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ABSTRACT

This research focuses on the optimization of 5G network architectures to enhance reliability and
reduce latency, using Somaliland as a case study within a developing-country context.
Employing OMNeT++ simulations supported by survey data, the study evaluates latency,
throughput and bit error rates under different scenarios. The results demonstrate that advanced
techniques such as edge computing, network slicing, renewable energy integration and traffic
optimization significantly improve network performance. In addition, the research highlights
non-technical barriers, including regulatory limitations, infrastructural challenges, and shortages
of skilled professionals, which hinder sustainable 5G deployment. By integrating theoretical
analysis, technical analysis and socio-economic perspectives this study provides academic
contributions to the field of wireless communication and offers practical recommendations for
policymakers and industry stakeholders seeking to advance 5G adoption in Somaliland and other

similar regions.
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CHAPTER: 01

INTRODUCTION

1.0 Introduction

Telecommunications are essential in today's world for bringing people together, communicating
and promoting global economic change. With the promise of incredibly high internet speeds,
lower latency, and enhanced connectivity, 5G technologies mark a significant breakthrough in
wireless communication [1]. Deploying and optimizing 5G networks in under developing
locations like Somaliland presents significant obstacles, despite its transformative promise. Even
though Somaliland has already implemented 5G, its full potential still requires infrastructural
improvements. In order to improve telecommunications infrastructure and advance
socioeconomic development, this study explores the optimization of 5G network architectures in
Somaliland with an emphasis on overcoming these challenges, Somaliland’s telecommunications
sector has shown remarkable resilience and growth, even during periods of civil wars and socio-
economic adversity. However, the current infrastructure lacks the sophistication required to
support a high-performance 5G networks [2]. The primary aim of this research is to identify
innovative strategies for the effective optimization of 5G technology in Somaliland, recognizing
the infrastructural, regulatory, and economic hurdles specific to this context. This research uses a
multidisciplinary approach, combining qualitative methodology, quantitative surveys, and a
review of relevant literature. Engaging discussions with telecommunications experts,
government officials, users and community stakeholders contribute to a holistic perspective
essential for the successful optimization of 5G networks. The outcomes aim to guide
policymakers, government and industry leaders in Somaliland, offering a framework that could
also benefit other developing countries those are facing similar challenges. In conclusion, this
study aspires to provide strategic insights and actionable solutions for optimizing 5G networks in
Somaliland, addressing technical, environmental, and social dimensions to support the country’s

digital transformation and socio-economic growth [3].
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1.1 Background of the research

1.1.1 Network architectures and the Genesis of 5G: Evolution of the mobile

communications.
In the past few decades, mobile communication has witnessed remarkable advancements,

transforming the way we connect, communicate, and access information. From the early days of
brick-sized mobile phones with limited capabilities to today’s digital smart phones with
lightning-fast data speeds, the journey of mobile networks has been nothing short of astonishing.
In this blog post or arrow lines we’ll take a trip down memory lane and explore the evolution of
mobile communication from 1G to 5G, understanding how each generation of mobile networks

has shaped the world we live in[1].

1G 2G 3G 4G 5G

1980s 1990s 2000s 2010s 2020s

The evolution from 1G to 5G has transformed mobile communication, progressing from analog
voice calls (1G) to digital texting (2G), mobile internet (3G), high-speed streaming (4G), and

now ultra-fast, low-latency connectivity (5G), enabling innovations like 10T and smart cities.

Looking ahead, 6G is expected to push the boundaries with Al-driven networks, terahertz
communication, and even more seamless integration of virtual and augmented reality into

everyday life.

The progression of wireless communication technologies has been marked by successive
generations, each introducing transformative capabilities. This section provides an overview of

the evolution, leading up to the emergence of 5G in table 1.1.
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Features 1G 2G 3G 4G 5G
IS [ ) 1980s 1990s 2000s 2010s 2020s

t years
Technology NMT, AMPS, TACS GSM WCDMA  LTE, MIMO
WIMAX mm
Wave
S
=TT (o 30KHZ 1.8GHz 1.6-2GHz  2-8GHz 3-30GHz
Data 2Kbps 14.6-64Kbps  2Mbps 2000mbp 2 1Gbps
rates/Band s- 1Gbps
wi
dth
Network PSTN PSTN Packet Internet Internet
Network
System FDMA TDMA/CDM CDMA CDMA OFDM/
A BDMA

Table 1.1: Overview of the evolution leading up to the emergence of 5G
1.2 Latency optimization and 5G network architecture

1.2.1 Architecture of 5G network
The architecture of 5G network is very huge and complex and has many interconnections which

include advanced technologies that allow performing much extremely better than the previous
versions of generations as its purpose was to improve the network architectures those already
existed. It's designed and planned to be flexible, scalable and capable of supporting a wide range
of use cases from enhanced mobile broadband to mission-critical applications [2]. 5G network
architecture is a major improvement which is designed as a modular flexible framework to
accommodate an extensive range of services. Its components the Core Network and Radio
Access Network (RAN) are basic building blocks that collectively make usable to high

performance levels and reduced latency in the sector [3].
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Core functions such as AMF, SMF, UDM, and PCF assist in smooth network functioning,
indirectly leading to less latency. The 5G RAN, which is responsible for wireless
communication, has seen many changes to support the demands of higher data rates and lower
latency. Some of the key developments include the use of mmWave frequencies for increased
capacity, massive MIMO with beam forming for increased spectral efficiency, and the new NR

interface for more efficient data transmission.

The RAN's programmable and flexible nature enables dynamic resource allocation and
optimization. Furthermore, the decomposition of the RAN into CU, DU and RU enables strategic
placement of processing and latency-sensitive processing is moved closer to the edge. Edge
computing is necessary to decrease latency since data is processed closer to the user and this is
necessary for use cases like AR/VR and industrial automation. With the RAN and core
integration provided by edge computing, a distributed architecture is created that augments

centralized cloud capacity with low latency and high reliability for diverse 5G use cases [3].

The picture below presents a modern 5G network architecture that integrates multiple layers of
connectivity to improve both reliability and latency. It features 5G macro cells that offer wide-
area coverage and connect mobile users like smart transport units or connected cars and 5G small
cells that provide high-speed, low-latency access to densely populated areas or indoor

environments.

These small cells are critical for supporting real-time applications such as mobile gaming, smart
devices, and loT. A key feature of the architecture is the inclusion of local (edge) servers and
central servers. Local servers process data closer to users, reducing latency and network

congestion while central servers handle more complex or large-scale data tasks.

The combination of small cells, edge computing and centralized processing ensures faster
response times and more reliable service, making this structure ideal for latency-sensitive
applications directly supporting goals like optimizing 5G for regions such as Somaliland and

other developing countries around the world, additionally figure 1.1 illustrates how 5G network
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Architecture looks like and what are the components needed to implement and how they

interconnect to each other as well.

5G NETWORK ARCHITECTURE

Local Server Central Server

0)) '\

\;'\ '
o O

Figure: 1.1 5G network architecture [4]

OSG Macro ‘ |
- ~
é \ ",
. A i

5G Small Cell

1.3 Problem Statement

Telecommunication industry sector in Somaliland faces a lot of challenges including inadequate
infrastructure of the country, limited access to reliable electricity and independent regulatory
framework so that these challenges reduce and make difficult of getting dependable and low-

latency network services especially in remote and rural regions those are far from major cities.

Addressing these barriers is important to optimize 5G networks which can improve coverage and

connection across urban, suburban and rural areas of the country.

By solving and overcoming these challenges, connection of 5G can contribute Somaliland’s
economic development, expand access to digital services and improve the overall quality of

telecommunications for individuals, businesses and industrial sector as well.

© Daffodil International University



1.4 Research Aims and Objectives

In the study four key objectives has been focused and those are the following once.

1.

4.

First to provide a comprehensive assessment of Somaliland's historical landscape and
existing telecommunications framework summarizing the main challenges and
opportunities for enhancing 5G infrastructure.

To technically make technical simulations to get some results using OMNeT++ which is
used (git-hub + my code) as a source code to analyze performance of existing 5G
networks and its improvements specifically latency reduction, increasing data rate,
throughput, bit error rate and optimize Somaliland’s connectivity into 5G across all the
country.

The research examines the potential environmental impact of advanced
telecommunications in both urban and rural Somaliland settings emphasizing sustainable
practices.

As well as the study examines environmental impact of advanced telecommunications in

both urban and rural Somaliland settings.

1.5 Research Questions

Primarily based on the take a look at problems, the research will check out.

The following ensuring questions:

What are the main factors affecting the reliability and latency of 5G networks in
Somaliland, problems that telecom sector in Somaliland is facing in general and how to
overcome?

What role can dynamic spectrum sharing and renewable energy integration play in
enhancing the deployment of 5G in Somaliland?

