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Abstract - This paper explores the evolution from 5G to 6G
cellular communication technologies and their integration
into the Fourth Industrial Revolution (Industry 4.0). It
assesses 5G transmission techniques and anticipates
advancements like NOMA with SC-FDE for spectral
efficiency. Key 5G features include mm-wave, microwave,
and m-MIMO. 5G enables 10T, V2V communication, and
transformative technologies like autonomous driving and
smart cities. The study offers insights into 6G, highlighting
VR, AR, holography, advanced loT, Al applications,
wireless BCI, and high-speed mobility. It emphasizes 5G
and 6G integration in Industry 4.0, shaping future
industries and economies. The paper also examines post-
5G trends, indicating reliance on new MIMO techniques
and terahertz bands for emerging applications.
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1. Introduction

The advent of the Fourth Industrial Revolution signifies a
profound era marked by the fusion of human capabilities with
machine integration and advanced Al development. This
transformative epoch extends well beyond the realms of
robotics and Al, encompassing a complex network of
technological dimensions. A pivotal aspect of this paradigm
shift is the need for efficient machine communication and
perception, facilitated by cutting-edge sensor technologies and
robust communication protocols. At its core lies the Internet of
Things (lIoT), an expansive network interconnecting devices
across the Internet Protocol (IP) spectrum, generating copious
amounts of data, often referred to as "big data." Artificial
intelligence processes this data, transforming it into actionable
knowledge, valuable for human decision-making and the
autonomous decision-making of machines.

These innovations, with far-reaching implications, extend
beyond industry and commerce, shaping society and
disrupting traditional employment landscapes. They manifest
as more efficient mobility solutions, including autonomous
vehicles, smart cities, home automation, intelligent industrial
processes, precision agriculture, streamlined logistics, Al-
driven medical and legal services, and the proliferation of
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intelligent drones. The future of mobility, particularly
autonomous driving, hinges on the interactions between
robotic entities and their environment, generating vast
amounts of data processed by Al for informed decision-
making. Fifth-generation (5G) communications play a pivotal
role, offering ultra-reliable low-latency communications
(URLLC), vital for services like remote surgery and
autonomous vehicle operations.

This is comprehensively explores the evolution of 5G,
delving into current transmission techniques, with a particular
focus on non-orthogonal multiple access (NOMA) technology
for its potential to enhance spectral efficiency. It also looks
ahead to the sixth generation (6G) of communications and
contextualizes both 5G and 6G within the overarching
framework of the Fourth Industrial Revolution. The following
sections provide in-depth analysis of 5G, NOMA technology,
potential 6G trajectories, and conclude by summarizing key
insights.

2. Varied Applications in 5G Communications
5G technology brings a plethora of use cases:

Enhanced Mobile Broadband (eMBB): This ushers in an era
of high-speed connectivity, promising significantly higher
peak data rates, enabling applications like virtual reality (VR)
to thrive.

Massive Machine-Type Communications (mMTC): 5G is
designed to support a large number of connected devices,
essential for the Internet of Things (10T).

Ultra-Reliable Low-Latency Communications (URLLC):
URLLC facilitates large-scale sensor networks with minimal
human intervention and ultra-low latency demands,
necessitating flexible multiple access methods.

3. 5G Standardization and Progression

The road to 5G standards started with the appearance of
the first study item related to 5G in 3GPP Release 14.
However, formal standardization began after 3GPP Release
15. This process involved two phases, one focusing on
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broadband wireless cellular services and the other addressing
specific 5G use cases such as mMMTC and URLLC.

4. Scalable Subcarrier Spacing and Numerology

5G NR introduces scalable subcarrier spacing, a
departure from the fixed subcarrier spacing in 4G. The
subcarrier frequency in 5G is adaptable, spanning a range
from p = 0 to u = 5, allowing adjustments of transmitted
waveforms based on channel conditions. This adaptability,
referred to as 5G numerology, is vital given the diverse carrier
frequencies in 5G, ranging from microwave to mm-wave
spectrums.

