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ABSTRACT

The previous generation networks cover smaller than six percent of the total surface of Earth. The original
definition of 5G also describes it as a terrestrial mobile communication network therefore, it has a radio
coverage limitation. However, to make a global cellular connection the entire surface area of the earth should
be interconnected. While the 5G implementations have high promises, the envisioned results from commercial
deployments have just commenced and will take some time. In the industrial developments of 5G, the scenario
of Enhanced mobile broadband (eMBB) is highly prioritized and has developed at a much higher pace than
ultra-reliable low latency communications (URLLC) and massive machine-type-communications (mMTC).
The reasons are the struggles occurring in advancing the diversified, fragmented, and unclear requirements of
these loT-related scenarios. Therefore, the researchers have gained interest in Beyond 5G (B5G)/ sixth
generation (6G) networks that will intend to eliminate the variance between definition and realization. It will
aim to cover the entire surface of the earth for interconnection and transcend the existing vision and
requirements. The B5G/6G is envisioned as a platform for connecting everything; people, things, and even
intelligence. The first source of induction for the need for the development of B5G/6G is to keep addressing
the world’s insatiable demands and insistence on better service experiences. Moreover, a unified platform
needs to be designed to enable new industries and new services that 5G will be unable to achieve. The prime
engine of continuous research is envisioning to raise the bars to attain, ultra-fast wireless speed, high mobility,
full coverage, increased bandwidth, connectivity, and greater security while reducing the energy consumption
and achieving ultra-low round-trip latency, to such a level that is unachievable with 5G.

The number of wireless communication devices boomed with the evolution of wireless communication
generations. Moreover, the development of technologies such as the Internet of things (IoT) and massive
machine-type communications (MMTC) are also fueling the rapid rise in the number of communication
devices. It is anticipated that through B5G, the wireless communication networks will move in the direction
of ultra-dense distribution of enormous devices with assorted service and rate requirements. This demands
huge network data rate and energy. Efficient utilization of system energy in a hybrid system is prime
requirement. It is anticipated that through 6G, the wireless communication networks will move in the direction
of ultra-dense distribution of enormous devices with assorted service and rate requirements. This demands
huge network energy, capacity, and efficient deployment of the spectrum. Employment of non-orthogonal
multiple access (NOMA) technology helps in enhancing the energy efficiency of a network. Efficient
implementation of NOMA operation can further improve the systems energy efficiency. However, complete
exploration of NOMA and D2D networks for enhancing energy efficiency of in a hybrid THz, millimeter-
wave, massive-MIMO and NOMA D2D enabled communication system remain unknown. The massive multi-
input multi-output (MMIMO) and NOMA techniques which help in increasing the multiplexing gain and
network capacity. We intend to utilize the benefit of millimeter Wave (mmWave) and Terahertz (THz)

channels, as theses frequencies have massive bandwidths and can aid in delivering high data rates in Gbps and
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Thps range. Our first objective is to design a hybrid beyond 5G system model using THz, millimeter-wave,
massive-MIMO and NOMA with D2D enabled small-cell communication network, for a static user system.

As THz and mmWave channels are highly complex. To diminish this problem, we use BS caching. Also,
diverse applications in 6G will have varied rate requirements. To fulfill these requirements effectively, this we
propose an application-specific channel selection (ASCS) scheme with a cache-enabled two-tier 6G
Heterogeneous Network (HetNet). In the proposed scheme, bestowing to the application requirement of the
small cell users the small cell base station (SBS) switches downlink channels dynamically. From the
simulations it can be seen the proposed method of ASCS can perform better in terms of sum rate, energy
efficiency, for the cache-enabled two-tier 6G HetNet.

Nevertheless, the higher frequencies such as THz cannot penetrate buildings, this can become a major
problem in designing B5G/6G of mobile communication networks. Moreover, with rise in communication
devices and new applications, there will explosion in the system’s energy consumption. With the intention to
unravel these issues, next we propose a hybrid green 6G HetNet with THz blockage alleviation (TBA) and
modified cooperative NOMA (MCN) methods. The TBA method employs D2D communication where the
devices redirect the propagating signal to evade the obstructions in the communication path and clinch the
communication. The MCN integrates the benefits of the NOMA technology and cooperative communication.
The procedures designed in MCN to forward signal to the end-user via cooperative NOMA communication
are based on the power levels of the users, aiming efficient use of user power levels and interference mitigation.
The total energy efficiency is defined as ratio of the archived data rate of the signal and the energy consumed
in transmitting the signal. The reduction in interferences in MCN have positive impact on the signal-to-noise
interference ratio (SINR) and data rate of the system and the cooperative communication aids in saving the
transmission power at the BS. Therefore, the MCN enhances the energy efficiency. The results of the
simulations validate that the efficiency of the proposes system regarding the sum rate, power consumption and
energy efficiency than the conventional systems.

Efficient NOMA clustering can help in efficient system implementation. Antenna parameters consideration
is important for reducing system interference and efficient clustering in a hybrid millimeter-wave, massive-
MIMO and NOMA D2D enabled communication system. However, it remains unanalyzed. Further, we design
a 6G hybrid system model employing THz communication, mMIMO, cooperative NOMA, and D2D
communication with macrocells and small cells. Additionally, we propose Antenna Angle Bound (AAB)
clustering technique to enhance the sum rate of the proposed B5G/6G hybrid system model. The proposed
ABB clustering technique employs antenna parameters such as beam angle and beamwidth to form clusters
and mitigate interference. The simulation results are provided to validate the better performance of the
proposed B5G/6G hybrid system model in assessment with the traditional models. Moreover, the employment
of the proposed ABB clustering technique in the proposed 6G system model is observed to attain an improved
sum rate, significant power saving, and enhanced energy efficiency.

The wireless communication traffic is expected to explode in the coming years. As the number of users is
xvii



expected to increase in B5G/6G wireless networks, installation of additional base stations (BS)s will be
required for signal transmission. Deployment of the flying base station (BS)s as mobile small cells is a
promising solution to offload such traffic and deliver high rate, cost-effective, energy-efficient, flexible, and
reliable services B5G/6G systems. Moreover, the deployment of flying BSs can effectively cover remote areas
that terrestrial BSs are unable to cover. These attractive benefits have recently urged increasing enthusiasm in
both the academic world and industry escalating an explosion of new mobile BS applications, such as
unmanned aerial vehicles (UAVs)-enabled data harvesting, UAV-enabled wireless power, UAV-enabled
relaying and dissemination, etc. Reducing the global communication energy consumption is a prime objective
in B5G/6G wireless communication system design. Energy optimization of NOMA enabled mobile small-cell
systems remains unexplored. Therefore, in this research we have focused in designing a hybrid beyond 5G
communication system model depending on the user mobility. Moreover, for designing an energy-efficient
B5G/6G system, path optimization of flying BS is vital. Therefore, we propose a track selection scheme (TSS)
for flying BS. The proposed TSS dynamically selects the finest flying BS path to decrease the flight time, and
expand the energy efficiency of the two-tier BSG/6G HetNet. The simulations inspect the performance of TSS
and compare it with traditional approaches with respect to flying latency, energy efficiency, and power saving.

Further, investigation of mobile small-cell systems for serving high mobility users and efficiently utilizing
system’s energy is critical. Moreover, with an upsurge in the number of users, the power allocation and
clustering will get enormously complex. As the system topology becomes dynamic with mobile small cell BS,
this issue escalates. The employment of machine learning (ML) tools enables systems to learn and adapt
without direct human control and pull-out inferences from data patterns even in dynamic environments.
Therefore, ML-based systems can support addressing this problem via the learning-based mechanism for
making near-optimal decisions. In this paper, we combine mobile BS, THz communication, mMMIMO, NOMA,
and D2D technologies in a B5G/6G HetNet environment. We propose a power allocation and clustering
scheme to enhance the sum rate of the proposed B5G/6G mobile small cell system. First, we propose a green
6G mobile small cell model with help of THz, NOMA, and D2D. Then, a novel fuzzy logic system that exploits
channel gains to design optimum power allocation in NOMA is proposed. Further, we propose a clustering
scheme that effectively integrates user device antenna parameters, NOMA, and D2D communication to reduce
interference and enhance the energy efficiency of MSBS. The results of simulations demonstrate that the
proposed schemes for mobile small cell-based B5G/6G HetNet can realize enhanced system performance,

compared with the traditional methods with respect to sum rate, power saving, and energy efficiency.
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CHAPTER 1
INTRODUCTION

This chapter describes the background of the research work carried out in the thesis. It commences with the
overview showing 5G trends and B5G/6G driving force, following motivation behind picking the topic of
research challenges to be faced while transitioning from 5G to B5G/6G, research gaps in the current works
and culminates with the objectives and organization of thesis.

1.10verview

5G New Radio (NR) is the global standard and is seen as a combining connectivity material that will effectively
interconnect everything and its scale of impact is predicted to be staggering. For instance, healthcare services
are expected to advance with Telemedicine and remote monitoring, self-computing wearable smartwatches,
advancements in rescue and surveillance systems with drones, autonomous vehicle amenities, etc. Diverse
deployment scenarios and a spectrum is incorporated in 5G design, like high millimeter wave (mmWave) bands
like 28 GHz, 39 GHz, and 60 GHz, mid 2-7 GHz, and low sub 1 GHz, even higher frequencies beyond 100 GHz
[1]. The fundamental difference in 5G and other previous generations is its flexible architectural framework.
The previous generations focused on connecting people, whereas 5G also targets to connect all types of things
which may enhance human’s lives, this differentiates 5G from other previous generations. The introduction of
5G is targeted to achieve three major scenarios; enhanced mobile broadband (eMBB) with Gbps rates, massive
machine type communication (mMMTC) connecting about a million devices per square kilometer, and ultra-
reliable low latency communication (URLLC) with air interface latency in millisecond (ms). To realize these
scenarios new enabling technologies like software defined network (SDN), ultra-dense networking (UDN),
network function virtualization (NFV), mobile edge computation (MEC), massive MIMO (mMIMO),
millimeter-wave (mmWave) communication, non-orthogonal multiple access (NOMA), flexible frame
structure, automated driving, network slicing, etc. are defined. Another key technology of 5G is artificial
intelligence (Al) [1]. Al is a cloud-centric technology with capabilities like on-device learning, personalization

benefits, and improved security, and is predicted to progressively spread in the future.

However, the current trends show a leap in the number of connections and global IP traffic. The development
of 10T is affecting the way devices, processes, data, and people are connected with the Internet and each other.
By 2022, M2M connections are predicted to be more than 50% of the total connections [2]. By 2023, the number
of IP-connected devices will be three times the global population, and half of the global connections will be
M2M connections [3]. Particularly, internet traffic caused by VR and AR applications will increase twelve times
by 2022 [2]. Although, 3GPP 5G NR does not constantly meet the targeted URLLC demands as the short-packet
and the sensing-based functions of 5G URLLC limit the high reliability low latency in such applications [4].

The evolution of the previous generations has directed ground-breaking goals of the Internet of Everything (10E)
2



in the 5G. However, addressing all I0E associated problems in this stage of 5G is difficult and a long-term
process. Therefore, 5G may be viewed as merely the foundation phase of I0E. The set of the key performance
indicators (KPIs) of the oncoming advanced 5G services, is highly diverse. Therefore, is an intimidating task to
develop a single platform enabling all KPIs. The previous generation networks cover lower than six percent of
total surface of the Earth. The original definition of 5G also describes it as a terrestrial mobile communication
network therefore, it has a radio coverage limitation. However, to make a global cellular connection the entire
surface area of the earth should be interconnected. While the 5G implementations have high promises, the
envisioned results from commercial deployments have just commenced and will take some time. In the
industrial developments of 5G, the eMBB is highly prioritized and has advanced at higher pace than URLLC
and mMTC [4]. The motives behind the struggles in advancing the diversified, fragmented, and unclear
requirements of these loT-related scenarios. The research on B5G/6G will intend to eliminate the variance

between definition and realization.
1.2.Research Challenges

Over the past few years, wireless communication networks have experienced ground-breaking progress. The
5G of mobile communication networks supports many growing verticals including enhanced mobile
broadband, machine-to-machine (M2M) communications, e-commerce, contactless payment, virtual and
augmented reality (VAR), and many other applications. Yet, year on year, a massive number of additional
users and communication devices will be connected to the network. Leads to high latency, signal interference,
low data rates, and mammoth data traffic demanding ultra-high-definition data services at hot-spot areas such
as stadiums, disaster areas, concerts, movie theatres, and offices. The main reason behind this is a shift in user
demands from connection-centric communications, for example, text messages and phone calls, to data-
streaming communication, for example, connected cars, high-definition video streaming, and smart gaming.
Nevertheless, with the evolution of the needs of society, there has been a noticeable escalation in a surfeit of
emerging use cases that 5G cannot assist satisfactorily. For example, even the millimeter wave (mmWave)
frequency bands within 5G cannot support microsecond (us)-level latency and Tera-bits per second (Thps)-
level rates required in the next generation of VAR [5]. Moreover, a rise in the connection density will also
upshoot the demands for enhanced energy efficiency, to a level that 5G cannot fulfill [5]. Additionally, with
the development of industrial automation Industry 4.0 will be preceded by Industry X.0. The 5G is designed
for 106 square km connectivity density metric and the connectivity density of upcoming Industry X.0 will
surpass these set parameters. Subsequently, these challenges together with societal needs has driven the need
for a generational leap beyond 5G wireless systems towards B5G/6G systems. The 6G is envisioned as a
platform for connecting everything; people, things, and even intelligence [6]. The prime engine of continuous
research is envisioning to raise the bars to attain, ultra-fast wireless speed, high mobility, full coverage,

increased bandwidth, connectivity, and greater security while reducing the energy consumption and achieving



ultra-low round-trip latency, to such a level that is unachievable with 5G. Prime visions and motivations of
6G systems are identified as:

e 1-10 Thps Data rates in real-world

e Tremendous number of connected devices
e Every time everywhere services

e 10~100ps round trip Latency

e High bandwidth in the unit area

e Safety and Security of the Information

e Shrinking the Energy usage

To offer a mutual coupled stage for a diversity of B5G/6G needs and application, we will research the
following technology components:

e Spectrum utilization, comprising working on current spectrum bands and exploring new spectrum
bands for enlarging the communication bandwidth.

e Network topologies, embraced by considering the data requirements, intelligence and user mobility
and new methods for efficient energy utilization in B5G/6G HetNets.

e New multiplexing techniques and resource management for realizing robust communication links.

The subjects that will combine a subsection of the aforementioned technology components to offers the

solution of few aforementioned aims are:

e Further-enhanced Mobile Broadband (FeMBB): B5G/6G targets peak data rate as a minimum of 1Tbps
and user experience data rate of a minimum of 1Gbps through FeMBB.

e Extremely Reliable Low Latency Communication (ERLLC): This will introduce new solutions capable
of fulfilling the large diverse range of future reliability and latency requirements. The future B5G/6G
communication networks are foreseeing ERLLC with a round trip latency of about 10-100 ps and
99.999% success probability.

e Long-distance and high-mobility communications (LDHMC): High latency is intolerable for some
services, for time-critical applications that are specifically latency-sensitive. For supporting
applications such as high availability seamless redundancy scenarios, deep-sea sighting, space travel,
B5G/6G aims to achieve mobility greater than or equal to 1000 km/hr.

e Ultra-massive machine type communication (umMTC) In the future, machines will substitute humans
on many platforms, and the world will move towards a machine-centric instead of a human-centric
society. Therefore, B5G/6G targets to enhance machine connectivity, through umMTC

e Extremely low-power communications (ELPC): As cellular communications are required to operate

through long distances, the power of the handset becomes the main constraint. Therefore, the 6G
4



system models intend to accomplish the maximum possible power efficiency, through ELPC.

Among the different technology components, I am choosing efficient spectrum utilization with THz
communication technology, massive MIMO antenna technology, NOMA, mmWave and artificial intellegence
for achieving enhanced energy efficiency.

1.2.1. Terahertz Communications

There are many merits of using THz communications. First, the THz communication system has the potential
to provide about 100 Ghbps rates. Second, with wider bandwidth of the order of tens to hundred GHz, the THz
spectrum can resolve the problem of spectrum scarcity and immensely boost the system capacity. Third,
characteristics like pico-second level symbol duration and narrow beam help in secured communication and
considerably reducing the probability of eavesdropping. Forth, it can integrate thousands of sub-millimeter-long
antennas and suffer low interference without regulatory barriers. Fifth, it can penetrate some materials with
minor attenuation, which is fit for some special applications like medical or industrial inspections. Global
standard agencies and regulatory bodies and such as the FCC [7], ETSI [8], and the ITU [9], are in quest of
remarks to allot frequency bands above 95 GHz use cases [10]-[13], and some works have been carried out in
the same direction: The FCC voted to permit experimental licensing up to 3 THz and unlicensed applications
within the spectrum of 116 GHz and 246 GHz, in March 2019. Further, to fast-track the THz technologies'
development, it launched Spectrum Horizons License [14]. Europe Horizon 2020, has funded 1CT-09-2017
cluster and numerous projects, mostly directing for THz technologies. Aiming towards THz communication
standardization, IEEE formed the IEEE 802.15.3d Task Group, the first world-wide wireless communication
standard in the frequency range of 250-350 GHz. It channelizes the band into 32 channels of 2.16 GHz and
provides data rate up to 100 Gb/s. ITU has classified 0.12THz and 0.2THz into communication. THz
communication displays different attributes depending on many factors such as channel, antenna technology,
and device technology. According to Friis free space shows that higher frequency links are realizable with the
low loss [15], [16] with directional antennas at transmitter and receiver ends. Various losses ensue during THz

wave communication, which is enlisted as:

Spreading Loss: The free space path loss intensifies quadratically with frequency, if A, at both link ends reduces
with an increase in frequency, while G and Gy are frequency-independent. Conversely, this free space path loss

decreases quadratically with frequency, if A, at both link ends is kept over frequency [17]-[19].

Atmospheric Loss: At frequencies below 6 GHz, molecular absorption is the reason of the atmospheric
attenuation owing to polar gas molecules, which is minimal [21] however, the upshot of Mie scattering become
acute at high frequencies as the wavelength falls to the dimensions of the dust particles, hail particles, snow
particles, or rain particles [22]. Work in [23] showed that rain attenuation is significant at frequencies above 10
GHz and flattens out on frequencies from 100 GHz to 500 GHz [24]-[26]. This connotes that, the frequencies
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above 100 GHz are better immune atmospheric attenuation, and THz waves can propagate through minute aerial
particulates. Due to atmospheric absorption, few frequency bands (183 GHz, 325 GHz, 380 GHz, 450 GHz, 550
GHz, and 760 GHz) suffer higher attenuation additional to Friis free space loss. These absorption peaks, due to
the effects of atmospheric vapor and oxygen molecules, create spectral windows in the band. However, this
peculiarity makes these bands suitable for short-distance secure communication applications like ‘whisper
radio’ [24]. These bands can even aid achieving high targeted 6G speeds and coverage up to 10 km or beyond
in some applications. the characteristics of THz frequencies area as below:

e Scattering: The electro-magnetic waves at THz frequencies, scatter when the fall on rough surfaces.
This is due to the face that the wavelengths at these frequencies are small and are comparable with the
particle size of the surface they fall on.

e Diffraction and Shadowing: The diffraction effect reduces with an increase in frequencies, as the sharp
shadows are created by obstacles in the path of propagation and waves are unable to bend. Therefore,
diffraction effects are not as prominent at THz frequencies. Moreover, shadow fading variance becomes
stronger at higher frequencies, as a result of greater diffraction loss.

o Scintillation Effects: Rapid modifications of radio waves caused by variations in atmospheric
temperature and pressure is called scintillation. It affects the power and phase of the beams. As a
consequence, free-space optical communication is greatly affected by scintillation, whereas THz

frequencies are less susceptible to it.

With High gain steered directional antennas, the effects of atmospheric attenuation in THz frequencies can
be alleviated as gain and directivity intensifies quadratically with the frequency for a fixed antenna gain.
Therefore, future networks can work fine up to 800 GHz using the small cell or with LOS propagation or
with support of strong reflectors. These highly directional antennas transmit a “pencil” beam which makes
interception difficult hence, aids in providing secure communication. The consumption factor (CF) theory
in the communication system, provides analysis tools and method to plan the investigations of the power
trade-offs. The CF theory proves that with fixed antenna aperture, mmWave and THz frequencies harvests
enhanced energy efficiency and much wider bandwidth on (bps/W) basis, in comparison with network
working at sub-6 GHz [25], [26]. The absence of compact high-power transmitters and high-sensitivity
receivers, working at ambient temperatures is a challenge for THz communications. Many recent
developments are cooperatively serving to overcome this challenge. For example, the BIiCMOS circuit
integration, DARPA T-MUSIC program is exploring CMOS/SOI, SiGe HBT, and, to realize power
amplifier with and commercial transceivers at threshold frequencies of 500-750 GHz [27]. The small
wavelength of THz frequencies offers small antennas sizes. Although, the challenges posed in encapsulating
a vast number of antennas in a small area and improving power efficiency for network operations above 100
GHz frequency bands may need new approaches of transceiver designs. The physical area of RF amplifiers

may not be comparable with THz antenna sizes for physical positionings. Hybrid beamforming approaches
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can overcome this challenge [28], [29]. In design developments of THz transceivers, graphene, and new
nanomaterials can be employed to yield plasmonic nano-antennas [30]. Compared to conventional metallic
antennas, these nano-antennas are two-fold smaller. This supports their integration virtually with anything
moreover, it is possible to electronically tune their frequency response. Fig. 1.1 shows merits of THz

communications
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Fig. 1.1. Merits of THz communications

1.2.2. Massive MIMO

Most researches lately have been carried out to take full advantage of mMIMO scheme in the wireless
communication networks. Massive MIMO technology employs SDMA scheme to accomplish realization of
multiplexing gains through communicating to numerous users on the same frequency-time resource. SDMA is
a method to access channel by using the same radio resource again and again in a considered area. Narrow beam
transmission of SDMA aids improvement in the gain and capacity of the system. As the beams in SDMA are
directive, this attribute helps in increasing the range of the BS. As the beams are more focused, the radio
frequency (RF) can have enlarged range of the base station with reduced energy utilization. The fundamental
way of implementing massive MIMO is to equip BS with more antennas than number of users in the cell, for
efficient reduction in the interference. If there is growth in expected number of cellular users, then the BS unit

should be upgraded to facilitate proportional increase in number of the antennas [30].

MIMO technology uses few antennas, nearly ten antennas at the BS in a uniform linear array. Therefore, through
up scaling the network by employing a greater number of antennas have the potential to immensely improve the
system’s spectral efficiency. The ideology behind the mMMIMO technology is, when the number of antennas at

the BS approaches infinity, the interference due to multiple access scheme and simultaneous user scheduling,
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in uplink and downlink communication respectively, tends to approach zero. Another benefit of Massive MIMO
technology is, tremendous improvements in the systems energy efficiency due to concentrated directed
radiations. The operation of mMMIMO in time division duplexing (TDD) helps in decreasing the overheads of
channel state information (CSlI), as because of multiple antennas dependency on the channel parameters reduces.
Moreover, the hardware limitations, pitfalls due to thermal noise effects and fading can possibly be mitigated
through deployment of enormous antennas.

When the BS is equipped with a large number of multiple antennas in a typical ULA, then the carrier frequency
and BS form factor can pose a challenge. Current MIMO networks functions in only azimuth plane therefore,
mostly works on the Massive MIMO system explores the beamforming and channel models in horizontal
domain alone. However, in real scenarios, the Massive MIMO models significantly depends on the elevation
plane as well. Researches has shown that, huge amount of energy, utmost ninety percent is concentrated in
elevation plane of the Massive MIMO models. Therefore, azimuth plane beamforming models are not suitable
for fully exploiting the advantages of Massive MIMO systems. The three-dimensional (3D) antennas have the
capability of radiating in horizontal as well as vertical plane. The introduction of 3D antennas provides complete
exploitation of all degree of freedom. Therefore, it can aid beamforming optimization even in vertical plane. BS
form factor depends on the existing physical space at the BS for array antenna deployment. For example, when

the BS is employing 64 antennas at the top in ULA, with 2.5GHz frequency of operation, at A carrier wavelength
and 7‘/2 antenna spacing. The required physical space for deployment of such antenna array, at the top of the

BS is 4m. Clearly, such a linear antenna deployment is impractical.
1.2.3. Non-Orthogonal Multiple Access (NOMA)

NOMA scheme is seen as a capable technology for B5G wireless communication networks. The issue with the
conventionally used multiple access techniques is inability to efficiently utilize the natural radio resources. The
traditional Orthogonal Multiple Access (OMA) scheme, has many advantages like reducing inter-symbol
interference (I1SI) through introducing orthogonality between the carriers, inter-carrier interference (ICI) through
overlapping of the orthogonal carriers and moderate improvements in the spectral efficiency. For example; in a
system scenario, a user has is not been served on priority basis, since it has not been attended for a long time or
has poor channel condition. In order to maintain fairness this user has high priority. However, as the radio
resources are limited, OMA scheme is incapable of serving this user, as it exclusively allocates a single resource
to a single user. Therefore, the spectral efficiency of OMA systems is incapable to meet the high capacity
demands of B5G systems. NOMA on the other hand, deploys single radio resource for the purpose of serving
multiple users. Therefore, as the limited radio resources are efficiently utilized, it helps in significantly
increasing the spectral efficiency. Moreover, for such a case of priority serving, NOMA can ensure simultaneous
communication for both the users with poor and good channel conditions. This helps in enhancing the fairness

of the system. The fairness is defined as fair allocation of resources, which can be efficiently achieved with
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NOMA scheme. Improvements in the system throughput can also be achieved due to employment of NOMA
scheme. The prime benefits of NOMA over OMA are massive connectivity, high spectral efficiency and
enhanced capacity due to the effective utilization of the radio resources, reduced latency due to simultaneous
communication with multiple users, improved fairness through efficient resource allocation. Fig. 1.2. shows

two-user downlink NOMA network.

The two key fundamentals of NOMA are superposition coding and successive interference cancellation (SIC).
The principal of NOMA eliminates the orthogonality between the carriers. In NOMA scheme, first a bunch of
users are grouped together for simultaneous communication over a single resource. The at the transmitter, the
signals of all the users in this group are added together into one signal, through superposition coding. For aiding
the reception, these signals are allocated either different power levels or codes, before super-positioning. Then
this single signal is sent over a single resource to all the users in the group. All the users in the group receives
this super-imposed signal. Each user receipts signal of the other users, in the super-imposed signal, as
interference. For decoding their own signal, users use SIC scheme. SIC is also referred as dirty paper coding
scheme. The principal of this scheme is eliminating the interference one by one, from the super-positioned data.
In SIC scheme, for decoding its signal the user foremost decodes the strongest signal and further eliminates it
from the super-positioned signal. This process is carried out multiple times until the user gets its signal, the

weaker signals in the super-positioned signal is considered as interference by that user.

NOMA has many challenges such as high complexity of hardware, processing complexity and computation
complexity of the SIC scheme limits NOMA scheme. Moreover, due to the possible allied error propagation in
coding and decoding techniques, the performance of the whole system can deteriorate. Optimized non-linear
NOMA detection algorithm can cope with this limitation. Moreover, inter-cell interference can also pose a
problem in NOMA systems, since more power is allocated to the user with poor channels, these are generally
located at the cell edge. Therefore, the signals for the users at the edge of the cell can interfere with the users in

adjacent cells. To overcome this limitation, improvement in the interference cancellation schemes is required.
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Fig. 1.2. Two-user downlink NOMA network.
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The basis of user signature of NOMA is power allocation. The power allocation is mostly based on the user
channel conditions, in NOMA, to guarantee fairness. The transmitter allocates the power after sorting the users
in descending channel conditions. The highest and the lowest power coefficient is allotted to the users with
worst and best channel conditions respectively. For example; consider a case of two users u; and u,. The signals
to be transmitted by the transmitter for u, and u, is s; and s,, and the channel gains of the users are given as
h, and h,, with |h,| > |h,|. Therefore, to assurance fair allocation of resources, the transmitter allocates power
allocation coefficients w; and w,, such that w, < w,. The signals of the two users are superimposed making one
signal, given as w;s; + w,s,. Both the users receive this superimposed signal. The user u,, use SIC and first
decodes s,, then subtracts it from the superimposed signal to extract s,. While at u,, the first signal extracted

IS s, considering s; as interference.

