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Abstract

5G communication technologies represent an advanced
technological revolution in the world of communications and
internet networks, offering high-speed and precise operational
capabilities for various institutions.

This research sheds light on 5G technology from multiple
perspectives, including its properties, features, advantages, and
disadvantages, as well as the necessary equipment for its
deployment. A general comparison is also made between 5G and
previous generations in terms of cost, speed, and energy
consumption. Additionally, the study explores Libya's efforts to
adopt this technology and examines the challenges faced by
telecommunications companies in the country.

The research concludes that 5G technology is a promising
innovation poised to revolutionize the communications industry and
will become essential in the coming decade. Despite its significant
advancements, 5G still requires extensive research, studies,
experimentation, and development to overcome the technical
challenges and issues associated with this network.

Keywords: Communication networks, mobile phones, 5G,
challenges, Libya.
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Introduction

The fifth generation of telecommunications, or 5G, is defined as the
latest advancement in mobile communication network technology,
designed to significantly enhance connectivity capabilities [1]. As it
stems from the development of the fourth generation of this
technology (4G-LTE), 5G aims to provide ultra-fast data
transmission speeds, significantly reduce latency, and increase the
ability to connect a much larger number of communication and
internet devices[2]. This technology serves as the cornerstone for
operating and establishing the Internet of Things (IoT), smart cities,
autonomous vehicles, and advanced healthcare systems. It leverages

2 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall



http://www.doi.org/10.62341/NAAH1414
mailto:n.hawisa@zu.edu.ly
mailto:hawisansreen@gmail.com

International Scienceand ~ VOlUMe 36 ) Ly 0 2 pd ) &
_Technology Journal Part 1 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/NAAH1414

advanced infrastructure, including MIMO (Multiple Input, Multiple
Output) and millimeter-wave frequencies. Moreover, 5G offers
transformative potential for industries and consumers alike.

Unlike earlier generations, which were often attributed to specific
inventors or organizations, 5G is the result of a collective effort by
global  telecommunications companies, researchers, and
standardization bodies. Organizations like the International
Telecommunication Union (ITU) and the 3rd Generation
Partnership Project (3GPP) have played pivotal roles in defining and
developing the 5G standards. Companies such as Qualcomm,
Huawei, Ericsson, and Nokia have been instrumental in pioneering
the core technologies that power 5G. Rather than a single inventor,
5G reflects a collaborative, international endeavor to meet the
growing demands of the digital age[3].

It is known that previous generations of communication
technologies (1G, 2G, 3G, and 4G) were often attributed to specific
inventors or institutions. However, the fifth-generation technology
(5G) was the result of a collective effort by global
telecommunications companies, researchers, and standardization
bodies.

Global organizations, such as the International Telecommunication
Union (ITU) and the 3rd Generation Partnership Project (3GPP),
played a major role in setting 5G standards and driving its
development. Additionally, companies like Qualcomm, Huawei,
Ericsson, and Nokia played an active role in pioneering the core
technologies that underpin 5G[3].

Historical Development of Mobile Network Generations[4]
Communication technology has gone through several stages over
several decades until it reached the fifth generation technology.
Each stage produced a new generation of communications
technology, as each generation revolutionized the field of
communication and social networking. These generations include
the following[4]:

First Generation (1G): This generation of communications
appeared during the period from the end of the seventies to the
beginning of the eighties (1979s — 1980s) of the twentieth century,
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and was the first spark in the wireless communications revolution.
It used analog signals for voice communications, which represented
the beginning of the emergence of the mobile phone. The most
important challenges it faced were its limited coverage, low level of
network security, and weak data services. However, the first
generation paved the way for the development of mobile phone
networks

Second Generation (2G): The second generation of the wireless
mobile network emerged at the beginning of the 1990s (around
1992). In this generation, digital signals were used instead of analog
signals. One of the most important features of this generation of
communication networks (2G) was the ability to send SMS
messages. Additionally, the data transfer speed increased to 64 kbps.
Multiple users could operate on the same frequency band, making
information more secure as all calls were encrypted.

Moreover, 2G was the first mobile network technology to support
international roaming and offered better network coverage than 1G.
The emergence of 2G networks also standardized frequency bands,
allowing mobile devices to operate on both 900 MHz and 1800 MHz
bands. This meant users could switch between telecom providers
without changing devices or SIM cards, as long as the new provider
supported the same frequency bands. The first commercial digital
cellular network was introduced in Finland [5].

