the BS.

Prec (d) [dB] = P [dB] — P (d) [dB] (2.14)

P, [dB] is TX power and P, (d) [dB] is path loss at distance d. Per P, (d), UL
and DL device capacity must be estimated separately.

2.13.5 Signal-to-noise ratio (SNR)

SNR quantifies signal strength compared to ambient noise. In wireless signal
transmission systems, the SNR and BW are two essential components.

2.13.6 Bit Error Rate (BER)

A transmission's BER is the ratio of damaged data bits to the total number of
data bits received. You can see this figure expressed as a percentage.

2.13.7 Outage Probability (OP)

The possibility that a receiver is beyond the BS's coverage area when its power
value falls below a threshold (the cell's minimum SNR) is the OP.
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2.14 Related Works

Towards 5G wireless networks, two emerging technologies NOMA and CR
could improve spectrum efficiency. The future of wireless spectrum use would
be improved by the implementation of two new technologies [130]-[131].
However, this method of combining NOMA and CR into a single, complete
system, known as a cognitive NOMA network [131], does not often attain the
greatest achievable data rate for a given spectrum efficiency.

Increased SNR at the PU and SU receivers, made possible by a temporal
mismatch between the two user groups, is used to boost the CRNs' overall
performance. Although asynchronous transmission can boost the efficiency of
CRN, it is counterproductive for heavy traffic and large amounts of data [132].

Due to its benefits, wireless full-duplex (FD) may be used in 5G wireless
networks and beyond. BW doubling and spectrum efficiency improvements are
among these benefits. FD can sense and transmit data simultaneously, send and
receive data simultaneously, boost sense efficiency, provide a secondary output,
and address the disguised terminal problem. Sending and receiving data
simultaneously is another benefit. Despite this, FD technology's biggest
challenge is reducing severe self-interference (SI) [133], [134].

Potential wireless communications systems are in jeopardy due to a lack of
available spectrum. Spectrum sharing is one solution to the problem of an
insufficient official spectrum that cannot meet current and future traffic
demands. Both unlicensed and licensed radio frequencies exist in the
electromagnetic spectrum. The 5G cognitive radio-based spectrum sharing
technique employs a spectrum sensing function, unlicensed users can be more
effectively allocated spectrum. Instead of focusing solely on the unauthorized
user, a comprehensive system for all of them should be developed [135].

In the future of wireless networking, effective SS will be necessary for emerging
multi-access technologies like NOMA and SS. To ensure that a NOMA-based
cooperative relaying system (CRS) can manage its data flow requirements, the
PLC must be fine-tuned. A combination of SS and CRS-NOMA outperforms SC
and MRC systems when the peak interference power is higher. Secondary
network disruption may result from PU transmitter and receiver interference
[136].
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Spectrum sensing is among the most essential components of CR
communications. NOMA demonstrates tremendous potential in two areas,
namely spectral efficiency and the capacity to enable extensive connectivity,
both of which are essential to the development of next-generation wireless
communication. Utilizing a system based on the Directed Acyclic Graph-
Support Vector Machine makes it possible to do spectrum sensing that is both
highly effective and extremely precise (DAG-SVM). On the other hand, a
prediction time of less than 1 millisecond and several hundred points of training
data might be required [137].

E-CRNSs, or enhanced cognitive radio networks, rely on the cooperative use of
available radio channels. Unlicensed spectrum includes industrial, research, and
medical bands, whereas unlicensed spectrum is shared with PU networks. The
E-CRNs framework demonstrates one potential way in which 5G wireless
networks will make use of the available spectrum. Unused television white space
(TVWS) might be a source of spectrum for CRNs. The TVWS can be located by
listening to the PU's emissions with the help of some complicated spectrum
sensing methods. Even yet, the concealed terminal problem makes it so that
sensing systems, in particular passive PU receivers, cannot totally prevent CRNs'
detrimental PU network interference [138].

The most promising of the modern technologies being employed to improve
spectral performance are cognitive radios and multi-access. The success of
perceptual radio communication relies heavily on accurate spectrum detection.
As a result of the complexities of the radiation environment, multi-user
cooperative spectrum sensing (CSS) is an elegant method for maximizing
spectral efficiency. CSS methods are precise and very efficient, but they are
time- and resource-intensive [139].

Nakagami-m fading networks linked to a low-power cooperative network using
NOMA technology to link a larger number of users across a greater area will
increase spectrum performance and establish service life guarantees for relay
nodes by fitting power collectors. However, a NOMA network with several users
that distributes power collectors in the relay node can improve network
availability [140].

An investigation on a cooperative MIMO NOMA system incorporating half-
duplex operation, SIC, and partial channel state information is conducted in
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[141] for Nakagami-m fading channels. However, the data showed that the
participants' distance from BS was not a factor in any bias.

BPSK modulation at both the ideal and imperfect SIC stages was used to test the
possibility of creating a closed-form representation of the DL NOMA network's
BER rate using AWGN and Rayleigh fading channels. Nonetheless, the study
did not account for transmission distance and PLCs, two crucial elements that
impact BER [142].

Three power assignment methodologies [143] increase NOMA SE by
optimizing NOMA power. However, little research has examined how
interference affects energy allocation.

Researching the upper bounds of synchronised UP NOMA data rates, the authors
show that the measured bottom bound is close to the standard synchronised
NOMA systems' rate [144]. But each user can only send a certain amount of
symbols, so drawing too many inferences might be a problem.

Decoding in the two separate channels that are utilized for DL and UL broadcasts
can be made easier by monitoring and validating the ergodic rate that has been
achieved, as described in [145]. Due to the lack of enough users to verify the
validity of the perfect case and because the impact of this strategy on OP or BER,
for example, is unable to reach any conclusions at this time.

Although many strategies for obtaining CRN are thoroughly examined in [146],
certain elements remain unknown. The results won't hold up on a bigger network
since the sample size is too tiny. Nothing is said about how the PLC may have a
role either.

The spectrum access methods explored in [147] can be classified by purpose.
The integration of active CSS in CRN is accomplished by the usage of MIMO
NOMA technology, serving both PUs and SUs Using AWGN and Rayleigh
Fading channels increases CRN capacity. However, the methods for accessing
CRN have not been clearly explained, and only a small number of people use it.

Through cooperative communication, the author integrates an underlay CRN,
therefore increasing the data transmission rate of an already-established multi-
carrier NOMA network. Simulations demonstrate the proposed network boosts
throughput. The Programmable Logic Controller's (PLC's) effects are unknown,
and the results cannot be extended to a broad network [148].
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The CRN may enable active CSS for main and secondary users using MIMO
NOMA. Real CRN capacity has risen. Unfortunately, neither CRN's user base
nor access mechanisms are clear. Nevertheless, the results cannot be applied to
a broad network since the PLC's influence is not considered [149].

The study examines the CR-NOMA-based MIMO communication system the
author has developed, specifically in the UL and DL situations. Fascinating
results emerge from the inquiry. Additionally, the total throughput of the
interferometer and the calculation of several frames were also considered. The
PLC for each user and the particular type and way of accessing the CR scheme
are not yet specified.

A multitude of researchers have advanced the wireless spectrum through the use
of NOMA and CR, resulting in significant enhancements [130]-[131]. Among
them, S. Sodagari et al. [133] CRN performance is improved by increasing PU
and SU receiver SNR. The 5G CR-based spectrum-sharing solution employed
the spectrum sensing function to allocate spectrum more efficiently to
unlicensed users, as proposed by P. K. Sangdeh [135]. The study conducted by
V. Kumar et al. [136] demonstrates that the implementation of spectrum sharing
using CRS-NOMA outperforms selected SC and MRC combining systems when
faced with greater interference peak power levels. Consequently, P. Kansal
[137], utilized the DAG-SVM technology to enable the achievement of both
high efficiency and high accuracy in spectrum sensing. S. Singh et al. presented
[141] analyses of the cooperative MIMO NOMA system with half-duplex
operation, SIC, and partial CSI for Nakagami-m fading channels. The method
presented in [143] improved NOMA SE and proposed three power allocation
approaches to optimize the power distribution among each NOMA. J. Zeng et
al. presented a method in [144] that the minimum value reported is similar to the
achievable rate of conventional synchronized NOMA systems for UP NOMA
under synchronized transmission circumstances. Recently, T. Perarasi et al.
integrated an underlay CRN utilizing cooperative communication to increase the
data transfer rate in a multi-carrier NOMA network [148]. Enabling active CSS
in the CRN is achieved by implementing MIMO NOMA technology for Pus and
SUs. The current capacity of the CRN has increased proposed by A. S.
Parihar[149]. For more research and study on NOMA with spectrum-sharing
techniques to enhance performance and QoS, the reader may consult references
132, 134, 138, 139, 140, 142, 145, 146, 147, and 150.
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The following table presents a comparative analysis of our work with previous
literature, providing a concise explanation of our contributions.

Table2.2. Author's Contribution Table

Author’s Name NOMA | CR | Cooperative | UL | DL | OP | BER | SE | Average | MIMO M- 5G
CR Capacity MIMO

L. Lv (2018) Yes Yes Yes Yes | Yes | Yes | No No No No No No

P. K. Sangdeh No Yes No No | No | No No No No Yes No No
(2020)

V. Kumar (2019) Yes Yes No No | No | Yes [ No No No No No No

P. Kansal (2020) No Yes No No | No | No No No No No No Yes

W. Zhang (2018) No Yes No No | No | No No | Yes Yes No No Yes

S. Arzykulov Yes Yes No No | No | Yes | No No No No No No
(2019)

S. Singh (2022) Yes Yes No No | Yes | Yes [ No No No No No No

K. Srinivasarao Yes Yes No No | Yes | Yes No No No No No Yes
(2022)

A. Celik (2017) Yes No No No | Yes | No No No Yes No No No

J. Zeng (2018) Yes No No Yes | Yes | Yes | Yes | No No No No Yes

T.Balachander Yes Yes No No | Yes | No No Yes No Yes No Yes
(2022)

A. S. Parihar (2021) Yes Yes No No | No | Yes [ No No No No No No

This research Yes Yes Yes Yes | Yes | Yes | Yes | Yes Yes Yes Yes Yes
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CHAPTER THREE

Modeling of NOMA-MIMO Based Power Domain for 5G
Network Under Selective Rayleigh Fading Channels

3.1 Introduction

This chapter introduces the modeling and design of PD-NOMA technologies. It
also includes a reevaluation of the BER, SE of the DL, average capacity, and OP
of the UL in the 5G network. The main objective of this investigation is to assess
the influence of modifying the BWs and antenna count of a 5G network, which
operates in an environment with AWGN and Rayleigh fading, on the BER, SE,
average capacity, and OP performance of the network. In MATLAB, the model
is used to validate all possible configurations of the system. This study examines
the NOMA system by employing two different proposed BWs. All four NOMA
users experienced a significant increase in performance, particularly following
the combination with MIMO technology.

3.2 DL PD-NOMA Model

Let's examine a wireless network with MIMO technology. The network has a
size of 64x64 and is designed to serve four users using the PD DL-NOMA
technique. This configuration is depicted in Figure 3.1. The four users possess
BWs that vary between 80 and 200 MHz. Let d denote their BS distances, with
d; being more than dz, d2 being greater than ds, and ds being greater than da, in
the desired sequence. User Uz is distant from the BS, whereas U, is the BS-close
user. Let hri, htz, hrs, and hT4 represent the selective Rayleigh fading
coefficients. The magnitudes of these coefficients satisfy the inequality |hp,|? <
[ht,|? < |hps|? < [hpyl? [151].
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Figure 3.1. The wireless network has four users with 64x64 MIMO PD DL-NOMA

Each user's whole Rayleigh fading channel is divided up in accordance with the
parameters given in the reference [152]:

hyi = Z?& hri (3.1)

Users are i=1, 2, 3, 4 and channels are 64. Power coefficients a1, 02, 03, and o4
represent them. PD-NOMA advocates giving weaker users more power and
powerful users less.

Therefore, the power location coefficients should be arranged in the following
sequence of magnitudes: a1>ax>oz>a4. Let's examine the QPSK-encoded
transmissions X1, X2, X3, and X4 that are intended for BS Uj, Uz, Us, and Ua. As
stated in reference [153], the encrypted overlay signal of the BS is subsequently
defined.

x= \/5(\/0(_1351 +ax, + \/a_3x3 + Vagx,) (3.2

When user 1 is at full power, it decodes y; directly, causing interference to the
signals of users 2, 3, and 4. Thus, the initial user rate candidate is.