1.2.4. Millimetre Wave Technology

Wireless communication systems and industries are developing day by day to reach new standards. With
advancement the mobile communication generations the demands of higher cellular capacity have also
increased. The bandwidth and spectral efficiency are two prime capacity governing attributes, of a system [33].
The current system, faces challenges due to the high frequency bandwidth. Therefore, the investigation of the
unused high frequency bands can prove to be beneficial. The mmWave band stretches from 3GHz to 300GHz.
The studies show that the capacity and the data rates could be increased multiple times even with a small section
of mmWave band [34]. Such high data rates are possible to achieve with the aid of steering antennas and
mmWave technology. Lately, it is found that mmWave technology of 2.6 GHz frequency spectrum can help in
boosting the system performance of current 700 MHz band. Therefore, full exploitation of the mmWave band
opens tremendous new possibilities in capacity hikes. The concept behind mmWave technology is that, high
bandwidth provision opens up possibilities of high data rates and bandwidth expansion, which in turn increase
the capacity [35]. Blending B5G system architecture with mmWave technology will bring fast and smooth
system operation. Moreover, cost effective in hardware technology, high gain steerable antennas, can be

supported by mmWave communication systems.

The mmWave technology needs to be analysed in all perspectives, in order to ripe its maximum advantage. One
of the challenges in exploitation of mmWave band is the associated path loss. At higher frequencies, path loss
is eminent. The antenna size depends on its carrier frequency, with an inverse proportion. Therefore, mmWave
systems demand small sized antennas. However, this increases the aperture size of the antenna, which in hand
increases the pathloss. The solution of this problem is if the antenna aperture is kept constant at one or both the
ends, the pathloss remains unaffected or even decreases [36]. Another challenge in mmWave communications
is the blocking. Micro-waves exhibit the property of diffraction therefore, they suffer from blockages. However,
mm-Waves diffract less than micro-waves and propagates spectacularly, but this causes increased effects of

blockage. The researches show that if the distance between the transmitter and the receiver is increases then,
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the path loss in line of sight (LOS) increases, but the blockage decrease [37]. High frequencies also suffer from
high penetration and absorption losses. However, this could be overcome by large BS spacing. The Dopplers
effect defines the mobility and carrier frequency of the system technology. The signal is said to have Doppler
Spread, if the received signal carrier has dissimilar shifts. To reduce the effects of Dopplers spread, the angular
spread should be minimized, in mmWave communications. The mmWave technology also face challenges in
the link acquisition during link setup as well as handoffs. Therefore, the problem is multiple scanning is
required, to acquire the angular positions of the users and the BS. Furthermore, mmWave technology demands
new investigations for reduction in the hardware complexity and advancements in system architecture in order

to reduce the power consumption.

1.2.5. Artificial Intelligence

Traditionally, the mathematical and statistical models used to design wireless networks need expert knowledge
for processes like coding, modulation, and detection. In practical scenarios, hardware impairments, time
variations due to high mobility, delay, and other factors can lead to signal distortions. Hence, perfect information
of system characteristics cannot be found. Therefore, conventional designs may not always work well in
practical scenarios. Al provides a new way of designing wireless networks with big data training to enhance its
performance even with imperfect system characteristic information. Therefore, Al will be one of the prime
technologies of 6G. Al is the intelligence applied by machines to perform a task that includes learning,

perception, reasoning, planning, problem-solving, and manipulation.

Artificial Intelligence

Machine Learning

Deep Learning Meta Learning

Fig. 1.3. Broad sub-branches of Al.
The 6G networks will mandate intelligent use of control, computing, and storage from the network core to edge.
The Al can be integrated with different layers of OSI to replace or transform features that require expert
knowledge, for example; Al-enabled autoencoders in the physical layer, Al-enabled security enhancements, and
resource allocation in the data-link layer, and Al-enabled mobility management and load balancing in the
network layer. The three prime applications of 6G which can be supported by Al are big data analysis, automated
and closed-loop optimization, and intelligent wireless communication. The Al-assisted big data analysis can aid

performance, fault, behavior, and decision analysis of network operations. The Al-assisted automated and
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closed-loop optimization can support optimization in extremely dynamic application scenarios. The Al-assisted
intelligent wireless communication can help in end-to-end network optimization and mitigating the effects of
hardware impairments. Al can also be used to predict the development, infection rate, and spread of the epidemic
such as COVID-19. Fig. 1.3 shows the broad sub-branches of Al; which are ML, DL, and meta-learning.
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Fig. 1.4. Machine learning.
Due to the limitations of modeling and algorithmic deficiencies of the conventional model-driven algorithm,

data-driven ML is gaining research interest lately [37]. Fig. 1.4. demonstrates machine learning. The
conventional model-driven approach is ideal when the underlying models are accurate. However, when the
system operates in a complex and unfamiliar propagation environment, the conventional model-driven
approach lacks effective modeling. Therefore, in such scenarios incorporating ML can be beneficial. In ML,
a machine can learn, operate, and enhance its operations, based on the attained operational knowledge and
experience. With the growing demands of connectivity, a lot of innovation is required for 6G networks, and
tools of ML can play a key role in resolving problems in wireless systems. Table 1.1. shows potential 6G

technologies and potential 6G advancements/algorithms.

Table 1.1: Potential 6G technologies and potential 6G advancements/algorithms

Technology Function Potential Advancements
Advancements/Algorithm Description
enablers for 6G

massive MIMO  Increasing the OAM for supporting 3D Support 3D DFT

capacity DFT approximation, approximation
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Link reliability Holographic radio to Increase beam
Spectral efficiency increase beam accuracy accuracy
Security Al algorithms
mmWave Extreme wide New hardware Improve signal quality
Communication bandwidths developments Flexible, easily

Enhanced capacity
Spectral efficiency
Data-rates

New interference
mitigation scheme
Al and ML algorithms

adapted, improved
performance

THz
communication

High data rates
Extreme wide
bandwidths
Security
Low-sensitivity to
attenuation and
interference

High gain steered
directional antennas

New method of spatially-
oversampled antennas
New physical layer design
New designs of phase-
tracking reference signal
New architectures for
phased array device and
condensed computational
approaches

Al algorithms

Alleviate atmospheric
attenuation

Enhanced energy
efficiency

Much wider bandwidth
Improve robustness
against phase noise
distortion

Enhance power
amplifier output power
efficiency

Al and ML
techniques for
communication

Intelligent learning,
perception,
reasoning, planning,
problem solving and
manipulation
Enhance system’s
performance even
with imperfect
system characteristic
information

Layered Al, layer-free Al,
cross-layer Al

Supervised learning,
unsupervised learning, and
reinforcement learning.
Deep Neural Network
(DNN)

Deep Boltzmann Machines
Meta-learning

Intelligent control,
computing, and
storage

Intelligent system fault
management

Proactive and self-
sustaining intelligent
network

NOMA

Massive connectivity
and capacity

Reduce latency

Aid improvement in
spectrum efficiency
and fairness

New interference
mitigation techniques
New clustering and
resource allocation
techniques

Al algorithms
Unsupervised machine
learning

Enhanced system
performance

Achieve flexible,
autonomous, and
adaptive environments

1.3 Motivation

Due to various challenges in 5G, B5G/6G drives researcher’s interest. Moreover, with the goal of global
connectivity in B5G/6G the number of devices, BS density, number of antennas, and use of larger bandwidths

in the wireless communication network is expected to surge prodigiously. The main motivations behind

choosing this topic are:

e To fulfill the application demands of users, the B5G/6G networks are anticipated to employ various
frequency bands (e.g., RF, mmWave, THz, etc.). Different frequency bands have different advantages
and limitations, e.g., RF frequencies can travel long distances however, they are ineffective if fulfilling

Gbps rates. Whereas higher frequencies can achieve tremendous data services but suffer from high
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atmospheric losses. So a way must be found to efficiently employ electromagnetic spectrum to satisfy
the various B5G/6G application demands.

Due to the wide spectrum, and high spatial reuse mmWave and THz wave has been recognized for
significantly improving the data rates in HetNets. However, mmWave and THz signals undergo high
propagation losses. Moreover, due to high penetration loss, they are also highly sensitive to blockage
which is required to be considered and condensed while designing the system.

Rapid growth in electricity consumption, prodigious amount of greenhouse gas emissions, energy
crises, and phenomenal carbon emissions from this sector is a great concern for the environmental.
Therefore, it is necessary to design a green 6G network.

To realize larger coverage and performance robustness, D2D communications and relaying techniques
can be employed for THz wireless communications. Moreover, clustering is a key feature to attain an
improved performance in NOMA systems. Clustering in NOMA is defined as grouping several users
to be served classically in a beam. Design of an efficient clustering technique is vital, as diverse
methods of selecting diverse channel gains may lead to dissimilar strategies of signal power
distribution, and this ultimately influences SIC application and rates of the system.

The mobile base stations (BS)s can provide a much broader coverage range than terrestrial static BSs.
Additionally, the Flying BSs are very cost-efficient and manually operable and can serve to offload the
communication data traffic. Efficient deployment of mobile small cells must be designed to enhance

energy efficiency.

1.4 Research Gaps

This chapter, with help of literature survey, finds the gaps and problems in current hybrid system models. We

address this concern in the current chapter by laying specific focus on the objectives outlined in the next

section.

Under-explored efficient B5G hybrid system model

Combining the advantages of mmWave communication, RF communications, mMIMO, D2D and
NOMA in a two-tier network can provide huge benefit in B5G wireless communication systems.
However, hybrid system model using mmWave, massive MIMO, NOMA, RF and D2D remains terra-
incognita. Moreover, advantages of exploiting D2D networking remains unexploited in a hybrid
millimeter-wave, massive-MIMO and NOMA small-cell communication system.

High energy consumption in B5G hybrid system model

Efficient utilization of system energy in a hybrid millimeter-wave, massive-MIMO and NOMA
communication system is prime requirement. Employment of NOMA technology helps in enhancing
the energy efficiency of a network. Efficient implementation of NOMA operation can further improve

the systems energy efficiency. Complete exploration of NOMA and D2D networks for enhancing
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energy efficiency of in a hybrid millimeter-wave, massive-MIMO and NOMA D2D enabled
communication system remain unexplored.

Uncharted efficient NOMA clustering methods for B5G hybrid system model

Efficient NOMA clustering can help in efficient system implementation. Antenna parameters
consideration is important for reducing system interference and efficient clustering in a hybrid
millimeter-wave, massive-MIMO and NOMA D2D enabled communication system. However, it
remains unanalyzed.

Under-explored B5SG mobile small-cell systems

High density of users on small areas such as movies and stadiums large data transmission load on the
macro-cell base stations. It is challenging to provide fair broadband wireless services by the MBS at
such high-density areas. Also, the wall penetration loss in indoor scenarios such as offices, movie
theatres etc., results in high signal attenuation. The mobile small cell base stations can be set up on as
a flying BSs to deliver on demand services to the remotely located users. Investigation of mobile small-
cell systems for serving high mobility users and efficiently utilizing system’s energy is critical. Energy
optimization of NOMA enabled mobile small-cell systems remains unexplored.

Unplumbed efficient clustering in B5G mobile small-cell systems

Blind zones of the wireless communication coverage in ocean communication are common due to lack
of infrastructure. This issue can be effectively addressed by deployment of the mobile small cell base
stations. The mobile small cell base stations can offer attention for such blind zones with onshore.
Efficient NOMA clustering can help in efficient system implementation and reduce system
interference. However, efficiently clustering the users in NOMA enabled mobile small-cell D2D

system remains unexplored.

1.5 Objectives

In this chapter, the objectives for the PhD thesis are formed according to the direction given by literature

survey and aforementioned research gaps for further exploration of B5G system.

First objective is implementation of a hybrid beyond 5G system model using millimeter-wave,
massive-MIMO and NOMA with D2D enabled small-cell communication network. As hybrid system
model using mmWave, massive MIMO, NOMA, THz, RF and D2D remains terra-incognita. Further,
exploitation of advantages of D2D networking in hybrid millimeter-wave, massive-MIMO and NOMA
small-cell communication system.

Second objective is energy efficiency optimization of a hybrid millimeter-wave massive-MIMO
NOMA with D2D enabled beyond 5G network using a novel battery efficient NOMA technique. With
rise in communication devices and new applications, there will explosion in the system’s energy
consumption. Further, rapid growth in electricity consumption, prodigious amount of greenhouse gas

emissions, energy crises, and phenomenal carbon emissions from this sector is a great concern for the
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environmental. Energy saving and efficient utilization is prime important for hybrid millimeter-wave
massive-MIMO NOMA with D2D enabled beyond 5G network. Therefore, our objective is energy
efficiency optimization of a hybrid millimeter-wave massive-MIMO NOMA with D2D enabled
beyond 5G network using a novel battery efficient NOMA technique.

Third objective is implementation of an efficient user clustering approach in hybrid mmWave
massive-MIMO NOMA with D2D enabled beyond 5G small-cell network using antenna angle bound
clustering technique. The clustering of users in a group, for resource allocation in the NOMA system,
is restricted by the locations of the users. Antenna Angle bound (AAB) clustering scheme is proposed,
which uses the parameters of the antenna, like antenna beamwidth and direction, to decrease the
interference of the hybrid millimeter-wave massive-MIMO NOMA with D2D enabled beyond 5G
small-cell network and enhance the network rates. Therefore, we implement of an efficient user
clustering approach in hybrid millimeter-wave massive-MIMO NOMA with D2D enabled beyond 5G
small-cell network using antenna angle bound clustering technique.

Fourth objective is implementation of an energy efficient mobile small-cell for beyond 5G networks
using NOMA technology. Unmanned aerial vehicles when deployed as mobile small cell base stations,
can provide much broader coverage range than terrestrial base stations. Additionally, such the mobile
small cell base stations are very cost-efficient and manually operable. This makes them appropriate for
numerous mission-critical applications. The employment of mobile small cell BSs can offer better
coverage and high-quality of service to users with poor channel conditions. Therefore, our objective is
implementation of an energy efficient mobile small-cell for beyond 5G networks using NOMA
technology.

Fifth objective is energy efficient clustering in a mobile small-cell using NOMA D2D technique in
beyond 5G networks. The total energy of the mobile small cell base station is limited. Thus, to advance
the performance of the beyond 5G system and reduce communication energy, collaboration of NOMA,
D2D technology and mobile small cells can prove to be proficient. Efficient clustering can reduce
system interference and have positive impact on sum rate and energy efficiency. Therefore, our
objective is energy efficiency clustering in a mobile small-cell using NOMA D2D technique in beyond

5G networks.

1.6 Research Methodology

As the order to make progress in the direction of future B5G wireless communication networks, the more data

rate and power for transmission, processing and reception has become a prime criterion for B5G wireless

communication networks. In this regard, technologies such as THz, millimeter-wave, massive-MIMO,

NOMA, D2D and small cells play an important role in designing the B5G systems.

The main objective this research is to design a hybrid beyond 5G communication system model
depending on the user mobility.
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e Designing a hybrid beyond 5G system model using millimeter-wave, massive-MIMO and NOMA with
D2D enabled small-cell communication network, for a static user system.

e Developing a NOMA based technology for energy optimization of the designed hybrid mmWave,
massive-MIMO and NOMA D2D enabled small-cell network.

e Developing an efficient user clustering scheme for the designed hybrid beyond 5G communication
mmWave, massive-MIMO NOMA D2D enabled small-cell network.

e Designing of energy efficient NOMA enabled mobile small-cell, for mobile users.

FLOWCHART OF RESEARCH METHODOLOGY
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1.7 Organization of Thesis

The rest of the thesis is organized as follows:

In chapter 2, a literature survey has been done. Literature survey is prime job to understand the basics of
any system. It will also ascertain about current research circumstances and the possibilities of future
research in that field. In this chapter, a survey has been done in five phases related to the work of the thesis.
The first phase of the survey has been done on various technologies for implementing a hybrid beyond 5G
system model using millimeter-wave, massive-MIMO and NOMA with D2D enabled small-cell
communication network. The second phase of the survey has been done on finding using a novel battery
efficient NOMA technique to enhance the efficiency of a hybrid beyond 5G system model using
millimeter-wave, massive-MIMO and NOMA with D2D enabled small-cell communication network. The
third phase of the survey has been done on finding efficient user clustering approach for hybrid millimeter-
wave massive-MIMO NOMA with D2D enabled beyond 5G small-cell network. The fourth phase of the
survey has been done on finding techniques for designing energy efficient mobile small-cell for beyond
5G networks. The fifth phase of the survey has been done for finding an energy efficiency clustering
technique in a B5G mobile small-cell network using NOMA D2D technique.
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In chapter 3, a general intelligent autonomous, ultra-dense and super flexible B5G/6G cellular network
architecture has been proposed. It describes the 3D network integration of space, aerial, terrestrial and
underwater networks to provide full wireless coverage and make a large-dimension-space-air-ground-
underwater network. It shows dexterous integration of various techniques simultaneously fulfilling diverse
service requirements. It also demonstrates interconnectivity among the different emerging technologies
like THz communication, mmWave communication, inter satellite communication, ultra-massive MIMO
network, Internet of Everything (IoE), Al, ML, NOMA, intelligent reflecting surface technology, vehicle-
to-vehicle communication, mobile and static small-cell networks, holographic verticals, cell-free
networks, under water communication, and much more. It also incorporated cloud-centric Internet and
fully decoupled RAN architecture for enhancing flexibility and efficiency. The proposed architecture has
features such as on-demand network scaling, anywhere and anytime network, and self-evolving, self-
adaptive, self-aware, and self-interpretive network functions. In general, the proposed B5G/6G
architecture may offer a decent platform for standardization of 6G network.

In chapter 4, a hybrid beyond 5G system model using millimeter-wave, massive-MIMO and NOMA with
D2D enabled small-cell communication network is implemented. The main contribution of this chapter is
combining the advantages of THz communications, mmWave communication, RF communications,
mMIMO, and NOMA in a two-tier 6G HetNet, and a novel application specific channel selection (ASCS)
scheme. ASCS scheme, conferring to the application demand of the small cell users the small cell base
station (SBS) switches downlink frequency channel dynamically. This aids in the efficient utilization of
the spectrum. Additionally, to decrease the transmission load and energy cost at the BS due to the huge
bandwidth of mmWave/THz-wave each BS is enabled with caches. The contributions of this chapter are
analyzed and compared it with the conventional methods which use mmWave/RF channels. The potential
merits of this proposed approach are analyzed through simulation with respect to sum rate, energy
efficiency, and throughput.

In chapter 5, using a novel battery efficient NOMA technique energy efficiency of a hybrid millimeter-
wave massive-MIMO NOMA with D2D enabled beyond 5G network is optimized. The higher frequency
bands such as THz and mmWave aids delivering data rates in Gbps and Thps range. However, these higher
frequencies cannot penetrate buildings, this can become a major problem in designing B5G/6G of mobile
communication networks. Moreover, with rise in communication devices and new applications, there will
explosion in the system’s energy consumption. With the intention to unravel these issues, the main
contribution of this chapter is hybrid green 6G HetNet with THz blockage alleviation (TBA) and modified
cooperative NOMA (MCN) methods. The TBA method employs D2D communication where the devices
redirect the propagating signal to evade the obstructions in the communication path and clinch the
communication. The MCN integrates the benefits of the NOMA technology and cooperative
communication. The procedures designed in MCN to forward signal to the end-user via cooperative

NOMA communication are based on the power levels of the users, aiming efficient use of user power
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levels and interference mitigation. The total energy efficiency is defined as proportion of the archived data
rate of the signal and the energy utilized in transmitting the signal. The reduction in interferences in MCN
have positive impact on the signal-to-interference noise ratio (SINR) and data rate of the system and the
cooperative communication aids in saving the transmission power at the BS. Therefore, the MCN enhances
the energy efficiency. The potential merits of this proposed approach are analysed through simulation in
terms of the sum rate, power consumption and energy efficiency than the conventional systems.

In chapter 6, an efficient user clustering approach in hybrid mmWave massive-MIMO NOMA with D2D
enabled beyond 5G small-cell network using antenna angle bound clustering technique is implemented.
THz communication has attracted the interest of researchers to realize the swelling future needs for higher
data rates and greater connectivity. Also, mMMIMO, and NOMA based techniques with multiple antennas
too allow the system to enlarge the capacity and deliver high multiplexing gains. Therefore, the THz
communication, mMMIMO, and NOMA based technologies are considered vital parts of the 6G wireless
communication systems. In this chapter, we design a 6G hybrid system model employing THz
communication, mMMIMO, cooperative NOMA, and D2D communication with macrocells and small cells.
Further, we propose Antenna Angle Bound (AAB) clustering technique to enhance the sum rate of the
proposed 6G hybrid system model. The proposed ABB clustering technique employs antenna parameters
such as beam angle and beamwidth to form clusters and mitigate interference. The simulation results are
given to validate the better performance of the proposed 6G hybrid system model in assessment with the
traditional models. Moreover, the employment of the proposed ABB clustering technique in the proposed
6G system model is observed to attain an improved sum rate, significant power saving, and enhanced
energy efficiency.

In chapter 7, an energy efficient mobile small-cell for beyond 5G networks using NOMA technology is
implemented. The wireless communication traffic is expected to explode in the coming years. The flying
BS is a promising solution to offload such traffic and deliver high rate, cost-effective, energy-efficient,
flexible, and reliable services B5G/6G systems. Moreover, the deployment of flying BSs can effectively
cover remote areas that terrestrial BSs are unable to cover. These attractive benefits have recently urged
increasing enthusiasm in both the academic world and industry escalating an explosion of new mobile BS
applications, such as unmanned aerial vehicles (UAVs)-enabled data harvesting, UAV-enabled wireless
power, UAV-enabled relaying and dissemination, etc. Reducing the global communication energy
consumption is a prime objective in 6G wireless communication system design. To design an energy-
efficient 6G system, path optimization of flying BS is vital. This chapter integrates the advantages of THz,
mMIMO, NOMA, and flying BSs to form a green 2-tier 6G HetNet. Later, this chapter propose a track
selection scheme (TSS) for flying BS. The proposed TSS dynamically selects the finest flying BS path to
decrease the flight time, and improve the energy efficiency of the two-tier 6G HetNet. The simulations
inspect the performance of the proposed scheme and compare it with traditional approaches with respect

to sum rate, flying latency, power consumption, and energy efficiency.
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In chapter 8, an energy efficiency clustering technique in a mobile small-cell usihng NOMA D2D
technique in beyond 5G networks is designed. As the number of users is expected to rise in 6G wireless
networks, installation of additional BSs will be required for signal transmission. Mobile small cell BS
(MSBS) can effectively solve this issue. Moreover, with an upsurge in the number of users, the power
allocation and clustering will get enormously complex. As the system topology becomes dynamic with
mobile small cell BS, this issue will escalate. The employment of machine learning (ML) tools enables
systems to learn and adapt without direct human control and pull-out inferences from data patterns even
in dynamic environments. Therefore, ML-based systems can support addressing this problem via the
learning-based mechanism for making near-optimal decisions. This chapter combines mobile BS, THz
communication, mMIMO, NOMA, and D2D technologies in a 6G HetNet environment. The main
contribution of this chapter is a power allocation and clustering scheme to maximize the sum rate of the
proposed 6G mobile small cell system. A novel fuzzy logic system that exploits channel gains to design
optimum power allocation in NOMA is proposed. Further, this chapter propose a clustering scheme that
effectively integrates user device antenna parameters, NOMA, and D2D communication to reduce
interference and enhance the energy efficiency of MSBS. Through simulations it can be seen that the
proposed schemes for mobile small cell-based 6G HetNet can realize enhanced system performance,
compared with the traditional methods with respect to sum rate, power consumption, and energy efficiency.
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CHAPTER 2
LITERATURE SURVEY

This chapter briefs the resent research works on analysis of HetNet, NOMA, mmWave, D2D, mMIMO and
THz technologies. This literature survey helps in showing new research directions in the field of fundamental
and promising B5G technologies.

M. Youssef et al. [38] in this paper considered a system with mixed data traffic. In this paper, to achieve QoS
requirements like latency for real time users, a problem of subband allocation is studied. The subband resource
allocation problem is studied in distributed and centralized antenna systems for both OMA and NOMA. By
considering characteristics of each traffic type, a subband allocation method low complexity suboptimal
solution based on matching theory balance between throughput and fairness. In this low-complexity matching
theory solution the subband resource assignment problem is displayed as a two-sided one-to-many matching
game. In this, the set of subbands and the set of users form two disjoint sets where, a subband can be allocated
to at most one user, granting a user to be matched with more than one subband. In terms of real time users
QoS requirements satisfaction, the simulation displays that the proposed allocation method based on matching
theory significantly outstrips previous greedy approaches by up to 63%. Further, to control the number of
subbands per antenna an iterative method for distributed antenna systems is proposed in the paper. Moreover,
it is found that when distributed antenna systems is combined with matching theory the real-time user QoS
satisfaction surges by more than 30%, compared to its centralized antenna systems.

Z. Ding et al. [39] in this paper considers a system of NOMA assisted orthogonal time frequency space
modulation networks, where the spectrum is shared between the high and low mobility users. Taking channel
conditions as basis the spectrum is shared between different users. The NOMA aided orthogonal time
frequency space modulation networks, uses the spectrum resources accessible in both the delay-Doppler plane
and time-frequency plane therefore, the users moving with high speed can be assisted in the delay-Doppler
plane, and the low-mobility users can be assisted with the time-frequency plane. Hence, this improves the
overall spectral efficiency. In a system of users with different mobility profiles, such a spectrum sharing
method can help scenarios of 5G and beyond wireless communication. This paper proposed a beamforming
design optimization problem to maximize the data rates of the users with low-mobility NOMA while ensuring
targeted data rates for the high-mobility users.

X. Lietal. [40] in satellite communication few constrains like latency, some time-critical sensing applications
are very strenuous. Therefore, authors in this paper proposes a NOMA network of unmanned aerial vehicle
assisted hybrid satellite (HSUAV) unified framework. The satellite connects with the terrestrial users with the
assistance of a UAV relay, in a NOMA network. In this paper, under imperfect CSI the outage probability of
near and far users are analysed in the considered unified framework network. Furthermore, the throughput of
the system is estimated and discussed. In high SNR regions the asymptotic behaviour is explored and the
diversity order are obtained and discussed. Moreover, the location of UAV is optimized to improve the
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performance of the system. Where, the distance between UAV and users is minimized, to improve the sum
rate. The simulation results show that there are error floors for the outage probability due to the non-ideal CSI.
Further, simulations show that specifically for the far users the proposed scheme outclasses the arbitrary UAV -
location method.

F. Kara [41] in this paper considered a diamond relaying network employing cooperative NOMA and studied
error performance of the system and derived bit error probability. Further, the authors provide closed form of
error floor and bit error probability in high SNR regions. The authors also found that in NOMA diamond
relaying network are non-equiprobable symbols in the second phase of communication and their error
probabilities are derived. Additionally, it is proved that, for all symbols non-equiprobable communication
must be considered. Future direction of the work can be the symbol error rate analysis of NOMA systems for
M-QAM. It is shown that the error performance in terms of achieved data rates the NOMA diamond relaying
network outperforms NOMA cooperative relay systems. Moreover, it is concluded that the NOMA diamond
relaying network could be beneficial in distributed coded schemes, (such as LPDC, Turbo coding or Polar
coding) to enhance the error performance.

V. Aswathi et al. [42] in this paper considers a downlink cognitive radio system, employing cooperative
NOMA in the secondary network, to send messages for secondary users. In this paper, the near users act as
relays, in either full duplex or half duplex modes for the far users. For the considered full/half duplex
cooperative NOMA systems the outage probability for the secondary users is derived and analysed. The
constrains like maximum endurable interference power and maximum transmit power are also found for the
primary users and at secondary users respectively. For guaranteeing equal outage performance for secondary
users and reducing the system outage probability, the power allocation coefficient is are also analysed in this
paper. Numerical and simulation results show that on comparison with the default power allocation method,
the proposed that optimal power allocation factor can significantly decrease the system outage probability.

E. M. Almohimmah et al. [43] in this paper considered a visible light communication network employing
NOMA. NOMA helps in improvement of spectral efficiency but at the cost of amplified data detection error.
Authors in this paper considers system with higher order modulation techniques with imperfect SIC. For
quadrature amplitude modulation (QAM) of any order, closed form expression of the symbol error rates is
derived. Further, for higher order modulation in NOMA VLC systems, the paper derives the power allocation
constraint to guarantee that in the superimposed constellation decision regions of the symbols do not cross or
overlap. The results of the simulations conclude that with appropriate power allocation in NOMA VLC
systems, the user symbol error rates can be reduced.