Third Generation (3G): This generation of communications
appeared at the beginning of the first decade of the 21st century
(2000s). It demonstrated significant advancements in data transfer
speeds and enhanced network capabilities in terms of coverage and
user access. It provided numerous modern features such as video
calls, live streaming, gaming, and fast website browsing. It also led
to the establishment of the Universal Mobile Telecommunications
System (UMTS), which enhanced the capabilities of second-
generation networks (GSM) and enabled international roaming [6,
7]. UMTS is part of the third-generation family and offers higher
data speeds compared to its predecessors.

According to the International Telecommunication Union (ITU)
IMT-2000 standard, third-generation systems are classified as
capable of supporting data speeds ranging from 144 kbps to over 2
Mbps [8].
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In conclusion, third-generation systems are capable of coexisting
with second-generation technologies, enabling smooth transitions
and compatibility between them. These systems are designed to
meet future growth and expansion needs at minimal costs, aiming to
provide broader coverage and improved services [8].

Fourth Generation (4G): The emergence of fourth-generation
(4G) communication networks was essential to address the urgent
demand for higher data transfer speeds and increased capacity. The
IMT-2000 standard used in previous generations failed to meet these
requirements. To achieve faster data transfer rates for users and
lower latency, extensive research was conducted in areas such as
GSM, EGPRS, WCDMA, and HSPA. This led to data transfer rates
exceeding 20 Mbps.

Moreover, 4G networks demonstrate significantly lower latency,
which is critical for real-time interactions such as video
conferencing, where reducing delay is essential.

The transmission and reception processes in 4G networks rely on
two main technologies:

Orthogonal Frequency-Division Multiplexing (OFDM): It
forms the foundation of 4G systems by dividing the available
spectrum into several subchannels. OFDM provides faster speeds
compared to basic 3G technologies.

Multiple Input Multiple Output (MIMO): This 4G LTE antenna
technology utilizes multiple antenna components at both the
transmitter and receiver ends to improve data rates and enhance
signal quality [4].

Fifth Generation (5G): The fifth generation of communications
(5G) is the latest development in wireless networking technologies,
and represents a quantum leap in the speed and quality of
communications compared to previous generations. 5G is
characterized by ultra-high speeds of up to 10 gigabits per second,
and a very low response time of up to 1 millisecond, making it ideal
for applications that require high speed and accuracy such as
autonomous driving, remote surgery using robots, and virtual reality
devices.

5G networks operate using advanced technology devices that use
millimeter waves, which divide networks (Network Slicing), and
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also use artificial intelligence to improve efficiency and
performance.

Although 5G coverage is still in its early stages, it will radically
change the way humans and devices communicate, which will open
new areas for digital transformation in various sectors. As a result
of the limitations imposed by previous generations, such as 4G, in
meeting the increasing demands for high-speed and reliable
communication, despite initially creating a significant leap in data
rates, the International Telecommunication Union recognized the
need for a new standard to address the evolving requirements of
mobile communications, and so the fifth generation cellular
networks were born, which it hopes will overcome these challenges
and limitations. Ultimately, the fifth generation (5G) can be defined
as "International Mobile Telecommunications 2020" (IMT-2020).

Figure (1) represents the stages of development of communications
networks from the first generation to the fifth generation and the
features of each of them.

Stages of development of
communication networks
from 1G to 5G

Y T
Vles 56

R

Al 2
Mobile Networks - 1G to 5G

Fig.1. The development history from 1G to 5G. [7,8]

The Importance of 5G Technology [9]
It is well-known that 5G technology is a modern and advanced
innovation, with an impact on various fields comparable to that of
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Artificial Intelligence (Al), the Internet of Things (loT), and
Machine Learning (ML). This technology has led to a significant
increase in the volume of daily data transmission (both sent and
received). Previous and older network generations are no longer
capable of handling these demands or meeting the urgent and
essential needs of this era (the era of artificial intelligence and
remote control). This makes 5G technology the ideal solution for
providing these services and meeting these requirements, thanks to
its high speeds and wide bandwidth.

Advantages of 5G Technology[10]

The most important advantages of 5G-communication technology
include :

1. High Data Transmission and Processing Speeds

5 G technology provides extremely high download and upload
speeds for data and files« reaching up to 10 Gbps. This enhances
performance efficiency across various applications .