How do socio-economic factors, such as cost and access to telecommunications
infrastructure influence the development of 5G in Somaliland?

How can we technically reduce latency in general, in Somaliland’s connectivity and how

does the date rate and throughput will change after the optimization?
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1.6 Research Plan
Objective: This study aims to optimize 5G network architectures in Somaliland to improve
reliability and reduce latency, addressing infrastructure, regulatory, and socio-economic

challenges specific to the region.

Methodology: in this research a mixed-methods approach will be used:

+ Qualitative methodology: Questionnaire with telecom experts, users/clients with
community stakeholders and a review of relevant literature.

+ Quantitative methodology: Technically analyzing the data, applying statistical methods
and thematic analysis to interpret collected data and identify key patterns and this part we

will use OMNeT++ in order to simulate our findings.
Research Phases

Phase 1: Introduction and Literature Review: defining the study and examining 5G
deployment strategies and infrastructure challenges in similar developing regions to

inform the study’s framework.

Phase 2: Data Collection: Gathering qualitative data through questionnaire on a focused

groups and surveys alongside quantitative network performance data.

Phase 3: Environmental and Socio-Economic Assessment: Evaluating the environmental

impacts of 5G infrastructure and analyze socio-economic factors influencing adoption.

Phase 4: Technical data analysis: Applying statistical methods and thematic analysis to
interpret collected data and identify key patterns and this part we will use OMNeT++ in

order to simulate our findings

Phase 5: analysis and discussion as well as conclusion and future recommendations,
Synthesizing findings into actionable recommendations to enhance 5G reliability and

low latency, increased data rate and throughput stability in Somaliland.
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1.7 Research Organization
This thesis contains six chapters and | explained each chapter as follows.

Chapter 1: Introduction

v Introduction and background of the research topic as well as its significance in the
context of 5G network architectures.

v Research objectives and specific research questions to be addressed.

v Anoverview of the research methodology and the structure of the thesis.

Chapter 2: Literature Review

v A comprehensive review of existing literature related to 5G network architectures starting
from the beginning up to now of ultra-reliable and low-latency communications focusing
Somaliland literatures and other developing countries’ literatures only.

v Analysis of research studies and academic papers that explore the history of Somaliland’s
telecom sector, telecom in developing countries, Structural, Business and Market
Realities in Telecom of developing countries,

v" And finally, explaining the Growth Constraints and Developmental Impact,
Environmental Considerations in Telecommunications as well as Impact of Socio-

Economic Factors on Telecommunications Deployment
Chapter 3: Somaliland’s telecommunication sector landscape

Introduction about Somaliland in general
Historical development of telecommunications sector in Somaliland

v
v
v" Driving connectivity in Somaliland’s telecom sector or key players of the sector
v

Current connectivity of the nation
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Chapter 4: Methodology

v

Overview of the research approach and design.

Chapter 5: Analysis and Discussion

v

Summary of the research findings and their implications for optimizing 5G network
architectures for ultra-reliable and low-latency communications.

Reflection on the research objectives and how they were addressed in the study.

Results for valuation of existing 5G Infrastructure in Somaliland using the data from the
survey identifying challenges its facing and the solutions.

Result, including key takeaways and contributions to the field of 5G network

performance evaluation and optimization.

Chapter 6: Conclusion

<\

Summarizing the primary research findings

Discussing the contributions of my research that has made to the field of 5G network
architecture and URLLC especially in Somaliland although it will help the other
developing countries in Africa and all over the world.

Limitations of the study

Recommendations for future work

References
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CHAPTER: 02

LITERATURE REVIEW

2.0 Introduction

The purpose of this chapter is to presents a comprehensive overview of the literature that exists
and is relevant to the optimization of 5G network architectures for ultra-reliability and low
latency (URLLC), specifically in the case of Somaliland. It covers the state of the art of 5G
technology with a focus on key architectural features and their impact on latency and reliability
and challenges it is facing nowadays like society conflicts, lack of reliable and cheap electricity
as well. The review also covers opportunities and challenges related to 5G deployments in
developing nations with particular attention to the unique conditions of Somaliland comparing
with some neighboring countries like Ethiopia and Djibouti. Finally, this chapter identifies
research gaps and gives the contribution of this study.

2.1 History of Somaliland’s telecommunication sector

The central government under the corrupt rule of dictatorship leader had a strong monopoly on
the telecom industry before Somaliland's re-independence in 1991 when the government of the
regime collapsed. Somaliland has a thriving modern telecommunications sector since his
dictatorship was overthrown and the country's citizens use mobile phones unaccountably. In
terms of Somaliland's telecom industry, it is widely covered with reliable services recorded in
every area. In regional Somaliland a privately held ICT sector is thought to be one of the main

drivers of telecoms connectivity [5].

Before Somaliland in 1991, the telecommunications sector was owned entirely by a communist
government. The collapse of the regime government in 1991 led to the destruction of telecom
industry which disconnected Somaliland from the rest of the world. Somali business people saw
this as an opportunity and by 1993 different private telecommunication providers were
established. Privatization promoted competition which led to expanded mobile services, lower

prices, better efficiency and technological innovations across the country.
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The late President Mohamed Ibrahim Egal's light regulatory style contributed hugely to
Somaliland's telecom sector and economy in general. The sector has grown immensely since his

era due to its simple infrastructure and quick return on investment.

Rather than remittances, telecom has become Somaliland's most uncovered private sector, with
some private operators like Telesom, Somtel and Somcable providing competitive and high-
technology services.

Although there are a lot of challenges that Somaliland’s telecom sector faces still Somaliland’s
telecommunications sector is one of the most modern and least expensive compared to its

neighboring and some most of other countries in Africa [6].

An important transition over years occurred as Somaliland moved from a government of
monopoly under the regime of said bare to an improved market with competition and cutting-
edge technologies like 5G and mobile money services.

In addition, the introduction of fiber-optic cables has significantly improved internet speeds and

reliability empowering educational institutions, businesses and the tech community as well.

The picture on figure 2.1 with the timeline below presents key milestones in Somaliland’s
telecommunication industry journey, its highlighting the spirit that define the sector’s character

and development through the years.

This sector remains very important to Somaliland’s socio-economic progress and continues to
evolve with the digital age which is good this quickly improving world on the side of

digitalization.
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Figure: 2.1 key milestones in Somaliland’s telecom journey
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2.2 Telecommunications in Developing Countries

The expansion and development of telecommunications in developing countries creates difficult
situation that is completely different from what is experienced in already developed countries.
These nation’s structural, economic, technological and environment in general effect the

development, administration and growth of telecommunications sectors [7], [8].

It is important to overcome these challenges of distinction in order to develop investments and

policies that find to improve connectivity and advance inclusive development of the nations.

Besides a lot of challenges, the telecommunications sector in developing countries holds
important potential to improve socioeconomic development and as we all know improved
connectivity can foster digital inclusion, support small businesses, facilitate e-governance and
enhance education and healthcare services like telemedicine technology. Through strategic
investments in infrastructure, human capital and policy reform these nations can accelerate their
transition into the digital age [8]. Governments and private development partners must prioritize
rural coverage, invest in human capital and create a more competitive and transparent telecom

environment.

2.3 Structural, Business, and Market Realities in Telecom of developing

countries
In most developing countries, the telecommunication sector has traditionally been dominated by
monopoly enterprises owned by the central governments. Although liberalization and

privatization trends are slowly taking root progress remains uneven.

Many countries still face huge bureaucratic structures that effect efficient service delivery and
technological innovation [8]. The overall quality of service (QoS) is typically lower than that of
developed countries with users frequently experiencing network outages, slow internet speeds

and poor voice call quality
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These issues are largely due to outdated invested infrastructure and a lack of sufficient

investment in system upgrades and improvements.

The commercial environment also lacks sufficient competition as there is no too many private or
even public companies. In many cases, government monopolies or a small number of dominant

providers control the sector reducing the incentive to innovate or lower prices.

In addition to that, regulatory barriers discourage new entrants and hinder healthy market

competition [10].

2.4. Growth Constraints and Developmental Impact

One of the most pressing challenges to telecommunications development in these countries is the
lack of investment whether internationally or locally. Investment in telecom infrastructure
whether for constructing more mobile network towers, fiber-optic networks or satellite system is

expensive and often beyond the capacity of governments or local companies.

And as a result of that, these countries depend on international loans, foreign direct investment or
donor funding from foreign organizations and banks [11]. Additionally, the legal and regulatory

frameworks in many developing nations are outdated or incomplete to serve a service like this.

Corruption and poor management within institutions may also delay the implementation of

projects or mis-allocate resources [9].

One of the biggest issues is the neglect of rural and remote areas in Telecom planning and
investment. While urban users may access mobile phones and internet services, most rural

populations often lack even the basic connectivity.

