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Preface

Technological advancements have drastically changed the way we live, offer-
ing exceptional convenience and fostering innovation in our everyday routines.
One of the most influential areas of development has been mobile communica-
tion, which has evolved through multiple generations to redefine how we con-
nect and communicate. Beginning with 1G, which only provided basic voice
services, each new generation has introduced transformative improvements. 2G
enabled text messaging, 3G brought mobile internet access, and 4G revolution-
1zed data transfer speeds and streaming capabilities. These innovations have
made mobile devices integral to our daily lives, facilitating everything from
social media interactions to mobile banking.

Now, 5G sets a new standard with its unmatched speeds, ultra-low latency,
improved reliability, and massive capacity, surpassing its predecessors in all re-
spects. 5G’s ability to support a massive number of connected devices simulta-
neously and its ultra-fast response time are paving the way for new innovations,
such as autonomous vehicles, advanced healthcare applications, and immersive
virtual reality experiences. Moreover, the integration of 5G with emerging tech-
nologies like artificial intelligence (Al) and machine learning (ML) is expected
to unlock new levels of efficiency, personalization, and automation across in-
dustries.

This paper examines the progression of mobile communication technologies,
evaluating the standards, data rates, capacities, and distinct services of each
generation while addressing the challenges they encountered. It also highlights
the cutting-edge framework of 5G, focusing on its advanced architecture, key
features, and groundbreaking applications across industries such as healthcare,

transportation, entertainment, and smart cities.
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Chapter 1

Introduction

1.1 Motivation

Since its introduction in 2019, 5G wireless networks have quickly grown in
both availability and usage. In 2020, Apple became one of the first compa-
nies to tap into consumer interest by launching its 5G-compatible iPhone. This
move sparked widespread adoption, and today, roughly 62% of smartphones
feature 5SG connectivity. At the same time, major Internet Service Providers
(ISPs) such as Verizon, Google, and AT&T continue to expand 5G coverage to
homes and businesses, contributing to its rapid growth.

So, what does the future hold for 5G? Often compared to groundbreaking
technologies like artificial intelligence (AI), machine learning (ML), and the
Internet of Things (IoT), 5G is believed to have the potential to revolutionize
various industries. But is this potential real, or just inflated hype? To answer
this, it’s important to first understand how 5G works and what distinguishes it

from earlier technologies.
1.2 Definition of 5G

5@, the fifth-generation mobile technology, is a cellular network standard de-
veloped by the 3rd Generation Partnership Project (3GPP) to replace earlier
technologies like 3G, 4G, and 4G LTE. Building on the foundations of its pre-



decessors, 5G uses radio waves for data transmission while offering significant
improvements in latency, throughput, and bandwidth. These upgrades lead to
much faster download and upload speeds, broadening the scope of potential
applications.

The technological breakthroughs in 5G are widely recognized for their trans-
formative impact across various sectors. This is largely attributed to 5G’s abil-
ity to transfer vast amounts of data rapidly and securely between connected
devices, offering speeds that were previously unimaginable. Since the intro-
duction of mobile broadband, which has integrated into almost every aspect of
personal and professional life, the volume of data generated by networks and
mobile devices has surged. Today, emerging technologies like artificial intelli-
gence (Al) and machine learning (ML) require data processing capabilities that
older wireless networks struggle to support. On the other hand, 5G’s ultra-fast
speeds and its use of high-frequency bands (24 GHz—40 GHz) make it ideal for

applications that need fast, secure access to large data sets.



Chapter 2

Literature Review

Contributions to SG Technology Research
Numerous researchers have played a key role in exploring and deepening
our understanding of 5G technology, highlighting its developments, potential

applications, and the challenges it faces:

* Shukurillaevich, Sattorivich et al. [8] explored the progression of mobile
technologies from 1G to 4G and highlighted areas of ongoing 5G research,
such as the Wireless World Wide Web, Dynamic Adhoc Wireless Networks
(DAWN), and the Real Wireless World. They emphasized the shift toward

a fully wireless mobile internet network with 5G.