R, =log, (1 + @ Plhry I ) (3.3)

ayPlhry|2+azPlhry |2+ a4Plhty |2 +02

Since SIC already removed userl data, the obtained rate applies to user2.
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R, = log, (1 +——timel____) (3.4)

aszPlhry |2+ asPlhr2|?+02

After SIC scrubbed data from userl and user2, the success rate is for user3.

Ry = log, (1 + =il ) (3.5)

auPlhys |2+02

After SIC scrubbed the data from userl through user3, the acquired rate was
calculated for user4.

Ry = log, (1 + 20l (3.6)

To determine the spectrum efficiency performance rate.

Th
SE =— (3.7)

SE, Th, and BW indicate spectrum efficiency, throughput, and bandwidth.
3.3. UL PD-NOMA Model

There is little association between DL variety and UL PD-NOMA multiplexing.
The BS provides PD multiplexing in the DL via superposition coding. In the UL,
only battery capacity limits users. This optimizes signal strength for all users.
Changes in users' channel gains affect BS receiver power allocation.

UL PD-NOMA four users send messages Xi, X2, X3, and Xs. Given comparable
wireless signals from both users, the 64x64 MIMO system has BWs of 80 and
200 MHz, as shown in Figure 2. Please call the distances di, d2, d3, and da. U1
has a weak or far BS signal, whereas U, has a strong or close signal. Connected
selective Rayleigh fading coefficients are arranged as ||hp|? < |hp,|? <
[hr3|* < [hr,l? [151].
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Figure 3.2. Shows the four-user 64x64 MIMO UL PD-NOMA wireless network
Each user's total Rayleigh fading channel can be calculated as follows:
th = Z?’:1 th (3.8)

N is the total number of channels, 64, and j is the total number of users, 1, 2, 3,
or4.

The BS was successful in picking up the signal.
y = Pahir + JPohoyr +Pehar + \Pehar + w (3.9)
where w stands for the intensity of the noise.

3.3.1. Capacity Rates Achieved by Four Users According to UL NOMA

Decoding begins with the signal from the nearest user, disregarding further
signals as interference. Thus, a nearby user's BS decoding speed is [154]-[155].

Rys = log, (1+ Plhar|® ) (3.10)

PlhyT|24P|hyT|2+Plh3T |2+ 02

The maximum rate U5 can be determined once the SIC has been computed.

Ru3 = lOgZ (1 + Plh—3T|2) (3.11)

P|hyT|2+P|hyr|2+ 0?2
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Following the determination of the SIC, the highest achievable rate is U,.

Ry; = log, (1 +22art ) 3.12)

PlhyT|24 02
After the SIC is determined, the highest possible U, rate can be attained.
Ry, =log, (1 + P'thZ'Z) (3.13)
3.3.2. UL's NOMA OP for Four Users
Consider that the four users have different rate targets that they want to achieve.
n=1rn=2r=31rn=4

The following expression describes the capability of U,:

C, = X, log, (1 + Plhyl” ) (3.14)

P|hq|2+P|h3|24+P|h3|?+ Ny

For the purpose of determining the capacity of Us, the following equation is
utilized.:

=St 1+ ) 029

P|hq|24P|h;|2+N3

The following equation is used to determine U, Carrying capacity:

2
€, = Ty log, (1+ me) (3.16)

Plhy|2+N;

The capacity of U, is estimated as follows:

2
€, =2, log, (1+ 20) (3.17)

Ny
U, has the OP condition of:

P (G(0) < 1) Il B (C(k) <) I B (G300 {mll B (Call) < m))< 7
The U, OP:
PB(Uy) = (XL, B (C(K) <) B(Co(K) < 1) B (C3(K) < ) IIB- (Co(K) <7,))/N (3.18)
U, has the OP condition of:
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P (Cy(k) <) || B (C3(k) (m3l| P (Cok) < m))< 1

U,'s OP:

P.(U,) = (211_\1:1 P (C,(K) <)l B.(C,(K) <1)|| B (C4(K) <1,))/N

Has the OP condition of:
P (G (]| B (Cu(k) < m))< T

Us's OP:

P.(U3) = XL, B (C3(K) < 13)|| P (Co(K) <1,))/N

U, has the OP condition of:
P.(C,(k) <m)<r
U,'s OP:

P.(Uy) = (Zév=1 P.(C4(K) <m))/N

where N indicates the total samples exchanged.

3.4. Parameters for simulation

(3.19)

(3.20)

(3.21)

In 5G networks, PD DL and UL NOMA are designed to work with and without
MIMO, and this functionality is modelled in MATLAB. The settings used to
simulate the model are displayed in Tables 3.1 and 3.2.

Table 3.1. DL Scenario Simulator Parameters.

No. Parameters Values
1. Modulation QPSK
2. Path loss 4
BW 1 80 MHz
3 BW BW 2 200 MHz
U, 800 m
. U, 600 m
4, Distances U, 300 m
U, 100 m
U, 0.75
5. PLCs U, 0.188
U, 0.047
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U, | o0.011
6. TP 0 to 40 dBm
7. MIMO 64 x 64
8. Number of users 4 users

Table 3.2. UL Scenario Simulator Parameters

No. Parameters Values
1. Path loss 4
2. TP —30 to 30 dBm
BW1
3. BW 80 MHz
BW?2 200 MHz
U, 800 m
. U, 600m
4, Distances
U, 300 m
U, 100 m
6. Number of users 4 users
7. MIMO 64 x 64

3.5. Computer Model

The flowcharts below depict the process of implementing the code in two
scenarios: DL and UL NOMA.
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BW1.BW2, Mumber of Antennas (M), Mumber of Users, Distances of
Usars (d), Transmit Power (PT), Mosie Power and Path Loss
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b
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Figure 3.3. DL-NOMA Flowchart Scenario
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Figure 3.4. UL-NOMA Flowchart Scenario
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3.6. Results and Discussion

Results from running the software in the DL scenario are displayed in the
accompanying figures, which compare BER and SE versus TP for DL NOMA
with and without MIMO. For the UL case, plot the average capacity and OP vs.
SNR from the program with and without MIMO.

3.6.1. The DL NOMA Model's Outcomes

Figure 3.5 depicts the performance of 80 MHz BW DL NOMA BER versus TP.
The U, provides the best BER performance for all users since it's nearest to the
BS and has the minimum interference. As the TP approaches 10 dBm, the
performance of the other three users begins to converge. Because their power
location coefficient values and distances are close together, making them more
interfering with one another, the second user is the worst.

Figure 3.6 shows that when the TP increases, at 200 MHz BW, DL NOMA BER
diminishes. The Uj gives the best BER performance for all users since it is
closest to the BS and has the least interference. When the TP gets close to 13
dBm, the other three users' performance starts to converge. Similar
considerations apply to the second user's poor performance. Regardless, the BER
was larger than the previous result because of the increased BW.

Note that many elements, including power location coefficients, technology,
channel conditions, SIC, BW and distance, affect the BER performance of DL-
NOMA either positively or negatively. These elements can exhibit complex
interactions, and their effects on DL-NOMA's BER performance are varied. The
parameter determines the power distribution between individual users, and its
size affects the BER performance.
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Figure 3.5. DL NOMA at 80 MHz BW: BER against TP for four 4 users located at
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Figure 3.6. DL NOMA at 200 MHz BW: BER versus TP for four users at varying
distances
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Figure 3.7 illustrates that when TP increases at 80 MHz BW, the DL 64x64
MIMO NOMA BER drops. U4 has the best BER performance for all users since
it is nearest to the BS and has the least amount of interference, while the first
user has the poorest performance due to its distance. The first and second users'
performances were identical due to the convergence of the value power
coefficient and distance settings. The resulting values of BER performance
were 8.1e-04, 8.0e-05, 3.0e-05, and 2.5e-05, respectively.

Figure 3.8 demonstrates that when the TP grows with a bandwidth of 200 MHz,
the DL 64x64 MIMO NOMA BER decreases. Us has superior BER
performance compared to all other users because of its proximity to the BS and
less interference. Conversely, the first user experiences the lowest performance
as a result of its distance from the BS. The performances of the first and second
users were indistinguishable as a result of the convergence of the value power
coefficient and distance settings. The obtained values of BER performance
were 9.1e-04, 9.0e-04, 1.5e-04, and 3.0e-05, respectively.

The use of the MIMO technology resulted in a significant reduction and became
more comparable in the BER. MIMO technology has the potential to enhance
the performance of wireless communication in terms of data throughput, signal
strength range, and BER.
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Figure 3.7. BER for four users in DL-NOMA against TP for 64x64 MIMO at 80
MHz BW
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Figure 3.8. BER versus TP in DL NOMA with 4 Users and 200 MHz BW
using 64x64 MIMO

The results of the experiment showing the SE performance versus TP for 80
MHz BW DL NOMA are shown in Figure 3.9. The SE performance improves
with higher TP. Due to its convenient location, U, offers the highest SE
performance to other users. The second user is by far the worst. The power
coefficients and the close distances of the four users lead to similar performance
between them, and this is evident in the SE performance between the three users
until the TP reaches 5 dBm.

Increasing the TP improves the DL NOMA SE performance, as seen in Figure
3.10, even at a BW of 200 MHz. All other users are surpassed by Us SE. The
second user is the most inferior. The power factor and the proximity between
them and the four users result in a closely correlated performance. The SE
performance of the three users reaches a point of convergence when the TP
reaches 7dBm.

The investigation and assessment revealed that the parameters affecting SE in
DL-NOMA are the distribution of users on the network might affect the SE and
uneven user distribution might reduce resource allocation and system efficiency.
The achieved results were better than the best user U2's in [156]-[157].
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Figure 3.9.
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Figure 3.10. DL NOMA SE compared to TP for four users located at different
distances with the BW of 200 MHz

The results of the experiment showing the SE performance versus TP for 80
MHz BW DL 64x64 NOMA are shown in Figure 3.11. The SE performance
improves with higher TP. Initially, there was a distinct disparity in the
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performance of the users until the TP reached a level of 22dBm. At this point,
all users exhibited similar levels of performance.

Enhancing the TP enhances the DL 64x64 MIMO NOMA SE performance, as
seen in Figure 3.12, even when the BW is 200 MHz. At first, there was a clear
difference in the performance of the users until the TP reached a level of 25dBm.
Currently, all users showed comparable levels of performance.

In MIMO, many data streams are generated by the transceiver's antennas.
According to the research, Wireless data speed, signal strength, range, and SE
performance are all improved using MIMO technology. Enhancing SE
performance is one area where MIMO has a direct influence. By making better
use of the available resources, MIMO systems are able to achieve larger SE by
maximizing the BW of the wireless channel.
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Figure 3.11. SE versus TP for four users at varying distances, using 64x64 MIMO and
the BW of 80 MHz in DL NOMA
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Figure 3.12. SE versus TP for four users at varying distances, with 64x64 MIMO and
BW 200 MHz for DL NOMA

3.6.2. The UL NOMA Model's Outcomes

Figure 3.13 depicts the results of the experiment that compares average capacity
performance to SNR for 80 MHz BW DL NOMA. The average capacity
performance improves as SNR increases. Initially, there was a convergence
between the second and first users until the SNR reached 0.1 dB, after which
there was a noticeable difference in the performance of all users. Due to the
user's distance and closeness to the BS, the fourth user performs best and the
first user performs the worst. The average capacities for four users were (1.6873,
2.8718, 6.4962, and 12.7814) bps/Hz, respectively, at the SNR of 1 dB.

Using 200 MHz BW DL NOMA, Figure 3.14 shows the experimental findings
comparing average capacity performance to SNR. Raising the SNR enhances the
overall capacity performance. Initially, the second and first users converged until
the SNR hit 0.08 dB, at which point all users' performance started to diverge.
Because of the user's proximity to the BS, the fourth user has the highest
performance, while the first user has the poorest. Under conditions of channels
and SNR equal 1 dB, the four users' average capabilities were (2.6015, 3.9841,
7.7910, and 14.1068) bps/Hz, respectively.
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Understanding the elements that affect UL-NOMA's average capacity is crucial
to improving system performance. The study found that the following factors
affect UL-NOMA's average capacity: As the user population expands, UL-
NOMA's average capacity increases, but the fairness factor, which measures
resource allocation, decreases. BW affects UL-NOMA performance, with
smaller BW reducing average capacities. Additionally, the results demonstrate
that performance in terms of average capacity is enhanced when the SNR is
increased.