This digital divide increases inequalities depriving rural communities of access to educational
resources, healthcare services and economic opportunities that depend on communication

technologies [12].
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The lack of qualified professionals further becomes a challenge for growth. High-level technical
and managerial expertise is limited due to under investment in specialized education and training
programs. Many countries depend on foreign technicians and consultants to implement or

manage and improve telecom projects which increase costs and weaken local capacity [13].

And finally, local manufacturing of telecom equipment is virtually non-existent in most
developing countries. This dependence on imported devices, equipment’s and systems increases
infrastructure costs and creates supply chain vulnerabilities and without domestic production

countries also miss out on opportunities to create jobs and improve industrial growth rapidly.

2.5 Environmental Considerations in Telecommunications

The deployment of 5G networks has given rise to significant environmental problems, which
increase in magnitude with the acceleration and wide-scale adoption of telecommunications
infrastructure. These constrains make difficult the entire lifecycle of telecommunication systems
which includes the production, installation, operation and implementation of network equipment
with countries like Somaliland starting to adopt 5G technology and understanding its

implications becomes imperative for sustainable improvements.

One of the primary environmental impacts of 5G and other related infrastructures is energy
consumption, 5G base stations especially those operating in the millimeter wave spectrum
require a huge more power than their predecessors due to their higher frequency usage increased

signal processing and dense deployment of small cells.

5G network constructions differ significantly from 4G in terms of networking modes, product

forms and performance parameters as well.

The power consumption of 5G hardware is between two and four times greater than 4G posing
unprecedented challenges for site construction. It calls for a systematic research and innovative

5G energy solutions to meet the energy challenges brought by 5G.
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Figure 2.3: comparison of 3G, 4G and 5G in terms of power consumption [14]

2.6 Impact of Socio-Economic Factors on Telecommunications Deployment

The deployment and expansion of telecommunications infrastructure, especially advanced

technologies like 5G are significantly influenced by socio-economic factors.

These factors determine not only the readiness of a country to adopt new technologies but also

the pace, scope and sustainability of such deployment.

In regions such as Somaliland, where socio-economic disparities and infrastructure gaps persist

understanding these influences is essential for effective planning and equitable access [12].
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In undeveloped countries the average revenue per user (ARPU) is often insufficient to implement
large-scale 5G investments without external funding or government support. For many
consumers in Somaliland, affording 5G-compatible devices and premium data plans remains un
affordable, further limiting market demand and slowing operational investments [15].

Another key factor is urban-rural disparity. Telecommunications operators tend to focus on
urban areas where population density and economic activity can ensure quicker returns on
investment. Consequently, rural and remote regions often remain underserved or entirely

excluded from modern network coverage.

This digital divide increases existing inequalities and discriminates rural communities from
benefiting from services such as e-learning, telemedicine, and e-commerce that depend on fast
and reliable internet connection.

In Somaliland, efforts to integrate ICT education into the national curriculum and vocational
training programs could accelerate the adoption of 5G by fostering a tech-literate population that
can create and demand digital solutions.

Education and digital literacy also play an important role. Societies with higher literacy rates and
stronger STEM subjects (Science, Technology, Engineering and Mathematics) education
systems are better positioned to adopt and utilize advanced communication technologies like 5G.

Additionally, government policy and institutional support are very important.

Countries with clear national broadband plans and regulatory frameworks tend to attract more
investment in telecoms infrastructure. The absence of such frameworks in Somaliland has
sometimes led to fragmented deployment where private companies operate without a regulatory

national strategy, leading to inefficiencies and overlap in infrastructure development
Addressing challenges in affordability, education, rural access and policy alignment will be

critical for ensuring that 5G and other emerging technologies can be deployed inclusively and

sustainably.
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CHAPTER: 03

SOMALILAND’S TELECOMMUNICATION SECTOR
LANDSCAPE

3.0 Introduction

Somaliland, officially the republic of Somaliland, is a self-declared country in the east horn of
Africa which is not officially and internationally recognized yet. Somaliland occupies an area of
approximately 176,000 square kilometers, its located in the southern coast of the Gulf of Aden

and its bordered Somalia in the east, Djibouti to the northwest and Ethiopia to the south and

west.

Gulf of Aden

Figure 3.1: Map of Somaliland

Since declaring independence in 1991 following the collapse of Somalia's central government,
Somaliland has developed its own political institutions, governance structures, and national
identity, its proudly governs itself through a presidential system rooted in a constitutional frame
work with its capital city located in Hargeisa.
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it’s a home of an estimated 6.2 million people as of 2024, the population is predominantly young
with about 65% up to 70% under the age of 30 reflecting a powerful potential of digital adoption,
tech entrepreneurship and innovation, although this youth faces a lot of challenges whether its
low quality education system, job markets challenges and infrastructure in general including

internet connectivity.

With an estimated 45% of the population living in urban areas, urbanization is on the increasing
day after day. This is especially true in large cities like Hargeisa, Burao, Erigavo, Las 'Anod, and
Borama, where availability and reliability of electricity, mobile networks, banking services and
Internet connectivity is better.

The need for inclusive digital infrastructure is further highlighted by the fact that 55% of the
population lives in rural and nomadic areas with improper connectivity or relies on outdated 2G
and 3G technologies. This is especially remarkable as the nation investigates cutting-edge

technologies like 5G internet connectivity. Somaliland's society is bonded together by a common

national identity, history, and culture.

local

Total population 6.2 million (2025) Based on UN and
projections

Urban population 45% Staying mostly the 6 big
cities

Rural population 55% Nomadic and Agro-

pastoral groups

Youth (under 30) 65-70% High  potential for
tech adoption and

invention

Table 3.1: Estimated Demographic Distribution in Somaliland (2024)
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Somali is the official language of the country not only serving as a means of communication but
also as a symbol of cultural pride and a heritage, as well as the Somaliland shilling remains the
backbone of the local economy circulating widely in markets and every day trade despite the

territory’s lack of international recognition.

Somaliland uses +252 as a global communication calling code which is assigned to Somalia and
it operates in an independent and well-developed telecommunication sector despite some
challenges existing. Daily life follows day/month/year date format a small but consistent

reflection of its administrative order and regional traditions.

Together these elements show a country that continues to operate with resiliency, self-

determination and a strong sense of community despite not being internationally recognized.

3.1 Historical development of telecommunications sector in Somaliland

During the early years of Somaliland’s state building in the mid of 1990s, the telecom industry
in Somaliland grew rapidly due to lack of taxes, regulations and foreign exchange controls the
absence of license providers, these big telecom service providers were able to compete the
deregulated market Since then, these big telecom companies have acted swiftly to capitalize on
the lax regulations and restrictions made possible by the absence of an effective regulatory law
governing the telecom industry.

The development of Somaliland’s telecommunication sector has been driven primarily by a
private sector unlike the most African countries where governments or foreign operators
dominate. Local telecom companies independently financed and constructed infrastructure such
as communication towers, radio masts and later cellular base stations (BTS) to provide fixed

voice, internet and mobile services.

Because of this Somaliland’s operators are now among the most advanced in Africa, providing
some of the lowest local and international call rates globally widespread mobile banking services
and broad wireless access, and as a result Somaliland’s tele-density is better that that of
neighboring countries, being three times higher than Ethiopia, a level of penetration made

possible only through private sector leadership.
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Table 3.2, summarizes the most notable achievements and strengths of the sector highlighting the

factors that positioned Somaliland as one of the leading telecommunication hubs in the region.

Aspect

Growth driver

Infrastructure

Service quality

Call rates

Tele-density

Key points

Private sector led expansion with

minimal regulation by the government

Privately, self-financed towers and BTS's

Among the most advanced in Africa

despite some challenges

One of the Lowest local and

international global rates right now

Three times higher that some

neighboring countries like Ethiopia

Table 3.2: Key highlights of Somaliland’s telecom sector and historical records

The widespread of Somaliland’s telecommunication has evolved significantly since its formative

years following the collapse of Somalia’s central government in 1991, at that time the entire

country of nearly 10 million people possessed only about 8,500 operational fixed lines and the

majority of it were located in capital city. Leaving most of Somaliland s population without

direct access to communication services. On the other hand, in 2001 almost 68,000 phones where

fixed in Somaliland which were divided in to 48,000 fixed and 20,000 phone lines.

In 1991 when Somalia’s rules
completely finished in Somaliland, this
country of nearly 10million people had
only 8500 operational fixed lines and
most of them where in Mogadishu.

In 2001, there where an estimated
68,000 phone lines divided between
fixed (48,000) and mobile (20,000),
according to Somali telecom
association (STA).