» Patrick Kwadwo Agyapong et al. [9] introduced a novel two-layer struc-
ture for 5G networks, comprising a radio network and a network cloud.
This framework incorporates crucial technologies such as small cells, mas-
sive MIMO, control/user plane separation, NFV, and SDN, addressing chal-
lenges in 5G cellular networks while adapting to user behavior and evolv-

ing communication trends.

* Ketanpreet Kaur et al. [10] highlighted key elements of 5G, including
spectrum usage, beamforming, massive MIMO, network slicing, and cloud

integration. They noted that 5G offers speeds of up to 20 Gbps with ultra-



low latency and utilizes millimeter-wave spectrum (above 20 GHz) for en-

hanced data rates and capacity.

e Maryam Fizza et al. [11] emphasized the critical role of 5G in meeting
growing data demands, video streaming, and real-time connectivity, while
also addressing energy efficiency and operational cost challenges. They
underscored 5G’s potential to solve these problems and create new oppor-

tunities for future technological generations.

* Arun Kumar Tripathi et al. [12] analyzed how advancements in elec-
tronics and communication technologies have made mobile devices indis-
pensable in daily life. They discussed how 5G can offer improved Quality
of Service (QoS), faster data rates, support for fixed communications, and

cloud infrastructure services.

* Enas Selem et al. [13] examined 5G’s impact on healthcare, particularly in
the realm of real-time health monitoring. Key technologies such as Wire-
less Body Area Networks (WBAN), noise reduction, and wireless power

transmission are enhancing healthcare systems.

* [jaz Ahmad et al. [14] emphasized 5G’s potential to provide universal
broadband access, enhance mobility, and support the connectivity of nu-
merous devices in a reliable and cost-effective manner. Technologies like
cloud computing, SDN, and NFV were identified as essential enablers for

successful 5G integration.

These studies collectively highlight 5G’s transformative potential across var-

1ous fields, powered by innovative technologies and designs.



Chapter 3

Evaluation and the usage of Technology

3.1 Communication System Evaluation

The development of mobile wireless technology started in the early 1970s, lay-
ing the foundation for a series of groundbreaking advancements over the fol-
lowing decades. From the first generation (1G) to the fifth (5G), each new gen-
eration has driven significant changes, revolutionizing communication world-
wide. Today, with more than six billion mobile phone users across the globe,
these devices have evolved beyond mere communication tools—they are now

integral to entertainment and everyday life.
Overview of Mobile Communication System Evolution Across Generations

A. The 1980s: 1G — Analog Voice The first generation (1G), introduced by
Nippon Telegraph and Telephone (NTT) in Tokyo in 1979, marked the dawn
of mobile networks using analog technology. Systems like the Mobile Tele-
phone System (MTS) and Push-to-Talk (PTT) were developed. However, 1G
had several limitations, including restricted capacity, poor voice clarity, unreli-
able handoffs between towers, and the absence of encryption, which made calls
vulnerable to eavesdropping.

B. The Early 1990s: 2G - Digital Voice The second generation (2G),

launched in Finland in 1991 under the GSM standard, represented a shift to



digital voice transmission. This generation introduced features like SMS (Short
Message Service), encrypted calls, and clearer communication due to reduced
static. Operating at speeds of 64 kbps with bandwidths ranging from 30-200
kHz, 2G paved the way for 2.5G, which combined both packet-switched and
circuit-switched technologies to achieve data rates of up to 144 kbps.

C. The Early 2000s: 3G — Mobile Data Revolution The advent of 3G in
2000 revolutionized mobile communications by enabling high-speed data trans-
fers. With data rates reaching 2 Mbps and peak speeds of 100-300 Mbps, 3G
facilitated web-based applications, audio and video streaming, and Voice over
IP (VoIP) services such as Skype. Managed by the 3GPP (3rd Generation Part-
nership Project), 3G transformed mobile devices into versatile tools for both
communication and entertainment.

D. The 2010s: 4G LTE - Mobile Broadband Launched in 2009 in Stock-
holm and Oslo, 4G marked the era of mobile broadband, offering faster speeds
and enhanced connectivity. Technologies like Orthogonal Frequency Division
Multiple Access (OFDMA) and MIMO enabled download speeds of up to 150
Mbps. The “MAGIC” concept (Mobile Multimedia, Anywhere, Global Mo-
bility, Integrated Wireless, and Customized Services) defined this generation,
emphasizing seamless global integration across networks and devices.