14
User 1 (Weakest user)
= = =User2 R
e
g2 [ User 3 -"'—-__. i
= |B== User 4 {Strongest user) T
z T
7] e
=10F e -
oy e
o 8 ”» .
= "
= -~ B
g_ 6 I l’ ---------- .
2 ;T O
5 S e
@ 0 I Y I A St
o 4 - S B N B -
fray Fooo | e
2 A e
z | N B R R A e,
2if s R B :
H —
' -
S - I
0 1 s s L ' s
0 01 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Transmit SNR (dB)

Figure 3.13. Average capacity against SNR for four UL NOMA users at varied
distances and BW 80 MHz
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Figure 3.14. The relationship between average capacity and SNR for four users
at various distances and BW 200 MHz in UL NOMA

Figure 3.15 shows the typical average capacity versus SNR performance of UL
NOMA for 80 MHz BW with 64x64 MIMO. Right from the start, there was a
disparity in the performance of the four users. The preference was for the user
closest to BS, which is the fourth user, and quite the opposite was the
performance of the first user. With four users, the average capacity was
(12.7881, 14.4423, 18.4489, and 24.7815) bps/Hz at the SNR of 1 dB.

In Figure 3.16, the average capacity vs. SNR performance of UL NOMA with a
200 MHz BW and 64x64 MIMO were seen. When the SNR is raised, the average
capacity also rises, leading to better overall performance. There was little
difference in performance between the four users from the start. The fourth user,
who was closest to BS, was preferred, but the first user performed poorly. U4 has
the best average capacity performance of 26.1040 bps/Hz, Uz of 19.7693
bps/Hz, U, of 15.7659 bps/Hz, and U: of 14.1110 bps/Hz according to the
four users' data at SNR of 1 dB. Users will notice a significant performance
improvement. A higher BW is associated with a higher average capacity and
vice versa.

The research found that the average capacity of UL-NOMA systems is affected
by several parameters, including the number of users and BS antennas. These
features strongly impact the average capacity of UL-NOMA systems with
MIMO; system throughput improves, while system complexity increases.
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Figure 3.15. The average capacity vs SNR for UL NOMA with 64x64 MIMO
and 80 MHz BW for four users at different distances.
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Figure 3.16. The average capacity against SNR for UL NOMA with 64x64
MIMO and 200 MHz BW for four users at varied distances.

Figure 3.17 depicts the typical OP vs SNR performance of the UL NOMA at 80

MHz BW. The four users' performance varied from the outset. The first and

second users perform similarly until the SNR reaches 0.05, at which point the
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performance of all users diverges. The fourth user, who was closest to BS, was
preferred, but the first user performed poorly. The OP for four users was 0.9,
0.8, 0.44, and 0.014 at an SNR of 0.5 dB, respectively.

Figure 3.18 depicts the OP performance versus typical SNR for UL NOMA at
200 MHz BW. Note that the performance of the four users differed from the
beginning and that there was a noticeable difference and improvement in the
performance of the four users when comparing the results obtained in the
previous figure, due to an increase in the BW. The fourth user, closest to the BS,
was preferred, but the performance of the first user was substantially different.
At 0.5 dB SNR, the OP for four users was 0.099, 0.097, 0.0037, and 0.00012.

The basic performance parameter UL-NOMA OP depends on various
parameters. To understand and enhance UL-NOMA systems, notably OP, the
research indicated that transmission SNR, power allocation coefficients, channel
characteristics, and increasing BW effect OP. As SNR grows, OP performance
declines. Output exceeds the top user [158].
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Figure 3.17. Four users at varying distances and a bandwidth of 80 MHz are
considered for UL NOMA's OP versus SNR

64



T T T E|
User 1 (Weakest user) | {
= = =User2
.......... User 3 4
=====User4 (Strongest user) | J

Qutage probability
=] 3
s b

iy
=]
b

-
[=]
&

] 005 041 0145 02 025 03 035 04 045 05
Transmit SNR (dB)

Figure 3.18. The UL NOMA's OP vs. SNR takes into account four users at different
distances and the 200 MHz BW

Figure 3.19 illustrates the relationship between OP and SNR of UL 64x64
MIMO NOMA at 80 MHz BW. It should be noted that the performance of the
four users varied from the start and there is variability in the performance of all
users. The fourth user, who was nearest to the BS, was the favoured choice. The
OP for four users at the SNR of 0.17 dB was measured to be 0.005, 0.0027,
0.0003, and 0.00009, respectively.

Figure 3.20 depicts the correlation between the OP and the SNR

of UL 64x64 MIMO NOMA at BW of 200 MHz. The performance of the four
users differed from the beginning and all users exhibit performance fluctuation.
The fourth user, which was closest to the BS, was the preferred option. The OP
was determined for four users at the SNR of 0.17 dB. The measured OP values
were 0.0021, 0.0009, 0.0001, and 0.00001, respectively.

MIMO system OP is affected by many variables, including transmitting antenna
count. The research shows that more transmitting antennas lower OP. Multiple
antennas minimize fading and interference by creating spatial contrast. As SNR
rises, OP falls. A high SNR makes the signal more resilient to fading and
interference. As BW grows, OP decreases, and vice versa. MIMO optimization
considerably reduces OP. The findings are proven to be 1071° times more
efficient in OP than the best U,, users, as reported in [155].
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Figure 3. 19. UL NOMA with 64x64 MIMO and the 80 MHz BW pits OP vs SNR for
four users at varying distances
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Figure 3.20. For four users at different distances, UL NOMA with 64x64 MIMO and
the 200 MHz BW compares OP and SNR

66



3.7 Summary

This chapter showed DL and UL NOMA PD on the 5G network with and
without 64x64 MIMO. The DL NOMA system's findings indicate that 64x64
MIMO fixes the near-far user's conundrum by bringing all users' performance to
par regardless of TP, distance, or power location coefficient factors, and it also
enhances SE and BER performance. The evaluation of DL NOMA's BER and
SE performance was done using different distances, PLCs, TPs, and BWSs, while
the OP and average capacity of UL NOMA were probed using different SNRs
and BWs.

The best user Us's BER improved with MIMO DL NOMA at 80 MHz BW and
78% at 200 MHz BW and 40 dBm TP. At 40 dBm TP, the MIMO system
enhances SE performance for the best user Us by 20% bps/Hz for 80 MHz BW
and 18% for 200 MHz BW.

For the optimal user Us, the results of the MIMO study on UL NOMA systems
showed a 29% improvement in average capacity performance, a 95% drop in
OP at 80 MHz BW, and a 31% improvement at 200 MHz BW, a 97% decrease
in OP.

Typically, BER and average capacity go up as BW goes up, whereas SE and OP

go down when BW goes down. Using MIMO greatly enhances performance for
every user.
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CHAPTER FOUR
Average Rate Performance for Pairing Downlink NOMA

Networks Schemes
4.1 Introduction

Wireless communication systems use three different multiple-access
methodologies: NOMA, TDMA, and SC-NOMA. The above methods are
compared below:: NOMA lets several users share frequency and temporal
resources at varying power levels. To preserve fairness and employ time and
frequency diversity, users with better channel conditions are given less power.
Enhance connection and increase data transfer rate within resource constraints.
Has a lower outage probability (OP) compared to TDMA. Can be utilized in 5G
networks to optimize time-critical, data-intensive services.

TDMA multiple users use the same carrier frequency, with each user utilizing
distinct time intervals that do not overlap. Not as intricate and not as effective as
NOMA.

SC-NOMA holds great potential for 5G and further wireless communication
technologies. It provides a large amount of connection, low latency, and a
powerful system, according to the research. SC-NOMA is a modification of
NOMA that uses a solitary carrier to accommodate numerous users, whereas
MC-NOMA utilizes multiple carriers to service multiple users. An obstacle
faced by SC-NOMA is the requirement to distribute power and resources
effectively among several users. Many power allocation strategies aim to
enhance SC-NOMA performance. However, these systems may be difficult.

In an effort to reduce the computing complexity, less-than-ideal user matching
procedures have been proposed. To improve the performance of wireless
communication networks, the paired approach in NOMA with TDMA is an
essential component. Future wireless networks will rely on NOMA. The
system's capacity is enhanced since several users are able to share a single
physical channel. To make the most of the disparity in channel gains, NOMA
pairs users according to their channel circumstances.

When it comes to NOMA, the use of this pairing procedure is necessary since it
enables the effective distribution of resources and the management of
interference. Following this, the paired users are each given a distinct power
level, which enables the receiver to differentiate between the signals by the use
of SIC.
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This chapter explains the basics of NOMA networks and proposes two coupling
strategies for downlink NOMA networks: near-far (NF) coupling and close-and-
close (C-C) or far-and-far (F-F) coupling. Subsequently, six users were analysed
using the MATLAB simulation tool to ascertain the average rate vs SNR at
various intervals and distances utilizing the suggested methods of single carrier
NOMA (SC-NOMA,) [160] and TDMA.

4.2 System Model

NOMA enables simultaneous service of a significant quantity of users on a
singular frequency. Network performance decreases as the number of users
capable of sharing a certain frequency carrier hits a given limit. There must
therefore be a cap on the total number of subscribers served by any network
operator. Mixed NOMA refers to a network architecture in which NOMA is used
in conjunction with another OMA technology. Figure 4.1 shows that by
combining TDMA with NOMA, as is done in this study, a total of 4 ms is
required to support 6 users. The fact that NOMA gives all six users four
milliseconds instead of one reveals how SIC complexity and processing time
have increased. TDMA now only gives one slot per user. Conversely, in the
NOMA mixed, three NOMA users are allocated to each of the two 2-millisecond
slots that make up the 4-millisecond period [161].

TDMA | Userl User 2 User3 User 4 User 5 User 6

NOMA User1,2,3,4,5and 6

TDMA +NOMA User1,2 and 3 User4,5 and 6

T=1ms
< >

Figure 4.1. Displays how users are assigned to various multiple access methods
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Let's have a look at the six-user model of a DL communication system shown in
Figure 4.2. Let's pretend the distances from Ui, Uz, Uz, Us, Us, and Us to the
home base are di, d2, ds, ds, ds, and ds, respectively. User 1 is physically located
closest to BS, while User 6 is the furthest one. Thus, the following are the
parameters for their channel (h;): |h;|? > |h,|?> |h3]?> |hy|?> |hg|? > |hg?.

_d6,h6 )
a5, b5 _ ) UG
>
o4, bt . ) Us
@) -
8.1 . ) T4
-
a2, b2 - ‘ . U3
) = uz
4L, bl -
.
Ul

Figure 4.2. Shows a model of the downlink transmission system with six users at
varying distances

It can be accomplished using one of two primary strategies:

4.2.1 NOMA, the First Strategy to Match Nearby and Far Users (N-F)

Pairing up users who are geographically distant from the BS with those who are
physically closer to it is how this method is put into action. This continues until
the next closest user is connected to the farthest user. The nearest user is U; and
the farthest is Us from the BS. U1 and U combined their resource blocks because
of the N-F pairing. In the subsequent pool of materials, U; is joined with Us. Us
and U, are connected in the last data block.

The initial user pair consists of one nearby user (U1) and one distant user (Us).

Therefore, the coefficients for the distribution of power should be selected as a1
< oe. Therefore, U; should do cascading de-interlacing (SIC) and Us should
handle straight decoding. The second user pair consists of Uy, the local user, and
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Us, the remote user. Therefore, a2 < as is the best option. Uz is responsible for
SIC management, whereas Us oversees direct decoding. In a similar vein, U3z
represents the user closest to the BS, while Us denotes the user farthest.
Therefore, since az < as and the SIC is best handled by Uz, direct decoding is
best left to Us. These are the maximum achievable rates for the first pair of users:

Ryny =1log, (1 +”“1"”' il (After SIC) (4.1)
_1 Paylhy|?
R4'nf T2 log; (1 + a1P|h4|2+UZ) (4.2)

Similarly, with the second set,

Ryns =1log, (1 +’°“2'h2' Pealel) (After SIC) (4.3)
_1 Pas|hs|?
R = 3log, (1 + —azplhslzwz) (4.4)

To the same extent, about the third set,

Rsny = 2log, (1 +2222L0) (4.5)
_1 Paglhyl?
Ryng =3 log, (1 + —a3P|h4|2+J2) (4.6)

The sum average rate in the NF method.

