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Abstract

Power domain non-orthogonal multiple access (NOMA) has been generally acknowl-
edged as a potential contender for the next generation of wireless communication sys-
tems. Due to the explosive rise of multimedia applications, spectrum scarcity is one of
the most severe difficulties facing wireless communication networks. NOMA, the latest
member of the multiple access family, has been suggested for the long-term evolution of
the third-generation partnership project (3GPP). Over the past decade, various mul-
tiple access technologies have been extensively researched. One of the most promising
options is NOMA due to its exceptional spectral efficiency (SE), low latency and capac-
ity to support extensive connectivity. Recently proposed technologies, such as relayed
NOMA (R-NOMA), cooperative NOMA (C-NOMA), and coordinated direct and re-
lay transmission (CDRT-NOMA), can improve reliability, quality of service (QoS) and
coverage area.

The demand for prolonging the battery lifespan of low-power machine-type devices
(MTDs) has grown due to internet of things (IoT) and machine-to-machine (M2M)
communication integration into 5G networks. To mitigate the need for frequent bat-
tery replacements, implementing self-sustaining communication nodes by harvesting
energy from the radio frequency (RF) signals is highly motivated. This study system-
atically examines emerging technology of NOMA, including fundamentals, performance
analysis (outage probability, ergodic rate, and energy efficiency (EE)), C-NOMA, and
combination with simultaneous wireless information and power transfer (SWIPT) and
battery-assisted EH nodes. The primary objectives of this research work are: (1) To
investigate the performance of NOMA-based wireless networks, we will use cooperative

full-duplex (FD)/half-duplex (HD) relaying. We will study the effects of co-channel
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interference and Residue interference (RI) on these networks over realistic fading chan-
nels. (2) To analyze battery-assisted energy harvesting (EH) node performance and
optimization in various networks to enhance quality of service (QoS) for SE and EE.

The first part of the thesis explores the feasibility of user relaying in NOMA net-
works. The study investigated systematic performance assessment measures for the
outage probability, EE and ergodic rate in the FD/HD NOMA systems. In this con-
text, this study considers the prerequisites for improving the performance of FD NOMA
relaying over HD NOMA relaying and observed that the direct link (DL) plays a crucial
role in enhancing the throughput and reducing the outage probability of the network.
NOMA relay has proven to be more efficient than traditional OMA relaying. The
correlation between EE and FD/HD NOMA systems in delay-limited /tolerant trans-
mission modes is examined. Additionally, we have analyzed the impact of various
system parameters on the performance of our system.

The second part of the thesis analyses the performance and optimization of battery-
assisted EH nodes in C-NOMA networks. The aim is to improve the QoS regarding
SE and EE. The battery energy consumed depends on the battery energy manage-
ment scheme used in battery-assisted EH nodes. The study considers the fixed battery
energy scheme, in which a fixed amount of battery energy is drawn in each symbol
interval. This scheme is preferred due to its low implementation complexity. The re-
search analyses the effectiveness of a C-NOMA system that incorporates SWIPT and
battery-assisted non-linear energy harvesting (NL-EH). The study aims to investigate
the system’s outage, throughput and EE performance. Our research has shown that
selecting the best combination of battery energy and power splitting parameter is cru-
cial for achieving optimal throughput and EE. Due to the rapid growth in low-power
devices within communication networks, this thesis contributes significantly to analyz-
ing and optimizing NOMA signalling in C-NOMA networks. The research insights are
valuable for system designers aiming to optimize throughput performance and battery

life in light of increasing user density and the demand for improved SE and EE.
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T | GEY TS fadhed! H J Th NOMA &, 3T ! SRR Waed G&fdT (SE), HH facerd
3R IS FHfdefact &1 THYT HIA BT & dT & HRUT BT 81 H Td1fad dob-ieb, o for Ra
NOMA (R-NOMA), TEHRI NOMA (C-NOMA), 3R JHfd Uef 3R Ral < afir= (CDRT-NOMA),
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SINR at the NU to decode its own symbol
Residual interference

Maximum operator

Minimum operator

Path loss exponent

Nakagami-m fading shape parameter

Far user outage probability

Near user outage probability

Outage probability

Time-switching parameter

Power-splitting parameter

Source transmit power

NU transmit power

Harvested energy

Battery energy

Target rate

Target rate to detect the NU symbol
Target rate to detect the FU symbol
Ergodic rate of the NU

Ergodic rate of the FU

Energy efficiency

High SNR slope

Throughput

Unit-step function

Transmit signal intended for the NU
Transmit signal intended for the FU
Received signal at the NU

Received signal at the FU

xxi