E. April 2019: The 5G Era Begins The fifth generation, introduced in 2019,
brought significant advancements over 4G. With higher capacity, ultra-reliable
communication, reduced latency, and lower energy consumption, SG supports
high-density user networks and facilitates groundbreaking applications such as
the Internet of Things (IoT), autonomous vehicles, and smart cities. Its trans-
formative potential lays the foundation for a more connected and innovative

future.
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3.2 Key Differences Between 5G and Its Predecessors

a) Smaller Physical Footprint 5G transmitters are more compact than those
of previous networks, allowing for smaller “’cells”—the areas that provide
wireless coverage. These smaller cells consume less power, improving

overall energy efficiency.

b) Improved Error Rates 5G uses an advanced Modulation and Coding Scheme
(MCS) that significantly lowers its Block Error Rate (BER), ensuring more
reliable data transmission when compared to the error rates in 3G and 4G

networks.

c) Enhanced Bandwidth By utilizing a broader spectrum of radio frequen-
cies—including low-band (below 1 GHz), mid-band (1 GHz-6 GHz), and
high-band (24 GHz—40 GHz)—5G can support a greater number of con-

nected devices, meeting the increasing demand for reliable connectivity.

d) Lower Latency With 5G, latency is drastically reduced, enabling quicker
data transmission. This improvement is especially beneficial for tasks like
downloading large files, cloud computing, and real-time applications that

demand immediate responses.

e) A New Era of Connectivity As the fifth-generation mobile network, 5G
sets a new global wireless standard, designed to connect virtually all people
and devices—including machines, objects, and sensors—creating a more

interconnected and efficient digital world.

3.3 Limitation of Predecessors

* 1G: Introduced analog voice but faced issues such as poor voice quality,

limited capacity, and lack of encryption.
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* 2G: Introduced digital voice and SMS but had limited data capabilities.

* 3G: Enabled mobile data and multimedia but had slower speeds compared

to newer standards.

* 4G: Delivered faster speeds and IP-based services but lacked the low la-

tency and capacity enhancements of 5G.

3.4 Supremacy of 5G

Here are three critical areas where 5G technology is superior to its predecessors:

* New RAT Standard: The 5G NR (New Radio) standard defines the next
generation of radio access technology. Currently, 45% of networks world-
wide are 5G compatible, with this figure expected to rise to 85% by the end

of the decade.

» Network Slicing Capabilities: On 5G networks, telecom operators can
offer multiple independent virtual networks on the same infrastructure, al-

lowing for greater security and functionality.

* Private Networks: 5G enables the creation of private networks, providing
enhanced personalization and security for enterprises seeking more control

and mobility.

3.5 Underlying Technologies make up 5G

5G is built on OFDM (Orthogonal Frequency-Division Multiplexing), a
method for spreading a digital signal over multiple channels to minimize inter-
ference. It incorporates the 5G NR air interface alongside the OFDM technique.

Moreover, it utilizes wider bandwidths such as sub-6 GHz and mmWave.
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While 5G OFDM operates on similar principles as 4G LTE, the new 5G NR
air interface enhances OFDM, offering greater flexibility and scalability. This
improvement allows for broader 5G access, supporting more users and devices
while enabling diverse use cases.

5G expands spectrum usage by increasing bandwidth, shifting from sub-3
GHz in 4G to frequencies reaching 100 GHz and beyond. It operates across
both lower frequency bands (e.g., sub-6 GHz) and mmWave bands (e.g., 24
GHz and higher), offering significant capacity, high multi-Gbps throughput,
and low latency.

5G aims to not only provide faster and more efficient mobile broadband com-
pared to 4G LTE but also to extend into new domains, such as critical commu-
nications and the vast Internet of Things (IoT). This is achieved through new
design strategies in the 5G NR air interface, including a self-contained TDD

subframe design, which boosts both efficiency and performance.