RTLf = Rl,nf + RZ,TLf + R3,nf + R4—,Tlf + RS,Tlf + R6,Tlf (47)

4.2.2 NOMA Using the Alternate Approach of Close-to-Close or Remote-to-
Remote Pairing (C-C, R-R)

Another method involves pairing the user who is physically closest to the BS
with the next user. Both Uy and U are linked to the same pool of resources. U3z
and U4 are matched in the subsequent resource block. In the last set of materials,
Us and Us are paired. In the initial pair of users, U is now physically closer to
the BS than Uo.
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Therefore, pick a1 < ap. After deciding that U, should manage the SIC, U2 should
handle direct decoding, and Uz is more conveniently located near the BS than
Us, a3 < a4 was reached. The SIC is handled by Us, while direct decoding is
handled by Uas. As a result of its proximity to the hub, Us ranked higher than Us's
as < ae In the final selection process. It is recommended that Us handle the SIC

and Us handle straight decoding.
Assuming two users, the feasible rates are:

Rlcc = lng (1 + Pallhll )

1 Paylh,|?
Ry cc =108, (1 + az—z)

a1 Plhy|%2+02

Similarly, with the second set,

(After SIC) (4.8)

4.9)

Rycc =1log, (1+ P“3'h3' Poallal) (After SIC) (4.10)
_1 Paylhyl?
Rice = 3log, (1+ i) (4.11)
The third pair follows the same pattern,
Rscc=1log, (1+ P“S'hS' Pesilsl) (4.12)
_1 Paglhel?
R ce = 3log; (14 Srelie—) (4.13)
The mean sum in the N-F system.
Rcc = Rl,cc + Rz,cc + R3,cc + R4—,cc + RS,cc + R6,cc (4-14)
4.3 Simulation Parameters
Table 4.1 provides a full breakdown of the simulation settings.
Table 4.1. Details the Simulation Settings.
No. Parameters Values
1. Distances d;, =200m | d, =300m d; = 400m
d, =800m | dg=900m | d, =1000m
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2. Path loss exponent 4

3. | The number of bits for each symbol 10*

4, SNR 10 to 30 (dB)
5. Number of users 6

4.4 Computer Model

Channel gain is generated in MATLAB using the simulator's parameters and the
model of the system, and the sum average rate versus the SNR is calculated for
two approaches. The following flowchart illustrates the procedures needed to
put the code into action in four distinct circumstances.

=

L J
| BW, Number of Users, Distances of Users (d), SNR, Number of Samples (N) and Path loss |

¥
Generate Rayleigh fading coefficients and Calculate channels gain and Power coefficients |

- for u= 1t SNR

Yas
¥

Ha Calculate the average rate for the first and second pairing

¥
Calculate the average rate for the SC-NOMA and TOMA,

Plot the average rate for the first pairing, second pairing,
SC-NOMA and TOMA

.

Figure 4.3. Flowchart of PD DL-NOMA for four cases
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4.5 Result and Discussions

Figures 4.4 and 4.5 show the average sum rate versus SNR for six users at
varying distances, based on simulations done in MATLAB for a variety of access
modes (NOMA with first and second schemes of pairing, SC-NOMA, TDMA).
The average rate total vs SNR for NOMA using the initial pairing scheme, SC-
NOMA, and TDMA at varying ranges is depicted in Figure 4.4. The study's
findings indicate that parameters such as noise power, signal power, channel
conditions, user interference, and power allocation have an impact on the SNR
and average sum rate in NOMA, TDMA, and SC-NOMA systems. Improving
these factors makes it possible to increase the overall rate and boost the systems'
efficiency.

Increasing the SNR increases the average sum rate. The performance disparity
among the three methods was evident from the outset. At an SNR of 30 dB, six
users in NOMA with the initial pairing approach have an average total rate of
3.8 bps/Hz, TDMA users average 1.8 bps/Hz, and SC-NOMA users average 0.39
bps/Hz. In this way, NOMA with the initial pairing technique has a higher
average sum rate than other multi-access schemes when there are six users
involved.

MNOMA with firstscheme of pairing
SC-NOMA
TDMA

Auerage sum rate (bpsiHz)

—T"—._'-‘_;‘f‘_:

10 12 14 16 18 20 22 24 26 28 30
SNR (dB)

Figure 4.4. Presents six users' average sum rates vs. SNR at varying distances
using three distinct multiple-access approaches (NOMA using the initial scheme
of pairing, SC-NOMA, and TDMA)
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For NOMA using the second pairing method SC-NOMA and TDMA at various
separations, the average sum rate as a function of SNR is seen in Figure 4.5.
According to what the numbers show, the average total rate goes up as SNR goes
up. The performance disparity among the three models was evident right from
the start. Six users in NOMA's second pairing approach achieved an average
total rate of 3.42 bps/Hz at SNR of 30 dB, compared to an average rate of 1.8
bps/Hz in TDMA and 0.39 bps/Hz in SC-NOMA. This explains why NOMA
with the second pairing strategy has a higher average sum rate than comparable
multi-access systems with six users.

In NOMA, TDMA, and SC-NOMA systems, increasing SNR improves data
speeds and reduces errors. There is a 5% enhancement between the first-pairing
strategy when compared with the second-pairing approach. The first pairing
technique is designed to decrease interference between users (N-F), but the
second pairing approach may increase interference (N-N or F-F).

35
NOMA with secondscheme of pairing ! ! ! I

SC-MOMA,
TDMA -

== M
o Ma [4]

[y

Auerage sum rate (bpsfHz)

05

0 ! i i ) f .
10 12 14 16 18 20 22 24 26 28 30

SNR (dB)
Figure 4.5. The average total vs. SNR for six users at three different distances utilizing
three distinct multiple access approaches is depicted (NOMA with the second scheme
of pairing, SC-NOMA, TDMA)
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4.6 Summary

According to the findings, the average sum rate is greater when a close user is
paired with a far user. Even with the second scheme's near-near, far-far pairing
in place, NOMA still outperforms TDMA and SC-NOMA on average sum rate,
albeit the margin was less in the initial matchup. Because interference problems
become greater when several users share a single channel, SC-NOMA performs
worse than TDMA. The integration of NOMA with OMA will yield a novel and
notably enhanced paradigm by amalgamating the distinctive attributes of both
technologies.

When the first-pairing method is compared to the second-pairing technique,
there is a 5% improvement in the first-pairing strategy. Combining NOMA with
TDMA is a crucial step in making wireless communication networks more
efficient and having a higher average capacity. In comparisonto TDMA, NOMA
improves system average capacity and spectrum efficiency. To harness NOMA's
full potential in future wireless networks, however, further challenges and
unanswered questions must be addressed.

SC-NOMA is promising for next-generation wireless networks because of its
low latency, large system capacity, and enhanced SE. The figures reveal that
performance declines as user numbers increase owing to interference.
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CHAPTER FIVE

Outage Probability Enhancement for DL Cooperative
NOMA in 5G Network

5.1 Introduction

The cooperative NOMA approaches have a great deal of promise in terms of
providing unrivalled connection and speed, which will allow them to overcome
the challenges that will be presented by 5G and future wireless networks. Several
studies have looked at how the power location coefficient (PLC) affects the
efficiency of several types of cooperative DL NOMA, including DL NOMA,
MIMO cooperative DL NOMA, and M-MIMO cooperative DL NOMA, with
the goal of serving users at a distance. Potential difficulties for novel use cases
may arise from DL NOMA interruptions in 5G networks. Therefore, the goal of
this effort is to reduce their frequency. We analyzed the performance of DL
cooperative NOMA PD networks as well as the performance of DL conventional
NOMA PD networks in this study, concerning their outage probabilities (OPS)
and then compared the findings.

To keep things simple, focus on the scenario with just two users and ignore the
potential for interference from additional NOMA users. Listed here are some of
our most significant contributions:

e Theoretically, for both the two-user and cooperative NOMA systems, we
were able to derive closed-form formulations of the OPs for a range of
distances and PLCs.

e The use of simulations demonstrated, that the generated OP expressions
have a higher degree of precision in comparison to those found in [141].

e Our previous results and improvement estimates were compared with the
outcomes of the OP and effect PLCs from an examination of the
cooperative NOMA system with 16x16, 32x23, and 64x64 MIMO, and
this was done in order to determine whether or not our estimates were
accurate.

e To reduce the impact of the PLC on users located far away, we may
employ cooperative NOMA with massive 128x128, 256x256, and
512x512 MIMO to enhance OP performance.
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5.2 System Model

The system encompasses four scenarios: the first involves NOMA, the second
includes the independent operation of cooperative NOMA networks, the third
combines the simultaneous operation of cooperative NOMA networks and
MIMO, and the fourth scenario utilizes massive MIMO (M-MIMO) with
cooperative NOMA [82].

5.2.1 Models of the DL PD NOMA and DL PD Cooperative NOMA Method

Firstly, the NOMA PD network is shown by a single BS in Figure 5.1. Dual users:
one next to the BS with a robust channel, and a second further with a less robust
one. Every user possesses a distinct combination of parameters that determine the
distances to the BS (d1, d2) and the personal local regions (an, of).

Two users are seen participating in a DL cooperative NOMA PD network in
Figure 5.2. A user close to the base station gets a strong signal, while the other
user further has a weak signal. The figure also shows the PLCs of the users,

denoted as (on, of, anf), together with their corresponding distances (di, d2, and
di2).

Near User

hl _—

dl Far User

)
Y

d2

'
¥

BS

Figure 5.1. Transmitting DL PD NOMA network
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h2
bl .
hl2 e

dl dl2

Near User Far User

Figure 5.2. Transmission in the DL for the cooperative NOMA

5.2.2 Models of the DL PD Cooperative NOMA with MIMO and Massive-
MIMO

Within the third scenario, the cooperative NOMA network allows MIMO setups
with dimensions of 16x16, 32x23, and 64x64, as seen in Figure 5.3. These
configurations are associated with distinct PLCs of the users, represented as (o,
as, anf), along with their respective distances (d1, dz, and d12).

A

Figure 5.3. Cooperative NOMA network DL transmission using
16x16, 32x23, and 64x64 MIMO
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The fourth scenario is the integration of NOMA cooperative networks with M-
MIMO methods of varying dimensions, specifically 128x128, 256x256, and
512x512. Figure 5.4 provides a vivid demonstration of this. The users are
connected with certain PLCs, which are represented by (on, of, anf), and their
corresponding distances are denoted as (d1, dz, and d12).

Far User

Figure 5.4. DL transmission in a cooperative NOMA network utilizing
128x128,256x256, and 512x512 M-MIMO

To transmit data, DL cooperative NOMA [162] requires one of two window
widths. The first one is called a relay slot, while the second one is called a direct
transmission slot. Finding out each user's combined Rayleigh fading channel is
what this computation is all about. According to [163], in Rayleigh fading, each
user has access to a pool of distinct channels.

hey = Z¥=1 hey (5.1)

hoy = Zg=1 hun (5.2)

In this instance, f symbolises the afar user, n the local user, and N the total
antennas.

The DL cooperative NOMA and DL NOMA protocols both need a single
antenna, represented by the letter N. M-MIMO DL cooperative NOMA supports
128x128, 256x256, and 512x512, whereas MIMO supports 16x16, 32x32, and
64x64.
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5.2.3. Slot for Direct Transmission

The BS sends data to both the near (xn) and remote (xf) users if the direct
transmission slot is open. SIC first decodes remote user data and then closes user
data. The remote user's only involvement in the encoding process is the decoding
step. According to [160], the data rates at the nearby and distant users after the
direct transmission slot are as follows.

R, = %log2 1+ a,plh,yl?) (5.3)
1 agplhpn|®
_1 N
Rf_1 =3 log, (1 + —anp|th|2 +1> (5.4)

The SNR is calculated by dividing the TP by the noise variance. A PLC for close
users is represented by an, whereas a PLC for far users is represented by ar. The
BS has two channels that connect to users: h,, which is close by, and hs, which
is far. That o > a, and o, + af = 1 is common knowledge, as is the fact that
these two numbers must always be different [164].

5.2.4. The Slot for Relaying

Last time, remote user data was encrypted. The relay user just delivers it to the
remote user during the relay. At the relay slot end, distant users can obtain
maximum throughput,

Rep = %log2 (1 + anp|hn lez) (5.5)

A near-far channel is denoted by h,¢y. For two reasons, R¢, > Rgy. The first is
that there is no transmission interference and no need for a power ratio. All the
energy is sent to the remote user [165].

5.2.5 Combining Diversity

Both sets of data are similar, but the distant user can access them through
different channels and periods. People in outlying places might pick a method
that mixes things up. A remote user can estimate the pace at which alternatives
are blended,
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1 afp\th\z 2
R; :Elog2 1+ max 7,p‘hn fN‘

anp‘th ‘2 +1

(5.6)
Cooperative relaying is unnecessary for the majority of remote users.
R =1log (1 + M) (5.7)
f,noncoop 2 anp|th|2 +1

5.3 Simulation Parameters

All MATLAB simulation parameters of the model are configured. This allows
us to construct the channel gain concerning SNR in four distinct cases: the first
is DL NOMA, the second is DL cooperative NOMA, the third is DL cooperative
MIMO NOMA and the fourth is DL cooperative M-MIMO NOMA. We also
determine the OP for the remote user. Table 5.1 demonstrates how a wide variety
of characteristics have been utilized to implement the infinite inherent potential
that may pave the way to making significant contributions to the field.