2. Smaller Equipment and Device

5G utilizes relatively small transmitters compared to those used in
previous generations. These transmitters can be easily installed
within buildings, small towers, and structures, reducing installation
and setup costs. They are also more energy-efficient .As shown in
Figure (2).

fl" iff- 2
Figure 2. 5G equipment: Due to its small size, it has been installed on
standard metal poles [11]

3. Reduced Error Rates

5G devices operate using the adaptive "MCS" system, which is
characterized by accuracy, reduced error rates in communications,
and the ability to adjust connection speeds .
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4. Wider Bandwidth
5 G technology uses a wide bandwidth of up to 100 GHz or more,
enabling increased capacity and the connection of a larger number
of devices. Figure (2) illustrates the objectives of the 5G spectrum
around the world, and the commonalities in the spectrum that may
help provide the information needed to achieve global spectrum
harmony for 5G technology.
5. Low Latency
5G networks feature significantly reduced latency, reaching as
low as 1 millisecond. This makes data processing and all upload
and download operations ten times faster than 4G networks.
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Around the world, these bands have been allocated or targeted

Figure 2. Spectrum bands targeted or allocated for 5G in different
countries [12].

Disadvantages of 5G Technology[13]

Since 5G technology is relatively new and involves complex
software interactions with a lack of comprehensive encryption, it
remains vulnerable to cyberattacks, despite incorporating improved
algorithms. This necessitates caution when using it.

Network Slicing

Implementing 5G slicing requires flexible service coordination and
control capabilities to deliver optimal performance. However, due
to this complexity, it cannot provide the required real-time security
and reliability, leaving the network exposed to breaches and harmful
attacks.

Requirement for Specialized Infrastructure

Building 5G communication networks demands a strategic short-
and medium-term investment plan to execute infrastructure projects.
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This includes installing 5G equipment and training personnel to
manage and operate it.

Limited Coverage

Despite technological advancements, 5G coverage is not available
in all regions, especially in rural and remote areas. This is due to the
high cost of installation and the lack of economic feasibility in some
locations.

Signal Penetration Limitations

Due to the short wavelength and high frequency of 5G signals,
obstacles like buildings and trees can impede signal transmission.
This requires the design of more network-compatible environments.

Applications of 5G Technology

e Autonomous Vehicles: The high speed and efficiency of 5G
networks enable precise remote operation and control of
transport vehicles (cars, buses, and even airplanes).

e Smart Factories: With 5G communication, factories can operate
using computers and smart machinery, such as robots and
advanced devices, linking thousands of smart devices together.

e Smart Cities: 5G networks can be utilized to manage smart city
facilities, including waste recycling, traffic control, and energy
conservation, with enhanced efficiency.

e Virtual and Augmented Reality: 5G supports smart applications
for virtual reality, such as smart glasses and mobile phones,
improving productivity and user experience.

Equipment and requirements needed to establish the fifth
generation of communications [14].

To Build 5G Networks:« It is necessary to install and set up a range
of new and advanced equipment. This equipment is designed to
support 5G technologies, which focus on high-speed connectivity
and the ability to handle a massive number of connected devices.
Below are the key components required for 5G that were either
absent or significantly different in previous generations:

1- Massive MIMO (Massive Multiple-Input Multiple-Output)
 Description:

Massive MIMO technology uses numerous small antennas at the
base station to send and receive signals simultaneously. These
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antennas are utilized to increase bandwidth and improve spectrum
efficiency.

 Distinguishing Feature Compared to Previous Generations:
In 4G, traditional MIMO antennas were used. However, Massive
MIMO in 5G can accommodate hundreds of antennas instead of just
dozens.

2 - Small Cells

o Description:

Small-sized cells are used to cover specific areas like streets or
buildings. Due to the high-frequency bands used (such as millimeter
waves), which require shorter distances for signal transmission,
small cells are deployed.

 Distinguishing Feature Compared to Previous Generations:
Previous generations primarily relied on macro towers covering
wide areas, whereas 5G requires a significantly larger number of
small cells.

3 - Beamforming Systems

o Description:

Beamforming is a technique that directs the signal toward the user
rather than broadcasting it in all directions. It enhances coverage
efficiency and reduces interference.

o Distinguishing Feature Compared to Previous Generations:
In previous generations, signals were transmitted in multiple
directions without targeted focus.

4 - Millimeter Wave Equipment (mmWave Equipment)

o Description:

Devices operating on high-frequency bands like 24-100 GHz are
used to enable ultra-high speeds and massive data transmission.