3.6 5G Network Architecture

3.6.1 End-to-End (E2E) Architecture

The 5G End-to-End (E2E) network architecture integrates various components
to provide seamless connectivity and advanced services. As shown in Figure 1,

the architecture includes:

* Next-Generation Radio Access Network (NG-RAN): Manages wireless

connectivity between devices and the network.

* Multi-Access Edge Computing (MEC): Offers low-latency computing

resources closer to the end user, enhancing performance.

 Virtual Evolved Packet Core (VEPC): Virtualizes core network func-

tions, improving scalability and efficiency.
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* Data Network (DN): Manages internet connectivity and specific applica-

tion data flows.

 Cloud Services: Facilitates resource sharing, application hosting, and de-

livery of advanced services.

3.6.2 Network Slicing Architecture

Network slicing is a groundbreaking concept in 5G, allowing a single physical
network infrastructure to deliver multiple logical networks tailored to specific
use cases. Each network slice is an end-to-end logical network configured to
meet specific service requirements. For instance:

The architecture comprises key domains, including:
* Core Network (CN): Manages centralized operations and data flow.

* Radio Access Network (RAN): Handles wireless connections to user de-

vices.

An example of network slicing involves sub-slice chaining, where a RAN
sub-slice is linked to a CN sub-slice to provide a cohesive service. Figure 2
illustrates the slicing network architecture as defined by the 3GPP standard [?].
This approach ensures flexibility, efficiency, and the ability to cater to diverse

applications simultaneously within a unified network.

3.6.3 Introducing Layers

The 5G architecture is built upon a structured, layered framework, consisting of
four integral layers: the Physical Layer, the Network Layer, the Open Transport
Protocol (OTA) Layer, and the Application Layer. Each of these layers plays

a pivotal role in facilitating efficient and reliable communication within 5G
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networks, ensuring that data is transmitted seamlessly across various devices

and platforms:

Physical Layer

The Physical Layer, along with the Medium Access Control (MAC) Layer,
corresponds to Layer 1 and Layer 2 of the OSI model, respectively. These
layers define the fundamental wireless technologies that form the backbone of

the 5G network.

* The 5G network is envisioned to be built upon the Open Wireless Architec-
ture (OWA), which establishes a flexible, scalable infrastructure for robust

and dependable communication.

* These foundational layers are responsible for managing the physical trans-
mission of data over the wireless medium, ensuring stable and consistent

connectivity between devices across various locations.

Network Layer

The Network Layer utilizes the Internet Protocol (IP) to manage the routing of

data between devices, enabling efficient communication between them.

* IPv4 and IPv6: While IPv4 is still widely in use, it suffers from several
limitations, such as a constrained address space and lack of support for
Quality of Service (QoS). On the other hand, IPv6 overcomes these issues,

although it comes with some challenges related to its larger packet headers.

* 5G and IPv6: To meet the demands of mobility and a rapidly increas-
ing number of connected devices, 5G networks will adopt IPv6, ensuring

seamless communication and scalability.
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The 5G Network Layer is divided into three distinct segments:

* Lower Network Layer: This layer is responsible for managing individual

interfaces and facilitating communication between network components.

» Upper Network Layer: This section handles mobile terminals and ensures

that devices remain connected to the network as they move.

* Middle Layer: It serves to bridge the communication between the lower

and upper layers by facilitating the smooth translation of addresses between

IPv4 and IPv6.

Open Transport Protocol (OTA) Layer

The OTA Layer integrates both the Transport Layer and the Session Layer,
with Transmission Control Protocol (TCP) playing a crucial role in maintaining

reliable communication across the network.

* In wireless networks, where error rates are often high due to interference
and signal degradation, TCP is responsible for retransmitting lost or cor-

rupted segments, thus ensuring the integrity of data transmission.

* The OTA Layer guarantees that data transport remains efficient and de-
pendable, which is critical for achieving the high-speed downloads and

low-latency communication that 5G networks promise.

Application Layer

The Application Layer serves as the interface that provides services directly to

end-users while also optimizing network performance for various applications.

 Unlike current networks, where users manually select wireless ports, 5G’s

Application Layer will intelligently analyze QoS (Quality of Service) data
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to automatically choose the most appropriate wireless connection based on

the needs of each service.