Table 5.1. The list of variables used in the simulation

No. Parameters Values
1. Path loss 4
2. Bits per symbol. 10°
3. Slots Direct Ty and Relaying slots
of 0.9,0.8,0.7,and 0.6
4 PLCs an 0.1,0.2,0.3,and 0.4
5. Distance d2 = 2d;
6. SNR 0-25dB
7. MIMO 16x16,32x32 and 64x64
8. Massive MIMO 128x128, 256x256 and 512x512

5.4 Results and Discussions

The simulation was conducted to meet the wide study goals of analysing the
NOMA OP. The OP's position in relation to SNR is elucidated by the following
figures.

Figure 5.5 illustrates how the DL OP for the remote cooperative NOMA user at

(0.8, 0.6) PLCs decreases with increasing SNR. A correlation exists between the

users' performance until the SNR approaches 21 dB. Beyond this threshold, the

user with a power factor of 0.8 outperforms the other. Due to the increased

interference between remote and near users when a lower PLC is used. In the
82



cooperative NOMA system, the PLC is implemented to minimize the influence
of power allocation on distant users and coefficient calculations consider users'
distance from the BS.

It is utilized to distribute power to users in a manner that minimizes the
likelihood of service interruption and maximizes the overall data transfer rate of
the system.

1 'UD ' t T T T T

Cooperative NOMA, with (af =0.8)
Cooperative NOMA, with (af =0.6)

Qutage probability
%

107* F :
10’5 3 3
1D_ﬁ 1 1 L 1 1 L

a 10 20 30 40 50 &0 70

SNR

Figure 5.5. DL OP versus SNR for distant cooperative NOMA users with 0.8, 0.6
PLCs

At (0.8, 0.6) PLCs, the DL OP for the distant NOMA user reduces as the SNR
increases, as shown in Figure 5.6. As the SNR becomes close to 10 dB, a
correlation between user performance begins to emerge. Once we pass this point,
the user with the power factor of 0.8 starts to enhance performance than another
user. Because a lower PLC causes more interference between nearby and far
users.
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NOMA systems' power distribution and performance depend on the PLC. This
coefficient is utilized to distribute power among users in a manner that
maximizes the system's throughput while guaranteeing fairness among users.

1 I:I-{I . T T T T T T
Far user MOMA with{of =0.8)
= Far user NOMA with(af =0.6)
-1 }
10 F
107

Qutage probabllity
aea

—

=
IS
T

10 F
10__5 1 [ [ 1 1 i i
0 10 20 30 40 50 60 70 80
SNR
Figure 5.6. DL OP vs. SNR for remote cooperative NOMA users with 0.8, 0.6
PLCs

For the distant user at (0.9, 0.7) PLC for comparison between cooperative
NOMA and NOMA, Figures (5.7 —a) and (5.7- b) display the DL OP vs SNR.
The DL OP for the PLC performs cooperative NOMA better than the NOMA
user in two cases. The results here are 10% better than those in the data sets from
[141]-[142].

The PLC plays a crucial role in NOMA and Cooperative NOMA systems, and
its optimization is vital for improving system performance. The number of relay
nodes, channel conditions, SIC, fixed power allocations, and other factors all
have an effect on the PLC system. Understanding the impacts of these
parameters is essential for building effective cooperative NOMA systems.
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Figure 5.7. DL OP versus SNR for NOMA and cooperative NOMA distant
users using various PLCs

For remote users with varied MIMO 16x16, 32x32, and 64x64, the findings
show that when the SNR rises, the OP decreases in Figure 5.8 of the cooperative
NOMA at 0.8 PLC. 8.0e-05 is the best OP performance for remote user
cooperative NOMA using 64x64 MIMO. The OP for 32x32 MIMO is 4.0e-05,
for 16x16 MIMO is 6.0e-04, while the OP without MIMO is 5.0e-02 at SNR of
25 dB. This means that the best performance of MIMO boosts OP by 2.0e-05.

The use of MIMO methods has a significant effect on PLC. Implementing
MIMO technology can enhance the overall OP, and it may be necessary to make
appropriate adjustments to the PLC system accordingly. Overall, the MIMO
technique enhances OP performance, resulting in values that are 4% higher than
those reported in references [166]-[167] and [168].
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Figure 5.8. A DL OP vs. SNR analysis of cooperative NOMA distant users using
various MIMO technigues

For four remote users, Figure 5.9 shows the PLC of 0.8 for 128x128, 256x256,
and 512x512 M-MIMO cooperative NOMA against an SNR. Using a 14 dB
SNR, the OP for distant user 512x512 M-MIMO cooperative NOMA is 1.0e-06,
for user 256x256 M-MIMO cooperative NOMA is 4.3e-06, for user 128x128 M-
MIMO cooperative NOMA is 1.0e-05, and for user cooperative NOMA it is
3.0e-01. When using cooperative 512x512 M-MIMO-NOMA, the rate of
enhancement of OP between the best user and the worst user is 3.0e-06.

Through the analysis of the results, it was discovered that cooperative interaction
enhances user cooperation and fairness by modifying the allocation of power
among various user categories. Furthermore, the use of M-MIMO significantly
enhances the PLC system, particularly for users located at a far distance.
Utilizing M-MIMO technology greatly enhances the OP performance. The OP's
performance is substantially improved when M-MIMO technology is used. We
found that compared to the results in reference [169], our method performed
15% better.
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Figure 5.9. Comparing the DL OP vs SNR for cooperative NOMA distant
users with and without varying massive MIMO configurations

5.5 Summary

The purpose of comparing cooperative DL NOMA PD with DL NOMA PD in
terms of OP and SNR was to examine the effect of PLCs on both nearby and
distant users. This allowed us to see how the two types of NOMAs compared to
each other, and MIMO 16x16, 32x32, and 64x64 and M-MIMO 128x128,
256x256, and 512x512 were also implemented.

As the remote user's PLC usage grows, the data shows a decrease in the OP rate.
Based on the findings, the distant user utilizing cooperative NOMA is capable
of attaining the most minimal OP in comparison to the NOMA approach. This
is due to the fact that it gets two identical copies of the message one from the BS
and another from a nearby user acting as a relay. According to these findings,
improving cooperative DL NOMA and DL NOMA's OP may be achieved by
decreasing the distant user's PLC by reducing the interference between users.
Because the distant user is experiencing a decrease in PLC, the interference
between the two users becomes more severe.
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The results show that the OP rate for DL 5G Cooperative NOMA is 11% better
than that of DL NOMA. With the SNR of 10 dB, the OP is enhanced by 67%
with 16x16 MIMO, improved by 74% with 32x32 MIMO, and optimized by
82% with 64x64 MIMO. The OP is enhanced by 91% with 128x128 M-
MIMO, optimized by 97% with 256x256 M-MIMO, and improved by 99%
with 512x512 M-MIMO when compared with C-NOMA OP performance.

The performance improvement achieved by DL 512x512 M-MIMO cooperative
NOMA as a result of OP was 17% more than that of DL 64x64 cooperative
NOMA, suggesting a significant disparity in improvement.
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CHAPTER SIX

Spectrum Efficiency in 5G Networks Using Cooperative
Cognitive Radio NOMA

6.1 Introduction

NOMA is a powerful method to target the SE and capacity of 5G and beyond.
By incorporating NOMA into the CRN, a new age of dependable
communications is predicted to emerge. SE, average capacity, and BER are all
features of wireless communication that are becoming increasingly significant
as more mobile services are employed, particularly in real-time applications.

It was necessary to develop and implement new models to improve SE, average
capacity, and BER across a wide variety of system configurations.

For various user counts, distances, and antenna numbers, the SE, average
capacity, and BER of DL PD NOMA in the 5G network using a novel
cooperative cognitive radio network (CCRN) strategy were examined under
AWGN and Rayleigh fading.

A dedicated channel (D-CH) or a competitive channel (C-CH) is offered to the
principal user (PU) in accordance with the suggested technique when the
channel quality degrades, which leads to improved performance for average
amplitude SE and BER, and this is the main contribution of this research. Also,
important additions to the current study are the following:

e DL NOMA PD is deployed in the CCRN-based 5G network through a
shared C-CH or D-CH channel.

e The proposed model achieves better SE, average capacity, and BER results
than the conventional PD NOMA model.

e Even after accounting for the impacts of distance, BW, PLCs, and fading,
the proposed system's performance in SE, average capacity, and BER was
significantly improved by combining 64x64 MIMO with 128x128 Massive
MIMO (M-MIMO).
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6.2 System Model
There are three main parts to the system model, and they are as follows:
6.2.1 DL-NOMA

As shown in Figure 6.1, let's pretend that a wireless network is available that
can support (N) NOMA users. The distances between each BS are represented
as di, da, ..., dn. Distances indicate that U; is the user who is weak and not in
close proximity to the BS, whereas Uy is the user who is powerful and located
nearby. Let each of these corresponding Rayleigh fading coefficients,
hy, hy,, hs, ..., hy, they correspond to |h;|? < |h,|? < |hs]? ... < |hy|2. Within
a single cell, their current PLCs are o4, a5, a3, ...., ay. According to NOMA PD,
the more powerful user should have less control, and the weaker user should
have more control over the system. For that reason, alter the PLCs. QPSK
messages will be delivered to the BSs, therefore let's x,,x,,Xs3, ...., Xy JO Over
them. In this case, the BS receives the encoded overlay signal as x =

JP(Varx; + Vagx, + /asxs + -+ + Vayxy). Uj's receiver AWGN is denoted
by n;, so the user sees the signal via y; = h;x + n;.

((t a)) = =m s
. - [L

dx

L J

Usery

BS
Figure 6.1. Displays the DL-NOMA PD network configured with (N) users

For Us, the strongest signal is utilized to decode y1, as it has the greatest direct
impact on the other N users. In [11]-[170]-[171], the boundaries of what is
feasible are outlined.

R, =log, (1 + @ Plhy " ) (6.1)

ayPlhqi|2+azP|h|?+...+ ayP|hi|?2+02
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That can be reduced to:

_ a,Plhy|?

R, =log, (1 + (ag+az++ aN)P|h1|2+a'2) (6.2)
Even though the overlapping term U;,U,, Uz, ..., Uy ( a3 <ay,03 <
Ay, ...,y < ay-1) IS in the denominator, y5 is still correct. At last, three SIC
operations must be performed to remove y; from storage. There is a priority on
getting rid of a; because it is the most powerful. After that, the a5 phrase needs
to be taken out. Achievable rates are:

Ry =log, (1+ agPlt ) ) (6.3)

(az+ag+--+ an)Plhy|?+02

Even though the overlapping term U;,U,, U, .., Uy ( a3 <ay,03 <
Ay, ..., 0y < ay-1) IS in the denominator, y5 is still correct. At last, three SIC
operations must be performed to remove y; from storage. There is a priority on
getting rid of a; because it is the most powerful. After that, the a5 phrase needs
to be taken out. Achievable rates are:

_ azP|hsz|?

R; =log, (1 + (a4+m+3¢)xN)P3|h3|2+az) 6.4)
Success requires yy since the numerator contains the phrase U,, U,, Us, ..., Uy
(a3 < oy, 003 < Ay, ...,y < ay—q ). Eventually, two SIC operations will be
required to delete yy information. The a, reign must be removed first because
it is the most important. Next, let's look at the ay_; term in that sequence.

Ry =log, (1 + %:le) (6.5)
Using the formula [19]-[169], determine the SE.
6.2.1.1 Competitive Channel (C-CH) CCRN-NOMA
In a wireless network with N wusers, U, U, Us, ..., Uy (a3 <ap,a; <
a,, ..., ay < ay_;) NOMA, the anticipated behaviour of a CCRN is shown in
Figure 6.2. Their BS distances will be denoted by the notation
d,,d,,ds, ....,dy. U; is the less powerful, farther user of BS, while Uy is the

more powerful, closer user. The formula | |h,|?|h,|?|h3|? ... |hy|? in a single
cell is used to describe the Rayleigh fading values.
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The CCR spectrum is a valuable instrument employed by academics to get
insights into the condition of a channel and its capacity for communication.
There are two potential responses to a communication channel that is either
unstable or weak, and both of them depend on the presence of the CCR channel.
Provided that the CCR channel is accessible, NOMA will utilise it.

NOMA lets several users share time and frequency resources, improving SE and
system capacity. CRN allows SUs to operate in the same frequency range as PUs
without disrupting or interfering. Due to its ability to let many SUs access the
spectrum simultaneously, NOMA improves CRN system throughput. However,
successful NOMA communication inside CRN requires advanced signal
processing and interference management.