The capability to tailor subcarrier spacing accommodates
varying channel conditions, such as multipath environments
and phase noise common in mm-wave communications. This
adaptability supports applications with stringent latency
requirements, such as URLLC, by adjusting the duration of
OFDMA symbols.

5. Enhancing Spectral Efficiency with NOMA

As 5G advances, the pursuit of improved spectral
efficiencies is paramount. One avenue to achieve this
objective is through the adoption of Non-Orthogonal Multiple
Access (NOMA). NOMA is a promising multiple access
technique in 5G and beyond. It utilizes power allocation
strategies to serve multiple users simultaneously on the same
time and frequency resources, significantly enhancing spectral
efficiency. NOMA can be categorized into conventional and
cooperative  NOMA, with the latter offering superior
performance in mitigating the near-far problem.

6. Non-Orthogonal Multiple Access (NOMA)

Non-Orthogonal Multiple Access, or NOMA, is a pivotal
advancement in multiple access techniques within the realm of
5G and beyond. It leverages power allocation strategies to
serve multiple users simultaneously on the same time and
frequency resources, offering enhanced spectral efficiency
compared to conventional Orthogonal Frequency Division
Multiple Access (OFDMA). NOMA is often integrated with
multiple-input multiple-output (MIMO) systems, particularly
massive MIMO.

6.1 Enhanced Spectral Efficiency

NOMA's primary advantage is its capacity to serve a
larger number of users without requiring a spectrum
expansion. This results in a substantial increase in channel
capacity, especially valuable in scenarios with a high density
of mobile devices, such as massive Machine-Type
Communications (MMTC) or Ultra-Reliable Low-Latency
Communications (URLLC) in 5G.
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6.2 Addressing the Near-Far Problem

NOMA addresses a significant challenge known as the
near-far problem, caused by varying transmission power levels
among users. To mitigate this, NOMA employs Successive
Interference Cancellation (SIC), enabling the receiver to detect
user signals in descending order of received power. This
approach cancels users with higher power levels first, enabling
interference-free detection of weaker signals.

6.3 Two Types of NOMA

NOMA can be categorized into two primary categories:
conventional NOMA and cooperative NOMA. In the
conventional NOMA scenario, the SIC receiver of a reference
user cancels signals with powers exceeding that of the
reference user. However, signals from users closer to the base
station, which have lower power levels due to power control,
are not canceled, potentially causing interference.

Cooperative NOMA provides a solution to this challenge
by enabling the cancellation of all interfering users' signals,
introducing diversity. This approach allows users closer to the
base station to detect and subtract signals from more powerful,
distant users. Users closer to the base station can also transmit
copies of signals from more distant users, resulting in
interference-free  detection and improved performance,
especially for users farther from the base station.

6.4 Performance Comparison

Performance simulations demonstrate the effectiveness of
cooperative NOMA over conventional NOMA. Cooperative
NOMA shows significant improvements, closely approaching
the Matched Filter Bound (MFB) performance. These
simulations consider various factors such as channel
modeling, signal power levels, and the use of efficient
algorithms.

7. Evolution toward 6G: Meeting Emerging Needs

The landscape of cellular communications is in a constant
state of evolution to meet the expanding demands of modern
society and emerging technologies. As we look toward the
digital society of 2030 and beyond, it's clear that the trajectory
of progress will only intensify. The proliferation of connected
devices, including the Internet of Things (loT), sensors,
vehicles, drones, and data-driven applications, necessitates a
paradigm shift in our communication networks.

7.1 Enhanced Services for 6G

The forthcoming 6G networks are expected to usher in a
new era of connectivity, unlocking capabilities that transcend
the boundaries of previous generations, such as:
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Augmented Reality (AR) and Extended Reality (XR):
AR and XR applications, infused with immersive
experiences, will rely on the lightning-fast data
transmission and ultra-low latencies of 6G networks to
deliver seamless interactions with the virtual world.
Artificial Intelligence (Al)-Infused Applications: 6G will
be the breeding ground for Al-driven innovations,
enabling applications that harness the power of machine
learning and deep learning in real-time.