* QoS Parameters: Essential metrics such as delay, jitter, packet loss, band-
width, and reliability will be stored in databases on mobile terminals. These
metrics will be analyzed using advanced algorithms to ensure optimal per-

formance and connectivity.

* Additionally, the Application Layer will oversee the encryption and de-
cryption of data, safeguarding the security and integrity of communications

to ensure private and accurate transmission.

3.7 Specification of Requirements

5G technology is driven by eight key specification requirements:

» Up to 10 Gbps data rate, offering a 10 to 100x speed improvement over 4G

and 4.5G networks.
* I-millisecond latency.
* 1000x bandwidth per unit area.

* Up to 100x the number of connected devices per unit area compared to 4G

LTE.
* 99.999% availability.
* 100% coverage.
* 90% reduction in network energy usage.

e Up to 10-year battery life for low-power IoT devices.
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3.8 Field of Use

3.8.1 Enhanced Mobile Broadband

Beyond enhancing our smartphones, 5G mobile technology can enable new
immersive experiences like Virtual Reality (VR) and Augmented Reality (AR)
by providing faster and more consistent data speeds, reduced latency, and a

lower cost per bit.

3.8.2 Mission-Critical Communications

5G can drive industry transformation by enabling new services with ultra-reliable,
low-latency connections, facilitating remote control of critical infrastructure,

vehicles, and medical procedures.

3.8.3 Massive IoT

5G is built to effortlessly connect a vast number of embedded sensors in al-
most everything. By optimizing data rates, power consumption, and mobility,

it delivers highly efficient and cost-effective connectivity solutions.

3.8.4 Smart Cities

Few environments stand to be transformed by 5G connectivity as much as
densely populated urban areas, where heavy foot and vehicle traffic have long
contributed to congestion, air pollution, and noise. 5G is already enhancing city
infrastructure by improving traffic flow and air quality through IoT-connected
sensors, with even greater innovations expected in the future. One of the most
promising opportunities for smart cities is leveraging 5G’s Al capabilities. On-
going pilot programs are exploring 5G-powered Al for applications such as

optimizing energy use and streamlining emergency call routing. In Vienna, for
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example, the Al chatbot WienBot assists residents with tasks ranging from lo-
cating nearby amenities to handling complex bureaucratic processes like pass-

port renewals and travel visa applications.

3.8.5 Global Economy

A landmark 5G Economy study found that the full economic impact of 5G is
expected to be realized globally by 2035, potentially supporting a wide range
of industries and generating up to $13.1 trillion in goods and services. This
influence far surpasses that of previous network generations. Additionally, the
development of 5G extends beyond traditional mobile networking companies
to sectors like the automotive industry. The study also highlighted that the 5G
value chain—including OEMs, operators, content creators, app developers, and
consumers—could support up to 22.8 million jobs, exceeding the population of
Beijing, China. As new applications continue to emerge, the full economic

potential of 5G remains to be seen.

3.8.6 Healthcare

In the healthcare sector, 5G is already driving greater efficiency, deeper data
insights, and improved patient outcomes. With its low latency, high speed, and
expanded bandwidth, it enables doctors to explore new treatments, conduct crit-
ical procedures remotely using robotics, and access patient information from

anywhere. More specifically, 5G will continue to:

* Add to the number of 10T devices used to remotely monitor patient health.

* Supply dependable connectivity with real-time results, enabling staff to

make faster, more informed decisions about patient care.

e Transmit HD photos and videos—such as X-rays and mammograms—swiftly
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and securely so their results can be read remotely.

3.8.7 Supply Chains

As 5G connectivity expands, supply chains worldwide will gain from its ultra-
fast speeds and enhanced reliability. With global trade networks becoming in-
creasingly digitized, high-speed data transmission is more critical than ever,
making 5G a key enabler. The greater the digitization and automation within a
supply chain, the more 5G can be utilized to boost efficiency, lower costs, and

strengthen security.