Cooperative Cognitive Radio Network
(CCRN)

CR-CH1

/;/// \ d\\CR-CH:AVJ |
((( ))) / / / \ \CR-(,]-[3 User1
\

CRACHN

User2
43 —>
/ =) User 3 =% NOMA Channels
/ N www=# Relay Chaneels
4 - st CCR Channels

= User N

BS
Figure 6.2. Model of the system with DL- PD NOMA and CCRN for N users

For successful packet transmission, CR must take advantage of the entire
available spectrum (s). For the sake of argument, let's say that the period
Twindow describes a window in the spectrum. Incontestably, [172].

(6.6)

Twmdow = Tsense + TCR Transmission + Tramp up + Tramp—down

where Tgepse 1S the minimum sensing to assure CR transmission opportunity
and acquisition of associated communication characteristics, is the CR
packet transmission time, and is the transmission ramping period.
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While the distance between the beacon signals is constant, the window of
opportunity for CR transmission opens up, as shown in Figure 6.3, [173].

‘ g . PS Traffic
PS Active v or Sionaling

\ Y Primary
Transmission Specirum Hole Availableto CR — System
Power Ramping Timing
CR
Tomse | X
Spectrum Cognitive
Sensing Radio
Timing

Figure 6.3. Transmission of CR is possible during a brief window

Number of acquisitions _ Over_Num (6 7)

PD =

Total number of opportunities - NOP

One primary system used spectrum sensing at link-level targets to select one
over the other.

_ w(n]
yin] = {h s[n] + win] Zg (6.8)

Let's define the following variables: y[n] as the received complex signal of the
cognitive radio, s[n] as the broadcast complex signal of the primary user, w[n]
as the complex signal of the AWGN, and has the complex gain of the ideal
channel. N represents the number of observations.

Convolution, not multiplication, occurs due to channel issues. From 1 to N,
integers exist. The chief user signal is Hi1, whereas Ho indicates no primary user.
Spectrum sensing methods are energy- or feature-based [173].

The incoming signal is squared and integrated constantly throughout the
observation. Next, if there is a primary user, the integrator's output is compared
to a standard. So it's either/or dependent on:

{HO, if Xp=alyln?l < 2 (6.9)
H1, otherwise .

where A is the receiver noise-affected sensitivity threshold.
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PF:P(z—;)=P(ﬂ)=P(fI—’:)=1—FHO(Th) (6.10)

Hg

The cumulative distribution function and the false alarm probability Fy .

PD = Number of acquisitions. _— Over_Num (611)
Total number of opportunities NOP
- —1_p(t
PD=1-P, =1 P(Hl) (6.12)
pp = [« 2 ()] 4 [emm o (21| [ o L I (6.13)
n\ 2 L n! 2(1+L) ’
Pm=1-PD (6.14)

PD is the probability of signal detection, Th is the threshold, L is the SNR, and
PM is the probability of non-detection. Reference [173] defines Pra as the
chance of a false alarm.

To calculate the probability of error:

Pe = PF * P(Ho) + PMTiP(Hl) (615)
6.2.1.2 Dedicated Channel (D-CH) CCRN-NOMA

Here, the CCR checks the channel's health to see whether it's possible to
communicate using the spectrum even when the primary means of
communication are operational, the channel may be unreliable or have a weak
signal. The sole requirement in this case is that the CCR channel be available at
all times and given first priority. Once the channel is available, NOMA users
utilize it without any delay, as shown in Figure 6.2.

6.2.2 MIMO DL PD NOMA

Consider 64x64 MIMO DL NOMA PD, 64x64 MIMO DL NOMA PD with
CCRN C-CH, and 64x64 MIMO DL NOMA PD with CCRN D-CH under the
assumption that there are N wusers, U;, U, Uz .., Uy (o, <oy, 03 <
Ay, ..., 0y < ay—qp) inasingle cell in the 5G network.

x = VP(Vayx, + Vet x, + -+ ayxy) (6.16)
where a are the NOMA PLCs.
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The transmit antennas all broadcast x simultaneously. what U, is picking up as
a signal is known:

Vi = xh11 + xh12 + -+ xth + nq (617)

In addition to U,, which is also used to represent the signal,
YV, = xhyy + xhyy + -+ xhyy+n, (6.18)
The signal's Uy, is also a representation of it.
Yy = Xhyy + xhy, + -+ xhyy+ny (6.19)

where N is the total number of samples from the AWGN with a zero-mean
and o2 variation.

For each user, their Rayleigh fading channel can calculate:
hiy = Z?]:1 hin (6.20)
Considering that there are a total of 64 channels and i=1,2,3,..., N users.

Here is the signal that the BS received:

y= \/leth +\/Px2h2N +\/Px3h3N + "'+\/PxNhNN (6.21)

We evaluated the channel's state and communication potential using the same
CCR spectrum-based methodology. In unstable and poorly articulated
conditions, the CCR channel might move C-CH or D-CH. MIMO NOMA allows
several users to share a frequency band and time slot without affecting signal
integrity by using different beamforming patterns. Optimal secondary-link
beamforming patterns in MIMO CRNs aim to balance SU data transmission rate
with PU interference.

6.2.3 Massive MIMO DL PD NOMA

One option is the 128x128 M-MIMO DL NOMA PD, while another is the
128x128 M-MIMO DL NOMA PD with CCRN C-CH. Based on the previous
part, let's pretend that the wireless network includes N users, denoted as
U;,U,, U, ..., Uy (a; < o, 03 < Ay, ...,y < ay-_q), distributed over varying
distances, all operating under identical conditions and utilizing the 128x128 M-
MIMO DL NOMA PD. Once again, the method was employed to evaluate the
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channel's current precision and viability as a means of communication. Once the
CR channel is up and running, users with NOMA will be able to utilise it.
Continuing with the same fundamental concept, NOMA users can prioritise
tuning into the CCR frequency.

M-MIMO reduces CRN inter-user interference (IUI) by connecting Pus and SUs
simultaneously. Transmitting main and secondary data simultaneously improves
system performance.

For each user, their Rayleigh fading channel can be calculated as:
him = X1 hjm (6.22)
where M=128 is the number of channels and j=1,2,3, and 4 are users.
6.3 Simulation Parameters
The simulated parameters that were used in the first, second, and third cases are
listed in Table 6.1. These parameters were determined based on the program that

was executed in each of the three cases.

Table 6.1. Simulation settings for scenarios 1, 2, and 3

No. Parameters Values

1. Number of users (N) 4

2. TP 0to40dBm

3. BW 60 MHz

4, Distances 800 m, 600 m, 300 m, 100 m
5. PLCs 0.6, 0.3, 0.075, 0.01875
6. Path loss 4

7. MIMO 64x64

8. M-MIMO 128x128

9. Modulation QPSK

10. Number of cells 1

6.4 Computer Model

The flowchart below depicts the steps involved in putting the code into action in
three different scenarios.
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6.5 Results and Discussions

The following figures demonstrate the SE, average capacity, and BER rating
against TP for DL NOMA PD and CCRN C-CH or D-CH with 64x64 MIMO
and 128x128 M-MIMO in three separate models, based on the programme
implementation in those situations.

6.5.1 DL-NOMA Scenario Results

For DL NOMA PD with an unstable channel state, Figure 6.5 displays the SE
vs. TP for four users (U1, Uz, U3, and Us) at various distances (800 m, 600 m,
300 m, and 100 m) and PLCs (0.6, 0.3, 0.075, and 0.01875). The SE performance
of all NOMA users varies, as observed. In terms of SE performance, the fourth
user occupies an advantage in SE performance, opposite to the first user. The
results demonstrated that the SE rose in tandem with the TP. With the SE of 3.9
bps/Hz/cell at 40 dBm, U4, which is physically nearest to the BS, outperforms
Uz, Uz, and U1 in that order.

The SE is shown versus the TP in Figure 6.6. The DL NOMA PD and the CCRN
with C-CH. After using the first proposal to integrate with the NOMA network,
they found that there is a divergence between the SE performance of all NOMA
users. The closest U still has the best performance, while the farthest U; has the
worst performance. Compared to the previous model, there is a noticeable
improvement in all users' SE performance. The optimal SE result for U, at 40
dBm TP is 5.09 bps/Hz/cell.

For the DL NOMA PD combined with the CCRN D-CH, Figure 6.7 shows the
SE versus the TP for four users situated at various distances and PLCs. They
discovered that all NOMA users' SE performance differs after implementing the
second proposal to connect with the NOMA network. Even now, Ua, which is
the closest, performs better than U1, which is the furthest. The SE performance
of all users is generally better than it was with the two previous models. The Ua
algorithm gets the best SE value of 7.2 bps/Hz/cell at a TP of 40 dBm.
Comparatively, our findings outperform those of other studies on SE [151].

The NOMA system's user allocation has an impact on spectrum utilization
efficiency. The SE of NOMA systems depends on communication channel
quality. Inadequate fading, interference, and noise reduction reduce SE. By
distributing power across users, the power allocation coefficient helps NOMA
systems achieve high SE. Coding and modulation methods have an impact on
NOMA spectrum utilization efficiency. Cooperative spectrum sharing is when
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many networks or systems share a frequency band. This also enhances NOMA
SE. In NOMA systems, especially CRNs, optimal SE requires spectrum
perception and energy identification. To address the growing demand for
wireless data services, NOMA systems may optimize these factors to achieve
high SE.
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Figure 6.5. SE against TP for four DL PD NOMA users
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Figure 6.8 shows the average capacity performance of DL NOMA PD in an
unstable channel state as a TP approach for four users at different distances (800
m, 600 m, 300 m, and 100 m), respectively, with PLCs of (0.6, 0.3, 0.075, and
0.01875). As we can see, there is an average capacity divergence in performance
for all NOMA users. The fourth user has the best performance overall, but the
first user has the worst performance in terms of average capacity. Additionally,
shows an inconsistency in the acquired results caused by interference among
users, which was evident in the channel's quality. Average capacity performance
also improved, on average, as TP rose. U4 achieves the greatest average capacity
performance with 40 dBm of TP and the shortest distance to the BS, with a rate
of 14.49 bps/Hz/cell. On average, U4's capacity performance is 3.03 bps/Hz/cell
better than Us. The results are better than the cutoff at [174].

The graph in Figure 6.9 displays the average capacity of the TP for the
integration of DL NOMA PD with the CCRN and C-CH. There is a noticeable
difference in average capacity performance among all NOMA users. Once the
initial proposal to establish communication with the NOMA network is
executed, the closest U is thriving, whereas the farthest U1 is underperforming.
Compared to the previous model, the average capacity performance of all users
has significantly improved. Furthermore, we see a discrepancy in the obtained
outcomes due to interference between users, which was noticeable in the quality
of the channel. In terms of average capacity performance, the U4 came out on
top with 16.1 bps/Hz/cell. Us has an average capacity that is 3.8 bps/Hz/cell
higher than Us. This result is an improvement over [40].

Figure 6.10 displays the average capacity vs. TP for four users with various
PLCs using DL NOMA PD over the CCRN with D-CH. There is a clear disparity
in average capacity performance across all NOMA users, except for the 5 dBm
TP, where the second and third users perform equally. When the second proposal
to create a link with the NOMA network is implemented, the nearest Us
experiences significant growth, while the most distant Ui exhibits subpar
performance. On average, the capacity performance for all users has usually
increased compared to the previous models. Furthermore, we observed
variability in the outcomes achieved as a result of user interference, which was
evident in the channel's quality. U4 has the highest average capacity performance
at 17.2 bps/Hz/cell. Compared to Ui, U4's average capacity performance is 5.3
bps/Hz/cell higher, thanks to its TP of 40 dBm. The results obtained are better
than the average capacity performance of the reference [175].

The users of the system faced several obstacles, such as channel fluctuations,
multipath fading, and synchronisation difficulties, as a result of which the
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system's steady-state responsiveness is affected and fluctuates. The utilizing
modern techniques such as SIC and optimal power allocation, in addition to
integrating with other technologies such as CCRN, the findings showed that the
average capacity of the NOMA improved.
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Figure 6.8. Four DL PD NOMA user's average capacity against TP
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Figure 6.11 illustrates the BER vs TP for (U1, Uz, Us, and Us) users at 800 m,
600 m, 300 m, and 100 m with PLCs of 0.6, 0.3, 0.075, and 0.01875 for DL
NOMA PD with channel state instability. There is a convergence in performance
among all NOMA users' BER, particularly when the TP is between 0 dBm and
12 dBm. Beyond this threshold, the performance of the user improves and
becomes distinct. The quick shift in behaviour exhibited by the first user, U,
due to attributed to interference from other users, the unstable condition of the
channel, and low transmit power. Consequently, this has led to poor performance
noticeable during the transient response of program simulation implementation.
According to the findings, the BER drops as TP rises. With a BER performance
of 7.0e-05, U4 the user nearest to the BS topped the list at 40 dBm TP, followed
by Uz, Uz, and lastly Us.