Wireless Brain-Computer Interactions (BCI): The
convergence  of  wireless communication  and
neuroscience will open up possibilities for direct
interactions between the human brain and digital
interfaces.

Holographic Services: Holography, once confined to
science fiction, will become a reality in 6G,
revolutionizing telepresence and communication.
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Integration with Localization, Mapping, and Remote
Control: 6G will bridge the gap between communication
and spatial awareness, facilitating precise localization,
mapping, and remote control of devices and assets.
Emerging eHealth Applications: Healthcare will witness
a transformation, with 6G supporting advanced eHealth
applications, remote diagnostics, and telemedicine.
Improved Autonomous Vehicles: The automotive
industry will experience a leap forward with enhanced
communication capabilities that ensure the reliability and
safety of autonomous vehicles.

Efficient Support for 1oT: Smart cities and smart homes
will become even smarter, accommodating a vast array
of low-power 10T devices efficiently.

Support for Flying Vehicles and High Mobility: The
advent of flying vehicles and the need for ultra-high
mobility support will require a three-dimensional
network architecture with widespread 3D coverage.

8. Literature Review

Sr. Model Author Techniques Conference/Journal Conclusion
No. and Year
1. Network Slicing | Andrews Network IEEE Network slicing, introduced by Andrews et
and Service etal Slicing Communications al., has revolutionized 5G by enabling
Differentiation Magazinen 2014 dedicated network segments for distinct
applications. This approach, encompassing
enhanced mobile broadband (eMBB),
massive  machine-type  communications
(mMTC), and ultra-reliable low-latency
communications (URLLOC), provides
unparalleled flexibility, allowing 5G to cater
to a wide array of services and requirements.
2. mmWave Rappaport | Millimeter- IEEE Transactions on | The pioneering work of Rappaport and team
Technology etal. Wave Wireless on millimeter-wave (mmWave) technology
Technology Communications has been instrumental in unleashing the
Small Cells, 2013 potential of 5G. Operating at higher
Advanced frequencies, mmWave technology has paved
Beamforming the way for higher data rates and increased
network capacity. Through the utilization of
small cells and advanced beamforming
techniques, it has transformed wireless
communication, redefining our expectations
for speed and efficiency..
3. Small Cells in S. M. Small cell IEEE Access 2017 Small cell deployment in heterogeneous
5G Networks Alametal. | deployment, networks (HetNets) is vital for increasing
HetNets, network capacity, improving coverage, and
Network managing the data explosion in 5G networks
capacity.
4, Network R. Roman | 5G security, IEEE Ensuring robust network security s
Security in 5G etal. Threats, Communications paramount in 5G due to increased
Security Magazine vulnerabilities. Effective security
mechanisms 2018 mechanisms are crucial to protect against
emerging threats in 5G networks
5. Massive MIMO | Larsson et | Massive IEEE Journal on Larsson and colleagues' work on massive
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al. multiple- Selected Areas in multiple-input,  multiple-output  (MIMO)
Input, Communications technology has established it as a cornerstone
Multiple- 2014 of 5G networks. By harnessing a multitude of
Output antennas, this technology has significantly
(MIMO) enhanced spectral efficiency and network
coverage. The result is improved network
performance, which is crucial in meeting the
ever-growing  demand  for  wireless
connectivity and data.
6. Infrastructure Andrews Small Cells, IEEE The deployment of 5G networks, as
Requirements etal. Fiber-Optic Communications discussed by Andrews et al., demands a
ackhaul, Edge | Magazine substantial investment in infrastructure. This
Computing 2014 encompasses the deployment of small cells,
the establishment of robust fiber-optic
backhaul networks, and the construction of
edge computing facilities. While these
requirements are essential for realizing the
full potential of 5G, they present both cost
and logistical challenges.
7. Spectrum Al- Spectrum IEEE Wireless Spectrum allocation, as explored by Al-
Allocation Turjman Allocation Communications Turjman in 2019, remains a substantial
Regulatory 2019 challenge in 5G deployment. It necessitates
Coordination coordinated efforts from regulatory bodies
and network operators to ensure the
allocation of sufficient spectrum in desirable
frequency bands, including the critical
mmWave frequencies. Overcoming this
challenge is vital for 5G to deliver on its
promises.
8. Terahertz (THz) | Jornet et Terahertz IEEE Transactionson | The  concept of  terahertz  (THZ2)
Communication | al. (THZz) Terahertz Science and | communication, introduced by Jornet and
Frequencies Technology collaborators in 2018, holds tremendous
High Data 2018 promise for beyond-5G and 6G networks.
Rates, THz frequencies offer vast bandwidth and the
Propagation potential for exceptionally high data rates.
Challenges However, the propagation challenges
associated with THz frequencies must be
addressed to fully exploit their potential. THz
communication is poised to transform the
landscape of future wireless communication.
9. Quantum Diamanti Quantum Key | Nature Photonics Quantum communication, as explored by
Communication | etal. Distribution 2016 Diamanti and team, represents a futuristic
(QKD). and highly secure approach to data
transmission for beyond-5G and 6G
networks. Quantum key distribution (QKD)
promises unbreakable encryption, ensuring
the utmost security for sensitive data. This
technology holds the potential to redefine the
standards for secure communication in
an increasingly interconnected digital world.
10. | Al-Enabled Zhao et al. | Artificial IEEE Network Zhao et al.'s work underscores the pivotal
Networking Intelligence Magazine 2021 role of artificial intelligence (Al) in
(Al optimizing and managing beyond-5G and 6G