S. Dhanasekaran et al. [44] in this paper, a system with cooperative NOMA where secondary users acts as
decode and forward relay for the primary users to share the spectrum. Due to fixed decode and forward relay,
the channel can be accessed by the secondary user in all the alternate timeslots, while maintaining the QoS
requirements of the primary user. The proposed half duplex spectrum sharing scheme employing NOMA lets

the secondary and the licensed user operate together while maintain the average bit error rate and data rate
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performance of the primary users. To examine primary user performance the bit error rate closed-form
expression is derived and validated through simulation results. Further, the simulation results illustrate that the
cell-edge user can be served while maintain the fairness and QoS. The proposed system can achieve improved
results in low SNR regime, having constraint on the transmit power is concluded.

L. P. Qian et al. [45] in this paper tries to address the issue of poor QoS issue due to less computational
resources in large resource demanding applications, in 10T devices. To cope with this issue, mobile edge
computing solution is provided which reduces the computation workloads the cell edge users. Authors in this
paper significantly offloads the work of edge servers, to reduce the latency, through NOMA scheme. Joint
resource allocation optimization layered-algorithm is studied, at the edge server and 10T smart terminal.
Through the proposed optimal offloading solution, a scenario of multiple smart terminals is studied to find the
optimal grouping amongst various edge server for serving the 10T users. The analytical results show the
efficiency of the proposed NOMA based computation offloading in IoT devices.

K. N. Doan et al. [46] in this paper, works on technologies like NOMA using Rayleigh fading channels and
cache-enabled users is analysed. The authors study the combination of caching-NOMA to improve the cache
usefulness and the effectiveness of NOMA. The user collaboration is not required in such a scheme, which
reduces many issues like security and privacy of the users. The probability of signal decoding by all the users
is maximized to optimize the QoS requirements and user fairness. Further, two power allocation optimization
solutions were studied which are divide-and-conquer-based technique and the other one is deep reinforcement
learning technique. The first method is a simple and flexible method of user pairing and helps to obtain closed-
form expression and the second machine learning based power allocation helps in fast user request responses
as well as supports sharing of the entire bandwidth by all the users. Lastly, the simulation results show the
proposed methods performance in contrast with the performance of the conventional power allocation
methods.

J. Ding et al. [47] in this paper considers a clustering model of MIMO-NOMA system. To reduce the system’s
power consumption the authors, investigate new strategy for cluster beamforming. The approach helps in
eliminating the peer effect during beamforming. The main focus of the authors is to solve the two problems.
First, resource management in user clustering as collision game in large scale MIMO where users cluster size
is flexible. Second, to build a joint optimization problem of NOMA power allocation and MIMO
beamforming. It was found that various factors like channel coefficient and radius of users are affects the
MIMO NOMA cluster power consumption. Through simulations the comparison analysis of the proposed
scheme and traditional schemes is shown, and the results verify that the proposed scheme is efficiently reduces
total power consumption and total number of coalitions. Further, for clustering, on comparison of different
MIMO-NOMA it is found that the scheme of allocation of a set of power allocation for each user is
outperforms, the scheme of power allocation as a single allocation coefficient for each user, in terms of power

reduction.
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L. Liu et al. [48] in this paper, the authors identify the problem of the SIC iterative receiver that it has mismatch
between error detection and multi user decoding, for the MIMO channel. To solve this issue for MIMO
NOMA, the authors provided a matching condition between the detector and decoders. For iterative detection,
this matching condition helps in derivation achievable rate. Fora MOMO NOMA system, the authors consider
iterative linear minimum mean square error detector, where numerous single-antenna equipment concurrently
connect with a multiple-antenna BS. Two cases were considered in the paper; systematic and non-systematic
MIMO NOMA. Through simulations the authors found that for any number of users the systematic and non-
systematic MIMO NOMA can achieve optimum capacity and optimum sum capacity respectively. Moreover,
to match linear minimum mean square error detector, an irregular repeat-accumulate error correcting code is
designed. The mathematical findings show that the performance of the proposed iterative error detector is
improved in comparison with the conventional detection methods in terms of bit error rate within 0.8 dB from
the related capacity bounds.

D. Tong et al. [49] in this paper addresses the intra-cluster interference in MIMO NOMA systems, through
widely linear processing structure. In the proposed framework, complex power allocation coefficients are used
to organise the in-phase signals. Authors found that the inter-cluster interference can be eliminated through
the proposed widely linear MIMO-NOMA and as well as can also remove semi intra-cluster interference, in a
general case. Whereas, both inter cluster and intra cluster interferences can be entirely removed another case
named as, user pairing case. Over the performance evaluation of the proposed framework it is found, that
through orthogonally phased of complex power allocation coefficients, the outage probability drops to
minimum. Further it is found, that the proposed system MIMO NOMA framework outstrips the existing
system. Thereafter, the proposed framework is comprehensively extended to the case of both complex and real
signals. The outcomes of simulation confirm that the performance of the proposed framework is better than
the traditional MIMO NOMA system.

K. He et al. [50] in this paper investigates the ultra-reliable low-latency requirements of MOMO NOMA
network. Compressed sensing technique for mission-critical machine-type communication, is introduced to
solve this issue. A tensor compressed sensing frame is proposed to minimize the transmit time intervals, for
decreasing the latency in MIMO NOMA systems. In the tensor compressed sensing frame, the compressed
sensing signatures are allocated to numerous users as well as to different symbols of a time slot and to various
time slots. For multiuser detection, the authors proposed a condition for compressed sensing signatures. The
upper bound of the proposed system were found by considering imperfect channel state information. The
simulation results show that high time slot overload and user overload can be achieved through the proposed
system. Furthermore, it is found that the block error rate is lower in the proposed tensor compressed sensing
frame when compared to the conventional frame.

S. Park et al. [51] in this paper investigates beamforming techniques in MIMO-NOMA in a downlink scenario.
The identified difficulty in optimal power allocation was the transmission power budget per cluster relating to

the transmission power of MIMO NOMA antenna must have some limit. The authors propose a user pairing
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method in NOMA cluster, by considering different channel qualities for power allocation. Moreover, through
transmit power budget, the sum spectral efficiency is optimized. With different beamforming techniques like
zero-forcing, regularized zero-forcing and maximum ration transmission, the systems spectral efficiency was
investigated. The analysis shows that highest sum spectral efficiency is achieved in a MIMO NOMA system
with zero forcing beamforming and the spectral efficiency for weak users benefits from regularized zero-
forcing beamforming technique.

A. Nasser et al. [52] in this paper authors studied power allocation and interference cancelation techniques for
MIMO NOMA HetNets. The authors propose a scheme title as power allocation as based on coordinated
beamforming and interference alignment. To cope with the issues like optimal power allocation and
interference mitigation a non-convex power allocation problem is generated, and the proposed scheme solves
this issue by modelling the problem as a non-cooperative game. It comprises of two stages, in the first stage
interference alignment and coordinated beamforming is done first and then the inter cluster interference
cancellation, is managed for small and macro cells respectively. In the second stage, through power allocation,
the cross-tier interference is coped at macro and small cell BSs. Via simulations it is verified that the proposed
technique is performs better than orthodox techniques in terms of system’s outage probability and sum rate.
Z. Ding et al. [53] in this paper, authors find that it is difficult to realize a perfect channel state information
system. A downlink massive MIMO NOMA scenario with BS communicating with several users is
considered. A low-feedback NOMA massive MIMO transmission technique is proposed by the authors. The
proposed technique divides a massive MIMO NOMA system into several separated SISO NOMA channels.
The analytical and simulation results are evaluating the proposed scheme for two scenarios namely one-bit
feedback scenario and with perfect user ordering. In one-bit feedback scenario, the BS has information about
each user channel gain is above or below the threshold, as each user checks its channel gain with the predefined
threshold and informs the BS. In perfect information of the ordering of the system user, in this scenario the
need not know the global channel state information.

Y. Liet al. [54] in this paper investigates spectrum sharing in the massive MIMO NOMA downlink scenario.
Considering successive interference cancellation, the authors investigates the intra-cluster and inter-cluster
pilot contamination. The authors try to assure that the secondary co-channel interference at primary users must
be under the primary interference temperature. Therefore, the transmission constraints on the secondary
massive MIMO NOMA BS are derived. Further, secondary massive MIMO NOMA sum rates is investigated.
Thus, the joint impact of imperfect channel state information, intra-cluster pilot contamination, and imperfect
successive interference cancellation is examined. The simulation results verify that the proposed massive
MIMO NOMA spectrum-sharing system outdoes the orthodox OMA system in terms of achievable data rates.
X. Liu at al. [55] in this paper, found that the complexity of the hardware in cooperative massive MIMO
NOMA increases with the system efficiency. The further analysis is done on the efficient three-dimensional
massive MIMO NOMA resource utilization. As the channel variations constrains the hardware complexity of

the massive MIMO NOMA systems, an efficient scheduling algorithm for antenna selection is proposed. The
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main goal of the proposed massive MIMO NOMA system is to upsurge the system sum rate. Further, for
serving multiple users, the authors propose a cooperative relaying NOMA by using three dimensional
resources. To minimize the hardware complexity of the receiver, a simplified collaborative NOMA assisted
relaying is introduced. The results of numerical analysis show that the proposed user selection and antenna
selection schemes reduces the complexity of the system without affecting its performance. The proposed
collaborative NOMA assisted relaying performs better than the other techniques, for a special case of high
target rates, with condensed complexity.

M. Zeng et al. [56] in this paper investigates the security issues in massive MIMO NOMA systems by
exploiting artificial noise. With BS minimum mean square error, uplink communication is considered. After
the estimation of the channel state information, the BS precedes the information to be secured and the adds
artificial noise into it. Further, the secrecy rate is calculated for the proposed system in the downlink scenario.
For large antenna array the and high BS transmission power an analysis of asymptotic secrecy performance is
carried out, to find the key parameters of confidentiality performance of the massive MIMO NOMA system
under consideration. For uplink and downlink scenarios a joint power allocation is introduced for maximizing
the system’s sum secrecy rates. Moreover, to increase the energy efficiency, an optimization algorithm is
proposed. The simulations show the secrecy performance optimization algorithm of the proposed system is
proved to be higher than the other conventional algorithms. Lastly, through simulations it is validated that the
secrecy performance of proposed massive MIMO NOMA system outperforms the massive MIMO OMA
systems.

D. Zhang et al. [57] in this paper studied a non-regenerative cooperative massive MIMO NOMA system with
maximum mean square error successive interference cancellation receiver design. The SINR is derived from
tools like matrix analysis and a deterministic equivalent. Further, sum rate and capacity were analysed with
the help of previously derived SINR. The study found that the ratio of number of transmitter antennas and
number of the relay devices helps in determining the system performance. The simulations demonstrate that
the sum rate and capacity have positive correlation with the average power, number of transmitter antennas
and users, and number of relays have negative correlation with the massive MIMO NOMA system
performance. Further, it is found that the proposed system has capacity improvements when compared to
conventional cooperative MIMO NOMA and cooperative massive MIMO OMA.

K. Senel et al. [58] in this paper, studies the possible advantageous role of power domain NOMA when
collaborated with massive MIMO system. The authors found that, as the NOMA systems outperforms the
OMA systems, this does not conclude that the NOMA systems have maximum efficiency when employed
with massive MIMO networks with condition of a greater number of antennas at the BS than at the users.
Earlier spatial multiplexing was studied with linear multi-user beamforming. The introduced system is studied
for the LoS and NLoS beamforming scenarios in massive MIMO NOMA systems. It is found that the sum rate

was improved with line-of-sight beamforming scheme. The authors also demonstrate that, over different user
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positions, massive MIMO is superior to NOMA concerning the sum rate, still in some cases the performance
of NOMA is improved for a specific user clustering.

D. Kudathanthirige et al. [59] in this paper investigates pilot assignment and user clustering for multi cell
mMMIMO NOMA systems. The proposed massive MIMO NOMA system design is generalized for system’s
over-loading as well as under-loading to control the spatial covariance matrices of users. In the proposed
system the users having matrices are linearly dependent are placed in the same cluster and for mitigating the
cluster pilot contamination, the pilots are assigned orthogonally. To decrease the training overhead, users in
different clusters share the same pilots. The authors found that the pilot contamination, in the different cluster
pilot-sharing users with asymptotically independent covariance matrices, can be mitigated. The downlink rates
were analysed. Though, in case of overloading systems, in order to be served by single frequency resource,
the users in the same cluster, sharing the same spatial direction, have to share pilots. For mitigating the adverse
effect of the near far effect, improving the sum rates and fairness, transmission power control policies are
designed by the authors. The results of the analysis verify that the pilot contamination in intra-cluster and
inter-cluster arises reuse of pilot in the underload system. Further, it is found that as the number of BS antennas
increases the data rates surge with zero forcing precoding.

X. Chen et al. [60] in this paper presents study of the spectral efficiency improvement techniques massive
MIMO NOMA systems. The authors propose algorithm for user scheduling and user pairing for
simultaneously pairing and selecting users for communication. The proposed user pairing technique chooses
the two users in such a way that they both contribute for maximizing the system’s sum rate. Interference
cancellation combining technique is further introduced to reduce the interference between the user pairs,
through constrain on the number of BS antennas and user antennas. The simulation results verify that the
proposed user pairing algorithm outperforms the conventional algorithms with respect to sum rate and outage
probability.

E. P. Simon et al. [61] in this paper, analysis of massive MIMO NOMA in indoor as well as outdoor
environments is presented. The proposed system exploits the user clustering and multi user beamforming in
massive MIMO NOMA systems. The authors used the maximum ratio transmission and zero forcing
precoding techniques to investigate the sum rate capacity of the mMIMO NOMA systems. Through inter beam
power allocation is studied for intra cluster user power allocation. It can be seen from the simulations that the
massive MIMO NOMA system with zero forcing precoding design performs in low SNR regions. Whereas,
through clustering greatly correlated users the studies found that maximum ratio transmission precoding
achieves performance gain in all SNR regions. Further the authors found that, in indoor as well as outdoor
environment, zero forcing outperforms maximum ratio transmission precoding for all SNR values.

W. A. Al-Hussaibi et al. [62] in this paper investigates improvements in fairness, sum capacity, nhumber of
connected devices and reduction in the system’s complexity in mMIMO NOMA systems through proposed
receiver antenna selection scheme. Based on the number of accessible radio frequency chains at the BS a

scheme is proposed for user clustering for mMMIMO NOMA systems. The authors derive the capacity and sum
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rate region equations over Rayleigh fading channels for the proposed system scheme. The authors further
investigate, optimal power allocation and user clustering through proposed receiver antenna selection scheme
for maximizing the sum rate. Through simulation results and numerical analysis, the efficiency of designed
algorithms is evaluated for mMIMO NOMA systems. The results show that the improvements in connectivity
and sum rate capacity with available number of radio frequency chains, while satisfying the constraint of the
minimum rates. Moreover, the authors found trade-offs between system performances, user-fairness and
hardware complexities in terms of serving more users.

L. Zhu et al. [63] in this paper, evaluate the system capacity for mmWave NOMA systems. Authors studies
that in large phase array mmWave NOMA systems are generally classified by the beamforming in transmitter
or receiver side when compared to the conventional NOMS systems. The authors investigate the challenges
due to beamforming while designing mmWave NOMA systems. The authors found that the systems sum rate
gets affected by beamforming affects. The relative angle between NOMA users may get offset by the
conventional beamforming techniques. Authors found that the proposed multi beamforming technique
enhances the system performance. Further, authors examine the joint design of the user pairing and power
allocation for the considered mmWave NOMA systems. Moreover, a hybrid of NOMA and spatial division
multiple access is examined, to address the problems of multi-user interference cancellation and multi-user
precoding.

Z. Wei et al. [64] in this paper, authors study resource allocation in hybrid mmwWave NOMA systems through
multiple beams. Authors studied that previously, on each RF chain, beam splitting is introduced to serve
multiple users through the same analog beam. Therefore, to make full use of multi-user diversity and to
introduce flexibility in the system authors proposed a technique to server multiple users having arbitrary
distribution of angle-of-departure. For sum rate improvement, the authors proposed a new technique for
resource allocation in two stages. The first stage groups the users and allocates antenna resources with a
presumption that only analog beamforming is available. This stage uses coalition game theory for enhancing
the sum rate of the system. The second stage, tries to solve the sum rate non convex optimization problem of
power allocation, considering constraints on the QoS. The results of the simulation show that an optimal
solution for resource allocation, in a closed form can be achieved in each stage. Moreover, the authors show
that the proposed scheme enhances spectral efficiency compared to other mmWave NOMA or mmWave OMA
schemes.

N. Rupasinghe et al. [65] studied the unmanned aerial vehicle broadband data communication in mmWave
NOMA system scenario. The unmanned aerial vehicle is considered as the BS for stadium communications,
though mmWave NOMA transmission. Authors found the importance of information collection about the
quality of channel becomes a drawback for practical scenarios. To eliminate this problem and of tracing and
feeding back the channel state information the authors proposed a limited feedback mmwWave NOMA
technique. The authors studied that in the limited feedback NOMA system, user angle can be exploited in

beamforming technique. It was found that the users can be distinguished and the user area becomes broader
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with respect to their angles, at the transmitter side. For example, when the footmark of the transmission beam
is sufficiently wide in horizontal angle on the ground, the performance of the schemes based on the sum rate
and outage angle outperforms the scheme where the user ordering is based on their distances. This makes the
proposed user angle feedback scheme a better substitute for the conventional distance feedback schemes. The
derivations and simulations show that the probability of outage and the sum rate of the proposed system is less
than the other distance or ordering based feedback schemes.

L. Zhu et al. [66] in this paper, investigates a downlink hybrid beamforming scenario in mmWave NOMA
systems. Depending on the user channel conditions the authors designed an algorithm for user clustering.
Depending to the high or low correlation amongst the users, the users were grouped in same or different groups
respectively. This method of grouping helps in mitigating the interference between users in different groups.
Thereafter, the authors investigate the problem of power allocation and joint hybrid beamforming, with
constrains on the minimum rates per user, for sum rate maximization. The proposed power allocation method
was divided into two problems namely; inter and intra cluster power allocation. The results of the simulation
verify that the sum rate of the proposed scheme outperforms the traditional mmwWave OMA schemes.
Furthermore, it was found that the energy efficiency performance in the proposed hybrid beamforming scheme
better than other schemes and the proposed technique can significantly reduce the inter cluster interference.
Y. Song et al. [67] in this paper studies are a mmWave and NOMA as two prime technologies for future mobile
communications. The security issues are the main focus of this paper. The study is based on power allocation
in cognitive style, maintaining the primary user’s QoS. To cope with the eavesdroppers, a guard zone sector
is created through directional beamforming. Moreover, to decrease the complexity of the channel arrangement,
users from an internal and external sector rings are chosen for employing NOMA. The performance of secrecy
through random geometry of users and eavesdroppers is evaluated by the authors, in terms of outage
probability of secrecy, throughput of secrecy and outage probability of the connection. The simulation analysis
confirms that the performance of the secondary users in the proposed system is better than the other
conventional OMA systems, and the performance of the primary users remain the same for NOMA and OMA
schemes. Furthermore, it is found that, with proper setting of the parameters the secrecy throughput of the
secondary user in proposed system is higher than the mmWave OMA system.

D. Fan et al, [68] in this paper, examine transmission and channel estimation techniques for hybrid mmwWave
NOMA systems. The authors propose a channel estimation technique based on iterative index detection to find
channel gain and direction of arrival of each transmission. Further, to decrease the inter beam interference, a
hybrid precoding technique is designed which is based on the transmission angle domain. To maximize the
sum rate, the authors further studied a power allocation and user scheduling non-convex problem. This
problem is decomposed into distinct sub problems of power allocation and user scheduling. The problem of
user scheduling solved by two-sided many-to-one matching model and the power allocation problem is
cracked through iterative optimization procedure. The performance superiority of the proposed user

scheduling and channel estimation scheme is verified through the simulations.
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K. Belbase et al. [69] in this paper studied the a cooperative mmWave NOMA systems and the probability of
coverage of the system. In the proposed system the relay receives its own signal as well as the signal for the
destination, transmitted by the source. To examine the coverage probability, the authors proposed two schemes
for relay selection, to select the users which can meet the threshold rates. In the relay selection schemes, the
relays are selected on the basis of their location; either near to the source or destination. Decoding sets based
on the location are considered to find the probability of the coverage. Through simulations the authors found
that both the proposed relay selection schemes perform better than the mmWave OMA schemes. As the
proposed work is based on cooperative scheme because of no direct link between source and destination. The
authors suggest that if a direct communication link is available between the source and the destination then
the system can decide to either exercise direct or cooperative communication as a direction for the future
works.

J. Lietal. [70] in this paper examines the agile-beam mmWave NOMA systems to investigate the sum rate
and the coverage probability of the proposed scheme. Firstly, scenario was considered by the authors where
the users for communication were selected by the proposed user pairing method considering distance as well
as angle characteristics. The BS is equipped with a uniform linear array system. Then, depending on the angle
of the users, the BS changes between the single and multiple-beam transmission strategy transmission. From
a group of far users, the BS randomly chooses a user and then evaluates the minimum difference in the angles
with the near users, for user pairing. The proposed pairing strategy was investigated through simulations. The
efficiency of the proposed user pairing scheme uses channel sparsity to form a flexible mmWave NOMA agile
beam transmission scheme. geometry. The simulations show the efficiency of proposed scheme its superiority
over the conventional mmWave OMA schemes in terms of sum rate and coverage probability.

Z. Wei et al. [71] in this paper analyses, beamwidth control strategy is investigated in a mmWave NOMA
system to improve the energy efficiency through a proposed scheme of optimal resource allocation. By sharing
frequency resources amongst users, the authors try to enhance the system’s energy efficiency. Moreover, the
authors studied that, through the proposed scheme of controlling the beamwidth and widening the beamwidth,
the number of simultaneously served users can rise. The authors proposed, two methods for beamwidth
control, based on the conventional and Dolph-Chebyshev beamforming. Due to the proposed beam control
methods the, power loss in the main lobe was considered to introduce an analog beamformer method. This
method aims to reduce the power losses. Thereafter, an efficient resource allocation problem is studied to
improve the energy efficiency of the system, considering minimum required data rates as a constraint.
Moreover, a coalition game-based NOMA clustering algorithm is designed to find an optimal solution of the
problem. The results of the simulation show that the proposed algorithm is effective and has fast convergence.
Furthermore, superiority of the proposed scheme in terms of energy efficiency over the conventional OMA
schemes were also verified.

M. Zeng et al. [72] in this paper investigates a massive MIMO NOMA system employing mmWave uplink

communication for energy efficiency intensification. Authors propose a NOMA two user clustering technique
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based on difference between their channel gains and the correlation between their channels. Authors found
that, the number of radio frequency chains and the beamforming technique can help in reducing the complexity
of the transceiver as well as the energy consumption of the system. Therefore, to decrease the number of radio
frequency chains at the BS the authors designed an analog-digital hybrid beamforming technique. Based on
the proposed hybrid beamforming technique, the authors introduced iterative power allocation method in order
to increase the system’s energy efficiency, while considering all the QoS requirements. Further, the authors
proposed an enhancement in the NOMA technique. In uplink communication, the proposed enhanced NOMA
technique takes advantage of the global knowledge available at the BS, where the interference of the weak
user is mitigated for the other cluster users. The simulation results show the superiority of the proposed scheme
over OMA scheme in terms of energy efficiency.

X. Hu et al. [73] in this paper, studies error in angular estimation in a massive MIMO NOMA system
employing mmWave communication for evaluating the algorithms for power control and user clustering. The
sum rate performance of the system is derived in a closed form function. From this function the authors found
an asymptotic approximation rate analysis. The analytical studies found that when the BS has a huge amount
antenna, then the rates is inversely proportional to the number of antennas to the number of beams ratio and
directly proportional to the spatial direction distance. To reduce the interference between the clusters a cluster
grouping algorithm based on the spatial direction distance is introduced by the authors. This algorithm shows
considerable improvement in the systems performance in contrast to the conventional schemes via simulations.
N. Wang et al. [74] in this paper analyses pilot contamination attack on mmWave NOMA massive MIMO
networks. Authors found that the recognition of the pilot contamination attack is difficult due to the
superimposition coding used in NOMA communications. Authors found that the virtual channel model of the
system will show a characteristic of channel sparsity and this characteristic can be used to differentiate pilot
contamination attack case from the normal case. Therefore, for recognition of the pilot contamination attack,
the authors proposed two schemes for dynamic and static system models. For attaining improved detection
performance, machine learning and peak estimation algorithm-based model is also introduced. The results of
the simulation results validate the efficiency of the proposed schemes. The results show that the detection rate
in static and dynamic system models can reach 100% and 95% respectively.

P. Liu et al. [75] in this paper examines a massive MIMO NOMA system employing mmWave
communication. Authors found that the energy consumption in communication networks is a big issue in
massive MIMO systems with large number of radio frequency chains. Therefore, the authors investigate a
power allocation scheme to intensity the energy efficiency of the considered system. Zero forcing precoding
is used in this paper through beam selection. Then, an optimization problem for enhancing the energy
efficiency is formed. Thereafter, this optimization problem was converted into a convex optimization problem,
by the authors. Then the authors used iterative algorithm for to derive the power allocation coefficients. The

convergence method is then analysed by the authors, and found that the suboptimal solution for each iteration.
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The results of the simulation verify the superiority of the proposed power allocation algorithm in terms of
energy efficiency, over the conventional schemes.

V. Mandawaria et al. [76] in this paper investigates massive MIMO NOMA system employing mmWave
system to enhance its weighted sum energy efficiency. Through successive convex approximation method, the
weighted sum energy efficiency is analysed, then through first-order Taylor approximation is used for further
analysis. This approximation is taken as a generalized convex program, which is then converted into conic
program to decrease the computation time. Further, using dual decomposition authors proposed an algorithm
for weighted sum energy efficiency, to decrease the time required in calculations. When compared with
successive convex approximation methods the calculation time is reduced by two orders in the proposed
scheme. Through simulations it is found that NOMA has higher weighted sum energy efficiency than OMA
scheme.

Table 2.1. Literature Survey

Perfor- Up-
Ref. o ) mance link/ | System
Description of Algorithm ] Year
No. Indicators | Down | Model

Optimized | -link

Objective 1: Implementation of a hybrid beyond 5G system model using
millimeter-wave, massive-MIMO and NOMA with D2D enabled small-cell
communication network.

[77] Authors found that the number of | Data rate, | Down | mmWav | 2017

simultaneous users at the same | Spectral link | e MIMO
resource cannot exceed the number | Efficiency NOMA
of RF chains in the MIMO and

beamspace model. To overcome this | Energy
issue, the authors proposed a | Efficiency
beamspace  mmWave  MIMO-
NOMA model. A zero-forcing
based precoding scheme is formed
to condense the inter-beam
interferences in the system. Further,
the sum rate and a joint inter and
intra-beam power is optimized
through a proposed dynamic power
allocation scheme via an iterative

algorithm. The results of the
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simulation show that the proposed
beamspace model can outperform
the existing models in terms of

spectrum and energy efficiency.

[78]

Analysis of an uplink mmWave
massive MIMO NOMA system is
presented in this paper. The clusters
of two users are designed depending
on the correlation and difference in
their channel gain. The authors
found that hybrid analog-digital
beamforming method can aid
reducing the number of RF chains at
the BS. Thereafter, a non-convex
power allocation  optimization
problem is formed based on a hybrid
analog-digital beamforming
method. This non-convex problem
is then solved through an iterative
power allocation algorithm with
QoS constraints. The simulation
results show that the energy
efficiency of the proposed system
outperforms  the  conventional

systems.

Energy
Efficiency

link

mmWav
e
massive
MIMO
NOMA

2019

[79]

Authors found that the issue of high
energy consumption in 5G massive
MIMO systems is a major problem.
A study of mmWave massive
MIMO NOMA systems is carried

Spectral
Efficiency
and
Energy
Efficiency

Down
link

mmWav
e
massive
MIMO
NOMA

2019
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out with the purpose of
improvement in energy efficiency
via optimization of power allocation
in the cluster based beamspace
model. Inthe considered scenario of
the paper, the precoding matrix is
found according to the selected
beams from the BS. Thereafter, the
energy efficiency  optimization
problem is formulated as fractional
programming. This problem is
transformed into convex
optimization problem solved via
iterative optimization algorithm to
get power allocation coefficients.
The simulation results show that the
system’s energy efficiency through
the proposed method is superior

than the conventional methods.