For four distinct users with varied PLCs for DL NOMA PD and system
integration with the CCRN via the C-CH, Figure 6.12 shows the BER compared
to the TP. There is a consistent alignment in performance between all NOMA
users and the initial suggestion of BER, particularly when the TP falls between
7 dBm and 14 dBm. When Us crosses the threshold, their performance
significantly improves and reaches an excellent level. At TP of 38 dBm, the
performance of Users 3 and 1 becomes almost comparable again. The initial
user, Uz, abruptly changed its behaviour due to interference from other users, an
unstable channel condition, and limited transmission power. With a TP of 40
dBm and a BER of 9.0e-03, U4 performs the best.

Figure 6.13 shows the BER against TP for four users with different PLCs for DL
NOMA PD and system combination with the CCRN utilizing the D-CH. There
is a strong correlation in performance between all NOMA users and the second
proposal of BER, especially when the TP is between 7 dBm and 15 dBm. Upon
crossing the barrier, User 4 experiences a substantial improvement in their
performance, ultimately achieving an exceptional level. At a level of 34 dBm
TP, the performance of Uz and U: becomes nearly equivalent once more.
Interference from other users, an unstable channel situation, and restricted
transmission power suddenly altered U;'s behaviour. Consequently, the software
simulation execution displayed inadequate performance during the brief
response. As a result, the software simulation execution exhibited poor
performance during the transient reaction. U4 has the best BER performance of
1.0e-04 at a TP of 40 dBm. However, the results that were achieved are superior
to those found in [177]-[178]. When comparing the BER performance of the
U,best user of DL NOMA PD with and integrating the system with CCRN using
C-CH, the BER increased by 17%, while when comparing the system with CCR-
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NOMA using D-CH, the BER increased by 12%. Because CR demands more
difficult actions including channel detection, switching from one channel to
another, and false alarms, the reason for the BER grows.

Upon examination of the results, it was determined that the BER performance in
NOMA systems was enhanced by the use of techniques such as SIC and efficient
allocation of resources. These strategies effectively mitigate the negative effects
of channel estimation errors, interference, and system complexity. However, the
BER is influenced and heightened by several aspects when it is integrated
NOMA network with the CRN. These factors include interference, channel
attenuation, limited availability of spectrum, packet size, network size,
transmission power and rate, cooperative spectrum sensing, and optimal
resource allocation.
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Figure 6.11. BER vs. TP for four DL NOMA PD users
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Figure 6.12. BER against TP for four DL CCR-NOMA PD users with C-CH
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6.5.2 MIMO-DL-NOMA Scenario Results

There are four users (U1, Uz, Uz, and Uy) in Figure 6.14. They are spread out
over 800 m, 600 m, 300 m, and 100 m, and their PLCs are 0.6, 0.3, 0.075, and
0.01875. The SE value is unstable, and the TP value is the same for all four. The
SE performance of all MIMO NOMA users exhibits variability, as
demonstrated. In terms of SE, the fourth user has superior performance
compared to the first user. A proportional rise in SE reflects increases in TP. The
nearest user to the BS, U4, has the best SE values of 12.23 bps/Hz/cell, followed
by Us, Uz, and finally U; at the TP of 40 dBm. After adopting 64x64 MIMO
technology with NOMA, the best user, Us, boosted the SE by 8.33 bps/Hz/cell
at a TP of 40 dBm when compared with DL NOMA PD.

Four users with different distances and PLCs have their SE compared to their TP
in Figure 6.15. Combining the C-CH's CCRN with 64x64 MIMO DL NOMA
PD made that possible. We discovered discrepancies in the SE performance
across all NOMA users upon implementing the proposal's integration with the
MIMO NOMA network. The U, that is closest has the best performance, while
the U; that is farthest has the worst performance. With a TP of 40 dBm, the SE
performance is 17.75 bps/Hz/cell for the user closest to the BS Us. When using
CCRN NOMA (C-CH) 64x64 MIMO technology, Ua, the top user, experienced
a 12.66 bps/Hz/cell improvement in SE at TP of 40 dBm compared to the first
scenario.

In order to show the difference between SE and TP for 64x64 MIMO DL NOMA
PD along with the CCRN for the D-CH, Figure 6.16 shows four users at various
distances and PLCs. We identified inconsistencies in the SE performance of all
NOMA users upon implementing the proposal to connect with the MIMO
NOMA network. The U, that is nearest has the most superior performance, while
the U1 that is farthest has the least satisfactory performance at TP 40 dBm, which
is 18.51 bps/Hz/cell. If you compare the best U4 performing 64x64 MIMO with
CCRN NOMA with C-CH to the DL CCR-NOMA PD for the D-CH at 40 dBm
TP, the SE got 11.31 bps/Hz/cell better. The examination of the best Us's
performance revealed this. The actual outcomes, detailed in reference [151], are
even more crucial.

5G communications' frequency ranges and applications present spectrum
sensing and efficiency challenges and potential in CRNs. Overall SE depends on
CRNs' spectrum distribution to primary and secondary users. The simplicity and
limits of energy-detecting methods used in CRNs impact spectrum utilization
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efficiency. Understanding and improving these features is crucial for optimal
network use and quick data transfer in modern wireless communication
networks.
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For DL NOMA PD with 64x64 MIMO, the average capacity vs. TP is as shown
in Figure 6.17. There is a noticeable difference in performance capacity among
all MIMO NOMA wusers. The fourth user exhibits the highest overall
performance, whereas the first user demonstrates the lowest performance in
terms of average capacity. Furthermore, we see a discrepancy in the obtained
outcomes due to interference between users, as demonstrated by the quality of
the channel. As the TP grew, the average capacity performance also increased.
The Us achieves the highest average capacity values, operating at 21.5
bps/Hz/cell. As compared to traditional NOMA, U, offers a 7.01 bps/Hz/cell
improvement in average capacity performance for the identical user. We got a
bigger number than [151].

Figure 6.18 displays the average capacity vs. TP for DC-RN with C-CH and DL
NOMA PD with 64x64 MIMO. There is a noticeable difference in performance
capacity between all MIMO NOMA users, but when the second and third users
reach a TP of 12 dBm and up to 17 dBm, there is a great convergence in
performance. The fourth user has the best overall performance, while the first
user has the worst average capacity. Furthermore, we see variation in the results
obtained due to interference between users, as evidenced by the channel quality.
Likewise, the average capacity performance increased as TP grew. 25.5
bps/Hz/cell yielded the best results in average capacity performance for Us and
has an increased average capacity of 11.01 bps/Hz/cell when compared to the
same user in standard NOMA. The achieved result exceeds the value of [176].

Figure 6.19 shows the average capacity vs. TP for the CCRN with D-CH and the
DL NOMA PD utilizing 64x64 MIMO. After implementing the suggestion to
establish the connection with the MIMO NOMA network, the U, that is nearest
is functioning very well, but the U, that is farthest is not performing as well. The
average capacity performance of all users has experienced a substantial
improvement as compared to the prior model. Moreover, we observe a disparity
in the achieved results as a result of interference among users, which was evident
in the channel's quality. As measured by average capacity performance, the Us
excelled at 26.5 bps/Hz/cell. Us's average capacity performance is 12.01
bps/Hz/cell higher than that of traditional NOMA for the same user. In
comparison to [179], this result is much better.

The findings showed that the MIMO NOMA system with CRN's average
capacity is affected by many things, including how power is distributed, how
much interference there is, the channel conditions, the number of antennas, the
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NOMA parameters, and the CR parameters. By optimizing these characteristics,
the average capacity of the system is enhanced.
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Figure 6.17. Average capacity versus TP for four MIMO DL PD NOMA users
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For four users BER is plotted against TP in Figure 6.20. PLCs and user
separation distances diverge. Given the fundamentally unstable nature of the
channel state, this also holds for 64x64 MIMO NOMA PD. There is a
divergence in performance among all MIMO NOMA users from BER. The BER
decreased as signal strength increased. U, was the closest to the BS, and they
have the best BER performance by 1.31e-06. In comparison to the same user in
conventional NOMA, U,'s BER performance is 94.3% better.

With 64x64 MIMO, the DL NOMA PD, and CCRN integration through C-CH,
Figure 6.21 shows the BER as a product of TP for four users with different PLCs
and distances between them. There is a variation in performance among all
MIMO NOMA users with the proposal method based on the BER. As TP grows,
BER reduces, according to the data. The BER performance of U4 is 1.51e-06. At
BER, Us outperforms the identical user in conventional NOMA by 93.7%.

Figure 6.22 plots the BER against the TP for four users connected to the CCRN
via D-CH and 64x64 MIMO. There is variability in the performance of all
MIMO NOMA users when using the proposed technique, which is based on the
BER. Based on the results, U, achieved the best BER performance of 1.41e-06.
If we look at U,'s BER performance and compare it to the same user's
performance in classic NOMA, 94% is the boost. The achieved results are
superior to those of [151].

Results showed that BER in MIMO NOMA employing CR is affected by
numerous parameters, including CSI, which is necessary for optimal
performance. A higher BER results from CSl errors. TP influences BER directly.
When TP rises, BER falls. MIMO NOMA systems must optimize resource
allocation to reduce BER. While CR techniques improve resource allocation,
they can also boost BER. The BER rises considerably with additional devices or
systems. Beamforming improves signal transmission and reception in MIMO
NOMA systems. Optimizing beamforming reduces BER. Spectrum-sharing
strategies boost MIMO NOMA spectrum use. Because these parts operate
together, improving one benefits the others.
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6.5.3 Massive MIMO-DL-NOMA Scenario Results

At different distances and different PLCs, Figure 6.23 shows SE versus TP for
four users in a 128x128 M-MIMO DL NOMA PD. It is common for SE to
increase when TP increases. After executing the plan to integrate with the M-
MIMO NOMA network, it was found that there is a difference in the SE
performance of all NOMA users. The U, in closest proximity exhibits the most
superior performance, whilst the U: situated at the greatest distance
demonstrates the least satisfactory performance. At 40 dBm, SE performance is
assessed by Ui at 33.89 bps/Hz/cell. The top user, the Uas, obtained an
improvement of 29.99 bps/Hz/cell at SE at 40 dBm TP when DL NOMA PD
with 128x128 M-MIMO technology was compared with NOMA.

With the CCRN using C-CH, Figure 6.24 shows a comparison of SE and TP for
128x128, DL, NOMA, and PD integration. We discovered that the SE
performance of all NOMA users varied while executing the proposal to join the
M-MIMO NOMA network. As far as performance goes, the nearest U, is at the
at the top, while the furthest U; is last. With 50.12 bps/Hz/cell, the user Us is
operating at 40 dBm of TP. Compared to DL CCR-NOMA PD, the SE for the
C-CH rose by 45.03 bits/sec/Hz/cell after applying 128x128 M-MIMO
technology with NOMA.
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The DL M-MIMO NOMA PD and the CCRN D-CH are shown in Figure 6.25.
They show the SE versus TP for four users who are at different distances and
have different power placement factors. The execution of the plan to merge with
the M-MIMO NOMA network revealed differences in the SE performance of all
NOMA users. At 40 dBm and 53.29 bps/Hz/cell, U4, the user closest to the BS,
has the best SE performance. The SE was improved by 46.09 bps/Hz/cell at 40
dBm when using 128x128 M-MIMO technology with NOMA. The top user in
the test, the D-CH, experienced this improvement with the DL CCR-NOMA PD.
These results are significantly better than the SE performance reported in the
literature [180]-[181].

In 5G M-MIMO systems, DL scheduling optimizes frequency spectrum usage.
User grouping and power distribution greatly impact spectrum utilization in M-
MIMO NOMA systems with CRN. M-MIMO cognitive cooperative relaying
simplifies CRN cooperative relaying, improving SE. SE is affected by CRN
design and implementation, which includes complete spectrum sharing. Honing
these characteristics maximizes M-MIMO systems’ SE. Important to meet rising
cellular data demand.
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As a function of TP, Figure 6.26 displays the results for four users in DL NOMA
PD utilizing 128x128 M-MIMO. When comparing all M-MIMO NOMA users,
a clear disparity in average capacity performance emerges. Compared to its
rivals, the Us excels thanks to its 40 dBm operating level and average capacity
of 31.5 bps/Hz/cell. Us has an improved average capacity of 10 bps/Hz/cell
compared to 64x64 MIMO NOMA and 17 bps/Hz/cell compared to standard
NOMA. The results presented here demonstrate a significant improvement when
contrasted with those in [182].