« Distinguishing Feature Compared to Previous Generations:
Earlier generations did not utilize these high frequencies due to
technological limitations.

5 - Edge Computing Devices

 Description:

Distributed computing units located near users reduce latency.
These devices support applications requiring extremely low latency,
such as cloud gaming and autonomous vehicles.
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 Distinguishing Feature Compared to Previous Generations:
Previous generations relied on computing in centralized data
centers.

6 - Fiber Optics

 Description:

Cables used to connect base stations to the internet. Fiber optics are
employed to transmit vast amounts of data at extremely high speeds.
« Distinguishing Feature Compared to Previous Generations:
While fiber optics were used in 4G, 5G requires more extensive and
faster fiber optic networks.

7 - High-Efficiency Power Units

o Description:

Optimized power systems designed to operate the large number of
small cells and massive antennas. These units meet the high energy
demands of dense networks with high efficiency.

o Distinguishing Feature Compared to Previous Generations:
Previous generations consumed less power due to fewer network
stations.

8 - Dynamic Spectrum Management Systems

o Description:

Systems designed to efficiently manage the spectrum by sharing
frequencies among users. These systems enhance spectrum
utilization efficiency.

o Distinguishing Feature Compared to Previous Generations:
Spectrum management in earlier generations was static and non-
dynamic.

Comparison between the fifth generation of communications
and previous generations]15,16]

When examining the features offered by the fifth generation of
telecommunications (5G), it was essential to establish a scientific
and technical comparison between it and the previous generations
of communication networks. This comparison covers several areas,
including speed, efficiency, cost, power consumption, and other
aspects.

The tables and graphs presented were derived from the
International Telecommunication Union (ITU) website, in addition
to the websites of global telecommunications companies such as
Nokia, Huawei, and others..
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The tables and graphs presented were derived from the
International Telecommunication Union (ITU) website, in addition
to the websites of global telecommunications companies such as
Nokia, Huawei, and others.

Table 1 also shows the comparison between the generations of
communication networks from the first generation (1G) to the fifth
generation (5G):

Table.l. Comparison between the five generations of
communication networks

Generation Data Transfer Speed Coverage Range
1G Up to 2.4 Kbps Limited (Urban areas only)
2G Up to 64 Kbps Broader coverage (suburban areas)
3G Up to 2 Mbps Nearly global (urban & rural)
4G Up to 1 Gbps Wide and global coverage
5G Up to 10 Gbps Limited (expanding gradually)

From Table (1), it is clear to us the following:

e Data transfer speed: refers to the theoretical maximum speed
and may differ in actual use based on environmental factors.

e Coverage range depends on the infrastructure. While 1G and
2G cover only urban areas, coverage has expanded significantly
with 3G and 4G, but 5G is still in the expansion phase.

Table (2) and Figure No. (2) represent the amount of costs of
establishing each generation of communication networks from the
first generation to the fifth generation (in US dollars), noting that
these numbers change depending on the type and location of the
region in which this generation is created.

Table .2. Total cost and cost of equipment and devices that make
up each generation of communications networks
Cost 2G (Second 3G (Third 4G (Fourth 5G (Fifth
Component Generation) Generation) Generation) Generation)

$50,000to $100,000to  $150,000 to $500,000 to $2
$250,000  $500,000 $750,000 per million per small
per macro  per macro  macro cell; $5-  cell (urban areas);
cell; <$1 cell; $2-5 10 billion for $10+ billion for
billion for  billion for national rollouts  national rollouts
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Cost 2G (Second 3G (Third 4G (Fourth 5G (Fifth
Component Generation) Generation) Generation) Generation)
national national
rollouts rollouts

$20-100+ billion

Spectrum  <$1 billion $2-5 billion ~ $5-10 billion globally, depending

Licensing globally ~ globally globally on the market
_ $1-2 billion for
Device _<$100 ,<$500 <$1 billion for  developing early-
Ecosystem  million for  million for devices stage devices and
Support devices devices ggntegration

$5-20 billion for
Backhaul and $1-2 billion $2-4 billion $3-8 billion for fiber optic backhaul

Core Network for upgrades for upgrades upgrades and network
upgrades
$2-5 billion
Energy Costs <ﬁ?_00 ﬁplf'l $1-2 billion globall¥ (h(ljgher
(Annual) million illion globally energy for dense
globally globally small-cell
networks)
Overall $30-50+ billion
National - $5-10 - (highly dependent
Rollout <$5 billion billion $10-15 billion on country size and
(Approx.) density)
Total cost 7.65 10.1 20.15 58.5
(billion USD) ' ' ' '

Total cost of establishing the five generations of
communication networks (billion dollars)

1G 2G 3G 4G 5G

Fig.2. Total cost and cost of equipment and devices that make up each
generation of communications networks
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From Table (2) and Figure (2), the following can be noted:

e 5G Costs are significantly higher due to the need for dense
small-cell deployment, advanced technology, and expensive
spectrum.

e Fiber optic backhaul is essential for high-speed data transfer,
adding to the cost.