[80]

Authors in this letter studied the
system model of mmWave massive
MIMO NOMA network. The
considered system model assumes a
limited number of RF chains at the
BS, and proposes a hybrid analog-
digital precoding technique. Based
on this proposes a hybrid analog-
digital precoding technique a
problem of power allocation is
formulated to maximize the energy
efficiency. Further, with the help of
an iterative algorithm the solution of
the optimization problem is found.
The results of the simulations show

that for lesser number of RF chains,

Energy
Efficiency

Down
link

mmWav
e
massive
MIMO
NOMA

2017
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the energy efficiency under the
proposed hybrid precoding is
superior  than  under digital

precoding.

[81] Based on a hybrid precoding | Spectral | Down | mmWav | 2019
scheme, a power allocation and | Efficiency | link e
power splitting scheme are proposed and massive
to improve the energy efficiency in | Energy MIMO
SWIPT system Efficiency NOMA

[82] In this paper, analysed the mmWave | Energy | Down | mmWav | 2019
massive MIMO-NOMA systems | Efficiency, | link e
with simultaneous wireless | weighted massive
information and power transfer sum MIMO
(SWIPT), where each user, via a| energy NOMA
power splitting receiver, is able to | efficiency,
get both information and energy. | runtime

For each beam one user is chosen
according to a proposed cluster-
head selection algorithm.
Thereafter, for all the beams, analog
and digital precoding are designed,
depending on the cluster head and
channel gain, respectively. Through
power allocation and SWIPT power
splitting factor optimization the sum
rate is enhanced, and to solve the
optimization problem an iterative
optimization algorithm is
developed. The results of the
simulation analysis show that the
spectrum and energy efficiency of
the proposed system is higher than
the other OMA based SWIPT

systems.
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Research Gap: There are very few articles related to millimeter-wave, massive-MIMO

and NOMA system model but these articles have not exploited the advantages of

exploiting D2D networking in a hybrid millimeter-wave, massive-MIMO and NOMA

small-cell communication system

Objective 2: Energy efficiency optimization of a hybrid millimeter-wave
massive-MIMO NOMA with D2D enabled beyond 5G network using a novel

battery efficient NOMA technique

[83]

In this paper, capacity of the | Capacity | Down
mmWave massive MIMO NOMA link
systems is analysed. Initially, by
extending the random single-path
model, a simplified mmWave model
is introduced with angle of arrival.
Thereafter, this model is categorized
into low and high SINR regimes, for
capacity analysis. In low and high
SNR regimes the capacity is
determined through
StieltjesShannon  transform  and
statistic and eigenvalue distribution,
respectively. The observations show
that SNR and the number of users
have positive correlations with the
capacity of the system in the low
SNR regime, where as in the high-
SNR regime have the number of
LOS paths has positive on the
capacity. The results of the
simulations show that the achieved
capacity through the proposed

model shows significant

improvements.

mmWav
e
massive
MIMO
NOMA

2017
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[84]

Authors found that, to minimize the
cost of the hardware in mmWave
massive MIMO NOMA systems,
finite resolution analog
beamforming can  be  used.
However, this may lead to
imperfection in beam alignment
with  the channels moreover,
multiple users might be allotted in
identical beams. In this letter, a new
NOMA scheme employing finite
resolution analog beamforming
technique is proposed, to mitigate
the reduced degrees of freedom
induced by finite resolution analog
beamforming technique in the
system. The results of the
simulations show that the proposed
system shows excellent
performance in terms of outage

probability.

Outage
Probabilit

y

Down
link

mmWav
e
massive
MIMO
NOMA

2017

[85]

In this paper, authors found that in a
dense user deployment scenario,
various users can have similar beam
signatures. This can lead to a strong
mutual interference. Therefore, the
authors considered a multi-cell
mmWave massive MIMO NOMA
system and investigated the effects
of proposed angle-domain NOMA
scheme on it. This scheme is
proposed to simultaneously
schedule a user at cell edge and a
user at cell centre, on each spatial

downlink beam, and reduce the

Average
Data Rate
and
Average

Sum Rate

Down
link

mmWav
e
massive
MIMO
NOMA

2020
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interference. Thereafter, to optimize
the transmission and sum rate,
precoder is  designed  and
categorized into outer and inner
precoder, based on beam signatures
and, joint optimization precoder
decoder and cooperative NOMA,

respectively

[86] | In this paper, authors studied a | Global Down | NOMA | 2018
cooperative relay network using | Energy link
NOMA. The main aim of the study | Efficiency
is to maximize the Global Energy
Efficiency. Through decomposing
non-convex energy optimization
problem into bilateral optimization
problem, the global energy
efficiency is optimized. The results
of the simulations show that the
proposed system shows excellent
performance in terms of global
energy efficiency optimization.
[87] | Authors in this paper, propose | Energy | Down | NOMA | 2018
dynamic resource allocation for | Efficiency | link
suboptimal sub-channel assignment and
algorithm, using NOMA. Through | Average
methods like, two- side matching | Energy
method, Lyapunov, linear and | Efficiency

Lagrangian optimization  the
problem of energy efficiency is
solved. The results of the
simulations show that the proposed
scheme outperforms the

conventional OMA schemes.
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Research Gap: There is no work where exploration of NOMA and D2D networks for

enhancing energy efficiency of in a hybrid millimeter-wave, massive-MIMO and

NOMA D2D enabled communication system is analyzed.

Objective 3: Implementation of an efficient user clustering approach in hybrid
millimeter-wave massive-MIMO NOMA with D2D enabled beyond 5G small-cell

network using antenna angle bound clustering technique.

In this paper, considered a massive
MIMO-NOMA uplink system with
receive antenna selection. Authors
proposes a scheme to group two
users in a cluster based on available
number of RF chains at BS and are

categorised as low-power and high-

power cluster. The authors propose mmWav
power allocation, user clustering, e
[88] | and RAS algorithms, to condense Average D?Wn massive | 2019
the computational energies, fairness Sum Rate | link MIMO
and to maximize sum rate under NOMA
constraints of minimum rate
requirement and received power
consumption. The simulation results
show that through the proposed
scheme up to two-fold increase in
connectivity for a limited number of
RF chains can be achieved.
In this paper, to decrease power
consumption the authors proposed a
cluster beamforming strategy for
MIMO-NOMA systems. Through Massive
[89] | power allocation and beamforming | Sum Rate L.Jp- MIMO- | 2019
vector optimization the schemes try fink NOMA

to cancel peer effects of multi user
clustering. Moreover, a coalition

game approach is used to optimize
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the proposed clustering technique,
with flexible cluster size. The results
of the simulation show that the
proposed approach outperforms the
MIMO NOMA clustering

counterparts.

[90]

In this paper, to reduce power
consumption the authors proposed a
cluster beamforming strategy for
MIMO-NOMA systems. Through
power allocation and beamforming
vector optimization the schemes try
to cancel peer effects of multi user
clustering. Moreover, a coalition
game approach is used to optimize
the proposed clustering technique,
with flexible cluster size. The results
of the simulation show that the
proposed approach outperforms the
MIMO NOMA clustering

counterparts.

Power

Reduction

Down
link

MIMO-
NOMA

2019

[91]

In this letter, authors aim to
maximize the sum rate through
optimum power allocation and
clustering technique, for MIMO
NOMA systems. Based on user
channel gains first, the active users
are categorized two clusters types
high power and low power.
Thereafter, NOMA is wused to
control the inter cluster and intra
cluster power, for efficient cluster
formation. The simulations

demonstrate that the proposed

Average

Sum Rate

Up-
link

MIMO-
NOMA

2019
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system has improved sum rate than

multi user MIMO system.

[92]

In this paper, a user clustering
strategy and power allocation
strategy is examined a hybrid
NOMA system. A problem of
weighted sum maximization is
formed based on clustering and
power allocation problem. The
clustering problem is considered as
partition formations and coalitional
games and solved through global
optimal and low complexity
techniques. Thereafter, based on
successive convex approximation
iterative  algorithm the power
allocation problem is solved. The
results of the simulations show that
the proposed schemes outperform
the random structured schemes in

terms of weighted sum rate.

Weighted
Sum Rate,

Fairness

Down
link

NOMA

2019

Research Gap: Efficient NOMA clustering can help

in efficient system

implementation. Antenna parameters consideration is important for reducing system

interference and efficient clustering in a hybrid millimeter-wave, massive-MIMO and

NOMA D2D enabled communication system. However, it remains unanalyzed.

Objective 4: Implementation of an energy efficient mobile small-cell for beyond

5G networks using NOMA technology.

[93]

In this paper, analysis of
deployment of the mobile small cell
to improve total in-service time is
carried out. First the authors
formulated the problem as NP-hard
and ratio inapproximable.

Thereafter, authors propose a

Total in-
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Total
Travel
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Down
link
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Small
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2017
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mobile small cell deployment
algorithm. The proposed algorithm
is one of the best approximation
algorithms to overcome problem of
service un-availability during cell
movement. The results of the
simulations show improvement in
the in-service time as compared to

the static cell deployment technique.

[94]

In this paper, authors found that it is
vital to consider vehicle mobility
and  provide dynamicity in
allocating small-cell BS and power,
in high mobility vehicle-to-small-
cell (V2S) network. To solve this
issue, authors proposed power
control and cell association
optimization improve long lasting
system-wide  performance and
utility and lower the rate of
handoffs. The optimization problem
is solved by standard gradient-
scheduling method and
transforming it into a problem of
weighted sum rate maximization.
Thereafter, based on Karush-Kuhn-
Tucker optimality conditions the
authors propose hierarchical power
control algorithm for weighted sum
rate maximization. show that the
proposed algorithm performs better
performance in terms of spectrum-
energy efficiency and handover rate
for the joint optimization of cell

association and power control.

Weighted
Sum-Rate,
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Down
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2017
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Authors in this paper found that the
conventional macro-cell systems
suffer from high traffic in HetNets.
Therefore, authors studies
deployment of dynamic small-cells
to offload the traffic and hence,
reducing  the  total  power
consumption. The dynamic small-
cell deployment is analysed for two

scenarios; to communicate with

uniform and nonuniform distributed Static

user locations. In the first scenario, Total Macro

the number of users in small cell and Power Down Cell-
[95] 2016

macro cell are assumed to be same. | Consumpti | link Small

Thereafter, based on the distance on Cell

between macro and small cell BS, HetNet

for the small cell BSs operation

mode selection, an optimal location-

based algorithm is designed, to

condense the total power utilization.

Further, a scenario of different user

distribution in small and macro cell

is considered, and the problem is

considered as NP-hard. To solve this

problem authors proposed density

and location-based algorithm.

In this paper, authors found that, in

an uplink system, the distance of a

user is different from each small cell Total Static

BSs in a NOMA system. Therefore, Power Small
[96] | right selection of small cell BS for a | Consumpti L.Jp- Cell 2017

user, is important. However, this on, fink NOMA

problem is associated with co-| Fairness network

channel interference management

and power control. Therefore,
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authors  formulated a power
allocation and BS association
optimization problem, to minimize
total transmit power and utility
maximization. To solve this
problem, authors propose a coalition
formation  game  theory-based
algorithm. The results of the
simulations show that the proposed
algorithm gives superior
performance in terms of power

consumption and system utility.

[97]

Authors in this paper found that it is
difficult find the energy and spectral
efficiency in a high mobility
vehicular  small cell system.
Therefore, authors in this paper give
attention to  handovers and
interference management of the
system. To solve this problem,
NOMA is employed while
designing the vehicular small cell
system architecture in this paper.
Moreover, for power control and
cell association optimization a
hierarchical power control solution
is proposed to maximize the energy
and spectral efficiency. The
simulation results show that the
proposed  architecture  shows
significant improvement in spectral

and energy efficiency
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Research Gap: Investigation of mobile small-cell systems for serving high mobility

users and efficiently utilizing system’s energy is critical. Energy optimization of

NOMA enabled mobile small-cell systems remains unexplored.
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Objective 5: Energy efficiency clustering in a mobile small-cell using
NOMA D2D technique in beyond 5G networks.

[98]

In this paper, authors found that
NOMA technology can be
beneficial in bandwidth
improvement in the communication
systems. For sum rate
maximization, the authors define
power allocation and clustering
technique for the considered system.
Putting quality of service constraints
on dynamic service rate and
minimum service rate, the authors
investigated the  sum  rate
maximization problem. First, sum
rate is investigated through power
allocation optimization  with
arbitrary cluster size. Thereafter, a
user clustering solution is proposed
for random number of users with a
random cluster size. An exhaustive
search algorithm is used for
optimization. The simulation results
show that the sum rate is enhanced
through proposed technique with
reduction in computational

complexity.
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Static
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NOMA

system

2018

[99]

The authors in this letter studies user
clustering and power control for
NOMA systems to reduce the power
consumption. The authors
considered conventional decoding
power at the receiver side and

transmission power utilized in
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transmission. The power
consumption minimization problem
is transformed from nonconvex
form, into equivalent problem with
linear rate constraints. Thereafter,
compressive sensing and penalty
method are used to solve the
problems. The results of the
simulations ~ show  that the
effectiveness of the proposed
algorithm is superior than the
popular matching-based algorithm.

[100]

The authors in this paper found that
the wusers are unaware of the
transmission information of other
users in NOMA uplink
communication, and each user
transmits independently. Therefore,
the problem of simultaneous
transmission arises as multiple users
cannot be grouped to transmit a
single composite uplink power
signal. To solve this problem, the
authors use  two-step  power
allocation method for NOMA
uplink system. First, multiple users
are grouped into small cell like
clusters, according to their locations
and a cluster transmission node is
defined for each cluster. Users lying
inside the cluster carries out
individual  uplink  transmission
independent from the cluster
transmission  node.  Thereafter,

multiple users are multiplexed by
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the cluster transmission node, in a
single composite uplink power
signal. The results of the analysis
validate that the proposed technique
is superior from the access OMA

technique.

[101]

In this paper, throughput analysis of
NOMA uplink and downlink
systems is carried out. By
optimising power allocation and
user clustering sum throughput
maximization problem IS
formulated. By exploiting the gain
difference in channels of the users,
they ate grouped into single or
multiple groups. Thereafter, optimal
power allocation coefficients are
derived for any cluster size using
KKT optimality conditions. The
results of the simulations show the
significance of proposed network

over OMA networks.
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Research Gap: Efficiently clustering the users in NOMA enabled mobile small-cell

D2D system remains unexplored.
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CHAPTER 3
B5G/6G WIRELESS NETWORK ARCHITECTURE

This chapter puts light on the what is lacking in previous architectures and why there is a requirement of new
architecture for B5G/6G. This chapter further proposes a general 6G wireless network architecture which may
provide a good platform for future 6G standardization network.

3.1 Introduction

The B5G/6G is envisioned as a platform for connecting everything; people, things, and even intelligence. The
first source of induction for the need for the development of B5G/6G is to keep addressing the world’s
insatiable demands and insistence on better service experiences. Moreover, a unified platform needs to be
designed to enable new industries and new services that 5G will be unable to achieve. The prime engine of
continuous research is envisioning to raise the bars to attain, ultra-fast wireless speed, high mobility, full
coverage, increased bandwidth, connectivity, and greater security while reducing the energy consumption and
achieving ultra-low round-trip latency, to such a level that is unachievable with 5G. Prime objectives of
B5G/6G systems are identified as:

e 1-~10 Thps Data rates in real-world: 360° VR/AR services need data rates up to 500Mbps.
Applications and services like holographic communications, 10E, 3D video communication, 4K 8K,
AR, etc. will demand much high data rates than promised by 5G.

e Tremendous number of connected devices: With the rise of mobile users, the development of smart
cities, and cell densification the network capacity requirements also increase. Static Base Station (BS)
cannot fulfil these demands. Therefore, the facility of relocation offered by mobile BSs can offload the
data traffic of the static BSs.

e Every time everywhere services: B5G/6G envisions to cover the entire surface of the earth with
communication links. This 3-Dimensional (3-D) nature of coverage will surpass the coverage
capabilities of 5G.

e Perceived availability almost 100%: Network services must essentially be always available is one of
the key B5G/6G visions and motivation.

e 10~100us round trip Latency: To support real-time, emergency, and IoE based applications, B5G/6G
will require to reduce backhaul congestion and Radio Access Network (RAN) congestions. Short-
packet transmissions, dynamic transmission, and signalling overhead because of these congestions.
B5G/6G aims to address these issues to achieve low latency access networks.

e High bandwidth in the unit area: It is a requirement to extensity the connections in a specific area, with

higher bandwidth, for a longer duration.
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e Safety and Security of the Information: Presently, massive user data is stored in networks in form of
activity logs, text messages, geo-tagged voices, etc. Securing confidential online data from
eavesdroppers, increasing cyber-security and encryption tools are a few of the vital goals of B5G/6G.

e Shrinking the Energy usage: Reduction in power consumption and development of green technologies
while achieving high target data rates and providing enormous connectivity, is a fundamentally

important design aspect of B5G/6G.

3.2 Comparison of 5G and B5G/6G architectural requirements

In 6G, the employment of edge cloud computing interfaces and elements will grow in an immediate
information service, which cannot be fetched through centralized search engines. The edge intelligence
service platform can be used for framing highly dynamic and local resources, information, and service
market. Such a marketplace can maximize economic value through increasing infrastructure utilization,
and efficiently matching supply and demand, within the industry. Features such as on-demand network
scaling, anywhere and anytime network, and self-evolving network functions, will be considered in the
design of 6G networks. All the network nodes should be homogeneous, this will allow most of the traffic
and devices to employ resources at the edge of the network. Fig. 3.1 shows the comparison of 5G and

B5G/6G architecture key points.

5G ARCHITECTURE

Fig. 3.1. Comparison of 5G and 6G architecture key points, ZSM: zero-touch network and service

KEY POINTS

User-oriented
Architype

2D network
integration

Softwarization
Dense sub-6GHz small-cell

with umbrella cell

<100m tiny and dense
mmWave cells
Partial automation

Connecting
Things

Service-oriented
architype

3D super-flexible network
integration

Intelligentization

Cell-free smart surfaces at high

frequency supported by
mmWave tiny cells

Trials of THz cells and
temporary hotspots served
by flying BS

Full automation ZSM

Connecting
Intelligence

management.
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All the terminals should be allowed to enter and exit freely and easily, to make the 6G network ultra-
scalable. To fulfill dynamic contextual and event-defined requirements, Al and ML are envisaged to play
a prime role. It will also aid in connecting business-level solutions and network services, through self-
orchestration, self-configuration, and self-optimization of resources, with fewer human interventions. The
roles of operators and stakeholders will change, to bring demand and supply together. Distributed ledgers
technology may give rise to innovations in establishing markets for data and resources or maintaining trust
with inter-stakeholder. To ensure sustainability, inclusion, and transparency, new techniques of resource
sharing and matching will emerge. Ultimately, regulations will assist the emergence of a new wireless

system. Table 3.1 shows requirements of 5G vs. B5G/6G.

Table 3.1: Requirements of 5G vs. B5G/6G

KPI 5G B5G/6G

Peak Data-rate 20 Gbps 1Tbps
User-experience Data- | 0.1 Gbps 1Gbps

rate

Area Traffic Capacity | 10 Mb/s/m? 1Gb/s/m?
Connection Density 10° devices/km? 107 devices/km?
User-Plane Latency 0.5ms <0.1 ms
Control-Plane Latency | 10 ms <lms

Mobility 350-500 km/h 1000 km/h

Relative Spectral

~3-5x relative to 4G

>3x relative to 5G

Efficiency

Downlink Spectral 30bps/Hz 100 bps/Hz

Efficiency

Energy Efficiency not specified 1Tb/)

Relative Energy >1000x relative to 4G >10x relative to 5G

Efficiency

Reliability 1-107° 1-107°

Position Precision centimeter level meter level

Receiver Sensitivity about -120 dBm <-130 dBm

Delay Jitter not specified 1us

Coverage Percentage about 70% >99%

Security not specified support
Sub 6 GHz Sub 6 GHz

Frequency Bands

mmWave for fixed access
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Device Types

Architecture

Typical Scenarios

Applications

Smartphone, Sensors,
Drones

Dense sub-6 GHz small
BS with umbrella macro-
BS

mmWave small cell for
about 100m
softwarization

2D coverage

Enhanced Mobile
Broadband (eMBB)
Ultra-reliable Low
Latency Communication
(URLLC)

Massive Machine Type

Communication (MMTC)

VR/AR/360° Videos
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Exploration of higher
frequency and THz bands
(above 300GHz)

Non-RF (e.g., optical, VLC,
etc.)

Sensors and Digital Linear
Tape devices, Connected
Robotics and Autonomous
Systems (CRAS), Extended
Reality (XR) and Brain
Computer interface equipment,
Smart implants
Cell-free smart surfaces at high
frequency supported by
mmWave, tiny cells for mobile
and fixed access, and trial son
THz tiny cells

Temporary hotspots served by
flying BSs

Intelligentization

Full 3D coverage

Further Enhanced Mobile
Broadband (FeMBB)
Extremely-reliable Low
Latency Communication
(ERLLC)

Extremely Low Power
Communication (ELPC)

Long Distance Mobility
Communication (LDHMC)
Ultra-massive Machine Type
Communication (umMTC)
Human-centric services
Multipurpose services

Holographic Verticals



UHD Videos Tactile/Haptic Internet
V2X Fully Automated Driving
loT Industrial Internet

Smart City/Factory/Home | Space Travel
Telemedicine Deep-Sea Sightseeing

Wearable Devices Internet of Bio-Nano-Things

3.3 B5G/6G Network Architecture

The B5G/6G network architecture is envisioned as intelligent autonomous architecture that will be able to
intelligently manage network configuration based on predefined multiple choices in a deterministic manner.
Intelligent interpretation, prophecy, and decision based on real-time data, and numerous latency applications
need the ability to identify and adapt to unexpected environments. Therefore, future communication network
needs to be self-adaptive, self-aware, and self-interpretive. Closed-loop automation in B5G/6G will aid,
descend the complexity of orchestration and service management with ZSM, and 100 percent operation
automation, bringing self-optimization, self-healing, and self-protection capabilities in the network. With the
expansion of smart homes, cities, and societies, and with the growth of robotic and autonomous systems, the
demands for integration of machine-to-machine and human-to-machine in terms of communications, will
increase. Therefore, for realizing IoE, the B5G/6G networks will be ultra-dense and super flexible. The
B5G/6G architecture will dexterously integrate various techniques to simultaneously fulfill diverse service
requirements. Moreover, B5G/6G architecture will integrate space, aerial networks, terrestrial and underwater
networks for achieving 3D global connectivity. The proposed B5G/6G architecture aims to provide full

wireless coverage and make a large-dimension-space-air-ground-underwater network.

The aerial network segment of proposed B5G/6G architecture can be largely classified into two classes, high
altitude platforms (HAP) and low altitude platforms (LAP), which generally operate in the stratosphere and
several kilometers respectively. HAP can support wider coverage and LAP can support rapidly deploying and
reconfigurable short-range communication. Unmanned aerial vehicle (UAV) LAP can be deployed as flying
BSs or relay nodes for supporting long-distance or emergency communications. Proposed architecture
integrates LEO satellite, GEO satellite, HAPs, and UAV-based LAPs in a network. Aerial networks generally
work in low-frequency mmWave or microwave bands. Through the dense deployment of flying or floating
BSs like LAP and HAP respectively, a reliable and flexible communication connection is aimed by proposed
architecture in remote areas or emergencies. The flying BSs can support the integration of terrestrial and non-

terrestrial networks, and floating BSs can support the integration of space networks and flying BSs.

For most human activities terrestrial networks will continue to be the prime wireless coverage, solution
provider. To provide services of the Tbps rate, the THz band will be exploited. Thus, technologies like

mmWave communication, VLC can provide cellular traffic offloading. In future B5G/6G wireless
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communication, the spectrum of terrestrial networks will exploit in a way that has not been exploited in
previous generations. Thus, apart from the RF band, the terrestrial network will exploit the electromagnetic
spectrum, starting from low-frequency, microwave, mmWave, visible and THz band. More number of small
cell BSs will be deployed since bands like mmWave and THz suffer from high path loss. Therefore, the

terrestrial networks will be ultra-dense heterogeneous networks.

Underwater networks in the proposed architecture will provide wireless coverage and Internet services even
in the deep sea and broad sea activities, through smart underwater objects such as Autonomous Underwater
Vehicles (AUV) and Remotely Operated Vehicle (ROV). Internet of Underwater Things (IoUT) is expected
to interconnect smart underwater devices. The B5G/6G underwater networks will focus to provide
uninterrupted services in military or commercial-based applications. Undersea communication mainly deploys
RF, optical, and acoustic communication. Supplementary underwater hubs can be deployed to achieve high-
speed bidirectional data transmissions in undersea networks. loUT will ensure disaster prevention, oil and gas
pipeline monitoring, pollution detection, water quality monitoring, and control, etc. However, underwater
technology can be more complicated than space technology, even the clearest water has 1000 times the
attenuation of clear air, due to many reasons including sea pressure. Underwater networks have an
unpredictable and complex underwater environment. Since water exhibits diverse propagation characteristics,
intricate network deployment can be deployed for ensuring reliable wireless communications, severe physical
damage to equipment, cope with signal attenuation, leaving numerous problems to be solved. Potential
network architecture of B5G/6G is shown in Fig. 3.2. The proposed B5G/6G architecture comprises of
“intelligent physical, datalink and network layers”, where B5G/6G is capable of self-adaptive, self-aware and
self-interpretive, self-learning and self-optimization, self-protection, and self-healing capabilities, by
integrating advanced Al technologies, data collection, sensing, and domain-specific signal processing

methods. Further it has following capabilities:

e Providing training to the transmitter, channel, and receiver, for joint optimization.

e Innovating end-to-end physical layer design and plummeting the receiver complexity.

e Refining physical layer performance, especially in high mobility scenarios.

e Realizing optimal user scheduling through intelligent traffic prediction and channel estimation based
on trained DL models.

e Optimizing data offloading and service paradigm and optimizing multiple connections through traffic
prediction.

e Optimizing handover process through mobility prediction.

e Realizing optimal data transmission paths through mining beneficial information directly from raw
network data and learning routing strategies.

e Realizing optimal BS and user clustering, and monitoring the cluster size in a dynamic network

environment.
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CHAPTER 4

IMPLEMENTATION OF A HYBRID BEYOND 5G SYSTEM MODEL
USING MILLIMETER-WAVE, MASSIVE-MIMO AND NOMAWITH D2D
ENABLED SMALL-CELL COMMUNICATION NETWORK

In this chapter, a hybrid system model for B5G/6G is proposed using millimeter-wave, massive-MIMO and
NOMA with D2D enabled small-cell communication network. Combining the advantages of THz
communications, mmWave communication, RF communications, mMIMO, and NOMA in a two-tier 6G
HetNet, this chapter further propose a novel application specific channel selection (ASCS) scheme. In the
proposed ASCS scheme, conferring to the application demand of the small cell users the SBS switches
downlink frequency channel dynamically. This aids in the efficient utilization of the spectrum. Additionally,
to decrease the transmission load and energy cost at the BS due to the huge bandwidth of mmWave/THz-wave
each BS is enabled with caches. This chapter also comprises of a pseudo code that will be helpful for
developing the ASCS scheme.

4.1 Introduction

Over the past few years, wireless communication networks have experienced ground-breaking progress. The
fifth-generation (5G) of mobile communication networks supports many growing verticals including enhanced
mobile broadband, machine-to-machine (M2M) communications, and applications such as e-commerce,
contactless payment, virtual and augmented reality (VAR), etc. However, with the evolution of the needs of
society, there has been a noticeable escalation in a surfeit of emerging use cases that 5G cannot assist
satisfactorily. For example, even the millimeter wave (mmWave) frequency bands within 5G cannot support
microsecond (us)-level latency and Tera-bits per second (Tbps)-level rates required in the next generation of
VAR [102]. Additionally, with the development of industrial automation, Industry 4.0 will be preceded by
Industry X.0. The 5G is designed for 10°km? connectivity density metric and the connectivity density of
upcoming Industry X.0 will surpass these set parameters. Moreover, a rise in the connection density will also
upshoot the demands for enhanced energy efficiency, to a level that 5G cannot fulfill [102]. Subsequently, this
together with societal needs has driven the need for a generational leap beyond current wireless systems i.e.,

6G systems.