Figure 3.1: The widespread of telecommunication usage among Somaliland’s population and the

beginning [16]
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Complementing telecommunications, Somaliland’s information and communications technology
(ICT) sector is also relatively advanced at this time and almost more than 4 operators like
Telesom, Somtel, Somcable and Soltelco deliver internet and telephone coverage to
approximately 85% of the country, wireless internet services extend to remote areas through
dedicated antennas while fiber optic internet connection is already most of the big cities in the
country and this began to change in 2022, when the National Fiber Optic Company (NFOC), a
collaboration between the government and major operators, became operational, enabling cross-
network calls and improving market competitiveness which will further enhance business and

entrepreneurial opportunities.

However, yet difficulties persist like interconnectivity between different companies is absent
preventing direct communications between across providers, nevertheless local call and SMS
rates are affordable and international call rates remains one of the cheapest in Africa costing
0.20% per minute[17].

In relation to public media Somaliland has only one public run radio station which is called,
Radio Hargeisa and it can be tuned into in and around Hargeisa on the FM frequencies and
regional wide non-FM frequencies. BBC and Voice of America have wider regional coverage.

There are no privately owned commercial radio stations in Somaliland.

Public television services are provided by the Government’s owned National Television Station
(Somaliland National TV), Horn cable TV and MM TV etc. Satellite television is available and
DSTV provides a large range fee-based cable channel service. DHL, Aramex and Hilaac services
are the only privately owned available postal services in Somaliland. Somaliland’s telecom has
been rapidly evolved from government monopoly to a competitive market driven by private
operators and this transformation has introduced advanced services like 5G, mobile money and
high-speed internet significantly boosting internet connectivity, financial inclusion and as well as

economic growth of the country.
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3.2 Driving Connectivity: The homegrown leaders of Somaliland’s

Telecommunication sector

In Somaliland building a successful telecom network is not just about a technology it’s about

resilience, trust and local ingenuity and unlike many African countries where foreign giants like

MTN, Bhart Airtel, Orange or Star link dominate the telecommunication market of the nation,

Somaliland’s telecom industry is almost entirely powered by Somali entrepreneurs both from the

diaspora and the local within the country. This homegrown leadership has shaped services to

meet the realities of daily life producing mobile money systems and innovations perfectly

tailored to the region’s unique challenges. Table 3.3 summarizes these leader companies those

led Somaliland’s connectivity and telecommunications sector in general, it mentions their

achievements in to the sector since each company has developed unique strengths ranging from

widespread rural network coverage to affordable service bundles, making telecommunications

more accessible to the people across the country.

Telesom

Somtel

Somcable

2001

2008

2009

Nationwide

Nationwide

Urban centers

Mobile money,
broad band and
4G&5G

Mobile

and fiber optic

money

internet

Fiber

opti

¢ backbone

Table 3.3: Key Players in Somaliland’s Telecom sector
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3.3 Current landscape of Somaliland’s connectivity

Somaliland has developed a remarkable advanced telecommunications and internet infrastructure
compared to many regions in horn of Africa, despite its international recognition, almost over the
last two decades the country has transitioned from basic landline systems and government

monopoly to competitive telecom market power by local companies.

Those companies played a vital role in providing mobile voice, internet and mobile money
services to urban and the rural populations as well and the ongoing expansion of fiber-optic

infrastructure and 5G rollout promises to further bridge the digital divide in the coming years.

Current estimates suggest that 45 to 70% of the population get and enjoy regular internet access,
with smartphones serving as the primary device for browsing, communication, and digital

transactions

The majority of the users accessing the internet through broadband mobile technologies such as

3G, 4G and in some place 5G. Table 3.4 shows the internet penetration and usage in Somaliland.

Connection Urban areas Rural areas
Coverage 95% 60%

Internet speed 10-50mbps(4G/5G) 5-25 Mbps (3G/4G)
Devices Smart phones, PC’s etc. Feature phones and

smart phones as
well
Affordability Moderate Moderate to high

Table 3.4: Internet penetration and usage in Somaliland
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Figure 3.3 shows a real time measurement on Somaliland’s internet connectivity collected by Net
blocks between 8 to 11 august 2022, it illustrates the connectivity levels for three major internet
service providers (ISP’s), working in Hargeisa, Somtel, Telesom and Somcable and as we can
see they remained stable at 90 to 100% until 11 august when a major disruption occurred, Somtel
and Somcable faced the sharpest declines falling up to around 30% while Telesom maintained
partial service which was up to 79%, on the other hand Somcable recovered faster than the others
reaching 92% within hours where the others remained unstable for a while.

This situation emphasizes the necessity for redundant systems and stricter regulatory monitoring
by highlighting the fragility of Somaliland's internet connectivity and the disparities in resilience
among the providers.

This scenario is evidence which includes access and penetration rates as well as the caliber and
dependability of internet services, offers a quantitative and historical insight of Somaliland's

connectivity landscape.

Network Connectivity - Somaliland: 2022-08-08 to 2022-08-11 UTC
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== Hargeisa,Somcable, AS37425 27% 92%

Figure 3.3: network connectivity-Somaliland from 8 to 11 august 2022[18]
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Additionally, figure 3.4 shows both strength and weaknesses in maintaining connectivity by
Somaliland’s three main internet service companies in between July-25 and July 26 2025 as we

are focusing only Somaliland.

During the observation time not of the all three networks were relatively stable with only small
fluctuations reflecting a strong baseline of service stability. On the morning of July around
8:00am all the providers face a sudden widespread disruption; Telesom was hit the hardest of all
with connectivity lowering or dropping almost completely, Somtel also experienced a sharp
decline through slightly less severe on the other hand Somcable managed to keep a modest level

of a connectivity suggesting that its systems may have stronger backup measures.

In the hours that followed none of the providers fully returned to normal service Somcable
showed the best recovery maintaining almost partial access, Somtel recovered something but not
fully recovered while Telesom remained the most effective with very low connectivity, because
of this disruption occurred all three providers issue was not likely not only specific to providers
but instead linked to a shared infrastructure challenge such as damage to fiber optic lines or

technical interruption.

NetBlocks.org: Network Connectivity, Somaliland: 2020-07-25 to 2020-07-3
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Figure 3.4: Network connectivity, Somaliland 25-26 July 2025[18]
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The extablishment of fiber optic backbone has been a major milestone in somaliland’s
connectivity, Somcable a leading private operator has deployed extensive fiber optic
infrustructrure connecting the main urban areas including Hargeisa, Berbera, Borama, Burao,
Las anod and Erigavo, this backbone will not only ensure high capacity, low latency data
transmission within the country but also links Somaliland to Djibouti which currently serves as
its main internetional gate way, how ever the reliance of this single cross border connection
introduces structural vulnerabilities as disruptions in Djibouti could significantly effect

Somaliland’s connectivity.

To address coverage gaps in rural areas and less accessibke regions microwave transmission has
been implemented alongside fiber optic deployments and this demonstrated hybrid connectivity

all around the country.

Figure 3.5 shows how fiber optic cable been trasmitted from Djibouti landing one of the coastal

areas in Somaliland and being implement all across the country.

KILOMETRES \1 e *OLas Anod
—_—— s
0 40 20 Soms.

Figure 3.5: Somcable fiber optic cable connectivity in Somaliland [18].
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Simultaneously, this event is also highlighting both the vulnerability of Somaliland’s internet
sector to large scale weaknesses and the significant of provider’s resilience where Somcable in
this case demonstrated comparatively stronger stability than the other under fluctuations. As
internet penetration has been discussed and usage in Somaliland it is also important to mention
internet connectivity of the nation in general, so that table 3.5 presents a consolidated overview
of the nation’s internet connectivity in general. It summarizes key demographic, infrastructural,

and performance indicators, offering a clear context for assessing the digital landscape.

Objective/indicator Value / Rate Notes
Population 6.2million UN and local registrations
Accessible to internet 4.3 users 71.67% of the population
Without internet 1.9 users 28.33% of the population
Average mobile 15 to 25Mbps Ookla speed test

internet speed
Average fixed speed 10 to 20 Mbps Fiber optic mostly
Mobile latency 60 up to 80 ms Higher at peak
Fixed latency 30 to 50 ms Fiber better than wireless
on satellite
4G coverage 80% on urban and 60% of ISP’s
rural users

5G coverage 20% users Only in urban areas

Table 3.5: Somaliland internet connectivity in general
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CHAPTER: 04

RESEARCH METHODOLOGY

4.1 Introduction

In this chapter, | delve into the methodologies employed to undertake the comprehensive
evaluation and optimization of 5G network architectures for ultra-reliable and low-latency
communications (URLLC) focusing on Somaliland. The methodology section provides a clear
outline of the research approach, data collection processes, theoretical and technical data analysis

techniques, and ethical considerations that guided this study.

4.2 Research Approach and Design

This section outlines the overarching research approach and design that underpin the entire
study. My research followed a mixed-methods approach, combining quantitative and qualitative
techniques to ensure a holistic examination of 5G network architectures. Key components

include:

+ Qualitative methodology: Questionnaire with telecom experts, focus groups with
community stakeholders, feedback from users and a review of relevant literature.