This table reflects approximate global costs based on available
data, which may vary by region and implementation scale.

Table (3) and figure (3) show an estimate of the energy consumed
to transfer 1 megabyte of data across different communication
generations.

Table No. 3. Energy consumed to transmit 1 megabyte of data

Energy Consumed
Generation Technology per Megabyte Notes
(Watts/Hour)

Very high-energy

Analog _ consumption due to low
1G Networks 20-50 Wih transmission efficiency and
outdated infrastructure.
Significant improvement in
GSM, _ energy efficiency compared to
2G CDMA 10-20 wih 1G, but still relatively high for
data transmission.
UMTS, ~ Higher data transmission
3G CDMA2000 5-10 Wi efficiency compared to 2G.
More efficient network
~ design, leading to reduced
4G LTE 1-5Wih energy consumption per unit
of data.
Advanced technologies like
5G NR (New ~0.1-1 W/h Ma5_5|_\/e MIMO and increased
Radio) efficiency result in very low

energy consumption.

Sources of Information: https://www.itu.int/dms pub/itu-
d/opb/stg/D-STG-SG02.05.1-2017-PDFE-A.pdf
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Energy consumed per megabyte (watt-hour)

1G 2G 3G 4G 5G

Fig.3. Energy consumed per megabyte (watt-hour) for all generations of
communication networks

From figure (3), it is clear to us that:

e The amount of energy consumed has decreased significantly
due to the use of new technologies such as Massive MIMO and
increased efficiency.

e Improvements in infrastructure and increased economies have
contributed to reducing the amount of energy consumed to
transmit 1 megabyte.

Table (4) and figure (4) illustrate the approximate cost of
transmitting 1 megabyte of data across different generations of
mobile communication technologies (1G to 5G). These values are
estimates and might vary based on region, time, and provider.

Table 4. Cost of transmit 1 megabyte of data for each generation of
communications
Cost per

Generation Megabyte (USD) Notes
1G 5 Designed for voice only; data transfer was not
a primary function. Extremely inefficient.
2G 1 First generation to support SMS and low-speed
data transfer.
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. Cost per
Generation Megabyte (USD) Notes
3G 0.5 Improved data capabilities; common for early
’ mobile internet.
AG 0.1 High-speed internet became mainstream; costs
’ dropped significantly.
5G 0.01 Ultra-high-speed, low-latency networks;

extremely cost-efficient for data.

Source: https://www.visualcapitalist.com/the-cost-of-1-gb-of-mobile-data-
worldwide/?utm source=chatgpt.com

Cost of transmit 1 megabyte of data (USD)

1G 2G 3G 4G 5G

Fig.4. the cost of transmit 1 megabyte of data for each generation of
communications

From the figure (4), it is clear that:

e Costs have significantly decreased due to the transition from
voice-only (analog) to digital with basic data capabilities,
thanks to digital efficiency.

e The introduction of mobile internet made data transmission
more common and less expensive.

e The use of Long-Term Evolution (LTE) technology enabled
broadband-like speeds, leading to further cost reductions.

e Improvements in infrastructure and increased economies of
scale contributed to the reduction in costs per megabyte.
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Developing 5G Networks in Libya

Libya is striving to develop 5G networks to keep up with global
technological advancements. In 2019, Al-Madar Al-Jadeed
Company announced the launch of 5G services as a step toward
improving internet services in the country, making Libya one of the
first Arab nations to adopt this technology.

In November 2023, Chairman of the General Authority for
Communications and Informatics, announced the imminent
adoption of a national plan for launching 5G networks according to
a defined timeline, while taking national security considerations into
account. The plan includes three phases:

o Stage One: Limited-scale launch.

o Stage Two: Commercial launch.

o Stage Three: Beyond 2026, preparing for technologies of
generations after the fifth generation

Additionally, the "Libya 5G Testing and Experimentation
Incubator" project was launched to encourage students and
researchers to conduct experiments and research in this field using
the fastest possible technological methods.