Spectrum unification and the simultaneous employment of spectrum from completely diverse frequency bands
such as the conventional mobile bands, the mmWave bands, and Terahertz (THz) bands, is recognized as
prime element for 6G networks. Fig. 4.1 shows the electromagnetic spectrum from microwaves to visible light.
The advancement of the used radio frequency (RF) spectrum (i.e., 1 Hz to 3000 GHz) has extended the
available spectrum for 5G in the section below 6 GHz as well as opened up an utterly new spectrum in the
mmWave region, which will also be continued in beyond 5G networks. The 5G New Radio (NR) standards
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[103], have encompassed frequencies just below 30 GHz and at 40 GHz. Whereas, the employment of a
complete mmWave spectrum up to 100 GHz and beyond is foreseen for the sixth generation (6G) of mobile
communication networks. Furthermore, 6G is expected to explore the road towards the THz spectrum, along
with full deployment of the mmWave band [104]. Communication in the THz band is being analyzed by the
researchers as it provides an edge over legacy networks by offering enormous bandwidths in huge unregulated
frequency regions. The short wavelengths of the mmWave and THz wave allow enormous spatial multiplexing
gain and provide astonishingly precise output in imaging, sensing, spectroscopy, and many other 6G use cases.
While, many losses are associated with mmWave and THz wave bands such as spreading loss, atmospheric
loss, diffraction loss, shadowing loss, and scattering loss. The transmitter’s energy must be directed on a
confined space to avoid the high path loss associated with high frequencies. mMMIMO technology provides the
chance to electronically direct the signals by regulating the phase of the propagating signals over numerous
antennas. To adeptly function, the employment of mMIMO technology can be advantageous at mmWave and
THz frequencies. Further, NOMA can serve multiple users simultaneously using a single resource block. Thus,
NOMA technology is also beneficial in improving the spectral efficiency of the system. HetNet can offer high
spatial reuse and high-frequency reuse. If RF, mmWave, THz, mMIMO, and NOMA technologies are
deployed in a HetNet scenario, they can improve the spectral efficiency of the system to a great extent.

¢ > < > < > < lVisible

Micro- Millimeter Terahertz Infrared Light
waves -waves  Waves  Light

Fig. 4.1. Electromagnetic spectrum from microwave to visible light.
4.2 System Model

We study a 6G downlink two-tier HetNet scenario where a N number of small cells are deployed inside a
macro cell. Each cell consists of a BS at the center of the cell. Each BS employs mMIMO and is equipped
with Ng antennas. The set of all BSs are denoted as S = {1,2, 3, ...,S,S + 1}, where S + 1 is macro-BS (MBS)
and remaining {1, 2, 3, ..., S} are SBSs. All the users are distributed in a stochastic fashion, inside the coverage
of macrocell. The set of users is defined as U = {U;, U,, ..., Us, ..., Us1}. As our system employs NOMA in
the downlink, all the users are served in clusters. Each user is grouped intoC clusters; U =

{ululy, o ube, o ut e, uZc, us e}, where ul . is it user in ctcluster of st BS. Each BS is equipped

with N, RF chains, which are made equal to the number of clusters to achieve multiplexing gain. Cache
storage is enabled at each BS. An error-free fronthaul link connects each BS to a central controller, with CF#

capacity. As Macrocell has a wide coverage range, MBS employs RF frequency. As THz and mmWave
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performed better at short distances in the proposed system, the SBS employs RF, mmWave, or THz according
to the proposed application-specific channel selection (ASCS) scheme. Fig. 4.2 shows the considered cache-
enabled downlink 6G system model. The notations used in the chapter are shown in Table 4.1.

Macro BS & User
» —— RF NOMA link
A Small Bs Fronthaul RF links

- -
File Cache  _...... RF/mmWave/THz NOMA link

Fig. 4.2. Cache-Enabled Downlink 6G System Model.
TABLE 4.1: NOTATIONS

Ng Number of antennas at each BS

S Set of BSs

U Set of Users
ul. | i*" user in c*"cluster of s** BS

A Set of applications
A Set of applications requested by users of
sth BS
L a,la, € £ application requested by i*"
user in ct"cluster of st* BS.
Gs. | Number of users in ct*cluster of st" BS
psc | The power control factor of cluster c in
sth BS
Rs . | The transmit power of cluster b of BS s
is denoted by
Zs. | The set of user signals in cluster b of BS
s is denoted as

H Set of channels
hi. | Downlink channel of i*" user
in ct"cluster of s** BS.
yi. | Received signal at i*" user in c*"cluster
of st" BS.
vi. | Additive white gaussian noise at i*" user
in ct"cluster of s** BS.
SINR! . | Signal to interference and noise ratio
(SINR) of user i in cluster c of BS s
RL. | Achievable rate at i*" user of ¢ cluster
of BS s

57



The BSs transmit signals to the users in the downlink. Let, G . be the total number of users in c*cluster of

sth BS, then transmitted superimposed signal from s* BS to G, . is given as

GS c . .
= 221 | PscPsc Zsc (4.1)

where the power control factor of cluster ¢ in s*™* BS is represented as ps . = {ps., pZc, - ,psc “}, the transmit
power of cluster ¢ of BS s is denoted by P, . and is limited by Y%, P, < R, Vs € S for apiece cluster,

where Py is the transmitter power of BS s, and the set of signals of users in cluster ¢ of BS s is denoted as

— 1 2 Gs,c
Zs,c - {ZS,C'ZS,C’ " Zs,c }

Subsequently, the transmitted signal is received by the users over the S x C x Us channel matrix H. H =

9 9

{Hy, Ha, -, Hs, o, Hs[Hs ={hi,, .. hE5€13. Then, the received signal at i" user in cluster ¢ of st BS can

g s, c
be given by
Y, ’ , , 1 2 3 ,
y;,c - hfs‘,ch,c pé,cPs,cZ;‘,c + Is,c,i + Is,c,i + Is,c,i + vsl,c (4-2)
— S+1 C
SCI. héc j=1,j%s Zj:le,cxj,c (4-3)
2 —

ISCI. h.Ls*c ] 1]¢cWSJxSJ (4-4)

GSC
ISCL_héCWSCZ ‘/pscpsczsc 4.5)

where, v! .~CN(0, 02) is the additive white gaussian noise (AWGN) with zero mean and variance o?, wg
is the precoding vector, and I} ;, IZ. ;, and I3, ; denotes inter-cell interference, inter-cluster interference, and

intra-cluster interference experienced by i*" user in ct*cluster of BS s.

Consequently, the signal to interference and noise ratio (SINR) of user i in cluster ¢ of BS s is given by

3 i i 2
SINR;,C — Sflscpsc”hscws,c” (46)

02+Z] 1]¢52 jc||h_ls‘CWj,C||2

Gsc _j i 2
+Z] 1,j#c S]||hSCWS]||2+Z] 1pscpsc||h§,cws,c||

Through the capacity model in [25], the rate at i*" user of c¢t" cluster of BS s is given by
Ri. ==Zlog,(1+ SINRL,) (4.7)
The BS cache model is presented as follows. It is assumed that the cache state information Q ; is preordained,

and is given by
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Qf,s — {1 if fileis f is cashed by BS s (48)

0 Otherwise

If the file is not cached by SBS, then it is required to be retrieved from the MBS over the fronthaul link. On
the other hand, the file can be directly retrieved from the cache, if the SBS has cached the file requested by

the small cell user. The archived rate of the fronthaul link from MBS to SBS s is given by

GS,C . .
Rgh = ((::=1 Zi 1R§,c(1 - Fsl,c) 4.9)

where, F. denoted cache efficiency coefficient which can be given by

- Mc
Flo =37 05 (4.10)
where, M! . is the number of files requested by i*" user in ¢** cluster of BS s. Many works study the modeling
of cache efficiency, which is is an uncertain area. Though, it is outside the scope of our paper. Meanwhile,
attention is paid to a cache model with an identified cache efficiency. The total power consumption of BS s
[105] can be expressed as

R = Pgir + §(Z§=1 Ps,c) (4.11)

where, RS is the power of BS s circuit, &is the drain efficiency of the power amplifier. RS can be expressed

as
RS = Rg + NiPy + NoRp + N.By (4.12)

where, Ny is the number of RF chains, R is the power consumption of baseband, Py, Pp, and R, is power
consumption at each RF chain, phase shifter, and amplifier respectively. The energy efficiency [105] can be
expressed as

T, B RE(1-Flo)
EEsystem = §=1 p;ir+§1(zg=1 Pso) (4.13)

The channel model of THz, mmWave, and RF band is discussed. The THz band channel gain [105] of i** user

in ct" cluster of BS s is given as

Be(f,d) = Ns( 75 (@) (4.14)

here, £2denotes the antenna gain, L(f, d)denotes path loss at d distance away from the BS at frequency f, ¢

is the angle of departure, () represents array steering vector which is given by

o) = ﬁ [1, ..., ejdnsind | ir(Ns-1)singl]’ (4.15)

where, [A]’ represents the transpose of matrix A, and j is the imaginary unit, i.e., j2 = —1. The non-line of
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sight (NLoS) paths are formed by scattered, reflected, and diffracted signals. Due to weak scattering and
diffracting ability in the THz band, these paths are generally neglected. The effect of NLoS link can be ignored
when LoS link is present, as NLoS link pathloss is greater than the line of sight (LoS) link path loss [26]. In
the THz band, the pathloss explicitly consists of molecular absorption loss and spreading loss which cannot

be ignored. The pathloss of THz signal at frequency f and traveled distance d is given as follows:
L(f, )™ [dB] = 20 logso (1) + 10k(f)d logse (4.16)

here, 1. is the wavelength of the carrier frequency and k(f) is frequency-dependent medium absorption
coefficient. The atmospheric attenuation of THz channels is significantly higher in water vapor molecules than
in air molecules. For ease, only the impact of water molecules in atmospheric attenuation is considered in this
paper. The frequency absorption coefficient parameters k(f) are given in [105].
For the mmWave channel model [106], the channel gain in (14) becomes:
P

. N . % .
hé,c = L(d > i Zk='1 }/s,c,k aUE(¢;‘c’k)aBS(gS,C,k) (417)
(@pg

here, ayr and agg are uniform linear arrays array response vectors. The a, and agg are of the form a(0) =
[1e7/ ... e~ i®Ws=D0]"/ /N_ The virtual angle of arrival (AOA) and virtual angle of departure (AOD) for
k" path from BS s to user i in cluster c, is denoted by 4)2 . and eé,c,k respectively. Here, pic are the number

of paths between the BS s and user i, in cluster c, the small-scale fading gain on k" path is signified by Vi

and a* represents the complex conjugate of a. The virtual AOA and AOD are related to the corresponding
physical angles as 6 = 2nbsin(c) /A, where b signify the spacing between the antennas, ¢ and 6 are
respectively the physical and virtual angles. The path loss L(d) of mmWave channel model [107] at traveled

distance d is given by;

L()™™[dB] = 20 logyy (37) + 107 logso(|1d]) + 85, (4.18)
where yrepresents the pathloss exponent, & .~CN (0, &) denotes Gaussian distribution with zero mean and &
variance.

For the RF channel model, the Rayleigh fading channel is considered with Gaussian distribution of
h~CN(0, ) [108] with zero mean and g variance, The large-scale fading characterized by g encompass

penetration losses, pathloss, shadowing losses, and antenna gains in NLoS path. Channel gain for RF is given

by
héc = 10_(L(d)RF/1O) (419)

The pathloss for RF channel [109], at traveled distance d (km), is given as follows:
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L(d)RF[dB] = 148.1 + 37.610g,,(d) (4.20)

4.3 Proposed Approach

The users in the small cell use different services and applications such as online gaming, high definition (HD)
video, ultra-HD video, real-time communication, virtual reality (VR), augmented reality (AR), military
application, Tbps wireless local area network (WLAN) system, holographic communication, etc. The set of
applications is denoted by & = {A,, A,, A;}. These applications require data rates in Mbps, Gbps, or Thps.

The relation between different applications and their required data rate is shown in Table 4.2.

Application A, requires 100 Mbps — 200 Mbps data rate, A, requires 200 Mbps — 20 Gbps data rate, and A,
requires 20 Gbps — 1 Thps data rate. The downlink channel for signal transmission from SBS to the small cell
users is determined adaptively, according to the application requested by the small cell users. Each user in
SBS requests an application; A(t) = {api‘l(t), aP§,1(t)' api,c' ""api,c(t)' apic(t), ap? e ()}, where

api,c(t) denotes a,|a, € £ application requested by i*" user in c*"cluster of s** BS at t*" time instance. Let

the total number of users in c**cluster of s** BS be denoted as & .

Table 4.2: Relation Between Various Applications and Required Data rates

Application Required Data rate
A, 100 Mbps — 200 Mbps
A, 200 Mbps — 20 Gbps
A, 20 Gbps — 1 Thps

Following ASCS, at time instance t, if one or more wusers request application
A;, then the SBS employs the THz channel model in the downlink. At time instance ¢, if no user in the small
cell requests A, in addition, one or more users are request application A,, then the SBS employs the mmWave
channel model in the downlink. If all the users in the small cell at time instance t are request applications A,
then the SBS employs the RF channel model for downlink communication. Algorithm 4.1 explains the ASCS.
The computational complexity of Algorithm 1 is O(TSC¢ ).

Algorithm 1 for ASCS

fort=1toT
fors=1to S
forc=1toC

fori=1to ¢,
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a) if
As(0)3 {A,, As:A,,A; € £} then
hic(t) « hiliser
b) elseif
A;()A {A;:A; € £ }and Ag(t)3 {A,:A, € &} then
hio(t) « here
C) else
A1) {A;:A; € £} then
hec(t) « hi%Z,,
end if
end for
end for
end for

end for

4.4 Simulation results

In this section, we present the simulation results to examine the efficacy of the proposed ASCS Algorithm 1
and compare it with other conventional schemes. Particularly, the effects of the proposed ASCS scheme on
spectrum efficiency, energy efficiency, and throughput are compared. Moreover, the comparison of energy
efficiency with different cache efficiency coefficients is also shown. To reduce the computational complexity,
we set the number of SBS, S = 2. The considered simulation parameters are given in Table Ill. In the
considered downlink system, MBS is in the cell center, and SBS is in the coverage of MBS. The user
distribution is random throughout the cell, within the scope of their allied BS. All the considered system model
uses the RF channel at MBS. We labeled the HetNet system with the proposed ASCS scheme as ‘ASCS’.
HetNets using mmWave and RF channel at SBS, are labeled as ‘mmWave’ and ‘RF’ respectively. Fig. 3 shows
the comparison of spectrum efficiency of HetNet with the proposed ASCS scheme with HetNets using
mmWave and RF channel at SBS.
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TABLE 4.3: NUMERICAL PARAMETERS FOR THE SCENARIO

Parameters Value
THz carrier frequency 0.34 THz
mmWave carrier frequency 73 GHz
RF carrier frequency 2 GHz
Bandwidth at BS employing THz channel 10 GHz
Bandwidth at BS employing mmWave channel 1 GHz
Bandwidth at BS employing RF channel 10 MHz
Radius of MBS 500 m
Radius of SBS 40 m
Minimum distance between users 0.1m
Noise Power ¢° -174 dBm/Hz
Number of SBS, S 2
Cache efficiency, F.. 0.1,0.3,0.5
SBS transmitter power 5w
Baseband power consumption Pg 200 mwW
RF chain power consumption, Py 160 mW
Phase shifter power consumption, Pp 40 mwW
Amplifier power consumption, R, 20 mwW
Drain efficiency of relay amplifier, & 0.75%

Fig. 4.3 shows the comparison of sum rate of HetNet with the proposed ASCS scheme with HetNets using
mmWave and RF channel at SBS. The number of users is increased from 10 to 50. It can be seen from Fig.
4.3 that the sum rate of ‘ASCS’ performs better than that of ‘mmWave’ and ‘RF’. The users in demanding
applications with the data rate of the range of 200 Mbps - 20 Gbps in HetNets using RF channel and users in
demanding applications with the data rate of the range of 20 Gbps - 1 Tbps in HetNets using mmWave at SBS
suffer from low data rates. The ASCS scheme employs high and low-frequency bands (i.e., THz, mmWave,
and RF bands) dynamically according to the user demands. Therefore, all the users with different application
requirements are served proficiently guaranteeing no user suffers from a low data rate. Moreover, the carrier
frequency of high-frequency bands offers huge spectrum bandwidth. In a few instances, the available spectrum
bandwidth is becoming significantly larger than mmWave and RF band. This causes an increase in the sum
rate of ASCS.
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Fig. 4.3. Sum Rate v/s Number of users.
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64



1 O T T T T T T T T
—uo— Cache efficiency = 0.1
—#—— Cache efficiency = 0.3
9] —&— Cache efficiency = 0.5 |

Energy Efficiency (bit/Joule)

10 20 30 40 50 60 70 80 90 100
Number of Antennas

Fig. 4.5. Energy efficiency of ASCS scheme v/s Number of antennas.

For different cache efficiency coefficients, Fig. 4.4 compares the energy efficiency of considered HetNet
employing the proposed ASCS scheme, with HetNets using mmWave and RF channel at SBS, which are
labeled as ‘mmWave CE and ‘RF CE’ respectively in logarithmic scale. The energy efficiency of HetNet with
the proposed scheme is labeled as ‘ASCS CE’ in Fig. 4.4. Further, Fig. 4.5 explicitly shows the energy
efficiency of the ASCS scheme concerning the number of antennas for different cache efficiency coefficients.
The number of antennas is increased from 10 to 100. It can be seen from Fig. 4.4 and Fig. 4.5, that with an
increase in the number of antennas at the transmitter the energy efficiency decreases, as the power consumption
at the antennas rises. A progressive increase in the value of energy efficiency can be seen with the coefficient
of cache efficiency. This is due to the significant increase in the sum rate by incorporation of local cache files
at BS, as the required files can be directly acquired via the local cache files. Moreover, with the ASCS scheme,
the cross-tier interference can be ignored when the SBS employs mmWave or THz band at downlink due to
the different bands across the tiers. The cross-tier interference is taken into account only when SBS employs
an RF band, and otherwise, it is ignored. Consequently, it has a positive impact on the sum rate and energy
efficiency.
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CHAPTER S

ENERGY EFFICIENCY OPTIMIZATION OF AHYBRID MILLIMETER-
WAVE MASSIVE-MIMO NOMA WITH D2D ENABLED BEYOND 5G
NETWORK USING A NOVEL BATTERY EFFICIENT NOMA
TECHNIQUE

In this chapter, the energy efficiency of a hybrid millimeter-wave massive-MIMO NOMA with D2D enabled
beyond 5G network is optimized using a novel battery efficient NOMA technique. Further this chapter propose
modified cooperative NOMA (MCN) and THz blockage alleviation (TBA) methods. The TBA method aids
in ensuring the end-to-end signal communication in presence of obstructions in the path. The TBA method
uses device-to-device (D2D) communication to redirect the signal to evade hindrances in the propagation path.
TBA method also aids in reducing the interference and hence, improving the SINR and achievable rates. The
MCN helps in reducing the power consumption and efficiently utilizing the system’s energy. The MCN
integrates cooperative relaying technique with NOMA. This supports in reducing the transmission power at
the BS and outstretch the signals to the users at the edge of the cell, which have poor channel qualities or
cannot build direct links with the BS. Aiming efficient use of user power and interference mitigation, this
chapter design two procedures in MCN to forward signal to the end-user based on the power levels of the

users. Further, the proposed methods are analyzed in terms of key performance parameters.
5.1 Introduction

The M2M communications, 10T, and vehicular communication are developing expeditiously. With time, the
global penetration of wireless portable devices will increase with mushrooming rate. The number of wireless
network nodes likely to be measured in trillions to deliver enormous global connectivity [110]. Technologies
such as Tactile internet, is expected to be used in numerous applications including transport, entertainment,
industrial, and healthcare, and has low latency requirements. Very small end-to-end delays affects the whole
network as it needs to reduce the processing-time, over-the-air propagation time, and transportation-time.
Moreover, reliability is crucial for various upcoming wireless communications scenarios including industrial
internet, autonomous systems, haptic communication and healthcare. The requirements of high privacy,
security, and reliability are expected to escalate with time. The 5G is incapable to meet such demands.
Consequently, a combination of societal desires and technological innovations that aid to empower such

requirements are the key drivers for a generational leap towards B5G/6G of mobile communication networks.

The 6G networks anticipates enhancement in the network capacity, and link capacity compared with previous
generations. Many 6G application including holographic communication, extended reality (XR) and ultra-
high-definition video demands very high bandwidth and data rates. Consequently, this has inspired researchers

to go on the way to explore wireless communication in higher frequency bands, which have significantly larger
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bandwidths, and are less congested [111]. However, working at higher frequencies not only opens the door to
numerous resources but also extensive open problems. Radio design at higher frequencies turns out to be more
intricate. Moreover, the propagation losses at higher frequencies due to various factors such as rain attenuation,
scattering, dispersion, free-space path loss, gaseous attenuation, and variation of atmospheric refractive index
are considerably higher. Further, to improve spectrum efficiently NOMA and mMIMO are another two
promising techniques. NOMA simultaneously serves multiple users, by superimposing the signals at the
transmitter and sending them to multiple users over a single channel. This decreases the latency and complexity
of resource allocation at the BS. Through SIC the receiver separates the signals [112]. Also, the massive
number of antennas in mMMIMO technology produces more spatial data streams, enhanced throughput, greater
multiplexing gain, and consequently, improves the spectral efficiency of the system [113]. Moreover, nMIMO

helps in improving link reliability as it is less prone to fading [114].
5.2 System Model

The considered downlink 6G HetNet is shown in Fig. 1, where a macro cell deploys S small-cells inside it.
Macro-BS (MBS) and small-BSs (SBS)s employ mMIMO-NOMA and each are enabled with N antennas
and Ngr RF chains. B = {1, 2,3, ...,b, ..., B,B + 1}. denotes set of all BSs, where, {1, 2, 3, ..., B} are SBSs and
B + 1 is MBS. All the users are spread arbitrarily within the MBS coverage. U = {U;,U,, ..., Uy, ..., Ug11}
denotes set of all the single antenna users. NOMA employed at the BS groups all the users into N clusters
signified by Uy = {up 1, g1, o) Uby gy oo Up 5 Up o Up i}y Where uig ;s i™ user in it cluster of b BS. The
clusters served by each BS are allotted orthogonal time-frequency resources. Radio frequency (RF) band is
employed for downlink communication at the MBS as regulated frequency bands have large coverage area.
THz band is employed downlink communication at all the SBSs, as it performs better at short distances. Table

5.1 shows the notations used in this chapter.
uy

A o

N

Fig. 5.1. Considered Downlink 6G HetNet.
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TABLE 5.1: NOTATIONS

S Number of SBS

Ng Number of antennas at each BS

B Set of BSs

0 Set of Users

N Number of clusters all the users are divided into
up & i*" user in it cluster of bt" BS

Ko Number of users in i*"cluster of b** BS

Ol & The power control factor from b** BS to fi‘*cluster
Poi The transmit power from b** BSto A*cluster
Xb The set of signals for A" cluster in b*" BS

H Set of channels

Ry, Downlink channel of uj ;

Wi The precoding vector of u/, ;

Vo.i Received signal at uf ;

N, ; Additive white gaussian noise at uj ;

d Drain efficiency of power amplifier

o The transmit power of user y. ,

B The bandwidth of channel employed at BS

P, The power consumption per power amplifier
Par The power consumption per RF chain

Py The power consumption of baseband

P, The power consumption per phase shifter

Ae The wavelength of the carrier frequency

0 The antenna gain

1) The angle of departure
a(p) The array steering vector
t(f) The frequency dependent medium absorption coefficient

The BSs transmits signals to the users in downlink. Let, b*" BS has total Ky 5 users in fi®*cluster, then the

transmitted downlink signal from b** BS to fit"cluster is given as

Sbi = Dyt | Olb 1Pbs Xb 5 (5.1)

where ajp5 = {0} 5, Ol 5 ---» qggﬂ} and py 5z denotes the power control factor and transmit power of cluster i

in BS b, respectively. xy 5 = {Xg 5, X5, -, x:f g'ﬁ} represents the set of signals for cluster fi in BS b.

Remark 1: For each cluster the transmit power is limited by fof:lpb,ﬁ < p», Vb € B, where p,, is the

Kp
i:

transmitter power of BS b, and the power control factor gy, 5 is limited by X, fo]g,ﬁ =1,vb € B,ii € N. Then,
the signals are received over the B x N x U, channel matrix H. H=

{H1, Hz, ..., Ho, -, Hel Ho ={hp1, B2, -+, Ak, 13- The signal received at ug,ﬁ IS given as
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8 _ " , i i ¥ 2 .
Yo,i = hb,iWhi [OlpaPpaXpa T+ o + 1ba: + Db (5.2)

B0 = Pog 201 s W jSb)j (5.3)
Y2 _ A Kp,i J J
I5ai = hoiWni 2,27 [ Oy 5P Xp 5 (5.4)

where v, is the precoding vector, 1i,;~CN (0, o ;) is the additive white gaussian noise (AWGN) with zero
mean and variance o ; and I}, ; ; and IZ ; ; represents multi-cluster interference and intra-cluster interference of

i
Up i

The SINR of signal received at uj ; is given as

i T
_ Ol iPbii |1 7p, i W i ||
SINRy; = . —  Fon — (5.5)
Yj=1,j#i Pbjl oW, 117 +X ;) Ulb,ﬁpb,ﬁ“hb,iwb,i” +at s

Let B be bandwidth of channel employed at BS. The achievable rate at uti,,ﬁ according to the capacity model

as given in [105], is given by
Rb,i = %logz(l + SINRb’l') (56)

The total power consumption of bt" BS [112] is expressed as summation of transmit power and circuit power

can be given as
Py = Pi" + d(Z=1 Poa) (5.7)

where o is the drain efficiency of power amplifier, PS™ is the circuit power of BS b which can be expressed

as,;
l’)gi‘)‘ = NBISA + NRFI,)RF + NBpP + pB (58)

where, P4, Prr, and Pp is power consumption per power amplifier, per RF chain and per phase shifter
respectively. Ry is power consumption of baseband. Ngr is number of RF chains. The energy efficiency is
elucidated as ratio of achieved capacity to the total power consumption and can be given as

~ K ~ .
N b i
b+1 2i=12i=1 Rbi

EE = Zb:l Py, (5-9)

In this subsection, THz channel model and RF channel model is provided. In THz, the pathloss of non-line of

sight (NLoS) link is considerably larger than line of sight (LoS) link hence, effect of NLoS link can be ignored
[105]. The THz band channel gain [16] of ué,’ﬁ IS given as
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i (f, @) = Ny ( 757z Va () (5.10)

here L(f, @)THZsignifies path loss at frequency f and at d distance away from the BS, O represents the antenna

gain, ¢ is angle of departure, a(p) represents array steering vector which is given by

1

a(p) = ﬁ

[1, ..., elrlnsingl_ eiA(Np=1)singl]" (5.11)

In THz communication, the losses due to molecular absorption and spreading cannot be neglected. THz

signal pathloss of at frequency f and at distance d is given as

L(f, &)™ [dB] = 20 logy, () + 104(f)d logoe (5.12)

here t(f) is frequency dependent medium absorption coefficient, . is wavelength of the carrier frequency. In
THz band the atmospheric attenuation of water vapor molecules is considerably larger than that of other air
molecules. Therefore, simplicity, in atmospheric attenuation only the effect of water molecules is considered
in this paper, which is used in our simulation. The frequency absorption coefficient t(f) parameters are shown
in [105].

Rayleigh fading channel model for RF, with Gaussian distribution of h~CN (0, €) [112] with zero mean and

variance ¢ is considered in this paper. The channel gain for RF is given as
hy; = 10~ E@"/10) (5.13)
The pathloss for RF channel [112], at travelled distance d is given as

L(@)RF[dB] = 148.1 4+ 37.6log,,(d) (5.14)
5.3 Proposed THz Blockage Alleviation (TBA) Method

Fig. 4.2 shows proposed TBA method. As THz signals cannot penetrate walls, buildings, trees, etc., they suffer
from huge losses. TBA is utilized to overcome this issue in THz signals. TBA method encompasses SBS, users
and device-to-device communication. In this method, the SBS transmits the superimposed signal in fit" cluster.
When direct signal from the SBS cannot reach the users due to blockages on the path the users in the cluster
employ decode and forward method to redirect received signal to the next users. This helps to evade blockages

in the path.