networks. Al-driven network orchestration,
predictive  maintenance, and resource
allocation are poised to significantly enhance
network performance and efficiency. These
advancements will render future networks
more adaptive and intelligent, meeting the
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evolving demands of
a highly interconnected world.

11. | Software- N. M. SDN, IEEE SDN enhances network management and
Defined Khan et al. | Network Communications agility in 5G networks, enabling dynamic
Networking management, | Magazine resource allocation and efficient
(SDN) Virtualization | 2015 virtualization.

12. | mobile Edge K. Zhang Mobile Edge IEEE Transactions on | MEC, offering low-latency processing at the
Computing etal. Computing, Wireless network edge, plays a pivotal role in
(MEC) Low latency, Communications supporting real-time applications in 5G

Edge services. | 2018 networks, improving user experiences.

13. | Al-Enabled M. Aazam | Fog IEEE Access Fog computing, acting as an intermediary

Networking etal. computing, 2018 between the cloud and 10T devices, enhances
loT, Edge 5G network performance by enabling low-
analytics. latency, localized data processing and

analytics.

14. | Massive M. Bennis | mMTC, IEEE mMTC in 5G is vital for connecting massive
Machine- Type etal. 0T, Low- Communications low-power 10T devices, enabling applications
Communications power Magazine in smart cities, agriculture, and healthcare.
(mMTC) devices. 2018

15. | Cloud RAN (C- | G.Wu et Cloud RAN, IEEE Network C-RAN centralizes processing to improve
RAN) al. Centralized 2015 network capacity and efficiency, reducing

processing, costs and enhancing the performance of 5G
Network networks.
capacity.

9. Conclusion Ethical considerations related to data privacy,

The review paper concludes by summarizing the key
findings and underscoring the significance of the transition
from 5G to B6G networks, setting the stage for unprecedented
advancements in wireless communications.

By providing a structured and precise summary of the
research paper, readers can easily grasp the key insights and
advancements in cellular communication technologies, from
5G to the anticipated B6G networks, and their implications for
various applications and services.

10. Future scope

The future scope in 5G and beyond networks research
encompasses several critical domains. It includes autonomous
network management through Al, sustainable practices for
reduced environmental impact, dynamic  spectrum
optimization, and integration of edge computing and security
enhancements. Heterogeneous network integration, cross-layer
optimization, and user-centric services aim to enhance user
experiences. Research in developing regions is essential for
inclusive deployment. Furthermore, exploration of network
slicing in various industries, quantum communication for
security, and the advent of 6G networks are key focus areas.
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surveillance, and digital equity also feature prominently.
These research directions promise to drive innovation and
address emerging challenges.
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