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Cellular communications is now in the implementation phase of its fifth-generation (5G)
networks. The first-generation (1G) cellular communications system was put into
operation around 1980 and is now one of the rapidly developing areas leading the world
into the current information age. The field of wireless communication is becoming wider
and wider with the new generation networks. The goal of 5G communication mainly
focuses on three network capabilities: ultra reliability and low latency communications
(URLLC), massive machine type communication (mMTC), and enhanced mobile
broadband (eMBB). New technologies such as millimeter wave (mmWave), massive
multiple input multiple output (mMIMO), heterogeneous networks (Het-Net), and ultra-
dense networks (UDN) are proposed as possible technologies to achieve these goals. The
researchers present the roadmap for next-generation ( beyond 5G and 6G) network
requirements and possible technologies that cannot be met by the 5G network. The next-
generation network (NGN) should provide global connectivity with an integrated space-
air-ground-sea network, full spectrum utilization from sub-6GHz to THz including the
optical band, an Al-based ultra-dense network, and a highly secure network. With the
development of wireless network, one of the most important and researched areas is

multiple access scheme, as it can play an important role in improving key performance

indicators (KPIs).

Orthogonal resource allocation multiple access systems such as frequency division
multiple access (FDMA), time division multiple access (TDMA), code division multiple
access (CDMA), and orthogonal frequency division multiple access (OFDMA) are used in
1G, 2G, 3G, and 4G networks, respectively, while recently non-orthogonal multiple access
(NOMA) has received more attention from researchers. NOMA is first considered for LTE
and then for 5G networks, but is not yet ready to be deployed in today's networks, so it is
still an open problem in wireless communications. This work is a study based on resource
allocation in the power domain (PD) NOMA network where UAVs serve as base stations
(BS). In particular, weighted max-min fairness (MMF) optimization-based user clustering
and power allocation are investigated using two application scenarios of emerging UAV
technology in cellular downlink (DL) communications, one being a single-cell UAV

network and the other being a UAV-supported heterogeneous network.
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Chapter 1 deals with the introduction to this thesis. First, the background of the research
is described, including some historical and current developments of cellular networks.
The next part of this chapter describes the research gap that motivates the research
direction. After the motivation section, the main contributions of this work are
highlighted. Finally, the last section summarizes the structure of the thesis and presents

the flow of the thesis.

Chapter 2 explains the fundamentals of UAV and NOMA for future networks. The first
section explains why UAVs are an indispensable part of the next-generation network,
with its advantages and challenges when implemented with other technologies. The
second section explains the basic theory of NOMA with power domain multiplexing,
superposition coding (SC), and successive interference cancelation (SIC). It explains how
NOMA can be beneficial for future wireless communications compared to existing
techniques. It also describes the basic concept of weighted max-min fairness, which is

implemented in this work.

Chapter 3 examines in detail a simple model of a single-cell system. The performance of
NOMA is highly dependent on resource allocation, e.g., power allocation and channel
allocation. In this study, we investigate the power allocation (PA) scheme,to optimize the
weighted MMF for 2-user and 3-user clusters. We use the PSO-based power allocation
algorithm due to its promising behavior. As the application scope of NOMA becomes
wider, we considered a cellular network supported by a UAV as a base station integrated
with the NOMA system. The PA for the weighted MMF problem in NOMA is non-convex,
it is difficult to find the optimal solution directly. The simulation results show the
performance of the PSO-based algorithms at different adaptive weights and their
convergence properties. We also showed the tradeoff between data rate and fairness with
weighted max-min fairness. Numerical results compare the performance of NOMA and
orthogonal multiple access (OMA) and demonstrate the importance of the proposed
algorithm. A meta-heuristic algorithm based on the PSO is implemented as a power
allocation algorithm, which is easy to implement and has versatile application properties,
but in the scenario of optimization for a large number of users, it shows limited

convergence performance. Moreover, the cellular users are assigned to multiple channels
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and a suboptimal fractional power allocation (FPA) is implemented to allocate the power

for each channel. In this study, it is assumed that each user can perfectly execute SIC.

In Chapter 4, power allocation is studied in a two-tier heterogeneous network (Het-Net)
supported by unmanned aerial vehicles (UAVs). UAVs are considered as an indispensable
part of the future wireless network, so we studied the weighted max-min fairness-based
power allocation optimization for UAV-assisted networks in a heterogeneous cellular
system. Details of the system model, problem formulation, user assignment, power
allocation, and simulation results are provided in this chapter. In this system model,
multiple UAV small cells employing the NOMA scheme are supported on the territory of
a terrestrial macro cellular network employing the OMA scheme. Due to imperfect
channel estimation among UAV users, they could not perform a perfect SIC and also
suffer from interference from the macrocell BS. To respond to the non-convex power
allocation problem for weighted max-min fairness (MMF) based optimization, a modified
novel algorithm based on Perron-Frobenius (PF) theory based optimization algorithm was
developed. The performance of this algorithm shows better convergence characteristics
compared to the previous algorithm. The theoretical basis and simulation results with
imperfect SIC conditions and different weight conditions for user data rates are
presented.

Finally, the conclusions, limitations, and possible future improvements of this research

are highlighted in Chapter 5.

Thus, the two studies explained in Chapters 3 and 4 deal with weighted MMF -based
resource allocation in the NOMA scheme in cellular wireless networks. One is a single-
cell scenario with a simple metaheuristic power allocation algorithm, and the other is a
more complex system model considering imperfect SIC and Het-Net with an optimal
power allocation algorithm. The Weighted MMF -based optimization can allocate data

rates to users with the given priority of users.
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