All the BSs employs NOMA. As NOMA, users with higher channel gain can decode the signal of users with
lower channel gain through SIC, without any power allocation constraints. However, users with worse channel
gain cannot decode signals of users with higher channel gain employing SIC. Thus, interference faced from
signals of users with higher channel gain acts as intra-cluster interference. TBA method also aids in mitigating

these interferences.
70



N-1

N

Blockage

Fig. 5.2. THz Blockage alleviation method

The superimposed signal transmitted by b* SBS to At*cluster is given as in (1). The users in fi**cluster
have channel gains ordered as |hy;|? = |hy|* =+ = |hpk, ;1% In TBA method, the us 5 receives the

superimposed signal given as

Vb1 = hp1Wp 1SpatHp a1 + Tip1 (5.15)

19

— N A
a1 = Ao 2j=1,j¢ﬁ Wt jShj (5.16)
4 - - 1 - - -
Ip5,1 shows the inter cluster interference. Then y;; employs SIC to obtain signals of users with weaker
. N Kp i i i f . . N
channel gains; hy Wy 4 Zifg‘ Ol 5Pb,s Xp and subtracts it from the received signal hy Wy 1 (Sp5 —

Kb i

i qglﬁpb,ﬁ xt3) + Ips1 + 11 to Obtain its signal; hy 1V, foh;ﬁpb,ﬁxg'ﬁ + Ip1 + fipq. Thereafter, yj

forwards the signal Zf{fgﬂ/ b, xélﬁ to qglﬁ. Here, p, is the transmission power of ug ;. The signal received at

ug 5 is given as;
A2 _ 11,2 412 vKbi 1,0 i ¥ v1,2
Yo i = hb,ﬁwb,ﬁ Zizz ,/Oll,ﬁ-pl,ﬁ Xpatlpm2 + Ny 5 (5.17)

then ug; employs SIC to obtain its signal and forwards Zf{j; olé'ﬁpzjﬁ x{,,ﬁ to y; 5. In this way, each user

employs decode and forward method and the signals of users with highest channel gain are removed from the

received signal. The Kblﬁth user need not apply SIC as the signal received at Kb,ﬁ”‘ user is given as

~Kpn _ 1 Kpa—1.Kpg Kb Kb ¥ v Kb i—1,Kp n
You = hb,ﬁ Ole’ﬂ—l,ﬁpr,ﬁ_l'ﬁxb,ﬁ )+ Ib'ﬁ'Kb.ﬁ + Dy a (5.18)

This eliminates the interference from signals of users with higher channel gain which perform as intra-cluster

interference. Then, the signal received by each user in i cluster of b** SBS after SIC in matrix form is given
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Ir%,,ﬁ} I[ W3 1| hoa ]
A2 a12 1,2
|Yor |l Won || P
[ || : | :
Kbl |~ Koa—LKiall, Kpa—1K
l b;.nJ lwb‘?l,n b,nJ _hb,?l,n b,i
v vt),l T
[ Tosa1 | Ny 5
Kpi I Iy - | fi2
[da x2; x| +| b2 |+ b (5.19)
lib,ﬁ,Kb’ﬁJ _fl:’?{ﬁ_ l,Kb'ﬁ_

The SINR is described as ratio of received power and summation of noise power and interference power.
Evidently, the TBA method reduces the interference power by eliminating intra-cluster interference.
Therefore, this method avoid blockages, as well improves SINR and supports enhancement in the achievable

rates.
5.4 Proposed Modified Cooperative NOMA (MCN)

Optimal use of energy resources is prime important in designing 6G communication systems. This section
elaborates proposed MCN scheme to efficiently utilize the system’s energy. Many a time, users at the cell
border are incapable of receiving direct signals from the BS. In such cases, cooperative communication plays

a major role in aiding communication, saving BS’s energy, enhancing the cell coverage, and improving system

MBS

reliability.

X+X+ +X

&XHX%&XN <Wg
Ut XN
MBS u

RF link

P, - Procedure 1

P, - Procedure 2

Us,..,UN - USErS

X1,..,Xn - Modulated signal for users

Fig. 5.3. Modified cooperative NOMA.
Fig. 5.3 shows modified cooperative NOMA. The fit"cluster in MBS is assumed to be at the cell edge and
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unable to form direct communication links with the MBS. Then, the MBS transmits the superimposed signal

for it cluster to a nearby user y§, ;. The rate at which the signal for uj, , ; reaches y5, ; is given as

Ri — Bl 1 Olfa+1,ﬁPB+1,t||hB+1,tWB+1,t||2 590
1t = Bloga(1 + o — - 2 ) (5.20)
j=1 013+1_ﬁPB+1,t||hB+1,tWB+1,t|| +0B11t

Then, y§,, forwards the signal for it"cluster following either procedure P, or P,. If the power level; p,
of uk, , is less than 50% of its maximum power then the procedure P; is employed, and if it is more than equal
to 50% of its maximum power then the procedure P, is employed. In the procedure P; the user y§,, amplifies

and forwards the superimposed signal to the fi**cluster. The signal received at qg_ﬁ via procedure P; is given

as
Vei = heiWei/Prixhyrq + [og + 2 + 1L (5.21)
H,ﬁ,i = hy; Z?:l,thﬁ Wt jSB41,j (5.22)
i = heiWe, Z;:B;Lﬁ mxé+1,ﬁ (5.23)

here b, ; is the transmission power of yj,, used in transmitting signal to y} ;. The SINR from u, , to uy} ; via

P, is expressed as

SINR,; = el eIl (5.24)
t N e VR G |24 3 KB | Re o .|2 2 :
Z'=1, ';tﬁwt,jH t,LWt,j|| Z-=1 f’t,] t,iWt,jl| tot;
J=1] J ,

As y§, ; has higher channel gain than the users in it*cluster, y, , can decode messages of users in fit*cluster.
In procedure P, the user y§, , decodes the messages of the users in fi*cluster and forwards them the decoded

messages. The signal received at q{,lﬁ via procedure P, is expressed as

Vei = ht,iwt,i\/bt,ixé+1,ﬁ + Tt,i + rvli,i (5.25)
lei = hyeg Z?Izllj;tﬁ Wt iSg+1, (5.26)

The intra-NOMA interference in procedure P, has been cancelled. Therefore, the SINR from u, ; to uf 5 is

improved and is expressed as

BrillheiWe ;|2

SINR,; = 5.27
bt Yhcy jen We jllheiWe, jl12 407 ( )

The achievable rate from u, ; to y ; is given by
Rei ==logy(1+ SINR;) (5.28)
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The rate from MBS to q;',,ﬁ according to decode and forward protocol [22] is given as
1 , i
Rgy1; = ;min{Rh,1 ¢ Ry} (5.29)

The total power consumption of u§, ; used in transmitting signal to y ; expressed as summation of transmit

power and circuit power can be given as
P, =P + 0P, (5.30)

here of o is the drain efficiency of the user amplifier. The user circuit power 155” is used in detecting, decoding
and regenerating the signals. In P; the yk, ; detects and regenerates the signal, save it’s the decoder energy. In
P, the yj +1,4 detects the signal, save it’s the decoder and regenerator energy. The total energy efficiency is
defined as ratio of the archived data rate of the signal and the energy consumed in transmitting the signal. The
MCN aids in mitigating interference and hence, enchaining the SINR and data rate. The cooperative NOMA
system helps in reducing the transmission power at the BS. The circuit power at the user y§, , is efficiently
utilized in MCN through two proposed procedures P, and P, for signal transmission. In procedures P, the
power level of yk, , is more than 50% therefore, it efficiently aids in decoding the messages and the decoder
circuit power is reduced at the users in fAt*cluster. The MCN also aids enhancing energy efficiency of the

system.

5.5 Simulation results
This section studies the efficiency of the proposed TBA and MCN in the considered downlink hybrid system

model where TBA method and THz channel is employed at smallcells, and MCN and RF channel is employed
at macrocell. The system results with proposed methods are labeled as ‘“TBA MCN THz RF’. The performance
of the proposed scheme is compared with “‘TBA MCN mmWave RF’ where in the mmWave is employed at
the smallcells in place of THz band, ‘Basic THz RF’ where in a THz band is employed at the smallcells and
RF band is employed at the macrocell in a conventional downlink HetNet model and ‘Basic mmWave RF’
where mmWave band is employed at the smallcells and RF band is employed at the macrocell in a conventional
downlink HetNet model. The comparative analysis is carried out between these four models in terms of sum

rate, power consumption and energy efficiency.

The BSs are assumed at the center of the cell, and SBS within the coverage of MBS. It is assumed that the
users are dispersed randomly throughout the cell inside the range of their associated BS. In this simulation,
the number of SBSs S is taken as 3, the radius of MBS and SBS is set to 500 m and 5 m respectively. The
number of antennas at each BS Ny is taken as 100. The carrier frequency of the THz, mmWave and RF band
is taken as 0.34 THz, 73 GHz, and 2 GHz. The bandwidth B of THz, mmWave and RF channel is set as 10
GHz, 1 GHz, and 10 MHz. The minimum distance between the suers is set as 0.1 m. The maximum

transmission power of MBS, THz SBS, mmWave SBS and user is taken as 42.7 dBm, 36.99 dBm, 30 dBm,
74



and 10 dBm respectively. The power consumption per power amplifier P,, per RF chain Pgp, baseband Ry,
and per phase shifter P, is set as 160 mW, 20 mW, 200 mW, and 40 mW respectively. The amplifier drain

efficiency d is set as 0.75%. The noise power o ; is set to -174 dBm/Hz.
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Fig. 5.4. Sum Rate v/s Number of users in a cell.

Fig. 5.4 shows the comparison of sum rate between the four aforementioned system models. From Fig. 5.4 it
can be seen that the sum rate surges with the number of users and the sum rate of “TBA MCN THz RF’ is
higher than ‘Basic THz RF’. This is mainly due to TBA and MCN methods. The TBA method the used to
avoid blockages also mitigates the intra-cluster interference, which aids in improving SINR and hence, the
sum rates. On the other hand, one of the procedures in the MCN mitigates the intra-NOMA interference so,
the SINR increases consequently the sum rate also improves. Further, the sum rates of ‘TBA MCN THz RF’
and ‘Basic THz RF’ are superior than “TBA MCN mmWave RF’ and ‘Basic mmWave RF’ this is due to larger

bandwidth available in THz bands than mmWave bands.
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Fig. 5.5. Power consumption of system v/s Number of users.

Fig. 5.5 shows the comparison of system’s power consumption of four HetNet models employing different
methods for downlink signal communication and power consumption increases with increase in number of
users. It can be seen from Fig. 5.5 that the power consumption of the ‘Basic THz RF’ and ‘Basic mmWave
RF’ systems is more than the power consumption of the proposed ‘TBA MCN THz RF’ and ‘TBA MCN
mmWave RF’ systems. As it can be seen from Fig. 5.5 the power consumption of ‘“TBA MCN THz RF’ is less
than ‘Basic mmWave RF’ and ‘Basic THz RF’. This is due to the TBA and MCN aids in reducing the
transmission load of the BS, as with the employment of cooperative methods, the BS requires smaller amount
of power to transmit the superimposed signal to user which is comparatively nearer to BS. This aids in saving
the BS power. Moreover, with MCN decoder circuit power consumption of users in At*cluster is reduced in
procedure P,, this also aids in reducing the power consumption at the users’ side. This shows that the power
consumption of the system is affected by the proposed techniques and not by the carrier frequency used in the

small cell.
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Fig. 5.6. Energy Efficiency v/s Number of users.

Fig. 5.6 shows the comparison of energy efficiency between the four system models. The total power
consumption is defined as ratio of the archived data rate of the signal and the energy consumed in transmitting
the signal. The proposed MCN aids in mitigating interference and hence, enchaining the SINR and data rate.
When compared with the other models the Fig. 5.4 shows that the sum rate of the proposed ‘TBA MCN THz
RF”’ is higher and Fig. 5.5 depicts that its power consumption is least. Therefore, the energy efficiency of “TBA
MCN THz RF’ is superior than the other systems. This is due power saving to efficient utilization of the system
energy with MCN. The energy efficiency of ‘TBA MCN mmWave RF’ and ‘Basic mmWave RF’ are low as
compared to ‘Basic THz RF’ and proposed ‘TBA MCN THz RF’. This is due to larger bandwidth available in

THz bands than mmWave bands can accommodate higher rates as can also be seen from Fig. 5.4.
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CHAPTER 6

IMPLEMENTATION OF AN EFFICIENT USER CLUSTERING
APPROACH IN HYBRID MILLIMETER-WAVE MASSIVE-MIMO
NOMA WITH D2D ENABLED BEYOND 5G SMALL-CELL NETWORK
USING ANTENNA ANGLE BOUND CLUSTERING TECHNIQUE

In this chapter, an efficient user clustering approach in hybrid millimeter-wave massive-MIMO NOMA with
D2D enabled beyond 5G small-cell network using antenna angle bound clustering technique is implemented.
This chapter first, design a 6G hybrid system model employing THz communication, mMIMO, cooperative
NOMA, and device-to-device (D2D) communication with macrocells and small cells. Thereafter, this chapter
propose Antenna Angle Bound (AAB) clustering technique to enhance the sum rate of the proposed 6G hybrid
system model. The proposed ABB clustering technique employs antenna parameters such as beam angle and
beamwidth to form clusters and mitigate interference. This chapter analyze simulation results to validate the

superior performance of the proposed 6G hybrid system model in assessment with traditional models.

6.1 Introduction

So far, wireless communication networks are driven by the requirements of high data rates. This gave rise to
the need for a thousand-time capacity escalation and spectrum scarcity [115]. The 6G wireless communication
systems are anticipated to support simultaneously massive devices with different capabilities and needs. In
comparison with conventional mobile broadband users, the scenarios of massive machine-type connectivity
(mMTC), Internet of Everything (I0E), and ultra-reliable low latency communication (URLLC) are anticipated
to fetch various types of connected devices into the network [116]. The 6G needs to support the high
requirements of capacity enlargement which requires high spectrum resources. Exploring high frequencies
like millimeter wave (mmWave) and Terahertz (THz) band opens an abundant spectrum for communication.
The THz band ranges from 0.1 THz to 10 THz [117], which is three-four orders higher than the radio frequency
(RF) band. this offers a huge spectrum. Apart from spectrum widening THz offers many other advantages
therefore, it is a promising 6G technology. These benefits include robust confidentiality, supporting 100 Gbps
or more data rates, high anti-interference capability, capable of supporting large capacity, communication
security due to short pulse duration and narrow beam, has good directivity, and are appropriate for a few
special scenarios as attenuates less thru penetrating few materials [118]. These features enable the use of THz
in numerous ultra-high-speed short-range based 6G communications. The atmospheric and molecular
attenuation of THz is higher than the conventional RF band however, by enhancing the transmitting and
receiving antenna gains the THz communication can still achieve higher data rates for a short distance. To
achieve high data rates with high energy efficiency in 6G communication networks, the non-orthogonal

multiple access (NOMA) and massive multi-input multi-output (mMIMO) [119]-[121] are also required.
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To support high data traffic, the NOMA concept was first suggested in [122] for wireless communication.
Lately, NOMA has enticed significant interest of researchers and has been recommended for impending
heterogeneous networks (HetNet) [123] and dense wireless communication networks [124]. The principal
notion behind the working of NOMA is to employ the difference in the strength of the signal shaped by suitable
power allocation and SIC to realize high performance. NOMA is a key multiplexing technique to enhance
spectrum efficiency in 6G. In NOMA, the number of users is divided into groups. The channel gain of a group
of users is arranged in decreasing order. In power division NOMA each user functions in the same
time/frequency block where they are differentiated by their power levels. The power division NOMA allocates
power to the signals of the user in the same order as their channel gains. Thereafter, NOMA superimposes
signals for a group of users. Then, NOMA allocates a single resource block to a group of users and transmits
the superimposed signal to the group of users. In this way, using the same resource block signals are
transmitted to a group of users. The multiple access interference in the NOMA is eliminated for the user with
lower allocated power through successive interference cancellation (SIC). The user with higher allocated
power faces interference with the signals of the users with lower allocated power. The SIC successively cancels
interference caused by the signal of higher allocated power [125]. First, the signal with the highest allocated
power is detected, and then it is reconstructed. The reconstructed signal is then subtracted from the
superimposed signal eliminating the interference caused by the signal with the highest power. In this way, the
NOMA serves a group of users using the same time/frequency block. Therefore, NOMA can enhance spectral

efficiency and consequently, it also can improve system throughput.
6.2 System Model

The proposed hybrid 6G system model is shown in Fig. 6.1. From the Fig. 6.1 it can be seen that there are
three small cells inside a macro cell, having their respective base station (BS) at the center employing mMIMO
NOMA. Each BS has N; transmitting antennas. The small cells employ the proposed dynamic sectorization
technique. B = {1, 2,..,b,.., B, B + 1} defines the set of BSs, where {1, 2, ..., B} are small cell base stations
(SBS)s and is b + 1 is the macro base station (MBS). U = {U;, Uy, ..., Uy, ..., Up 1} defines the set of users.
U, comprises two types of users, D2D pairs and cellular users. Let the total number of cellular users in each
cell be N, and let there be total L clusters of cellular users in each BS. However, if the user density enormously
varied throughout the cell, then areas with a higher density of users suffer from deprived services, and such

approaches become incompetent.

Remark 6.1: The transmit power of SBS earmarked for each user in D,, is P, . The SBS uses NOMA therefore,

the transmit power for each user will depend on its channel gain.

To increase the efficiency of the proposed 6G system the small cells perform dynamic sectorization. The
notations used in the paper are shown in Table Il. In the traditional approaches, the cell is divided into N

number of sectors. The set sectors in the small cell under SBS b are defined asD, =
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{Dp,1, Dp,2, -+ Dp s -, Dp n}. Each sector in the traditional approach of BS b is at an angle &£, and distribute
the power of the BS equally into the sectors, such as £,, = % If the total transmit power of SBS b is

denoted by Py, in the traditional approaches the transmit power of SBS is divided into the sectors as P, =

. . . p . .
% and the SBS transmits power earmarked for each user in D, ispp, = UDﬂ where Up,  is the number of
, b .

bn

users in D,,. All BSs are anticipated to have impeccable channel state information (CSI) of the users. In the
proposed 6G system with a dynamic sectorization technique, the SBS calculates the £, and Pp, according

to the user density inside the small cell, to deliver fair services throughout the cell regardless of whether the
user is in a crowded area or deserted area in the cell.

79,

MBS

Macro cell

Fig. 6.1. Proposed 6G hybrid system model.
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Fig. 6.3. Dynamic sectorization approach.

TABLE 6.1: NOTATIONS

Ny Transmitting antennas at each BS
B Set of BSs
8] Set of Users
S Set of small cell sectors
Ep, Angle of sector D, ,,
UDb’n Number of users in the sector Dy, ,,
Pb Total transmit power of bt BS
N Total number of users in each cell
ub it" user in [*"cluster in sector D,, ,of b®" BS
My, Number of users in [“*cluster in D, ,, sector of b*" BS
b Power allocation coefficient of u}, ,,,
Zhnl The set of user signals in [*"cluster in D, ,, sector of b" BS
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Vh o Additive white Gaussian noise at uj, ,,
hl o Downlink channel of u} ,,,
Vi Received signal at u} ,,
Up,nw.f Transmit power of cellular user u},, for f** D2D pair
& Amplifier inefficiency
SINR} ., SINR of u
R} . Achievable rate at u}, ,
Pyt Total power consumption of MBS
Pon Total power consumption of D,, ,, sector of b BS

To assure fair services to all the users the proposed 6G system with dynamic sectorization alters sector angles
according to the user density and assets greater transmission power for the compactly inhabited areas in the
cell, and smaller transmit power for low-density areas of the cells. Fig. 6.2 and Fig 6.3 show traditional and
dynamic sectorization approaches. It can be seen from the Fig. 6.3 that the angle and area of sectors D, and
D5 isreduced and D; is increased concerning Fig 6.2. In the dynamic sectorization the sector angle is calculated

as

Ly, = —x (6.1)

Subsequently, with new sector angles the sector area and the number of users inside each sector change. Now,

the transmit power earmarked for D, ,, is given by

_ Pp*Upy

Popn =~ (6.2)

In the dynamic sectorization, the transmit power earmarked for each user in Dy, ,, is

pr’n = (63)
By putting the value of P, . from equation (2), equation (3) becomes

p
pr‘n = Wb (64)

The equation (4) proves that in contrast with traditional approaches the dynamic sectorization earmarks the
same transmit power for each user unrelatedly density variations in the small cell, and proficiently exploits the

SBS energy without enhancing the complexity.

The i*" cellular user in I**cluster in sector D,, of b** BS is represented as uj, ,, € U,,. Let [*"cluster in D, ,

sector of b™" BS contain M, ,, ; users. Then the signal transmitted by b** BS through NOMA is given as

Mpn i i
Xpnl = 2jeyg /aZ,n,lpb,n,lZ;a,n,l (6.5)
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P . .. M .
here aj, ,, denotes the power allocation coefficient, z;,,,; = {2}, 1, 25 1 ., 2, 27} represent set of signals,

and Py, ; represents the transmit power for [**cluster in D, ,, sector of b** BS.
Remark 6.2: For each cluster, XX_; Py .. < Pp is the condition put on Py, . ;.

Then, the received signal at u}, ,,, is given by

i i , i i 1 2 3 i
Yot = b niWoni [ niPoniZbng + lonii + lonsi + lonyi T Vbni(6.6)

1 — i L
Iynii = Rbpg Xje1jet Won,jXpn,j (6.7)

3 _ i Mpn1 J J
Iynii = RbniWont ijl /ab,n,lpb,n,z Zpnl (6.8)

where, vf,,n,pCN (0, of) is the additive white gaussian noise (AWGN) with zero mean and variance of, wy, ;
denotes the precoding vector. I; ., ; and I}, , ; respectively signifies the inter-cluster interference and intra-
cluster interference at u},,,. As THz performed better at short distances in the proposed system the SBS
employs the THz band for communications and the macro cell employs the RF band for communication. The
inter-cell interference between the macro cell and small cells in the proposed system is mitigated due to the

employment of different channels. Moreover, the small cells are placed in such a way that the interference

amongst them is also alleviated.

The cellular users forward the signals to the D2D pairs, by clustering them through the proposed AAB scheme.
Let there be W cellular users that act as relays. Consequently, the total number of D2D clusters turns out to be
W. The set of D2D pairs is signified by b = {dy, dy, ..., dy, ...dr} Where, d; is f™* D2D pair. Let the total
number of D2D pairs in the cluster of wt"cluster of D, ,, sector of b*" BS be F,, , ,,. The signal forwarded by

the uy,,, cellular user for d; be expressed as

_ vibn / f f
Xbaw,f = Z[:fw ab,n,wqhn'W.f Zpnw (6.9)

Then, the received signal at u}, ,,, is given by

Ybnwf = hb,n,w,be,n,w,f /alf,nlw(:lb,n,w,lel:n,w + Il},n,w,f + Il?,n,w,f + ﬂb,n,w,f(6-10)

Il},n,w,f = hb,n,w,f Zyll,iiw Whn,i,f Xbni.f (6.11)

2 _ Fb,n,w J J
Ib,n,w,f - hb,n,w,be,n,w,f Zj:l 1/ab,n,wq.b,n,w,fzb,nw (6-12)

where hy, , \,, ¢ signifies the THz channel and wy, ,, ,,, ¢ is the denotes vector of dy. ( , w, f is the transmit power
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of uy, fords, m,,, -~CN(0,of) is the AWGN with variance of. I, and I, » respectively signifies

inter-cluster and intra-cluster interference.

The RF channel with Gaussian distribution of h~CN(0,t) [105] with zero mean and t variance. Channel

gain for RF channel is expressed as
hl ., = 10~ V(@/10) (6.13)
The RF channel path loss [105], at d (km) from the transmitter, is given as
V(d)[dB] = 148.1 + 37.6 log,,(d) (6.14)

where y'(f, d)denotes path loss at d distance away from the BS at frequency f, represents the antenna

gain, ¢ signifies the angle of departure. () represents the array steering vector, and it is calculated as

R(p) = J%_T [1, ..., eJrlnsing] _ oiA(Nr=Dsinel] (6.15)

The THz channel path loss at frequency f and traveled distance d is calculated as
y(f,d)[dB] = 20 logso (1) + 10g(f)d logsee (6.16)

here, A, is the wavelength of f and g(f) is the frequency-dependent medium absorption coefficient. In the
THz channels, the atmospheric attenuation in water vapor molecules is considerably greater than in air
molecules. In this paper, simply the influence of water molecules is considered for uncomplicatedness. The

parameters of g(f) are given in [105].

The SINR of u}, ., is calculated as

i i 2
i ap 1Pty n i Whntll
i — bnl¥bnll"pn1"bnl Ve
SINR} ., = T (6.17)

) : ) 2
L ]
Yj—1,j21Pbn,jll Ry niWhon,jlI? +Zj=1 apniPbni | | R n, Wbl | | +o}

If the bandwidth of the channel is represented as B, then from the capacity model in [105], the rate at uli,,n,l

is calculated as
Ry =710go(1+ SINR ) (6.18)

The total power consumption of bt" BS in D, ,, sector [105] can be expressed as

Pon = Pih + E&i=1 Pont) (6.19)

here, &is the power amplifier, the circuit power of D,,,, sector of b** BS is represented as ng;. Let power
consumption of MBS be P,,,. The energy efficiency is expressed as the ratio of the sum rate and to the total
power consumption and can be calculated BS as
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L bnl i
B Xl=1Xi—{  Rpni

EE =Dp= 6.20
system b=1 Z]r\llzl Phn ( )

6.3 Proposed Antenna Angle Bound (AAB) Clustering

In the literature, the antenna beamwidth of the user devices has not been considered, and they were simply
presumed to be omnidirectional. Such considerations enhance the interference between the users. In the
proposed system the cellular users employ NOMA and the proposed AAB clustering technique to put the D2D
pairs into clusters. The AAB clustering technique considers directional antennas, this greatly reduces the inter-
user interference. The AAB clustering technique employs antenna beamwidth signified as @’ . Fig. 6.4 shows
the proposed small cell with AAB clustering. Algorithm 6.1 shows pseudocode for AAB. The condition put
on the cellular users for AAB is it can serve almost two users. The remaining D2D pairs will be served by

other cellular users.

The beam direction of uy’,, is given as
a, = |@” £+ 0| (6.21)
where, @ signifies the relay coordinate angle and © is an arbitrary constant angle provided
o <=l (6.22)

Equation (6.22) limits the direction of u},, relay beam towards D2D pairs. Let the coordinate angle of j** D2D

pair be denoted as ;.

Fig. 6.4. Proposed Small cell with Antenna angle bound (AAB) clustering.

Remark 6.3: All the angles are taken in degrees, as positive angles, and the SBS BS is considered at (0,0). The

direction of the beams of the cellular users is randomly chosen as either @ + 6 or @ — ©. ¥; and ¥; denotes

the coordinate angle of the D2D pair.
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Algorithm 1 for Antenna Angle Bound Clustering

for i= 1: total number of Relay
for j = 1: total number of D2D pairs
With the help of coordinate points of users,

Calculate @; ;: the angle between the i*" relay beam direction and j** D2D

@,; = |a; — @ (6.23)
IfO < |ZUi’j| < ?
then

The jt* D2D pair can be clustered by it" relay
end
end

end

6.4 Simulation Results

In this section, the numerical results of the achieved sum rates, power consumption, and energy efficiency are
presented to show the effectiveness of the proposed hybrid system for the 6G model with the proposed AAB
clustering technique. The proposed hybrid 6G system employs THz mMIMO NOMA at SBS and RF mMIMO
NOMA at MBS. In the simulation results, we have named the proposed hybrid 6G system model with AAB
as ‘Proposed THz’. We have compared ‘Proposed THz’ with ‘Proposed mmWave’ and ‘mmWave Basic’. The
‘Proposed mmWave’ represents the proposed hybrid 6G system model with SBS employing mmWave channel
instead of THz channel, the ‘mmWave Basic’ represents the traditional system model with mmWave mMIMO

NOMA at SBS, RF mMIMO NOMA at MBS, and conventional clustering approaches.

TABLE 6.2: Simulation Parameters

Parameters Value
THz carrier frequency 0.34 THz
RF carrier frequency 2 GHz
Bandwidth at BS employing THz channel 10 GHz
Bandwidth at BS employing RF channel 10 MHz
Radius of MBS 500 m
Radius of SBS 40 m
Threshold distance for D2D pair formation 20m
Noise Power -174 dBm/Hz
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SBS transmitter power 5W
MBS transmission power 42.7 dBm
Amplifier inefficiency 1/0.388
Relay antenna beam width in 90°
azimuth plane, ¥T [126]

35 2100 : : : ; ; :
—— Proposed THz
—A&A— Proposed mmWave
3f — % — mmWave Basic

Sumrate (bps)

Number of Users

Fig. 6.5: Sum data rate versus the number of users.