3.8.8 Fixed Wireless Networks

The concept of "fixed’ wireless connections—an internet service that provides a
seamless wireless experience in homes or businesses via radio waves instead of
cable or fiber—can make internet access more affordable for a wider range of
people and locations. In a fixed 5G setup, an antenna is installed on a building
or business, linking it to the nearest 5G transmitter. These 5G fixed wireless
networks can offer the same speeds, connectivity, and reliability as fiber or

cable connections, but at a much lower cost.
3.8.9 Edge Computing and Al

Finally, edge computing—a framework that relies on 5G to perform computa-
tions closer to the data source—is set to give enterprises unprecedented control
over their data and enable faster insights. One area where edge computing is
particularly poised for growth is cloud computing, where Al needs substantial
power to process the large volumes of data it analyzes. In this context, 5SG’s
connectivity and reliability are crucial for delivering value to businesses. For

instance, transmitting data between points in applications like chat or personal
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finance requires additional power and resources, which can be minimized if the

data 1s analyzed directly at its source.
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Chapter 4

5G and Bangladesh

4.1 5G Rollout and Infrastructure in Bangladesh

The future of 5G technology in Bangladesh holds immense promise, with the
potential to revolutionize various sectors and accelerate the growth of the digital
economy. The country’s journey towards full 5G integration is expected to

bring about substantial changes. Key areas of focus include:
Rollout Plans

The Bangladesh Telecommunication Regulatory Commission (BTRC) is at the
forefront of driving 5G adoption in the country. The primary telecommunica-
tions operators—Grameenphone, Robi, and Banglalink—are expected to grad-
ually expand their 5G services, with initial launches taking place in select areas.
The full nationwide rollout is anticipated to occur over time as infrastructure

improves and consumer demand rises.
Economic Impact

5G technology is poised to have a transformative effect on key industries in
Bangladesh, such as manufacturing, agriculture, healthcare, and education. With
the ability to support technologies like the Internet of Things (IoT), Artificial

Intelligence (AI), and smart systems, 5SG can significantly improve operational
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efficiency, foster innovation, and create new opportunities for economic growth.

Challenges

While the potential benefits of 5G are substantial, there are significant chal-
lenges that could hinder its progress. The high costs associated with deploying
the necessary infrastructure, the limited availability of SG-compatible devices,
and the affordability of spectrum licenses are all factors that may slow the adop-

tion of 5G technology in Bangladesh.

Government Role

Under the Digital Bangladesh Vision 2041 initiative, the government aims to
leverage 5G technology to drive the nation’s digital transformation. This vision
focuses on enhancing the country’s technological infrastructure, fostering in-
novation, and creating jobs to support the burgeoning digital economy. While
widespread adoption may take time, the government’s role is crucial in over-
coming the challenges and ensuring that the full potential of 5G is realized.
The adoption of 5G is expected to contribute significantly to socio-economic

development, transforming various aspects of life in Bangladesh.

4.2 Potential Changes in Bangladesh Due to 5G

Healthcare: 5G will usher in a new era of healthcare, enabling high-quality
video consultations with doctors and allowing remote surgeries to be conducted
with precision using robotic systems. These advances will make healthcare
more accessible and efficient.

Smart Cities: 5G will enhance urban life by streamlining city management

systems such as traffic control, public transportation, and energy usage. With
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the help of real-time data, cities can become more sustainable, less congested,
and more responsive to the needs of residents.

Driverless Cars: The introduction of autonomous vehicles will be made
possible with 5G, which allows cars to communicate with each other in real-
time. This communication will help prevent accidents, optimize traffic flow,
and improve overall road safety.

Manufacturing: 5G will enable smarter, more efficient factories, where ma-
chines can communicate instantaneously. This will reduce downtime, improve
accuracy, and enhance production speeds, bringing increased efficiency to the
manufacturing sector.

Farming: Agricultural practices will become more data-driven with 5G. Ad-
vanced sensors can provide farmers with precise information about when crops
need water, fertilizer, or attention, leading to better resource management and
increased crop yields.

Entertainment: The entertainment industry will see a transformation, with
5G facilitating seamless streaming of high-definition content and offering lag-
free gaming experiences. Consumers will enjoy higher-quality content with
faster download and playback speeds.

Education: In education, 5SG will make virtual learning more immersive.
Students will be able to take virtual field trips, engage in real-time collabora-
tions, and experience augmented and virtual reality lessons, all thanks to the
ultra-fast speeds and low latency of 5G.