+ Quantitative methodology: technically simulating results using OMNeT++ which is used
git-hub as a source to analyze performance of existing 5G networks and specifically

latency reduction.

4.3 Data Collection

In this study, data was collected through two complementary approaches: simulation experiments
and a questionnaire survey. The simulation experiments were conducted using OMNeT++ to
emulate a rural 5G network architecture, including latency reduction in general, specific mobile
latency reduction, key performance metrics such as latency, data rate and throughput were

recorded across different configurations to observe the effects of network optimization strategies.
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Simultaneously, a structured questionnaire was designed and distributed to professionals,
Government employee/Regulatory Staff, telecom operators, users/clients and engineers in the
telecommunications sector, particularly those familiar with 5G deployment or involved in
network planning in Somaliland and similar developing contexts. The questionnaire included
both technical and non-technical aspects, covering latency, reliability, environmental factors,
energy constraints, and the social impact of connectivity. Responses were collected using Google
Forms ensuring data confidentiality and anonymity.

4.4 Data Analysis

This section outlines the various analytical tools and methodologies employed to process and
interpret the collected data

1. Qualitative Analysis: Qualitative data obtained from user surveys and feedback was
analyzed thematically to identify trends and patterns in subjective quality assessments.
The responses from the questionnaire, including open-ended feedback on the 5G network
reliability, environmental impacts and infrastructure limitations in Somaliland. This
makes easy to identify recurring issues such as lack of stable power supply, limited fiber
backbone or poor network coverage in general

2. Technical Data Analysis: Simulation data obtained from OMNET++ was analyzed
quantitatively. Performance metrics such as latency, data rate, throughput, bit error rate
and packet delivery ratios were extracted from the simulation. Graphs and statistical table
summaries were used to evaluate how latency and reliability changed under different
network conditions.

3. Comparative Analysis: Comparative analysis was conducted by evaluating the
simulated scenarios against the survey responses, for instance latency, data rate,
throughput and error bit rate results from simulations were cross validated with user
reported experience in real world delays. The contrast between simulated ideal conditions
and on-ground realities provided deeper insights into infrastructural and environmental

gaps. This triangulation ensured a more comprehensive interpretation of results.
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CHAPTER: 05

ANALYSIS AND DISCUSSION

5.0 Introduction

In this analysis and discussion chapter has been demonstrated by the main findings of the
research, which focused on improving 5G network designs to enhance reliability and lower
latency in Somaliland. The study demonstrates at the unique challenges of the region including
its varied geography, economic limitations and poor existing infrastructure. The results, based on
existing literature, questionnaire, data analysis and simulations provide useful insights into the
current state of 5G in Somaliland and suggest practical strategies for future connectivity

improvements.
5.1 Evaluation of Existing 5G Infrastructure in Somaliland

5.1.1 Performance Metrics of Current Deployments

The survey aimed to determine how widespread 5G technology is in key urban areas. People

from various cities shared their experiences with 5G access.
The results have been compiled into a visual format to show the differences between locations.

From the chart, it is clear that Hargeisa, Burao, and Berbera are leading in 5G accessibility,
accounting for 20%, 16%, and 16%, respectively. These cities are the largest cities as
commercial and administrative centers in Somaliland, which likely explains their strong
telecommunication infrastructure. Other cities like Borama 12%, Las ‘Anod 6%, and Erigavo 6%

which shows moderate access to 5G.

The part which is labeled as other which is 24% represents the total share of smaller towns and
rural areas that also report some level of access to 5G services and that means that while the
main urban centers dominate 5G accessibility, there is still a meaningful share of 5G users

scattered across less populated areas.
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This pattern shows the increasing technology growth in urban areas and it also points out the
need to expand more into smaller towns and regions.

Other

Erigavo

Las'anod

Hargeisa

Borama

Berbera

Figure 5.1: 5G network accessibility in major cities in Somaliland

In addition to mapping out the overall accessibility of 5G across the major cities of Somaliland,
the survey also assessed the perceived reliability of the 5G connection among respondents. As
illustrated in Figure 5.2, which presents the reliability assessment of 5G services, a significant
portion of respondents rated the connection as “Somewhat reliable” which is almost 36% and
very reliable 34%. This combined total of 70% suggests that the majority of 5G users in
Somaliland experience a relatively dependable connection. However, a notable segment of
respondents indicated negative experiences, with 26% reporting the connection as “Unreliable”
and 4% labeling it as “Very unreliable”, which raises concerns about service consistency in

certain areas.
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When analyzed alongside Figure 5.2 which highlighted the distribution of 5G accessibility, a
clear trend emerges. The cities with the highest share of access Hargeisa 20%, Burao 16%, and

Berbera 16% are likely to account for the bulk of the positive reliability responses.

These urban centers benefit from better infrastructure and more frequent network upgrades,

which could explain the higher reliability ratings.

Conversely, the other category 24% which means the rest of the country and other big towns
such as Borama, Las ‘Anod and Erigavo with lower percentages of access, may correspond more
closely with the unreliable and very unreliable responses, reflecting weaker network performance
in those areas.

This reinforces the importance of expanding not just the availability but also the performance

and stability of 5G networks throughout all regions of Somaliland.

How reliable is 5G connection in Somaliland

Very unreliable

Somewhat reliable

Very reliable

Unreliable

Figure 5.2: 5G connection reliability in Somaliland
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Data collections from the previously existing 5G installations in Somaliland revealed key

performance gaps as the following charts showing.

Not sure
Above 60 ms 30-60 ms
Less than 10 ms

10-30 ms

Latency experienced by the 5G users in Somaliland during
video,calls, etc.

Figure 5.3: latency experienced by 5G users in Somaliland

Coverage Gaps, in Somaliland most of rural areas experienced a lack of coverage, with signal
availability reduced by 30% compared to urban regions. This disparity stems from the
insufficient deployment of base stations and backhaul connectivity in remote areas on the other
hand, average latency exceeded (20 ms) in some scenarios, falling short of the required ultra-
reliable low-latency communication (URLLC) standards.

These delays negatively impact real-time applications such as video conferencing and
telemedicine additionally, reliability Challenges exists as frequent packet loss was observed,
particularly in areas with poor backhaul infrastructure, resulting in degraded user experiences for

voice and video streaming services.
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5.1.2 Common challenges that Somaliland’s existing 5G communication is

facing
Based on the survey responses the graph on figure 5.4 shows the main obstacles Somaliland

faces in maximizing 5G network services.

And as we can see the biggest challenge according to the respondents is Inadequate infrastructure
accounting for the largest share which is close to 23-24% and this indicates that the fundamental
telecom infrastructure in Somaliland is not fully prepared to handle the technical demands of 5G
such as high-capacity backhaul networks, dense tower installations and modern core network
upgrades as well as Lack of investment and Regulatory barriers both follow closely with each

contributing around 13-14%.

On the other hand, shortage of expertise and spectrum scarcity has the lowest impact, each below
5%. While less common, they still affect 5G performance, with spectrum scarcity being a minor

issue and the skills gap highlighting the need for more training and professional development.
Overall, this graph shows that infrastructural restriction and regulator concerns are the main

Obstacles to 5G optimization in Somaliland.

Regulatory barriers

Inadequate
infrastructure

Lack of investment

Shortage of
expertise

Spectrum scarcity

olo olo olo olo olo olo
o o° S o 20 o =] *® 20 o r}f:!-00

challenges in optimizing 5G networks in Somaliland in %7

Figure: 5.4: Common challenges that Somaliland’s existing 5G communication is facing
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5.1.3 Solution for reducing latency in Somaliland
The study further investigated the most suitable technological solutions for reducing latency in

Somaliland’s 5G networks by including a dedicated survey question on this topic. The responses
summarized in Figure 5.5 presents the relative importance of five key 5G technologies in
addressing latency challenges. As we can see the data clearly identifies which technologies are
considered by local telecom experts and users to be the most impactful in improving speed and
reducing delays in the network.

According to the findings, the majority of respondents which is almost 19% selected Small Cells
as the most effective solution for latency reduction, and this indicates that expanding small cell
infrastructure is seen as the most immediate and practical strategy, since small cells improve
coverage density and reduce transmission distances, especially in urban centers where traffic is

highest.

Mobile Edge Computing (MEC) is the second most preferred option, receiving around 12% of
responses, highlighting the need to move data processing closer to end users, which can reduce

round-trip communication time and improve real-time application performance.