The comparison of the sum rate versus the number of users in the system is shown in Fig. 6.5. The number of
users is varied from 10 to 50. From Fig. 6.5 it can be observed that the sum rate rises with growth in the number
of users. Moreover, the sum rate of the ‘Proposed THz’ is greater than the ‘Proposed mmWave’ and ‘mmWave
Basic’, this is due to the higher bandwidth of the THz channel consequently, it can deliver high rates.
Additionally, it can be observed that the sum rate of the ‘Proposed THz’ and ‘Proposed mmWave’ is greater
than the ‘mmWave Basic’. This is due to the employment of the proposed AAB clustering technique. The

AAB clustering technique mitigates the interference by employing directional antennas.
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Fig. 6.6: Power consumption versus the number of users.

Fig. 6.6 displays the power consumption evaluation versus the number of users. The number of users is
increased from 10 to 50. It can be noticed from Fig. 6.6 that the power consumption rises with the number of
users. This is due to more power consumption due to more users. Further, the power consumption of the
‘Proposed THz’ and ‘Proposed mmWave’ is less than ‘mmWave Basic’, with the power consumption of the
‘Proposed THz’ being the least. This is due to the employment of relaying techniques. The relays help in
offloading the transmission power of the BSs. Moreover, due to the employment of the proposed AAB
clustering technique, all the transmit power of the relay is directed in one direction, saving it from getting

dissipated in all directions as in the conventional techniques.
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Fig. 6.7: The energy efficiency versus the number of users.

Fig. 6.7 displays energy efficiency against different numbers of users. it can be observed from Fig. .6.7 that as
the number of users rises the energy efficiency also rises. Moreover, it can be perceived that the ‘Proposed
THz’ is more energy-efficient than the ‘Proposed mmWave’ and ‘mmWave Basic’. The energy efficiency is
calculated as the fraction of the achieved data rate and power consumption. From Fig. 6.5 and Fig. 6.6 it can
be seen that the sum rate and power consumption of the ‘Proposed THz’ are maximum and minimum
respectively. Therefore, the energy efficiency of the ‘Proposed THz’ is highest in comparison with the

‘Proposed mmWave’ and ‘mmWave Basic’ systems.
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CHAPTER 7

IMPLEMENTATION OF AN ENERGY EFFICIENT MOBILE SMALL-
CELL FOR BEYOND 5G NETWORKS USING NOMA TECHNOLOGY

In this chapter, an energy efficient mobile small-cell for beyond 5G networks using NOMA technology is
implemented. This chapter integrated the advantage of wide THz bandwidth, spectrum efficiency of mMMIMO
and NOMA, and on-demand services of mobile BSs to form a green 2-tier 6G HetNet. This chapter propose a
track selection scheme (TSS) for flying BS conferring to real-time parameters the flying BS chooses an optimal
path to decrease the flying time, and power consumption of flying BS, and improvement in the energy
efficiency of the 6G HetNet. The simulations examine the performance of the proposed TSS in comparison
with the traditional approaches of flying BS deployment and path designs with the employment of mmWave

channels.

7.1 Introduction

Year on year, the wireless traffic has increased with an increase in the number of wireless devices. The main
reason behind this is a shift in user demands from connection-centric communications, for example, text
messages and phone calls, to data-streaming communication, for example, connected cars, high-definition
video streaming, and smart gaming. A high density of users in small areas such as movies and stadiums large
data transmission load on the macro-cell base stations (MBS) [127]. It is challenging to provide fair broadband
wireless services by the MBS in such high-density areas. Also, the wall penetration loss in indoor scenarios
such as offices, movie theatres, etc., results in high signal attenuation. This has led to the rise of the deployment
of mobile base stations (BS)s. This is a very efficacious key to delivering energy-efficient services to the users.
The mobile BSs can be set up as flying BSs to deliver on-demand services to remotely located users. For
example, blind zones of the wireless communication coverage in ocean communication are common due to a
lack of infrastructure. This issue can be effectively addressed by the deployment of the flying BSs. The flying
BSs can offer attention to such blind zones with onshore BSs [128]. Some research has been carried out in the
past few years in the direction of developing remotely operated flying BSs to serve terrestrial or aerial devices.
Flying BSs provide a much broader coverage range than terrestrial static BSs. Additionally, the Flying BSs
are very cost-efficient and manually operable. This makes them appropriate for numerous mission-critical
applications [129], [130]. The employment of flying BSs can offer better coverage and high-quality service to

users with poor channel conditions.

The total energy of the flying BS is limited. Thus, to improve the performance of the cellular users in beyond

5G systems and reduce communication energy, a collaboration of NOMA and mobile BSs is considered a

promising technology. In this, the energy efficiency and spectral efficiency can be significantly enhanced in

downlink communication. The code division multiple access (CDMA) enhances spectrum efficiency but
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causes multiple access interference. The orthogonal frequency division multiplexing (OFDM) technology
places the subchannels orthogonally to eliminate multiple access interference. However, OFDM allocates a
single subchannel to each user. This creates the problem of resource scarcity. To solve the problem of resource
scarcity, NOMA is employed. In NOMA, the number of users is divided into groups. The channel gain of a
group of users is arranged in decreasing order. In power division NOMA each user functions in the same
time/frequency block where they are differentiated by their power levels. The power division NOMA allocates
power to the signals of the user in the same order as their channel gains. Thereafter, NOMA superimposes
signals for a group of users. Then, NOMA allocates a single resource block to a group of users and transmits
the superimposed signal to the group of users. In this way, using the same resource block signals are
transmitted to a group of users. The multiple access interference in the NOMA is eliminated for the user with
lower allocated power through successive interference cancellation (SIC). The user with higher allocated
power faces interference with the signals of the users with lower allocated power. The SIC successively cancels
interference caused by the signal of higher allocated power. First, the signal with the highest allocated power
is detected, and then it is reconstructed. The reconstructed signal is then subtracted from the superimposed
signal eliminating the interference caused by the signal with the highest power. NOMA enhances spectral
efficiency as it can serve a group of users using the same time/frequency block. Consequently, it also improves

system throughput [131].

The limitations of existing wireless networks such as capacity restrictions and spectrum scarcity can be solved
by the employment of higher frequency bands. The THz communication technology has the potential to realize
the demands of envisioned 6G communication systems. As THz band can provide 10-100 GHz bandwidth,
feeble interference in the absence of full legacy regulation, combine 1000s antennas of sub-millimeter size,
and symbol duration in pico-second range. Moreover, to achieve the target 6G ultra-broadband
communications researcher are exploring of THz channel [132]. However, the THz band has been minimally
explored bands in the whole spectrum. Lately, high data traffic owing to plentiful ground-breaking applications
for ultra-high-definition data put the burden on flying BSs by the adoption of lower sub-6 GHz frequency
bands. Hence, the employment of millimeter-wave (mmWave) channel and terahertz (THz) channel, at flying
BSs in 6G networks can provide a huge spectrum and directional transmission. The integration of THz NOMA
and flying BS technology can fulfill the provisional demands of ultra-high-definition data in small
geographical areas such as movie theatres, offices, stadiums, disaster-affected areas, etc. Moreover, it can offer

robust control and real-time communication services [133].

7.2 System Model

This chapter implement a downlink two-tier HetNet, consisting of a macro-cell and a flying BS. Fig. 7.1 shows
the considered downlink 6G HetNet. The flying BS travel to serve areas with high user density. The MBS is

equipped with N antennas and transmit superimposed messages through NOMA. Total G users are randomly
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distributed with Poisson distribution under the coverage of MBS. We consider the flying BS flying at an
altitude H and s m/s speed of flying.

Flying
Base Station

_T—‘

RF
Communication

() 2%

& Macro-cell

Mobile Small Base Station
Cell

Fig. 7.1. Considered Downlink 6G HetNet
The flying BS is equipped with a directional antenna, and so its beam projects a circle of radius R on the
ground. The trajectory projected on the ground of the mobile cell BS concerning time ¢ is represented as e(t) e
C?*1, The set of all users is represented as U = {ug,u,} where, us and u,, represents a set of users inside
flying BS and macro-cell respectively. If there are N users inside the mobile small-cell then the number of
users inside the macrocell can be givenas K = G — N.

Flying BS

NOMATHz |\
Commurication \

Fig. 7.2. Flying BS enabled communication system.
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The sets of users inside macro-cell and flying BS coverage are respectively represented as ug =
{51,532, ) Sy ey Sy} ANd uy, = {My, My, ..., My, ... My} Where, s, denotes is nt* a user inside macro-cell and

m,, denotes k" a user inside a mobile small-cell. The locations of the users s, € ug and m,€ u,, are denoted

by p; and p;* respectively, and their estimated sojourn time is denoted by tss"p% and tsm"p;‘n respectively.
Sojourn time portrays the probable period that a user is located in a particular cell, and can be calculated from
an enhanced random waypoint mobility model’s cumulative distribution/probability density function, taking
the speed of the user, distance traveled, and time is taken to travel the distance as inputs in the given
distributions [134]. It is presumed that perfect channel state information (CSI) for all users is present at all

BSs. The notations used in the paper are shown in Table 7.1.

TABLE 7.1: NOTATIONS

N, No. of antennas on MBS
N,, No. of antennas on Flying BS
G Total number of users
K Number of users in MBS
N The capacity of mobile small-cell
U Set of all users
Uy Sets of users inside macro-cell
Ug Sets of users inside mobile small-cell
H The altitude of flying BS
e(t) The trajectory of flying BS projected on the ground
R Radius of mobile small cell
pr Location of m,, user
12 Location of s,, user
BRF RF Bandwidth
N,, Number of antennas at the flying BS
N, Number of antennas at MBS
Ry ¢ The transmit power of cluster ¢ of flying BS
R . The transmit power of cluster ¢ of MBS
[P The maximum transmit power of flying BS
Rs oo The maximum transmit power of MBS
hY . Downlink channel of m,, user in ct*cluster of mobile small cell
hg . Downlink channel of s,, user in ct*cluster of macro cell
ak the power allocation coefficient of m,
a” the power allocation coefficient of s,
Vi Received signal at m,, user in c®*cluster in mobile small cell
Vsc Received signal at s, user in ct"cluster in macro cell
£ Drain efficiency of the power amplifier of MBS
E Drain efficiency of the power amplifier of flying BS
RS Circuit power of MBS
RSE Circuit power of flying BS
77;\‘4’6 Additive white gaussian noise at m;,
R ¢ Achievable rate at m;, user of ct" cluster in mobile small cell
RS . Achievable rate at s,, user of ct" cluster of MBS
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In the considered system model, the MBS employs mMIMO NOMA technology for communication. MBS
has a large coverage area and employs Rayleigh fading channel at downlink as it can form strong long-distance
communication links. Flying BS dynamically moves and serves the users via NOMA technology. Fig. 2 shows
a flying BS-enabled communication system. The flying BS has a coverage radius R on the ground and flies at
an altitude H. To deliver high-speed and short-distance services flying BS employs a THz channel at the
downlink. The use of different frequency bands at flying and MBS BS transmitters mitigate cross-tier
interference. MBS and flying BS both use NOMA for downlink communication. NOMA uses superimposition
coding to simultaneously serve q users clustered in a group with the same resource block. Upon receiving the
signal, the users decode the message using successive interference cancellation (SIC). It is assumed that there

are C clusters inside each cell.

The superimposed signal transmitted by the MBS for ¢t cluster with g users is given as

— V4
Xsc = Lin=1+ A5cPsc Z5c (7.1)

here, zy; . denotes the modulated signal of s,, ag . signifies the power allocation coefficient of s,,, and Fg .
represents transmit power for c¢** cluster and is limited by »¢_; Ps . <PFs __ where, Fs _ is the maximum

transmit power of MBS.

Then, the received signal by the user s, over the 1xCxug channel matrix H where, H ={h¢, ... .,hgc} is

given by
y_?,c = h?,cWS,C\/ ag‘l,cPS,cZI\T/lI,c + Ig,c,n + I_sg,c,n + ngc (7.2)
Ibl,c,n = h?,c ]C=1,j¢c Wg i Xs j (7.3)
Ibg,c,n = h?,cWS,c Z?=1 a£,CPS,c Z_sz,c (7.4)

17 .~CN(0, oz) is the additive white gaussian noise (AWGN) with zero mean and variance o7, wg; is the

precoding vector, I3 ., and I¢.,, denotes inter-cluster interference and intra-cluster respectively. For the RF
channel model, the Rayleigh fading channel is considered with Gaussian distribution of h~CN (0, £) [19] with
zero mean and g variance. The large-scale fading is characterized by fencompassing penetration losses, path

loss, shadowing losses, and antenna gains in NLoS path. Channel gain for RF is given by
A, = 10-L@/10) (7.5)

The path loss for RF channel [19], at traveled distance d®F (km), is given as follows:
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L(d)FF[dB] = 148.1 + 37.6 logyod*F (7.6)

The signal to interference and noise ratio (SINR) of the s,, in cluster ¢ of MBS is given by

n n 2
ag Pscllhg Wscll
n _ S,ctScllitg cWS,c
SINRS’C T a.vC n 2.v4 ) n 2 (77)
Gc"'Zj=1_j==cP.s‘,j||hs_¢WS,j|| +Z]'=1aSICPS,C“hS‘cWS,C”

Through the capacity model in [20], the rate of s,, in the cluster c is calculated as
BRF
R?’C = v lng(l + SINR?‘C) (78)

where BRF is the RF bandwidth employed at the MBS.
The flying BS moves dynamically to serve users in the macro cell. The flying BS finds its target location [;
according to TSS. Then flying BS employs NOMA to send the downlink signal to the users. The superimposed

signal transmitted by the flying BS for ct" cluster with g users is given as

— V4 / k k
xM,c_ k=1 aM,cPM,cZM,c (7-9)

here, zj; . denotes the modulated signal of my,, af; . signifies the power allocation coefficient of m;,, and By, .
represents transmit power for c*”* cluster and is limited by Y.6_; By . < Py ar WHETE, Ry is transmit power
of MBS.

Then, the received signal by the user m;, over the 1xCxu,, channel matrix H, where H ={h},, ..., hy; .}

is given by

ylllfl,c = hlkvl,cWM,c /aII\C/I,CPM,cZI\IfI,c + Il\lxl,c,k + II\Z/I,c,k + n;\(,],c (7-10)

_ 1k c
11l14,c,k = hpc Zj:l,j#:c W, iXm,j (7.11)

2 _ pk q j j
I = M cWne Xj—q /aM,CPM,CzM,C (7.12)

1%, .~CN(0, o%,) is the AWGN with zero mean and variance oz,, wy ; is the precoding vector, I; ., and I} . .
denotes inter-cluster interference and intra-cluster respectively. The flying BS uses the THz channel model

[105], and the channel gain hf; . is given as

Hre = N iz @0 (1.0 (7.13)

here L(d) represents path loss at d distance from the flying BS,  signifies the antenna gain, ¢ is the angle of
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departure, a(¢1";lc g) represents array steering vector which is given by

k _ 1 , . , = . !
o (¢M’C’g) == [1,.., efnlnsingl_ oinlWm=Dsingl]  (7.14)

The path loss due to spreading and molecular absorption cannot be ignored. The path loss of the THz signal is

given as
L(@)[dB] = 20 logy, () + 10r(f)d logsee (7.15)

here, 4 represents the wavelength of the carrier frequency f, and r(f) is the frequency-dependent medium
absorption coefficient as given in [105]. Let B represent the utilized bandwidth of THz channel.

The SINR of the user m;, in cluster ¢ of flying BSis given by

k k 2
ant cPucllfp,c Wi cll
SINR}, . = - . — - 5(7.16)
Gg+2j=1,j¢cPM,j||hm,CWM,j||2+Zj=1aM‘CPM‘C“hM‘CWM‘C”

Thus, the rate of user m, in the cluster, c is given by
R = Zlog,(1 + SINRY, ) (7.17)

The total power consumption of MBS [105] can be expressed as
Rg = Pgir + 5(25:1 Fsc) (7.18)

where RS s the circuit power of MBS, & is the drain efficiency of the power amplifier of MBS. RS can be

expressed as
FS™ =Py, + NxPg + N;Rp + N,R, (7.19)

where Ny is the number of RF chains, R, Py, Pp, and R, is respective power utilization of baseband and at
each RF chain, phase shifter, and amplifier. The energy efficiency of the MBS is the ratio of the profit brought

by the long-term utility of capacity to the total power consumption and can be expressed as

Cc q n
ZC=1 Zi=1 RS,C

BEuns = 5 26 750 (720
The power expenditure of flying BS can be given as
Py = PFii + &, (Bé=1Puc) (7.21)
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where, RS is the circuit power of flying BS, &, s the drain efficiency of the power amplifier.

The energy efficiency of the flying BS can be expressed as

Cc q k
_ Zc:l Zi=1 RM,c

EESBS - (7.22)

Fu
The energy efficiency of the system can be expressed as

EES}/S - EESBS + EEMBS (7.23)

7.3 Proposed Track Selection Scheme (TSS)

The total flying BS target locations present for period T are assumed to be W and are defined in set £ =

{1, 1, ... Y, ..y, }. The flying BS requires a time t“'i to move from location [ to I} to serve a set of users u;;
att;. The capacity of a mobile small cell IS defined as

N. The total number of users at t; in the set u, is M' provided N > M%, v}, € £. Each user m,li in the

L . . ki L .
considered set u;f, is located at pJ*, and has sojourn time ¢, . If user m, i € u;; is covered by flying BS, then

mk"i
S

the time is taken to serve the user my'i is t,,, " = max {0, t;*" — t'! }. The dynamic movement of the flying

BS causes superfluous overhead, to alleviate this overhead the flying BS is deployed once every period T

i : . - .
provided T >t *',vm,'i € ui;,. To design a green 6G HetNet, TSS optimizes the path of flying BS by
selecting to order of target location to be served, period T. This order of target locations is selected according

to three parameters. First, travel time, second, user density, and third request in the queue. The request of each

user 4™ is defined in a queue set Q. Algorithm 7.1 explains TSS. Algorithm 1 initially defines L as an empty
set to store the target locations. The algorithm first sorts the target locations according to travel time, and if
the travel time of two target locations is the same, it checks user density and selects the next location with
higher user density. If user densities of the two target locations are also the same then the algorithm checks
the request in the queue and selects the target location with smaller queue requests. The computational

complexity of Algorithm 1 is O (W?2).

Algorithm 7.1 for TSS

Input: £, u}, t;”"*i, tt O, MY, T, N
Output: t;,vl; €£
l. L« O
2. fori=0toW
sort locations t; according to travel time ¢\t
L t[i]
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forG=i+1Li<W;j++)
if (t [[]==1[j])
check user densities
if Mi[{] = M![j]

a = t[i]
Hi] =1[]
1[j]=a

elseif M'[i] == M![j]
check queue requests
if di[i] < 4q'[j]
a = 1[]
Fj] =1[i]
ti]=a
end if
end for

end for

7.4 Simulation results

In this section, the efficiency of the proposed TSS in the flying BS system model deployed in a two-tier HetNet
is presented through simulation and is compared with other traditional schemes in terms of flying latency,
power consumption, and energy efficiency. Table 7.2 shows considered simulation parameters. In the
considered downlink 2-tier HetNet, the MBS is in the cell center, and flying BS is in the coverage of MBS.
The users are randomly moving throughout the cell, within the scope of their allied BS. The considered system
model uses the mMMIMO RF NOMA technology at MBS and THz NOMA technology at the flying BS. We
labeled the proposed 2-tier flying BS HetNet with TSS as ‘Proposed THz’ and compared it with two network
models. First, uses the mMIMO RF NOMA technology at MBS and mmWave channel, NOMA, and proposed
TSS technology at the flying BS, and is labeled as ‘Proposed mmWave’. Second, uses the mMIMO RF NOMA

technology at MBS and mmWave NOMA at the flying BS, and is labeled as ‘Basic’.

Table 7.3: Simulation Parameters

Parameters Value

Radius of macrocell 2 km

THz carrier frequency 0.34 THz [105]
RF carrier frequency 2 GHz
Bandwidth at BS employing THz channel, B 10 GHz [105]
Bandwidth at BS employing RF channel, BRF 10 MHz
Altitude of mobile small cell, H 100 m [135]
Radius of mobile small cell, R 300 m [135]
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Speed of mobile small cell, s 50 m/s [135]
Number of antennas at the flying BS, N,, 1
Number of antennas at MBS, N, 100 [135]
Noise Power in macro cell, o2 -174 dBm/Hz
Noise Power in mobile small cell, 62, -109 dBm
Maximum transmitter power of MBS, P 43 dBm
Maximum transmitter power of Flying BS, By, . 10 dBm
The circuit power of flying BS, R&" -10 dBm/s
Baseband power consumption R, 200 mW
RF chain power consumption, Py 160 mW
Phase shifter power consumption, Pp 40 mW
Amplifier power consumption, P, 20 mW
Drain efficiency of MBS amplifier and flying BS amplifier, 1/0.38 [135], [136]
Sand &
The deployment interval, T 500 s

450 . . . T . T T

—&— Proposed THz
400 r * — Proposed mmWave
—#— Basic
350 .

Flying time (s)
- N N
()} o ()}
o o o

N
o
o

20 30 40 50 60 70 80 90 100
Number of Users

Fig. 7.3. Flying latency v/s Number of users.
Fig. 7.3 shows the comparison of flying latency ofthe ‘Proposed THz’ with ‘Proposed mmWave’ and ‘Basic’.
The number of users is varied from 20 to 100. It can be observed from the figure that as the number of users
rises the flying latency also rises. The flying latency of the ‘Proposed THz’ and ‘Proposed mmWave’ is less
than ‘Basic’. This is due to the proposed TSS selecting the path of flying BS first according to the required
travel time and saving flying latency. The flying latency of the ‘Proposed THz’ and ‘Proposed mmWave’ is

the same. This is because the channel does not have any effect on flying latency.
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Fig. 7.4. Sum Rate v/s Number of users.

Fig. 7.4 shows the comparison of total power consumption of flying BS of the ‘Proposed THz’ with ‘Proposed
mmWave’ and ‘Basic’. The number of users is varied from 20 to 100. It can be observed from the figure that
as the number of users rises the sum rate also rises. From Fig. 7.4 it can be observed that the sum rate of the
‘Proposed THz’ is more than the ‘Proposed mmWave’ and ‘Basic’. This is due to huge bandwidth provided
by THz communication channel when compared with mmWave and RF channel used in ‘Basic’. The massive
bandwidth available in THz channel aids in improving the sum rate of the ‘Proposed THz’. Similarly, the
mmWave channel provide larger bandwidth than the RF channel, therefore the sum rate of the ‘Proposed

mmWave’ is greater than the ‘Basic’.
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Fig. 7.5. Flying BS power consumption v/s number of users.

Fig. 7.5 shows the comparison of total power consumption of flying BS of the ‘Proposed THz’ with ‘Proposed
mmWave’ and ‘Basic’. The number of users is varied from 20 to 100. It can be observed from the figure that
as the number of users rises the flying BS power consumption also rises. The flying BS power consumption
of the ‘Proposed THz’ and ‘Proposed mmWave’ is the same because the channel does not have any effect on
the flying BS power consumption. Moreover, the power consumption of the ‘Proposed THz’ and ‘Proposed
mmWave’ is less than ‘Basic’. This is due to the proposed TSS selecting the path of flying BS first according
to the required travel time. The travel time is defined as the ratio of travel distance and speed of flying BS.
Less power is consumed to travel shorter distances. TSS efficiently plans the path of flying BS to save flying

circuit power consumption.
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Fig. 7.6. Energy efficiency v/s number of users
Fig. 7.6 shows the comparison of energy efficiency of the 2-tier HetNet for the ‘Proposed THz” with ‘Proposed
mmWave’ and ‘Basic’. The number of users is varied from 20 to 100. It can be observed from the figure that
as the number of users rises the energy efficiency reduces. The energy efficiency of the ‘Proposed THz’ is
more than ‘Proposed mmWave’ and ‘Basic’. This is due to both the THz channel and proposed TSS. As energy
efficiency of the system is defined as ratio of rate and power consumed. From Fig. 7.5 it can be seen that the
power consumption of the ‘Proposed THz’ and ‘Proposed mmWave’ is less than ‘Basic’. Moreover, the
achieved rates of THz channel are better than mmWave channel due to its larger bandwidth. This enhances

the energy efficiency of the ‘Proposed THz’.
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CHAPTER 8
ENERGY EFFICIENCY CLUSTERING IN A MOBILE SMALL-CELL
USING NOMA D2D TECHNIQUE IN BEYOND 5G NETWORKS

In this chapter, energy efficient clustering in a mobile small-cell using NOMA D2D technique in beyond 5G
networks is designed. we put forward a mobile BS-based 6G HetNet that integrates THz communication,
mMIMO, NOMA, and D2D technologies. This chapter propose a joint power allocation and clustering scheme
to enhance the performance of the proposed 6G mobile small cell system. As ML provides more accurate
outcome prediction. This chapter first propose an energy-efficient mobile small cell system model. Then, a
novel fuzzy logic system that exploits channel gains to design optimum power allocation in NOMA is
proposed. Further, this chapter propose a clustering scheme that effectively integrates user device antenna
parameters, NOMA, and D2D communication to reduce interference and enhance the energy efficiency of
MSBS. The MSBS moves over the macro-cell and uses NOMA to provide services to the users, while these
users form clusters and relay this information to D2D user pairs via the same resources at the same time.
Simulation results demonstrate that the proposed schemes for mobile small cell-based 6G HetNet can realize
enhanced system performance, compared with the state-of-the-art methods in terms of sum rate, power

consumption, and energy efficiency.

8.1 Introduction

In the upcoming wireless communication generation beyond 5G (B5G) and 6G networks, a massive number
of additional users and communication devices will be connected to the network. Leads to high latency, signal
interference, low data rates, and mammoth data traffic demanding ultra-high-definition data services at hot-
spot areas such as stadiums, disaster areas, concerts, movie theatres, and offices. An additional huge expense
will be required for installing new BSs at such locations for temporary communication services. New
technologies are emerging to address these issues and develop a 6G wireless network. Mobile small cells are
one of these incipient technologies. The mobile small cell technology is a very effective technology to bring
energy-efficient user services. Moreover, the terrestrial BSs single-handedly face many issues such as low
quality of service in areas with high user density. Further, there are areas where signals cannot reach and this
is common in ocean communication or hilly terrains are common due to lack of infrastructure is another issue.
Additionally, terrestrial BSs are inoperable in the disaster area. The MSBS can effectively offload the
terrestrial BS seamlessly and can provide an impeccable connection between transmitter and receiver. These
issues can be effectively addressed by the deployment of the mobile small cell BSs (MSBS)s [137]. This
embarks more heterogeneous and denser wireless networks. MSBSs have the potential to efficiently deliver
on-demand services to remotely located users, blind zones, and densely located users. Especially, in rural
scenarios, the MSBS can deliver wireless facilities to the areas with deprived network services such as

cultivation areas, inaccessible zones, industry sweatshops, construction areas, etc, [138]. Few works has been
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carried out in the past few years in the direction of developing remotely operated flying BSs to serve the
terrestrial or aerial devices. Unmanned aerial vehicles (UAV)s when deployed as MSBSs, provide a much
broader coverage range than terrestrial BSs. MSBSs can deliver better communication services due to their
ability to form close-range line-of-sight (LoS) wireless connections. Additionally, the MSBSs are very cost-
efficient and fully manually operable. This makes them appropriate for numerous mission-critical applications
[139], [140].

In designing wireless systems, proficient information of procedures like detection, coding, modulation, etc.,
are required by mathematical and statistical tools. However, practical conditions like time disparities due to
high user mobility, hardware deficiencies, latency, etc. can lead to signal distortions. To address these issues
in 6G, machine learning (ML) is seen as prime technology as it can aid in enhancing system performance even
with deficient system characteristic knowledge. ML can be used to execute tasks that comprise manipulation,
reasoning, learning, planning, perception, and problem-solving in an intelligent manner. Hence, ML will equip
6G with intelligent system control. The device-to-device (D2D) communications are considered for aiding
energy efficiency, fairness, latency, and throughput enhancements [141]-[143]. The device-to-device D2D
communications allow high data rate applications and services like connected cars, high-definition video
sharing, and vicinity-aware social networking. Mobile small cells thus refute the requirement for installing
and maintaining supplementary network infrastructure by the network operators. The total energy
consumption of the MSBSs is a critical performance parameter as it has limited battery life. Consequently, the
greatest challenge in MSBS deployment is considered energy consumption minimization. Thus, to improve
the performance of the cellular users in the 6G system and reduce communication energy consumption, a
collaboration of ML, NOMA, THz, D2D communications, and mobile small cells are considered capable

technologies.