Emergency Services: With 5G, emergency services will be able to respond
more quickly and effectively. Faster communication will allow first responders
to coordinate more efficiently, ultimately improving response times and saving

more lives.
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Retail: 5G will revolutionize the retail sector by enabling technologies like
virtual fitting rooms and providing personalized shopping experiences. With
the ability to handle large amounts of data in real-time, 5G will enhance con-
sumer experiences both in-store and online.

Energy: The energy sector will benefit from 5G’s capabilities to manage
smart grids more effectively. With better connectivity and real-time monitoring,
energy consumption can be optimized, reducing waste and ensuring reliable

power delivery to homes and businesses.
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Chapter 5

Closure

5.1 Advantages and Disadvantages of SG Network

Advantages

» High Speed: 5G provides significantly faster download and upload speeds
compared to previous generations, enabling real-time data transfer and

high-definition streaming.

* Low Latency: Ultra-low latency makes 5G ideal for applications requiring
immediate responsiveness, such as autonomous vehicles, telemedicine, and

online gaming.

* Increased Capacity: 5G networks can handle a much larger number of
connected devices simultaneously, supporting IoT and smart city applica-

tions.

* Enhanced Reliability: Improved reliability ensures stable and consistent

network performance, which is crucial for mission-critical applications.

* Energy Efficiency: Advanced technologies like beamforming optimize
power usage, making 5SG more energy-efficient for both users and service

providers.

* Support for Emerging Technologies: 5G is a key enabler for innovations
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such as AIl, machine learning, augmented reality (AR), and virtual reality

(VR).
Disadvantages

* Limited Coverage: 5G networks are currently limited to urban areas, with

slower deployment in rural or remote regions.

* Infrastructure Costs: The deployment of 5G infrastructure requires sig-
nificant investment, including new base stations, antennas, and technology

upgrades.

* Device Compatibility: Only newer devices support 5G, making it inac-

cessible to users with older hardware.

* Shorter Range: 5G signals, especially at higher frequencies, have a shorter

range and are more susceptible to obstructions like walls and buildings.

* Security Concerns: Increased connectivity introduces new cybersecurity

challenges, making networks more vulnerable to attacks.

* Environmental Impact: The need for more base stations and infrastruc-

ture raises concerns about environmental impact and energy consumption.

5.2 Overcoming the Disadvantages of 5G Network

1. Limited Coverage

* Solution: To overcome limited coverage, telecom providers are work-
ing on expanding 5G infrastructure, including deploying more base sta-
tions, using small cells, and enhancing coverage in rural and remote ar-
eas. Hybrid networks (a mix of 4G and 5G) can also be used to provide

seamless connectivity in areas with less dense 5G coverage.
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2. Infrastructure Costs

* Solution: The high costs of deploying 5G infrastructure can be miti-
gated by leveraging existing infrastructure, such as converting old 4G
towers to support 5G. Governments and private sectors can collaborate
to share infrastructure costs, and advancements in technology could

reduce the cost of building new base stations.
3. Device Compatibility

* Solution: As the adoption of 5G continues, the cost of 5G-enabled de-
vices will likely decrease, making them more accessible to the general
population. Over time, more devices, including smartphones, wear-

ables, and IoT devices, will become 5G-compatible.
4. Shorter Range

* Solution: To overcome the shorter range of 5G signals, telecom providers
are using strategies such as deploying more small cells, employing
beamforming technology, and using lower-frequency bands for broader

coverage in rural or obstructed areas.
5. Security Concerns

* Solution: To address security challenges, 5G networks are implement-
ing advanced encryption methods, stronger authentication protocols,
and zero-trust security models. Governments and cybersecurity firms

are also working on standards and frameworks for 5G security.
6. Environmental Impact

* Solution: To mitigate environmental concerns, 5G providers can adopt

sustainable practices such as using energy-efficient hardware, recycling
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old equipment, and reducing the carbon footprint of infrastructure de-
ployment. Additionally, optimizing network operations through soft-

ware can help reduce the overall energy consumption of the network.