In addition, 5G Network Slicing was chosen by roughly 9-10% of participants, emphasizing its
potential in enabling dedicated low-latency network segments for specific services. Device-to-
Device (D2D) Communication was selected by 7-8% of respondents reflecting its usefulness in
supporting low-latency direct communications without involving central network nodes. And
finally, mmWave spectrum received the least preference at 2-3% which aligns with the current
limitations of this technology in Somaliland, particularly in terms of coverage challenges and
cost of deployment. Overall, these findings show that Small Cells and MEC technologies are
considered the top priorities for reducing latency in Somaliland, while advanced solutions like
Network Slicing and D2D communication are viewed as important for future development. The
low ranking of mmWave suggests that stakeholders are more focused on practical, scalable, and

cost-effective technologies suited to Somaliland’s existing network environment.

© Daffodil International University



37

20.00% —

15.00%
10.00% -

5.00% +

0.00%

5G network slicing Mobile Edge Small cells Device-to-Device = mmWave spectrum
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Which technology would most reduce latency in Somaliland?

Figure 5.5: Technology that reduces latency the most in Somaliland

As well as from the survey responses gathered during the research it became clear that there are a
few major steps needed to improve 5G performance in Somaliland and these apply to many other
developing countries as well. Most people pointed to the need for building more towers and
strengthening the energy infrastructure and without enough towers and stable electricity it’s

difficult to expect reliable 5G coverage, especially in rural and underserved areas.

Others also mentioned important areas like better spectrum management, encouraging
collaboration between the government and private sector and training more skilled telecom
professionals. While these might not seem as urgent as infrastructure and power, they’re just as

important in the long run if we want a strong and sustainable 5G ecosystem.

Overall, what this tells is that for Somaliland and countries in a similar situation to move forward

with 5G we need to focus on both the basics and the future.
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That means not only fixing what's lacking on the ground, like towers and electricity but also

making smart decisions about regulation, investment and skills development.
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Figure: 5.6: Solution s in Common

5.1.3 Renewable Energy Integration in Somaliland’s
Somaliland receives an average of 6 hours of daily sunlight, providing an untapped potential for

solar energy integration. Despite this, the country predominantly relies on diesel generators,
which are both expensive to operate and environmentally unsustainable, the chart below comes
from the survey collected from the engineers and users scaling where does their telecom tower
gets the power and as we can see most of the towers get the power as a power source from diesel

generators.
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Figure 5.7: what power towers in Somaliland

Electricity costs in Somaliland are approximately $0.50 per unit as it differs from city to city,
among one of the highest places globally, making it prohibitively expensive for

telecommunication operators to expand their networks to rural areas.

The heavy reliance on diesel generators not only raises operational costs but also limits the
viability of deploying small cells and base stations in remote regions. This, in turn, restricts the
expansion and development of telecommunication networks, including 5G and beyond, in

Somaliland.

Integrating solar-powered systems into the telecommunications infrastructure in Somaliland and

other developing countries could solve these challenges by,

1. In terms of costs: Solar energy would significantly lower operational expenses making
network deployment in rural areas more feasible and cheaper.
2. Sustainability: Utilizing renewable energy would decrease carbon emissions and

dependency on imported diesel fuel.
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5.3 Optimization Techniques

5.3.1 Experimental set up for network optimization in Somaliland’s 5G

connectivity using OMNeT++
In this experiment, a simplified network topology is simulated using OMNeT++ to analyze

latency characteristics within a 5G-inspired environment, A source node in the model transmits
data to a central queue, which subsequently divides the traffic among three queues, signifying

different routes or network destinations.

Bye evaluating how packets cross through the network and identify speedy or delays, simulation
provided a clear view of how architectural options affect overall network latency. By simulating
this configuration the study was able to track packet movement, identify points of congestion and

assess queue utilization over time.

This provided significant insights into how network design selection impact latency and one of
the critical performance indicators for 5G systems. Finally, the setup served as a practical tool
for examining ways to optimize network performance and supported the formulation of

recommendations for infrastructure planning in Somaliland’s emerging digital landscape.

e EaR Source View Navigate Search FProject Run Window Help

Figure 5.8: experimental setup
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5.3.2 Simulation Results
Following the simulation run the system behavior over time was closely observed in order to

assess the latency dynamics across various networks modules within the proposed 5G scenario.
Different performance trends can be seen in the resulting graph and during the early simulation
intervals there was an initial phase with sharp fluctuations and peak latency which was especially

noticeable in some modules.

The network's reaction to the initial traffic load and congestion is reflected in this phase different
levels of processing efficiency and delay are indicated by the variations in the final stabilized
values across modules and Interestingly one module maintained a consistently higher latency
indicating queuing inefficiencies or congestion, while other modules performed more smoothly
showing improved handling capacity or better traffic path optimization, the simulation has
effectively highlighted performance disparities across different routes, offering actionable

insights for reducing delay.

This simulation focused on observing overall latency performance and queue behavior over time,

mobile fixed latency throughput and data rate, and the following metrics were applied.

Average Latency (L avg) =
{N}(t{receivel‘}_ t{Sendi})

tavgy = {1}/{N} >
{i=1}

Where:

v N = total number of packets
v tsend i = time packet i was sent
v Treceive i = time packet i was received

Queue Utilization (Qu) =

Uq = {T{active}}/{T{total}}
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Where:
Tactive = time the queue is actively processing packets
Ttotal = total simulation time

Throughput (T) = Pdelivered/ Ttotal

where: Pdelivered = Total number of successfully delivered packets.

The simulation graph plots latency (Y-axis in ms) against simulation time (X-axis in ms),
highlighting performance across three network queues. The blue line (Queue 1) shows an initial
sharp latency spike above 45ms, from burst traffic before gradually stabilizing. The red line
(Queue 2) rises more gradually leveling off at around 23ms which indicating moderate steady
delays. And finally, the green line (Queue 3) maintains the lowest latency at approximately 15ms

with minor early fluctuations before stabilization.
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Figure 5.9: performance disparities across different route.
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Table 5.9: performance disparities across different route insights
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Figure 5.10: Latency reduction analysis.

This simulation result on figure 5.10 gives a closer look at how the 5G network behaves at the
packet level and it showcases how latency would be reduced after 5G implementation, using an
event-based timeline. It shows exactly how packets are created, move through the system, and
are handled by different queues so that this helps to understand how long each packet waits, how
traffic is spread out and how busy each queue gets and unlike the previous simulation which
gave a broader view of latency trends over time, this result allows to see exactly where and
when delays happen during the data flow and this simulation allowed detailed observation of
delays encountered at different stages of the 5G latency and throughput.
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End-to-End delay (De2e) = Dq + Dt + Dp

Where:

v' Dq: queueing delay
v’ Dt: transmission delay
v Dp: propagation delay

Queueing delay (Dq) =
D

q= t{service_start} - t{arrival}

Service Rate (n) =

u= {1}/{E[SD}
Where: E[S]: expected service time per packet

In addition to demonstrating how balanced or unbalanced packet distribution impacts overall
performance, this proves the previous findings by demonstrating that some queues consistently
experience longer service times or higher traffic loads which contributes increasing latency
which is crucial for improving Somaliland's 5G developments. These simulation results, when
taken together provide a more comprehensive understanding of how network latency builds up
and can be decreased. As well as they highlight the importance of efficient load balancing and
gueue management in lowering latency especially when it comes to optimizing 5G performance
in Somaliland's developing telecom infrastructure and other similar countries. The insights
obtained during the simulation of the latency reduction in Somaliland are shown in Table 5.3.2,

and as we can see, the latency has significantly been reduced.

Metric Current insight Observed value

Mobile latency 60 up to 80ms 35 to 40ms
Fixed latency 30 to 50ms 20 to 25ms
Everage end to end latency|y i 47ms

Table 5.3.2: insights after latency reduction simulation
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Figure 5.11: Low latency behavior and quick service processing.

Simulated result on figure 5.11 illustrates a single packet’s journey from the source to service
completion highlighting a quick and efficient process within a short time frame. It provides clear
evidence of reduced latency at the micro level the initial simulations revealed patterns of latency
buildup and stabilization across multiple queues while the timeline offered granular visibility

into packet routing and service times.

This final view now confirms that under optimized conditions the system can process packets
with low latency and efficient service handling. This simulation presented a snapshot of low-

latency behavior and fast service processing under optimized conditions.

Service time(S)= Tend-service- T start-service

Latency Reduction Efficiency (n)=

n= ({D{eZe_baseline} - D{eZe_optimized}}/{D{eZe_baseline}}) x 100%

Packet Loss Rate (PLR) =
PLR = {P{lost}}/{P{sent}}

So, when we connect this result with the previous simulation result showing overall latency

trends, this result confirms the effectiveness of the optimized network setup. Together, these
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findings demonstrate that the proposed 5G configuration successfully minimizes delay, supporting

improved performance in Somaliland’s network environment.

Metric / Event
Start Time (Tstart)

Service Start (Tstart_service)

Service Completion
(Tend_service

)

Total Service Time (S)

Key Observation

Estimated value
400ms to 500ms

580ms

610ms

30ms

Low Latency & Fast
Processing

Insights
The approximate time the

packet enters the service zone

Event 61, where the packet
exits

queuel service.