8.2 System Model

We study a downlink 6G wireless communication network, containing a macro-cell and mobile small-cell.
The mobile. the small cell can move to serve high-density locations in macro-cell. The MBS employs mMIMO
NOMA and has Ny antennas. Total U users are considered in the system and their distribution is considered
as stochastic. The mobile small cell BS (MSBS) is considered to be flying at a height Hr and moving with
speed $. N, directional antennas are fabricated on MSBS to project a circular beam on land with a radius R. It
is presumed that perfect channel state information (CSI) for all users is present at all BSs. The set of all users
is represented as U = {u,, u,,} where, u, and u,, represents set of users in macro-cell and mobile small cell
respectively. It is presumed that perfect channel state information (CSI) for all users is present at all BSs. The
sets of users inside macro-cell and mobile small-cell are respectively represented as wu, =
{b1, by, ..., by, ..., by} and u,, = {d;,d,, ..., dy, ...dg} Where, b, symbolizes is nt* user in macro-cell and n,

symbolizes k" a user inside a mobile small-cell. The user locations b, € u, and d, € u,, are represented by
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p2 and pg respectively, and their estimated sojourn time is represented by t2 and tZ respectively. The probable
period of a user to be present in a particular place is depicted by Sojourn time. It can be calculated from an
enhanced random waypoint mobility model’s cumulative distribution/probability density function, taking the
speed of the user, distance traveled, and time is taken to travel the distance as inputs in the given distributions
[144]. Fig. 8.1 shows the considered downlink 6G HetNet model. The notations used in the paper are shown
in Table 8.1.

Mobile small-cell
Base Station

RF
Communication

()
Y
o oM 9 ¢ &
Macro-cel
o Macro-cell ¢
Base Station

Fig. 8.1. Considered Downlink 6G HetNet model.
In the network model under study, the MBS employs Rayleigh fading channel and MSBS uses THz NOMA
technology for signal transmission. This employment of different spectrum bands alleviates cross-tier
interference in the network. Total C clusters are assumed inside each cell where each cluster contains g users.

The MBS transmits superimposed signal for b,, and is given by

Xpe = ﬁzl,/a’glcl?b,c ZZ},C (8.1)

here, z; . denotes the modulated signal of b, aj . signifies the coefficient of power allocation, and P,
signifies transmit power for ¢*”* cluster and is limited by Y:5_; B, . < Ry 0 Where, By, is maximum MBS
transmit power.

Then, the user b, receives the transmitted signal over the channel matrix H where H ={h;, ., ....,hflc} is

given by
n _ pn n n 1 2
yb,c - hb,ch,c ab,CPb,CZb,C + Ib,c,n + Ib,c,n + T]Z,C (8-2)
1 — Cc
Iyen = hpe Zj:l,jic Wh,jXb,j (8.3)
2 _ pn g J J
Ib,c,n = NpWpe Zj=1 ab,cpb,c Zhc (8.4)

105



TABLE 8.1: NOTATIONS

Ny No. of MBS antennas
U Number of users in macro cell
U Set of all users
Up Sets of users inside macro-cell
um

H

S

R

Sets of users inside small-cell
Height of mobile small cell
Speed of mobile small cell
Mobile small cell radius

pg Location of d;, user

pk Location of b,, user

f3 Channel Bandwidth employed at MBS
N; Number of antennas at the MSBS
Ry The transmit power of cluster ¢ of MSBS
Rp.c The transmit power of cluster ¢ of MBS

The maximum MBS transmit power

Ry The maximum of MSBS transmit power
max

Ak The maximum of transmit power of d;
max

hk . Downlink channel of d;. user in c**cluster of mobile small cell
be Downlink channel of b, user in ct"cluster of macro cell
ak . the power allocation coefficient of d,
ap . the power allocation coefficient of b,
S Received signal at d;, in mobile small cell
Vb Received signal at b,, in macro cell
Q Inefficiency of the power amplifier of MBS
Qm Inefficiency of the power amplifier of MSBS
cir MBS circuit power
RS MSBS circuit power
My ¢ Additive white gaussian noise at b,,
M e Additive white gaussian noise at d;
be Data rate at b,
RE . Data rate at dy,

1, .~CN(O, o2), denétes the additive white gaussian noise (AWGN) with zero mean and variance o2, wy, .

is the precoding vector, I; . ,, signifies inter-cluster interference and IZ . ,, signifies intra-cluster interference.
The channel hj . is considered with Gaussian distribution of h~CN (0, ») [20] with

zero mean and y variance. The hj . is given by
hZ. = 10-CLMFF/10) (8.5)
The path loss of considered channel [18], at a distance RF (km), is given as follows:

L(r)®F[dB] = 148.1 + 37.6 log,,rR’F (8.6)

The signal to interference and noise ratio (SINR) at b,, is given by
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n n 2
ap Pp, [lhy Wp, [l
SINR}, = e z (8.7)

c pn 112459 j n
On+ Y1 juc Po jlIhG W il +Zj=1ab,cpb’fllhb,cwbﬁ”

The rate of user b,, through the capacity model in [19], which is given by

R} ==log,(1+ SINRE,) (8.8)
where £ is the channel bandwidth employed at the MBS.
Mobile small
cell BS

I

Fig. 8.2. Proposed MSBS communication system model.

Fig. 8.2 shows the proposed MSBS communication system model. The mobile small cell finds its target
location [;, with maximum user density. Each user m;, in the considered set u,, is located at py*, and has
sojourn time t;”*. The dynamic movements of the mobile small cell cause superfluous overhead, to alleviate
this overhead the mobile small cell is deployed once every period T provided T > t;*, Vm;, € uy. To save
power and improve the energy efficiency of the networks, the mobile small cell is divided into two sections;
inner and outer. The users inside the outer section form D2D pairs with each other. The set of D2D pairs is
represented by D = {p;, p, ..., Ps, ... s} Where, p, symbolizes is st* D2D pair. The MSBS sends the multicast
signals to the users inside the inner section through NOMA. The MSBS employs the proposed fuzzy logic-
based power allocation scheme when transmitting signals to the inner section users through NOMA.. The users
inside the inner section receive the signals and form clusters through the proposed clustering scheme.
Thereafter, these users relay the signals to the D2D pairs.

The users in the inner section are divided into E clusters having g users in each cluster, then the
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superimposed signal transmitted by MSBS for d,, in et® cluster is given as

_ V9 ’ k k
Xdge = Lp=1_ |QqePde Zde (8.9)

here zk, denotes the modulated signal of
dy, a’;;,e signifies the power allocation coefficient of d,, and P . represents transmit power for et" cluster in
MSBS and is limited by Y>5_, Ry, < Rg... Where, By is the maximum transmit power of MSBS. Then,

the received signal by the user dj, over the channel matrix H where H' ={hj,, ..., hg_e} IS given by

ytlic,e = hs,ewd,e /ag,epd,eztlic,e + Ié,e,k + Ig,e,k + n’é_e (8-10)

1 — Lk E
Ijer = hge2j1jre Wa,jXa; (8.11)

2 _ pk g J j
[Gex = haeWae Zj=1 /ad’ePd,e Zje (8.12)

1% ,~CN(0, o3) is the AWGN with variance o7, wy, ; is the precoding vector, I , , and I3 , , denotes inter-
cluster interference and intra-cluster respectively.

THz channel model [105], and the channel gain A} . is given as

Rl e = N e @0 (87,00 (8.13)

here L(d) represents path loss at d distance from the flying BS,  signifies the antenna gain, ¢ is the angle of

departure, a(¢’1§,e g) represents array steering vector which is given by

R P infnsi in[(Ng—1) sin ]|
o (0feg) = Eh, ., edrlnsind] | pjrl(Nm=Dsinel] (g 14)

The path loss due to spreading and molecular absorption cannot be ignored. The path loss of THz signal is

given as
P(r)[dB] = 20 log,o () + 10 b(f)r logsee (8.15)

here, A represents the wavelength of the carrier frequency f, and b(f) is the frequency-dependent medium
absorption coefficient as given in [105].

The SINR of the user m, in cluster e of the mobile small cell is given by
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Thus, the achieved rate of user d,, is given by
k B k
Rge = 710g2(1+ SINR; ) (8.17)

where B is the THz bandwidth employed at the MSBS.

The users in the inner section form clusters of D2D pairs in the outer section, through the proposed clustering
scheme. Let there be M relays in the inner section forming one cluster each in the outer section. The total
number of clusters becomes M. Let the total number of D2D pairs in each cluster be S. Let the cluster formed

by the user d; be m. Then the signal is forwarded by d; to D2D pair p, and it can be expressed as

Vsk = hs,kWs,k\/ as ks i Zs i + Isl,k + Isz,k + Ns k (8.18)
Igie = g g iy jsem Wik Xik (8.19)
Isz,k = hgWs i Z?=1 VG kB kZk (8.20)

here hg, denotes the channel between ps and d,. The power of the user d; used in transmitting the signal

to p, is denoted by Q;; and is limited by ¥3_; Q5 <0y where (... is the maximum transmit power of

max
di. n,,~CN(O, o%) is the AWGN with variance oZ, wg is the precoding vector, I, and IZ, denotes inter-
cluster interference and intra-cluster respectively.

Therefore, the SINR at p, is expressed as

2
SINRS,k — aS,kQS,thS,kWS,k” (8.21)

2
2 M S J
BTN e Qs ks scWind P+ 251 @l s |l iwsl |

Thus, the achieved rate of user p, is given by
Ry = Blog,(1+ SINRy,) (8.22)

The total power consumption is defined as the summation of power consumption in transmission and circuit

power consumption [20]. The power consumption at MBS can be expressed as
Py = R + 9(XEE1 Py ) (8.23)

where the MBS circuit power consumption is denoted by PS™ the MBS power amplifier's inefficiency is

represented by Q. The total power consumption of MSBS can be expressed as
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Pa = P§" + 9a (X1 Pae) (8.24)

The total power consumption of d;, consumed in transmitting the signal to the D2D pair pg can be expressed

as

Qe = Q" + @5 (X3=1 Us) (8.25)

where, Q5™ is the circuit power of the user dy,, g, is the inefficiency of the power amplifier. Hence, the system

power consumption can be given as
Psystem =P, +Py + ZrMn=1 Uk (8.26)

To design a green 6G system energy efficiency is an important performance parameter. The total energy
efficiency is expressed as the ratio of sum rate and power consumption. The energy efficiency of the MSBS
can be expressed as

_ X6 XL R,

EEMSBS —_ T (8.27)

8.3 Proposed Fuzzy based power allocation

The MSBS employs the proposed fuzzy logic-based power allocation scheme when transmitting signals to
the inner section users through NOMA.. Fuzzy logic employs fuzzy sets to understand the data and apiece set
embodies terms like ‘small’, ‘big’ etc. The fuzzy sets employ membership functions to show the constancy of
a component. The degree of membership is defined between 0 to 1, where 0 specifies a non-membership and
1 directs a full membership. In this paper, we use triangular functions as their computational complexities are
comparatively less than the other fuzzy membership functions. Such system comprises of a fuzzifier,
defuzzifier, and intellegence block. The output of our fuzzy logic system is the power allocation coefficient.
The computational complexity of the fuzzy logic system is based on the number of input rules.

It is assumed that the perfect knowledge of CSI is present at the transmitter. The transmitter transmits the
signals to the users employing NOMA. For simplicity, two numbers of users are assumed in the system.
NOMA allocates power between 0 and 1, to the users. The power allocation coefficient in NOMA depends on
the channel gain [145]. A lower power allocation coefficient is allocated to the user with higher channel gain
and vice versa. The objective is to allocate optimum power to all the users. For this, in the proposed method
the channel gains of both the users are determined. Then the difference between these channel gains is given
as input of the fuzzy system. Fig. 8.3 shows the input fuzzy variable namely channel gain difference. The
fuzzified input of difference between the channel gains into the fuzzy system is divided into three membership
functions. That is ‘Low’, ‘Average’, and ‘High’. The rule base consists of three rules. Rendering to the

association among channel gain differences, the power allocation coefficients are estimated by the fuzzy logic
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system based on the information on user channel gains.
1

Low Average High

Degree of membership
o
(6]
[

| | | | | | | |

0 01 02 03 04 0.5 06 07 08 09 1
Channel gain difference

Fig. 8.3. The membership of the channel gain difference.
Remark 8.1: The number of input variables influences the fuzzy logic system sensitivity. The numbers of fuzzy
rules inputs influence the computational complexity of the fuzzy logic system. Therefore, number of fuzzy

membership functions cannot be extensively raised in this chapter.
1

Low Average High

Degree of membership
o
ol
[

0.5 0.75 1
Power allocation Coefficient

Fig. 8.4. The membership of power allocation coefficient.
The universe set is represented as y which contains a fuzzy set R. 3y is a membership function such that
Or: v = [0,1]. 8 (o) represents the grade of membership to R provided o .
In the fuzzy logic system, the fields of the input variable are designated according to the scenario. This paper
employs Min-Max inference method. The Centroid Defuzzification method is employed in the fuzzy logic
system, as the objective is to attain an accurate value of the power allocation coefficient. This method
calculates the solution balance point and the fuzzy region weighted mean. The value of the crisp output field

1 is expressed as
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here r is the number of inference rules in the fuzzy engine and W; is the value of weight matching to i rule,
and dg(y,) is the value of the anticipated truth for that field. Fig. 8.4 is the output fuzzy variable (power
allocation coefficient), which consists of three membership functions.

8.4 Proposed energy efficient clustering
The users inside the inner section act as a relay to forward the signals to the D2D pair through the proposed

energy-efficient clustering scheme. Fig. 8.5 shows the proposed clustering scheme.

The D2D pairs are chosen by the relay based on the relay beamwidth. In the literature, the relays are simply
assumed to be omnidirectional. However, such methods increase the interference due to omnidirectionality.
In the proposed energy-efficient clustering scheme, the width and direction of the signal beam are signified by

¥Tdegrees and @ degrees respectively. The beam direction of i relay is given as

@; = |¥ £ A (8.29)

ds & P d ~ Relay user

@D, p ~ D2D pair
\ N &7 Relay user
Go D2D pair

d«

Fig. 8.5. Proposed clustering scheme.
where, ¥; and y respectively represents the coordinate angle and beam scanning of the relay. To guarantee

that the relay directs its signal beam towards the outer section users we put fowwoing condition on it

o_yT
7 < 1180°—¥7| (8.30)

2

8.4 Simulation results

In this section, the proficiency of proposed schemes is shown via simulation results in comparison with other
conventional methods in terms of sum rate, power consumption, and energy efficiency. Table 8.2 shows the

considered parameters used in the simulation. In the considered 6G HetNet, the MBS is in the center of the
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macro-cell, and MSBS moves in the coverage of MBS. The users are assumed to be arbitrarily moving in the
macro-cell. In the considered 6G HetNet the MBS employs mMIMO NOMA RF and MSBS employs THz
NOMA. We have labeled the considered 6G HetNet with proposed schemes as ‘Proposed THz’. The results
are compared with ‘Proposed mmWave’ and ‘Basic’. In the ‘Proposed mmWave’ system the MBS employs
mMIMO NOMA RF and MSBS employs mmWave NOMA and the proposed schemes. Whereas, in the
‘Basic’ system the MBS employs mMIMO NOMA RF and MSBS employs mmWave NOMA.

TABLE 8.2: SIMULATION PARAMETERS

Parameters Value
Radius of macrocell 2 km

THz carrier frequency 0.34 THz
RF carrier frequency 2 GHz
Bandwidth at BS employing THz channel, B 10 GHz
Bandwidth at BS employing RF channel, 3 10 MHz
Altitude of mobile small cell, H 100 m
Radius of mobile small cell, R 300 m
Speed of mobile small cell, $ 50 m/s
Number of antennas at the flying BS, N, 1

Number of antennas at MBS, Ny 100
Macro cell noise power, 2 -174 dBm/Hz
Mobile small cell noise power, o4 -109 dBm
Maximum transmitter power of MBS, P, . 43 dBm
Maximum transmitter power of Flying BS, Py, . 10 dBm
The circuit power of flying BS, PS” -10 dBm/s
The circuit power of MBS, R§™ 20 dBm
Drain efficiency of MBS amplifier and flying BS amplifier,

cand o, 1/0.38
The deployment interval, T 500 s
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Fig. 8.6. Sum Rate v/s Number of users.

Fig. 8.6 shows the comparison of the sum rate of the ‘Proposed. Proposed THz’ with ‘Proposed mmWave’
and ‘Basic’. The number of users is varied from 20 to 100. From Fig. 8.6 it can be seen that as the number of
users increase the sum rate also increases. Further, the sum rate of the ‘Proposed THz’ is more than ‘Proposed
mmWave’ and ‘Basic’. This is due to the proposed fuzzy logic-based optimum power allocation. As the
achieved rate depends on the power allocation coefficients. Moreover, the employment of the THz channel.
The bandwidth of the THz channel is more than mmWave, therefore, the achieved rates are also higher in the
THz band than in the mmWave band. Moreover, the proposed clustering technique reduces interference due
to its directional characteristics. This enhances the SINR and hence, the rates.

Fig. 8.7 shows the comparison of power consumption of the system of the ‘Proposed THz’ and compares it
with the power consumption of ‘Proposed mmWave’ and ‘Basic’. The number of users is varied from 20 to
100. From Fig. 8.7 it can be seen that as the number of users increases the power consumption also increases.
Further, the power consumption of the ‘Proposed THz’ is less than ‘Proposed mmWave’ and ‘Basic’. This is
because of the proposed mobile small cell model, power allocation, and clustering schemes. The load of MSB
is reduced due to the employment of MSBS further, the users in the inner section of the mobile small cell relay

the signals to the users of the outer section. This reduces the load and power consumption of MSBS.
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Fig. 8.8. MSBS energy efficiency v/s number of users

Fig. 8.8 shows the comparison of energy efficiency of the ‘Proposed THz’ with ‘Proposed mmWave’ and
‘Basic’. The number of users is varied from 20 to 100, and energy efficiency also upsurges with number of
users. It can be seen from Fig. 8.8 that the energy efficiency of the ‘Proposed THz’ is higher than the less than
‘Proposed mmWave’ and ‘Basic’. This is due to the proposed mobile small cell model. Energy efficiency is

defined as the ratio of sum rate and power consumption. From Fig. 8.6 it can be seen that the proposed
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clustering scheme enhances the sum rate of the system. Moreover. the users in the inner section of the mobile
small cell relay the signals to the users of the outer section. This reduces the load and power consumption of
MSBS hence, the energy efficiency rises.
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CONCLUSION

The crucial background of the research work carried out in the thesis has been described in the first chapter.

It commences with the overview showing 5G trends and B5G/6G driving force, following motivation behind

picking the topic of research challenges to be faced while transitioning from 5G to B5G/6G, research gaps in

the current works and culminates with the objectives and organization of thesis. While second chapter has

shown the detailed literature review in the five phases related to the work of the thesis. While the important

conclusions drawn from the proposed work are described below:

1.

In chapter 3, puts light on the what is lacking in previous architectures and why there is a requirement of
new architecture for BSG/6G. The B5G/6G is envisioned as a platform for connecting everything; people,
things, and even intelligence. The first source of induction for the need for the development of B5G/6G is
to keep addressing the world’s insatiable demands and insistence on better service experiences. Moreover,
a unified platform needs to be designed to enable new industries and new services that 5G will be unable
to achieve. The prime engine of continuous research is envisioning to raise the bars to attain, ultra-fast
wireless speed, high mobility, full coverage, increased bandwidth, connectivity, and greater security while
reducing the energy consumption and achieving ultra-low round-trip latency, to such a level that is
unachievable with 5G. This chapter further proposes a general 6G wireless network architecture as shown
in Fig. 3.2 which may provide a good platform for future 6G standardization network.

In chapter 4, a hybrid system model for B5G/6G is proposed using millimeter-wave, massive-MIMO and
NOMA with D2D enabled small-cell communication network. Combining the advantages of THz
communications, mmWave communication, RF communications, mMIMO, and NOMA in a two-tier 6G
HetNet, this chapter further propose a novel application specific channel selection (ASCS) scheme. In the
proposed ASCS scheme, conferring to the application demand of the small cell users the SBS switches
downlink frequency channel dynamically. This aids in the efficient utilization of the spectrum.
Additionally, to decrease the transmission load and energy cost at the BS due to the huge bandwidth of
mmWave/THz-wave each BS is enabled with caches. This chapter also comprises of a pseudo code that
will be helpful for developing the ASCS scheme. The efficiency of the proposed scheme is showed by the
simulation results.

In chapter 5, the energy efficiency of a hybrid millimeter-wave massive-MIMO NOMA with D2D enabled
beyond 5G network is optimized using a novel battery efficient NOMA technique. Further this chapter
propose modified cooperative NOMA (MCN) and THz blockage alleviation (TBA) methods. The TBA
method aids in ensuring the end-to-end signal communication in presence of obstructions in the path. The
TBA method uses device-to-device (D2D) communication to redirect the signal to evade hindrances in the
propagation path. TBA method also aids in reducing the interference and hence, improving the SINR and
achievable rates. The MCN helps in reducing the power consumption and efficiently utilizing the system’s
energy. The MCN integrates cooperative relaying technique with NOMA. This supports in reducing the
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transmission power at the BS and outstretch the signals to the users at the edge of the cell, which have poor
channel qualities or cannot build direct links with the BS. Aiming efficient use of user power and
interference mitigation, this chapter design two procedures in MCN to forward signal to the end-user based
on the power levels of the users. Further, the proposed methods are analyzed in terms of key performance
parameters.

In chapter 6, an efficient user clustering approach in hybrid millimeter-wave massive-MIMO NOMA with
D2D enabled beyond 5G small-cell network using antenna angle bound clustering technique is
implemented. This chapter first, design a 6G hybrid system model employing THz communication,
mMIMO, cooperative NOMA, and device-to-device (D2D) communication with macrocells and small
cells. Thereafter, this chapter propose Antenna Angle Bound (AAB) clustering technique to enhance the
sum rate of the proposed 6G hybrid system model. The proposed ABB clustering technique employs
antenna parameters such as beam angle and beamwidth to form clusters and mitigate interference. This
chapter analyze simulation results to validate the superior performance of the proposed 6G hybrid system
model in assessment with traditional models.

In chapter 7, an energy efficient mobile small-cell for beyond 5G networks using NOMA technology is
implemented. This chapter integrated the advantage of wide THz bandwidth, spectrum efficiency of
mMIMO and NOMA, and on-demand services of mobile BSs to form a green 2-tier 6G HetNet. This
chapter propose a track selection scheme (TSS) for flying BS conferring to real-time parameters the flying
BS chooses an optimal path to decrease the flying time, and power consumption of flying BS, and
improvement in the energy efficiency of the 6G HetNet. The simulations examine the performance of the
proposed TSS in comparison with the traditional approaches of flying BS deployment and path designs
with the employment of mmWave channels.

In chapter 8, In this chapter, energy efficient clustering in a mobile small-cell using NOMA D2D
technique in beyond 5G networks is designed. we put forward a mobile BS-based 6G HetNet that integrates
THz communication, mMMIMO, NOMA, and D2D technologies. This chapter propose a joint power
allocation and clustering scheme to enhance the performance of the proposed 6G mobile small cell system.
As ML provides more accurate outcome prediction. This chapter first propose an energy-efficient mobile
small cell system model. Then, a novel fuzzy logic system that exploits channel gains to design optimum
power allocation in NOMA is proposed. Further, this chapter propose a clustering scheme that effectively
integrates user device antenna parameters, NOMA, and D2D communication to reduce interference and
enhance the energy efficiency of MSBS. The MSBS moves over the macro-cell and uses NOMA to provide
services to the users, while these users form clusters and relay this information to D2D user pairs via the
same resources at the same time. Simulation results demonstrate that the proposed schemes for mobile
small cell-based 6G HetNet can realize enhanced system performance, compared with the state-of-the-art

methods in terms of sum rate, power consumption, and energy efficiency.
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FUTURE SCOPE

As the technology developments for 5G will keep driving the potentials and expectations of the mobile
networks, new and unanticipated services, use cases, and applications are expected to develop.

The B5G/6G needs to increase the chipset density, which poses a challenge to the semiconductor industry.
With miniaturized chips, the manufacturing complexity increases, making devices and chipsets more cost-
effective and feasible. The utilization of EHF bands and THz bands in B5G/6G will require a miniaturized
design of transmitter and receiver components. For instance, Qualcomm and other companies expended years
to make components for mmWave technology, from meter scale to fingertip-sized antennas and modems. For
the THz band, this issue might pose further challenges, for example, the antenna for combined technology of
mmWave and THz bands may need to be reinvented since antenna size may vary in proportion of micrometers
and nanometers. Optoelectronic integrated modules may benefit from the advancement of antenna techniques.
Intelligent BSG/6G services will be Al-oriented, which depends on the computing power and storage of the
devices. Therefore, new hardware designs need to be energy efficient and long battery lifetime, which is
challenging. Further, resource management is complex due to the device capability. To run Al algorithms, the
Al technologies in B5G/6G will need high computational power. Hence, network equipment will be more
power-hungry than ever. The user equipment will need to break the physical limits to operate with intelligence,
higher diversities, and multiplexing gains at wider bandwidths. Traditional Silicon (Si), Gallium Arsenide
(GaAs) transceiver components produce excessive heat and are not energy efficient. The amplifiers around
300 GHz band are extremely difficult to realize with CMOS integrated circuits. This intends that the present
hardware technologies are incapable of supporting high computational ultra-fast applications of B5G/6G.
Hence, new materials-based designs of hardware technologies are needed for emerging B5G/6G systems.
Although, the THz bands are susceptible to molecular absorption and blockage the propagation modeling
becomes challenging. Moreover, the lack of understanding of the exact channel characteristics makes the
situation more challenging. Additionally, the circuity and antenna size miniaturize, which makes fabrication
difficult. Therefore, powerful synchronization schemes, low-density channel codes, energy efficient
modulation schemes, ultra-massive MIMO system, nano-antennas, robust beamforming, noise modeling, and
less complex low-power hardware circuits require further research to address the challenges in THz
communications.

The modulator’s performance is a determining factor for direct THz modulation. Hence, good performance of
amplitude modulator in terms of speed and depth and phase modulator in terms of linear and large-scale phase
shifts is vital to design considerations, at THz bands. Advanced materials are promising for the design of THz
modulators, such as Graphene and GaN-HEMT. Low-Temperature Co-Fired Ceramic (LTCC) technology,
technologies metal-coated 3D printing, and cutting-edge technology is some recently developed low-cost,
compact, and lightweight solution in packaging technology in THz band. Electro-optic sampling can provide

and cutting-edge technology are some recently developed low-cost, compact, and lightweight solutions in
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packaging technology in the THz band. Electro-optic sampling can provide a potential solution for THz
measurements. However, so far it has not been extended to 1.5 THz for resolution improvements. Moreover,
for THz measurements, there is a great requirement of robust atmospheric accountability to the International
Systems of Units (SI).

Instead of being a promising multiple access technology, NOMA has several practical challenges. The
hardware complexity, processing complexity, and computation complexity of the SIC scheme limit the NOMA
scheme. In fading environments with time-varying interference, adaptive coding and modulation
implementations are nontrivial.

Moreover, due to the possible allied error propagation in coding and decoding techniques, the performance of
the whole system can deteriorate. For example, if the signals of the preceding users are not appropriately
decoded, the decoding errors get amassed for the residual users. The SIC is performed in presence of the inter-
user interference, which is naturally persuaded in NOMA. The SIC is effective if this self-interference is not
efficiently mitigated. Therefore, well-designed self-interference techniques are needed for efficient induced
inter-user interference in NOMA. For instance, with perfect CSI, resource allocation techniques give improved
performance than with limited feedback CSI. However, severe communication overheads are induced in
optimal or near-optimal CSI, while adding complexity. Consequently, reducing overheads and complexity is
pivotal and resource allocation schemes relying on partial CSI must be investigated to reduce the overheads.
With an increase in the number of users, the power allocation and clustering, become immensely complex.
The problem proliferates as the topology and schedule of the users become dynamic. The ML or DL-based
MIMO NOMA systems can help to address this problem through the learning-based mechanism of
beamforming, power allocation, and clustering techniques. The ML/DL algorithms try to learn the data
patterns for making near-optimal decisions although, their effective operation in the dynamic environment of

NOMA is challenging and not yet fully explored.
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