29



References

1. M. G. Kachhavay and A. P. Thakare, “5G technology evolution and revolu-
tion,” International Journal of Computer Science and Mobile Computing,

Vol. 3, No. 3, pp. 1080-1087, 2014.
2. A. N. Ganatra, Developments of 5G Technology, 2017.

3. M. N. Dumbre, M. M. Patwa and M. K. Patwa, “5G Wireless Technologies-
Still 4G auction not over, but time to start talking 5G,” International Jour-

nal of Science, Engineering and Technology Research (IJSETR), Vol. 2,
2013.

4. M. G. Kachhavay and A. P. Thakare, “5G technology-evolution and revolu-

tion,” International Journal of Computer Science and Mobile Computing,

Vol. 3, No. 3, pp. 1080-1087, 2014.

5. A. A. Salih, S. R. Zeebaree, A. S. Abdulraheem, R. R. Zebari, M. A.
Sadeeq and O. M. Ahmed, “Evolution of mobile wireless communication
to 5G revolution,” Technology Reports of Kansai University, Vol. 62, No.
S, pp. 2139-2151, 2020.

6. S. M. Tondare, S. D. Panchal and D. T. Kushnure, “Evolutionary steps from
1G to4.5 G,” International Journal of Advanced Research in Computer and

Communication Engineering, Vol. 3, No. 4, pp. 6163-6166, 2014.

7. N. Bhandari, S. Devra and K. Singh, “Evolution of cellular network: from

1G to 5G,” International Journal of Engineering and Techniques, Vol. 3,

No. 5, pp. 98-105, 2017.

8. M. G. Kachhavay and A. P. Thakare, “5G technology-evolution and revolu-

tion,” International Journal of Computer Science and Mobile Computing,

30



10.

11.

12.

13.

14.

15.

Vol. 3, No. 3, pp. 1080-1087, 2014.

. P. K. Agyapong, M. Iwamura, D. Staehle, W. Kiess and A. Benjebbour,

“Design considerations for a 5G network architecture,” IEEE Communica-

tions Magazine, Vol. 52, No. 11, pp. 65-75, 2014.

K. Kaur, S. Kumar and A. Baliyan, “5G: a new era of wireless communi-

cation,” International Journal of Information Technology, Vol. 12, No. 2,

pp. 619-624, 2020.

M. Fizza and M. A. Shah, “5G Technology: An overview of applications,
prospects, challenges and beyond,” Proceedings Appeared on IOARP Dig-
ital Library, 2016.

T. A. Kumar, R. Akash and S. A. Kumar, “Role of 5G Networks: Issues,
Challenges and Applications,” International Journal of Engineering and

Advanced Technology (IJEAT), Vol. 8, No. 6, pp. 3172-3178, 2019.

E. Selem, M. Fatehy and S. M. Abd El-Kader, “E-Health applications over
5G networks: challenges and state of the art,” In 2019 6th International
Conference on Advanced Control Circuits and Systems (ACCS) & 2019
Sth International Conference on New Paradigms in Electronics & informa-

tion Technology (PEIT), IEEE, pp. 111-118, November 2019.

I. Ahmad, T. Kumar, M. Liyanage, J. Okwuibe, M. Ylianttila and A. Gur-
tov, “5G security: Analysis of threats and solutions,” In 2017 IEEE Con-

ference on Standards for Communications and Networking (CSCN), IEEE,
pp- 193-199, September 2017.

R. F. Olimid and G. Nencioni, “5G network slicing: A security overview,’

IEEE Access, Vol. 8, pp. 99999-100009, 2020.

31



16. M. Z. Noohani and K. U. Magsi, “A review of 5G technology: Architec-
ture, security and wide applications,” Int. Res. J. Eng. Tech, Vol. 7, pp.
1-32, 2020.

17. M. Abu-Lebdeh, D. Naboulsi, R. Glitho and C. W. Tchouati, “NFV orches-
trator placement for geo-distributed systems,” In 2017 IEEE 16th Interna-
tional Symposium on Network Computing and Applications (NCA), IEEE,
pp. 1-5, October 2017.

18. A. Javaid, “5G Technologies: Fundamental Shift in Mobile Networking
Mobile Networking Philosophy,” Available at SSRN 238719, 2013.

32