Figure 6.27 shows the ideal setup with 128x128 M-MIMO, DL NOMA PD, and
CCRN C-CH. The proposed system significantly improves the average capacity
performance compared to all other M-MIMO NOMAs. For four users at various
PLCs and distances, U4 realised an average capacity vs. TP of 35.5 bps/Hz/cell.
The results for Us with 64x64 MIMO CCR-NOMA with C-CH are different
from those for conventional CCR-NOMA with C-CH. The average capacity for
U4 goes up by 10 bps/Hz/cell and 21 bps/Hz/cell.

In Figure 6.28, you can see how the average capacity changes with TP for four
users with various PLCs and distances when 128x128 M-MIMO, DL NOMA
PD, and CCRN with D-CH are used. All M-MIMO NOMAs utilizing the
proposed method exhibit significantly different average capacity performance.
With a performance upgrade of 39.5 bps/Hz/cell, U4 surpassed all competitors.
As compared to 64x64 MIMO-NOMA and normal NOMA, U.'s average
capacity rate is 25 bps/Hz/cell higher.

The analysis found that antenna count, multi-user interference, SE, active users,
transmit power, and CR technology impact M-MIMO NOMA with CRN
average capacity. Optimizing M-MIMO NOMA with CRN systems is difficult
due to the complex interplay of various parameters. However, understanding
these factors can optimize system capacity and performance.
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The correlation between BER and TP for four users is shown in Figure 6.29.
There is a wide range of user-PLC distances. This rule applies to 128x128
MIMO NOMA PD. As the transmitted power increases, the BER drops.
According to the BER, there is a variation in performance among all M-MIMO
NOMA users. Because of their proximity to the BS, User 4 by 2.0e-08 had the
best BER performance. Us's BER performance is 98% better than that of the
same user in standard NOMA.

Figure 6.30 shows the BER vs. TP for four users utilizing 128x128 MIMO, DL
CCR-NOMA PD, and the C-CH. The users employ a variety of PLCs and
distances. When using the BER-based proposal approach, performance varies
among all M-MIMO NOMA users. At 2.9e-08, Us's BER performance was the
poorest. Interms of BER, U4 outperforms the same user in conventional NOMA
by a whopping 97.5%.

The graph in Figure 6.31 shows the BER vs. TP for four users with various PLCs
and distances. It uses 128x128 MIMO, DL CCR-NOMA PD, and the C-CH.
When using the BER-based proposal method, all M-MIMO NOMA users
experience different levels of performance. With a score of 2.5 e-08, U, stands
out when examining BER performance. In ordinary NOMA, the identical user's
BER performance is 97.7 times higher than in Us. Having said that, the results
were better than those in [11].

The study examined interference, spectrum availability, power allocation,
detection, and decoding as BER factors in M-MIMO NOMA with CR. More
research is needed to determine how these factors affect BER in this system.
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6.6. Summary

In a 5G network with 64x64 MIMO and 128x128 M-MIMO integrated with the
CCRN, this study showed how well DL NOMA PD performed in terms of SE,
average capacity, and BER. One approach made it possible for users to access
CCRN channels through the competition channel (C-CH), while the other made
it possible for the CCRN to fulfil all channel demands of users through the
dedicated channel (D-CH), irrespective of their location, PLCs, or TP.

While assessing performance, we paid close attention to the SIC, unstable
channels, and AWGN when Rayleigh fading was present. The DL NOMA study
found that integrating CCRN with 64x64 MIMO or 128x128 M-MIMO greatly
enhanced SE, average capacity, and BER. When using DL NOMA, 5.1
bps/Hz/cell when using the CCRN with C-CH, and 7.2 bps/Hz/cell when using
the CCRN with D-CH are the ideal SE performance for user U4 at 40 dBm TP.
At 40 dBm TP, the SE performance of DL 64x64 MIMO NOMA with CCRN
(D-CH) improved by 65%, the SE performance of DL NOMA with CCRN (C-
CH) grew by 64%, and the SE performance of DL NOMA with CCRN (U4)
improved by 51%. At 40 dBm TP, the SE performance was 85% better with DL
128x128 M-MIMO NOMA with CCRN (C-CH), 86% better with DL 128x128
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M-MIMO NOMA with CCRN (D-CH), and 79% better with DL NOMA with
best user Ua.

U, attains an average capacity performance of 14.5 bps/Hz/cell for DL NOMA,
21.5 bps/Hz/cell for 64x64 MIMO DL NOMA, and 31.5 bps/Hz for 128x128 M-
MIMO DL NOMA when tested at 40 dBm TP. U4 average capacity performance
was enhanced by 4% when DL NOMA was used in conjunction with the CCRN
and C-CH; by 27% when 64x64 MIMO DL NOMA was used in conjunction
with the CCRN and C-CH; and by 42% when 128x128 M-MIMO DL NOMA
was used in conjunction with the CCRN and C-CH. In terms of average capacity
performance, 64x64MIMO DL NOMA with CCRN (D-CH) increased it by
29%, 128x128 M-MIMO DL NOMA with CCRN (D-CH) improved it by 46%,
and DL NOMA with CCRN (D-CH) enhanced it for Us by 9%.

The best BER performance for DL NOMA, DL CCR-NOMA with C-CH, and
DL CCR-NOMA with D-CH, when considering the best Us and a TP of 40 dBm,
is 7.0e-05, 9.0e-03, and 1.0e-04, respectively. In contrast, 64x64 DL NOMA
brought a BER reduction of 94.3% for BER U4, 93.7% for 64x64 MIMO DL
NOMA with CCRN and C-CH, and 94% for 64x64 MIMO DL NOMA with
CCRN and C-CH. Using C-CH, 128x128 M-MIMO DL NOMA with CCRN
lowered BER by 97.5% for the best Us, while D-CH, 128x128 M-MIMO DL
NOMA with CCRN, decreased BER by 97.7%. Integrating DL NOMA, DL
MIMO NOMA, and DL M-MIMO NOMA with the recommended systems
resulted in a higher BER when compared to the best user Us.

This is due to the fact that CR is required to handle increasingly intricate tasks,
such as channel detection, channel switching, and error handling. Results in SE,
average capacity, and BER were significantly enhanced when CCRN was used
in conjunction with 64x64 MIMO and 128x128 M-MIMO DL NOMA systems.
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CHAPTER SEVEN

Summary and Conclusion

7.1 Introduction

This chapter provides a summary and conclusion to the entire research, as well
as suggestions and recommendations for additional research.

7.2 Summary

5G is a fifth-generation wireless network provides enhanced data transfer rates,
reduced response time, and greater connectivity than its predecessors. However,
its adoption and implementation is not without challenges. The main obstacles
and challenges facing 5G technology are the scarcity of spectrum at small
frequencies, while high-frequency versions are short-range and affected by
objects such as trees and buildings, necessitating the construction of many
facilities. Cell towers to avoid signal path loss.

The study explores the concept of spectrum scarcity, proposes solutions utilizing
innovative methods and technologies, and views the spectrum as a valuable and
limited resource.

Multiplexing allows several users to communicate across a single wired or
wireless channel, which is explained in the first portion of this thesis along with
access technigues. For a long time, research into wireless networking has centred
on these technologies. The study of NOMA and spectrum sharing has several
elements, including aims, problem statements, research objectives, scope,
constraints, and definitions of essential terminologies.

The second chapter focuses on doing a literature study and discussing the
essential ideas of OMA, NOMA, and cooperative NOMA. It also explores the
concept of 5G, CR principles, CR-NOMA, MIMO, M-MIMO, and perimeter
parameters for wireless communications and QoS.

The third chapter of the study examines the design and simulation of a 5G
network, specifically examining the DL and UL PD NOMA techniques. All sorts
of distances, SNRs, and BWs were factored into the calculations, both with and
without 64x64 MIMO. The goal was to examine UL NOMA's performance
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regarding average capacity and OP and to assess DL PD NOMA's performance
about BER and SE.

Furthermore, the study's fourth chapter assessed the average sum-rate
performance using TDMA and SC-NOMA and introduced two kinds of
couplings in PD DL NOMA.

The fifth chapter analysed the impact of different power location coefficients
(PLCs) of remote users on cooperative DL NOMA PD and DL NOMA PD.
Additionally, it evaluated cooperative DL NOMA PD with and without MIMO
as well as M-MIMO, taking into account OP against SNR.

A 5G network with 64x64 MIMO and 128x128 M-MIMO linked to the CCRN
was shown to function effectively in the sixth chapter by DL NOMA PD. First,
the CCRN could provide users' channel demands through the dedicated channel
(D-CH), and second, users may get CCRN channels through the competition
channel (C-CH). We looked at three performance metrics: SE average capacity,
and BER.

7.3 Conclusion

In order to enhance SE, average capacity, and BER, this thesis introduces the
DL NOMA PD for the 5G network in conjunction with 64x64 MIMO and
128x128 M-MIMO technologies integrated with CCRN. The novel approach
involves accessing CCRN channels through the C-CH or D-CH to meet users'
channel needs. Chapter 4 covered 5G network performance, including DL PD
NOMA's impact on BER and SE, OP, and average capacity, under a range of
conditions including distance, PLCs, TPs, and BWSs, and with and without 64x64
MIMO. In addition, the acquired results for SE and BER were found to be
superior when compared with [157] for DL NOMA, while the results for OP and
average capacity were better when compared with [159]-[162]-[163] for UL
NOMA. Findings from chapter five, Near-Far User Problems, demonstrate that
the first strategy achieves a better average rate when pairing local users with
distant users. Even with the second scheme's near-near, far-far pairing, NOMA
still outperforms TDMA and SC-NOMA on average sum rate, albeit not as
significantly. The effects of PLCs used by distant users on cooperative DL
NOMA PD and DL NOMA were examined in Chapter 5. The OP and SNR were
compared, and MIMO and M-MIMO systems of varying dimensions were
introduced into the cooperative DL NOMA system. The dimensions for M-
MIMO were 128x128, 256x256, and 512x512, while for MIMO they were
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16x16, 32x32, and 64x64. The results demonstrate that the OP's performance
rate surpasses that of the results obtained in [163]-[164]-[166]. Two separate
methods were demonstrated in Chapter Six to improve the DL NOMA PD
performance in 5G networks in terms of SE, average capacity, and BER. Two
methods that were used in these techniques were CCRN and 64x64 MIMO and
128x128 M-MIMO, which stand for coordinated channel and resource
allocation. There was an improvement over [11]-[182]-[181]. The results
demonstrate a noteworthy enhancement in the quality of service across all
proposed scenarios. Tables and figures display an extensive collection of
quantitative data from the research. According to the study, the proposed
methods are effective in mitigating the challenges of spectrum scarcity and
improving performance quality in 5G networks.

7.4 Future Research

From the results obtained the researcher suggests the following recommendation
for future works

e The study reveals that the SE of DL-NOMA is influenced by several
parameters, including user distribution, power allocation coefficients,
number of users, transmission power, BW, channel conditions, and SIC.
These parameters can have intricate interactions, and enhancing the SE of
the DL-NOMA method in the future needs a more thorough and meticulous
investigation to devise sophisticated algorithms and strategies for its efficient
management.

e NOMA power fields are widely used in the scientific community, but the
second type, the code field (CD) NOMA, has not been adequately addressed
and will therefore be the focus of future research.

e Two, the outcomes demonstrated that pairing NOMA with other access
strategies yields beneficial outcomes; hence, this feature will be the subject
of future studies and will be explored in greater depth using more realistic
settings.

e Multi-band NOMA (MC-NOMA) is an improved version of SC-NOMA that
uses multiple carriers to accommodate multiple users. MC-NOMA provides
superior system capacity, low latency, and wide-range communications
compared to SC-NOMA. MC-NOMA enables multiplexing of users in the
power and frequency domains, resulting in more efficient use of resources.
Therefore, it will be an important area for future studies.
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Spectrum sharing is a solution to spectrum shortages. Combining CCRN and
NOMA worked well. Maintaining the same research method while merging
cooperative NOMA technology, with Al, is the goal.

The problem of restricted spectrum in the upcoming sixth-generation (6G)
wireless communication systems is both major and pressing. Spectrum
scarcity refers to the situation when there is a restricted quantity of radio
frequency (RF) spectrum available, which is a vital resource for wireless
communication systems. The demand for wireless communication services,
such as mobile broadband, and crucial communications, is steadily growing.
Consequently, we plan to use the recommended methodologies and
concentrate on honing them to discover the most advantageous resolutions
to this dilemma.
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