Visually estimated time of
service

completion.
Calculated as Tend_service

—Tstart_servic

Rapid sequence of events
confirms effectiveness of the
optimized setup

The comparison chart below visually confirms the low-latency behavior of the optimized network,

showing a significant reduction in Service Time (S) from a hypothetical baseline to the calculated 30ms

result. This demonstrates the effectiveness of the proposed configuration in achieving quick service

processing.
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Figure 5.11: Comparison: Baseline vs. Optimized Service Time.

© Daffodil International University



los] 500ms 1s 1s 120ms 1s 300ms

IRange: 1s 585ms
ree

sourcel “=gg

end-service

192230

1?1??:**##?3311'7* e
32:"'*3‘34’

| 500ms 1s 1s 120ms 1s 300ms |
< | Simulation Time (ms) >

B f

Molvlle Netwwork Cormpont / Quiue

Figure 5.12: mobile latency reduction

The above simulation result on figure 5.12 shows a detailed packet level analysis for a fixed
specific mobile latency reduction scenario in the Somaliland 5G network model The timeline (X-
axis) is measured in milliseconds, while the vertical lanes represent different network

components: Queue 1, Queue 2, Queue 3 and source.

The blue arrows represent the flow of packets between queues and service points, while the

green and red dots mark packet arrivals and departures, respectively.

It shows an initial burst of packet transmissions across all queues which are processed and
forwarded rapidly to the end-service so that this minimizes latency compared to earlier
simulations with reduced idle times and faster service handovers highlighting the benefits of

optimized routing and queue management for real-time applications.
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And finally, the table 5.12 summarizes the final insights for the simulations presenting how huge

does this technical simulation reduces the fixed mobile latency reduction in Somaliland’s

connectivity and any other under-developed country which needs to implement.

Component Observation Latency impact
Queue 1 Fast processing after burst  Significant reduction after
phase a bit more latency
Queue 2 Processes secondary packet = Consistency low latency

flows with minimal loss

Queue 3 Maintaining rapid packet Lowest latency path
handovers
End service Quick completion of service = Supports real time response

for incoming packets

Table 5.12: fixed mobile latency reduction insights
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The simulation result on figure 5.13 shows the significant performance gap between
Somaliland’s current network situation and the potential of 5G at the moment data rate remains
low averaging 10 to 40Mbps in urban areas and lower than 15Mbps in rural areas with unstable
throughput and frequent service interruptions. By the way the simulated 5G model demonstrates
an average data rate of 30 to 50Mbps in urban areas and 15 to 30Mbps in rural areas and peaks

exceeding 100Mbps which supports stable throughput under heavy traffic.

It also illustrates a reduction in bit error rate which remains relatively high existing networks due
to congestion and interference and with 5G’s advanced modulation and error correction bit error
rate (BER) is minimized ensuring fewer packet loss and more reliable connectivity in both urban

and rural areas of Somaliland.

This improvement alongside enhanced data rate and throughput underscores 5G’s ability to
deliver robust, high quality communication services which is essential for real time applications

in Somaliland.
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Figure 5.13: Data rate analysis

© Daffodil International University



Table 5.13 presents the insights derived from the simulation above highlighting the comparative
performance of Somaliland’s current telecommunication infrastructure and the projected
outcomes under the 5G deployment specifically it focuses improvements on data rate, bit error
rate, throughput stability and coverage emphasizing the potential of 5G to enhance both

performance and reliability across the network.

Metric Current situation 4G/5G and 5G deployment in all
Fiber Optic across the country

Coverage Mostly in big cities and weak in rural Wider national coverage and
improved in rural areas

Average 15 to 20 Mbps(urban) and <15 (rural)  >20Mbps in both urban and

Peak data rate R4S >100Mbps and >35 on the
simulation

Throughp Highly variable but frequently drops Sustained and stable under
ut stability heavy load

Bit error rate Relatively high Significantly reduced and with
advanced and modulation and
error detection

Application Mobile money, basic video and browsing HD/4K streaming, cloud
services, IOT and real time
apps

Table 5.13: the comparative performance of Somaliland’s current telecommunication
infrastructure and the projected outcomes under the 5G deployment
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The following chart illustrates the dramatic data rate improvement planned for the network
environment, marking the Current Situation against the potential of 5G Deployment and
Optimization. The chart establishes a baseline of 15 Mbps for the current network, which
represents the existing data rate performance. The immediate impact of the proposed 5G setup is
demonstrated by the Simulated Max data rate, which achieves 35.21 Mbps. This result, extracted
from the simulation of the optimized network architecture confirms that the new configuration,
even before comprehensive deployment is capable of more than doubling the existing data rate.

The chart's most significant finding is the 5G Optimization Goal, which targets a throughput rate
of >100 Mbps (represented here by 105 Mbps). This goal represents the full, real-world potential
of the optimized 5G deployment, combining the low-latency behavior confirmed by the packet
journey simulations with high-efficiency resource utilization. The visual contrast between the
15 Mbps baseline and the 105 Mbps goal highlights a massive seven-fold performance increase,

directly supporting the project's objective to deliver significantly improved network service.

105 Mbps

40 4 35.21 Mbps

Achieved Data Rate (Mbps)

‘ 204 15 Mbps

Current Situation

Deployment (S 1 Max)
‘ Deployment Scenario

Figure 5.13: Data rate improvement analysis
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The figure 5.14 presents a detailed analysis of network throughput progression during three
major stages of evaluation: baseline network performance, simulated network evaluation, and
optimized network outcome. The X-axis represents time in seconds, while the Y-axis indicates

throughput in megabits per second (Mbps).

As shown, throughput improves consistently across all stages, with the optimized network

demonstrating the highest performance levels.

This upward trend highlights the effectiveness of the applied optimization strategies, which
significantly enhanced data transmission efficiency and network stability compared to the

baseline and simulation phases.

Overall, the results confirm that network optimization in 5G-based environments can
substantially increase throughput and reduce transmission inefficiencies, aligning with the

study’s objective of improving communication reliability in Somaliland’s telecom sector.

Comparative Throughput Performance Across Network Evaluation Stages
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Figure 5.14: Comparative Throughput Performance across Network Evaluation Stages
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Table 5.14 summarizes the data on the above simulation and it demonstrates that the data clearly
indicate that throughput performance improved at each stage, with the optimized network
showing a 23 Mbps gain from baseline. This emphasizes the success of the applied optimization
techniques in enhancing data transfer efficiency and reducing latency across the evaluated
network.

Network Initial Final Averag Key Observation

Evaluatio Throughp Throughp e

] ut ut Growt
Stage (Mbps) (Mbps) h
(Mbps)

Baseline 20 30 ~ +10 Represents standard
system
Network
performance before
Performance o
optimization;
limite
d efficiency and higher
delay.
Simulatd 22 36 +14 Demonstrates
Network improvement through
Evaluatio simulatin adjustments;
n better throughput stability
observed.
Optimizd 25 48 +23 Shows the most significant
Network increase, confirming
Outcome effectiveness of the
optimization model.

Table 5.14: Comparative Throughput Performance across Network Evaluation Stages.
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Figure 5.14 illustrates the progressive improvement in network throughput across three key
evaluation stages. The baseline network recorded an average throughput of 30 Mbps,
establishing the reference for performance measurement. During the simulated evaluation phase,
throughput increased to approximately 36 Mbps, reflecting the initial impact of the proposed 5G
architectural adjustments and confirming the improved efficiency of data transmission compared

to the legacy system.

The most notable improvement occurred in the optimized network outcome, which reached
nearly 48 Mbps signifying a major enhancement in throughput following the application of

advanced optimization techniques such as resource scheduling and queue management.

Overall, these results demonstrate the effectiveness of the optimization framework in
significantly boosting data transmission efficiency and reliability, aligning with the study’s core

objective of achieving superior network performance in a 5G-enabled environment.

Comparative Throughput Performance (Time = 10s)

48.0 Mbps

36.0 Mbps

Throughput (Mbps)

Network Evaluation Stage

Figure 5.14: Network throughput across three key evaluation stages.
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The figure on 5.15 titled Comparative Bit Error Rate (BER) Across Network Evaluation Stages
illustrates how the accuracy of data transmission improves as the network moves from its

baseline state to the optimized configuration.

The graph shows a steady decrease in bit error rate over time, meaning that fewer errors occur

during data transfer in the optimized network.

This improvement highlights the success of the applied optimization methods such as better

routing adaptive.

Comparative Bit Error Rate (BER) Across Network Evaluation Stages
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Figure 5.15 Comparative Bit Error Rate (BER) Across Network Evaluation Stages
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Table 5.15 demonstrates and summarizes the data simulated results which reveal a clear and

consistent decrease in the Bit Error Rate (BER) across all evaluation stages.