The Key Areas Where Libya Can Benefit from 5G Technology
Considering Libya's current economic, political, security, and social
conditions, the most impactful applications of 5G technology would
be in areas that require immediate improvements with a direct effect
on people's lives and national stability. Below are the key areas of
potential benefit:

1. Education and Training
Supporting Distance Education:
Given the country's infrastructure challenges caused by
conflicts and security issues, 5G technology can enable
students, especially in rural areas, to access national and global
digital educational platforms.
It can also facilitate vocational and technical training for youth
and job seekers, helping them develop skills aligned with labor
market needs.

« Empowering Women and People with Disabilities:
This technology can provide better access to educational
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programs for women and individuals with limited access to
traditional education.

. Healthcare Sector

5G can support online medical consultations, particularly in
remote areas lacking healthcare facilities.

It can enhance emergency services through rapid response
technologies and better connectivity between hospitals and
ambulatory services.

5G can also assist in national vaccination campaigns by
leveraging smart communication platforms and efficient data
management.

. Agriculture and Natural Resource Management

Enhancing Agricultural Production:

loT-based systems can be utilized for crop monitoring and smart
irrigation, helping to increase productivity and reduce water
wastage in a resource-scarce country.

Applications relying on data analysis can assist farmers in
monitoring water quality and soil conditions.

. Public and Government Services

E-Governance:

5G can streamline essential government services such as issuing
personal documents, tax payments, and citizen-government
communication.

Smart City Management:

Using 5G, authorities can improve traffic management, monitor
public roads, optimize street lighting, and enhance emergency
response systems.

. Security and Border Monitoring

Improved Security Measures:
Deploying 5G-enabled surveillance systems can enhance
monitoring of borders and sensitive areas.
It can facilitate interagency communication to ensure rapid
responses to emergencies.
Combating Cybercrime:
Establishing a secure infrastructure using 5G can bolster
cybersecurity efforts and mitigate the risks of cybercrime
targeting institutions.
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. Energy and Oil Sector

Optimizing Oil and Gas Management:
5G technology can improve the efficiency of production and
transportation systems in oil fields.

o Smart sensors can reduce costs through predictive maintenance.
o Early detection of faults and leaks in production areas, ports, or

pipelines becomes possible.

. Digital Economy, Entrepreneurship, and Banking

Supporting Startups:
5G can foster a digital environment that supports entrepreneurs
in programming, e-commerce, and app development.
It can enable small digital businesses such as logistics and
delivery services.

o Enhanced digital infrastructure can attract global tech companies.
o Financial services, such as money transfers and online

commerce, can benefit significantly from 5G.

. Media and Entertainment

Enhancing Media Quality:

5G can support high-quality broadcasting of news and awareness
programs, contributing to greater social and political awareness.
Developing Local Content:

It can empower Libyan youth to create innovative digital content
that reflects local culture.

Challenges to Implementing 5G in Libya
Despite its numerous benefits, 5G technology is not yet
commercially available in Libya due to the following challenges:

1.

Political Instability: The fragile political climate hinders the
issuance of regulations to govern 5G use.

Economic Constraints: Limited financial resources affect the
development of the necessary infrastructure and deter national
investments.

Security Issues: These challenges impede the entry of global
companies into Libya and the protection of 5G equipment.
Lack of Strategic Planning: Successive governments have not
outlined clear future visions to leverage 5G technology
effectively.

Nevertheless, efforts to build the required infrastructure for 5G

continue, aiming to realize its potential in the near future.
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Conclusion

It is evident that 5G technology is a necessity in today's era of

advanced telecommunications and the Internet of Things (loT).

Libya cannot afford to overlook its advantages, which include:

« Enhanced connectivity for dense communication, high speeds,
and real-time responsiveness.

o Improved energy efficiency and reduced costs due to advanced
technologies like Massive MIMO.

o Transitioning from analog to digital waves, which significantly
lowers communication costs.

Libya can harness 5G technology to drive improvements in:

1. Education and healthcare for better quality of life.

2. Security and border monitoring for greater stability.

3. Agriculture and resource management to ensure food
security.

4. Digital government services to simplify citizens’ lives.

Focusing on these sectors can have a profound impact on Libya's
economic and social conditions, yielding tangible results in the
short and medium term.
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