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Abstrak

Kemajuan teknologi terkini telah meningkatkan permintaan terhadap Internet secara 
signifikan, sekali gus menyebabkan peningkatan beban pada rangkaian selular. Oleh 
itu, Pengendali Rangkaian Mudah Alih (MNO) perlu memindahkan sebahagian 
pengguna kepada rangkaian WiFi. Namun, pemindahan secara sembarangan tanpa 
mengambil kira keutamaan dan mobiliti pengguna boleh menjejaskan kepuasan serta 
meningkatkan kos yang tidak perlu. Teknik pemindahan sedia ada lazimnya 
menumpukan sama ada kepada kriteria berasaskan rangkaian atau pengguna, dan 
sering mengabaikan interaksi antara kedua-duanya. Kajian ini bertujuan untuk 
meminimumkan nisbah dan kos pemindahan, serta memaksimumkan kepuasan 
pengguna yang dipindahkan. Sehubungan itu, kajian ini membentangkan satu 
kerangka pemindahan baharu yang peka terhadap mobiliti, berasaskan Proses 
Keputusan Markov Ufuk Tak Terhingga dengan Diskaun (IHDMDP). Model ini 
menggabungkan lokasi, kelajuan pengguna, keadaan rangkaian, dan keutamaan 
pengguna bagi menjamin keputusan pemindahan yang rasional. Dengan menjadikan 
mobiliti sebagai teras strategi, pendekatan ini memastikan pengguna hanya 
dipindahkan apabila corak pergerakan dan keadaan rangkaian selari, sekali gus 
mengekalkan kepuasan tinggi dan mengurangkan kos. Model ini disahkan melalui 
analisis kepekaan dan dinilai berdasarkan metrik prestasi seperti kepuasan pengguna, 
nisbah pemindahan, dan kos. Hasil kajian menunjukkan bahawa IHDMDP mengatasi 
pendekatan alternatif dengan peningkatan kepuasan pengguna sebanyak 40% dan 
pengurangan nisbah serta kos pemindahan melebihi 80%, membuktikan 
keberkesanan dan kecekapan kosnya. Simulasi menunjukkan bahawa pengguna di 
zon isyarat yang kuat dipilih secara optimum untuk dipindahkan, manakala 
pengguna di zon marginal dielakkan bagi mengelakkan penurunan kepuasan. Kajian 
ini turut menekankan kepentingan pemprofilan pengguna dan parameter kualiti 
rangkaian dalam pemilihan pengguna yang sesuai untuk dipindahkan, serta 
menyumbang secara signifikan kepada pengurusan rangkaian mudah alih yang lebih 
cekap.

Kata kunci: Pemindahan trafik mudah alih, Pemindahan WiFi-Selular, Kepuasan 
pengguna, Proses keputusan Markov.
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Abstract

Recent technological advancements have significantly increased the Internet’s 
demand, resulting in an increased load on cellular networks. Thus, the Mobile 
Network Operator (MNO) needs to offload part of the users to the WiFi networks. 
However, indiscriminate offloading without considering user preferences and 
mobility can degrade satisfaction and increase unnecessary offloading costs. Current 
offloading techniques often focus on either network or user-centric criteria, 
neglecting the interplay between them. This study aims to minimise the offloading 
ratio and cost while maximizing the offloaded user satisfaction. Thus, this study 
presents a novel mobility-aware offloading framework based on an Infinite-Horizon 
Discounted Markov Decision Process (IHDMDP). The model integrates location, 
user velocity, network condition, and user preferences to guarantee a rational 
offloading decision. By placing mobility at the core of its strategy, the approach 
ensures that users are only offloaded when their movement patterns and network 
conditions align, thereby maintaining high satisfaction and reducing costs. The model 
is then validated through sensitivity analysis and evaluated using performance 
metrics, including user satisfaction, offloading ratio, and costs. The study reveals that 
IHDMDP significantly outperforms other alternative approaches by a 40% increase in 
user satisfaction while simultaneously reducing offloading ratio and cost by over 80%, 
demonstrating its efficiency and cost-effectiveness. Simulation results indicate that 
users located in stronger signal zones are optimally chosen for offloading, whereas the 
model avoids transferring users from marginal zones to prevent satisfaction 
degradation. The study highlights the importance of user profiling and network 
quality parameters when selecting a suitable user to be offloaded. It has also 
contributed significantly to mobile network management, and this study has the 
potential to improve the efficiency of cellular networks.

Keywords: Mobile traffic offloading, Cellular-WiFi offloading, User 
satisfaction, Markov decision process.
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CHAPTER ONE

INTRODUCTION

1.1 Research Background

Recent technological advancements have significantly increased society’s dependence

on technology, making everyday tasks easier for the community. According to [1], at

the start of 2025, the number of Internet users was approximately 5.56 billion, marking

an increase of 136 million or equivalent to 2.5 per cent growth compared to 2024.

This convergence is largely driven by the abundance of smartphones and the growing

demand for high-data-rate applications, including real-time video conferencing, file

downloads, and Voice over Internet Protocol (VoIP) [2]. In addition to user-driven

demand, the rapid progression of technologies such as the Internet of Things (IoT) [3],

the Internet of Everything (IoE) [4], and the Internet of Medical Things (IoMT) [5] are

accelerating digital transformation across industries.

The resulting shift enables more efficient communication, faster access and analysis

of information, streamlined business transactions, and enhanced participation in social

and civic interactions [3]. These innovations, while enhancing operational efficiency

and connectivity, have led to an exponential surge in mobile traffic, placing significant

stress on cellular infrastructure, especially during periods of peak usage [6].

1.2 Research Motivation

While digital transformation offers immense benefits, its rapid adoption introduces

critical challenges that demand further investigation. The increasing demand for

the Internet, coupled with the limited capacity of cellular networks, has placed

considerable pressure on Base Stations (BS) [7]. This situation often makes the

user experience degrade in Quality of Service (QoS) [8]. In addition, it also forces

1
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