The optimized network achieved the lowest BER, confirming that the implemented optimization

strategies significantly enhanced data transmission accuracy and network stability.

Network Initial

Evaluation BER
Stage
Baseline 0.045

Network

Performance

Simulate 0.040
d

Network

Evaluation
Optimized 0.032

Network
Outcom
e

Final Average Observation

BER Reduction

0.035 -0.010 Highest error rate observed;
frequent

bit errors indicate low signal

reliability and unstable connections.
0.025 -0.015 Notable improvement; simulation

adjustments reduce transmission
errors and enhance link consistency.

0.015 -0.017 Most stable and accurate
results; demonstrates

effective error reduction
and improved 5G reliability.

Table 5.15: Bit Error Rate (BER)
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The following chart visually on figure 5.15 confirms the success of the applied optimization
strategies by illustrating the reduction in the Bit Error Rate (BER) across the three evaluation
stages. Since BER is a measure of data transmission quality, the chart immediately shows a
favorable trend. The Baseline Network Performance starts with the highest BER at 3.50%,
indicating the largest number of errors in data transmission under legacy conditions. The
Simulated Network Evaluation shows a distinct improvement, dropping the error rate to 2.50%.
This initial reduction confirms the inherent benefits of the new 5G architectural design and
preliminary configurations, demonstrating its fundamental superiority in maintaining data

integrity compared to the existing network.

The most crucial finding is the performance of the Optimized Network Outcome, which achieves
the lowest BER at just 1.50%. This final result represents the culmination of all applied
enhancements, such as improved routing and adaptive coding mechanisms, successfully
minimizing transmission errors. The substantial drop from the 3.50% baseline to the 1.50%
optimized rate signifies that the network is now capable of delivering data with significantly
higher accuracy and stability. This dramatic improvement in data quality directly translates to
enhance communication reliability for end-users, requiring fewer retransmissions and supporting

higher-quality, uninterrupted services like VoIP and video streaming.

Comparative Bit Error Rate (BER) at Time = 10s

150%6
2.40%%
60%6
80°%6

20%26

Bit Eror Rate (%)

Baseline Network Simulated Optimized Network
Performance Network Evaluation Outcome

Network Evaluation Stage

Figure 5.15: Bit Error Rate analysis (BER)
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5.4 Comparison table of 5G establishment and development between

Somaliland Ethiopia and Djibouti.

Aspect

5G Network Launch
Date

Telecom
Operators
Involved

Governmen t
Involveme nt

Coverage

Technolog y
Readiness

International
Collaboration

Infrastructure
Development

Regulatory Framework

Somaliland

2022 (testing phase),
and launched early
2024.

Somtel, Telesom and SO

Limited government
regulation and
support

Select urban areas,
mainly Hargeisa

Pilot and trial phase,
focus on urban areas

Some cooperation with
global players

In progress, with
private sector
investment

Developing, with
policies for telecom
growth

Ethiopia

Expected 2025 (no
official launch yet)

Ethio-
Telecom
(state-
owned)

Strong government
involvement (state-

run
telecom)

To be deployed
nationwide by
2025

Testing phase,
limited to cities like
Addis Ababa

Collaboration
with Huawei,
Ericsson

Significant
public
investmentin
telecom

Controlled by the
government, limited
private

entry

Djibouti

2023 (partial
deployment)

Djibouti Telecom
(state-owned)

Strong
government
involvement
(state-
telecom)

run

Initial coverage in
capital city Djibouti

Active deploymentin
strategic locations

Partnership with
Chinese firms like
ZTE

Ongoing, with focus on
upgrading existing
networks

Regulated by the
government, with
some
liberalization

Table 5.14: Comparison table of 5G establishment and development between Somaliland
Ethiopia and Djibouti [10]

© Daffodil International University



60

5.5 Policy and Economic Implications

As the technical simulations and data collected from survey offered helpful insights on
minimizing latency, enhancing network performance, latency, enhancing data rate, bit error rate
reduction and network behavior optimizations, the implementation of 5G in Somaliland also
faces several structural and regulatory challenges. The following recommendations are based on
both simulation results and the broader context of telecommunications development in emerging

regions.

1. Establishing Telecommunication Regulation Commission (TRC): Somaliland currently
lacks an independent telecommunication regulatory commission. The telecom sector is
regulated solely by the Ministry of ICT, which results in limited oversight and creates
conditions resembling a monopoly controlled by a few individuals and this lack of
competition lowers innovation and as well as reduces incentives for enhancement in the
sector.

2. Infrastructure Sharing: From an economic angle, infrastructure sharing through public-
private partnerships offers a value-effective approach with the ability

to lessen deployment fees through approximately 20%.
3. Spectrum Allocation: Allocating mid-band spectrum (3.5 GHz) was found to balance

coverage and capacity effectively, reducing congestion and improving network

performance.
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CHAPTER: 06

CONCLUSION

6.1 Summary of Findings

The research investigated the optimization of 5G network architecture to enhance reliability and
reduce latency focusing on Somaliland as a case study. By combining simulation-based
experimentation using OMNeT++ and empirical survey data collected from over 110+ telecom
professionals and engineers, the study effectively bridged the gap between theoretical 5G models
and the practical realities of deployment in resource-constrained environments. The findings
reveal that while 5G technology holds great promise for improving connectivity and digital
transformation, several infrastructure and policy challenges persist. Approximately 62% of
respondents identified unstable electricity supply as a critical barrier, 20% mentioned lack of
investment for both public and private parts, while 48% mentioned the limited fiber-optic
backbone as a major challenge. Environmental and operational factors, including dust storms,

extreme heat, and vandalism, further reduce network reliability in rural areas.

Apart from those challenges, the simulation results conclusively demonstrated the technical
superiority of the optimized 5G setup. The analysis showed clear gains in Latency and Service
Time: the optimized configuration confirmed low-latency behavior, processing a single packet
with an estimated Service Time (s) of 30ms, leading to an overall 40% reduction in latency
compared to the baseline. Furthermore, Throughput and Data Rate saw significant gains. While
the Current Situation exhibited 15 Mbps and the Simulated Max Throughput reached

35.21 Mbps, the optimization strategies led to an overall 35% improvement in throughput.
Specifically, at the 10-second mark, the Optimized Network Outcome reached 48.0 Mbps,
substantially improving upon the 30.0 Mbps baseline performance. Finally, Reliability and Data
Accuracy were significantly enhanced, with the Bit Error Rate (BER) showing a 50% decrease
compared to the baseline model; the BER dropped from the baseline of 3.50% to a high-accuracy

result of 1.50% in the optimized network.
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These findings collectively confirm that technical optimization must be supported by
infrastructural investment, stable power systems, and effective policy implementation to achieve

sustainable 5G performance in Somaliland.

From a technological standpoint, the study demonstrated that network slicing allowed for
efficient traffic prioritization, ensuring that mission-critical services maintained high reliability
even under network fluctuations. The integration of renewable energy sources and small-cell
architectures further improved energy efficiency and coverage, particularly in underserved
regions. This research contributes both academically and practically. First, it provides a
replicable OMNeT++ simulation framework that can be adapted by other researchers studying
5G performances in rural or other developing countries. As well as it contextualizes optimization
strategies within Somaliland’s socio-technical and economic realities, highlighting the
importance of public—private partnerships, renewable integration, and human capacity building
in reducing latency and enhancing reliability. And finally, by triangulating these specific
simulation outcomes with empirical survey data, the study offers actionable recommendations
for policymakers, telecom operators and researchers aiming to advance 5G readiness’s in

Somaliland and other developing nations.

6.3 Limitations of the Study

Although the study has a significant contributions it is not lacking some limitations and some of

these limitations are listed below.

1. The simulations were based on predefined models and assumed ideal conditions that
may not fully capture the variability of real-world deployments.

2. The study is also limited to a single developing country and while efforts were made to
generalize findings, local specificities may limit broader implementations.

3. The survey sample, although valuable was relatively small and geographically
concentrated which may affect the representativeness of the results.

4. Additionally, the study did not consider the financial dimensions of 5G implementation,

which are critical for practical roll-out and operation.
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6.4 Recommendations for Future Work

Based on the findings and limitations, several avenues for future research are recommended.

1.

In the future simulation model can be expanded to include energy consumption metrics
and environmental impact assessments, which are crucial in areas with limited power
infrastructure.

Future studies should also consider comparative analyses between multiple developing
countries to identify common patterns and localized anomalies. Collaborations with local
telecom operators could provide access to real traffic data, enabling more accurate
validation of simulation results.

Future research should aim to incorporate financial aspects for 5G developments to offer
a more holistic perspective and interdisciplinary studies that combine technical research
with economics, public policy, and environmental science could offer comprehensive

strategies for digital transformation in underdeveloped regions.
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