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ABSTRACT 

In recent years, global mobile data traffic has seen an unprecedented increase. This 

is due to the worldwide usage of smart devices, the availability of fast internet 

connections, and the popularity of social media. The Mobile Network Operators 

(MNOs) are, therefore, facing problems in handling this huge traffic flow. Each type 

of traffic, including real-time video, audio, and the text has its Quality of Services 

(QoS) requirements which, if not met, may cause a sufficient loss of profit. 

Offloading of these traffics can be made more efficient so that values of QoS 

parameters are enhanced. In this work, we first study the various incentive-based 

algorithms for offloading. We propose an incentive-based game-theoretic framework 

for downloading and uploading data. The download of each type of data will get an 

inducement determined through the leader and follower game; we model the 

communication in the middle of only Mobile Base Station and multiple carriers Wi-Fi 

in a crowded municipal environment. The leader offers an economic incentive based 

on the traffic type and followers react to the inducement and divest traffic 

accordingly. The schema optimizes strategies of both the MBS and APs to make the 

best use of their utilities. For the analysis, we have used a combination of analytical 

and experimental methods. The numerical outcome characterized a direct process of 

the best possible offloading percentage and endorsed the efficiency of the planned 

two-step game. Optimal incentives and optimal offloading was the achievement of our 

proposed game-theoretic approach. We have implemented the proposed algorithm in 

programming language MATLAB, and the experimental outcome illustrates a 

maximum outcome be achieved and the proposed system finds NE (Nash Equilibria). 

The experimentation fallout also shows that the planned model enhanced the QoS 



xviii 

 

during the cellular network system. We found that the proposed traffic types based 

game achieve a unique Stackelberg equilibrium. 
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INTRODUCTION 

1.1   Background 

The world is framed as a global village because of the data networks including both 

wired and wireless. These networks are the most significant scientific and 

technological advances in recent times. A remarkable development has been 

experienced due to such networks in terms of worldwide utilization and technological 

potentials by billions of users to connect economically anytime from anywhere. 

During the most recent three decades, the field of remote systems has too much 

developed in the personal as well as incorporate computing. A radio communication 

network is the nature of a computer network that performs communication through 

radio frequency channels. In wireless communication, the nature of communication is 

broadcasted and can be received through each one node which is in broadcast choice. 

The remote communication innovation can be divided into several types of 

architectures, for example, Wireless Local Area Networks (WLANs), Mobile Adhoc 

Networks (MANETs), Cellular Networks, as well as Wireless Personal Area 

Networks (WPAN). 

WLAN is a type of network used to cover a small geographical area. The Wi-Fi, an 

IEEE 802.11 standard, can be used for creating a WLAN of an area of few kilometers. 

Network inside a building or on campus can be considered an example of WLAN. In 

MANETs, in which every hub plays out the assignments of the source, target, and 

switch. Military networks and disaster networks are the applications of MANETs. 

WPAN is the next step down from the WLAN that is capable of covering a smaller 

area and works in meters with low power communication. Smartphones, PDAs, and 
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laptops are devices that are used in short-range wireless communication. Bluetooth 

and Zigbee are examples of WPAN technology. Cellular networks are the next step up 

from the WLAN and are used to provide a broad variety of voice and information 

correspondence administrations. The second-generation communication protocol 

called Global System for Mobile Communication (GSM) is an example of cellular 

networks [1]. Among these networking technologies, next-generation networks 

exhibited great attention due to their probable exploitation in a wide scope of 

utilizations and interest for high Quality of Services (QoS) of the mobile users. In this 

part, we present the basic essential ideas of remote communication, its trees, 

furthermore highlight the next generation of wireless cellular networks. Furthermore, 

we present an outline of the diverse approaches to providing with giving QoS 

throughout the up and coming age of remote cell systems.   

1.2   Organization of Wireless Networks 

Wireless networks also called remote system are the kind of networks that connects 

different people using communicating devices and applications to achieve the goal of 

data and information transfer among them without linking the devices through any 

physical connection or wire. Due to this feature, wireless networks have the 

characteristics of mobility and scalability. Different types of wireless networks 

comprise of Cellular Networks, Satellite Communication Networks, Wireless Local 

Area Networks (WLANs), Wireless Sensor Networks [2]. Wireless networks can be 

classified into different groups based on different criteria such as size, coverage, and 

operating mode. 
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1.3   Classification Based on Size 

There are four principal kinds of wireless networks dependent on their size, 

separation, and speed of information move.  

• Wireless Personal Area Networks (WPAN) 

• Wireless Local Area Networks (WLAN) 

• Wireless Metropolitan Area Networks (WMAN) 

• Wireless Wide Area Networks (WWAN) 

1.3.1 Wireless Personal Area Networks (WPAN) 

Because of the expanding interest for individual gadgets, for example, cell phones, 

tablets, PCs, and PDAs for correspondence has prompted the rise of WPAN. These 

allow the connectivity to a few meters around a user location. The best example of the 

WPAN is a point to point communication. Bluetooth, infrared, and Zigbee are the 

most common technologies of the WPAN. The IEEE standard of the WPAN is IEEE 

802.15. 

1.3.2 Wireless Local Area Networks (WLAN) 

This type of remote/wireless network allows the client to right to use the internet in 

the limited vicinity under a roof or a small geographical range. The WLAN uses a hub 

for internet connectivity and uses normal gadgets, for example, workstations, cell 

phones, and PDA. The WLAN coverage is up to a hundred meters and the data rate is 

2Mbps to 54 Mbps. The most common application of the WLAN is enterprise 

networks and the IEEE standard is IEEE 802.11. 

1.3.3 Wireless Metropolitan Area Networks (WMAN) 

It connects the several WLANs and typically covers the large areas such as town or 

city. WMAN provides data rate up to 75-80 Mbps and the connectivity work up to 10 
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Km. The most common application of the WMAN is broadband wireless access. The 

IEEE standard of the WMAN is “IEEE 802.16”. 

1.3.4 Wireless Wide Area Networks (WWAN) 

This type of remote/wireless network covers the large geographical area and it has 

an elevated data speed. The data rate is 384 to 2Mbps on 3G and up to 100 Mbps on 

4G/LTE. The coverage range is a hundred km. The most common application of the 

WWAN is cellular and phone communication and common technologies are GSM, 

GPRS, UMTS and Cellular 2G, 2.5G, 3G, and 4G LTE. The most usually available 

WWAN is the internet. The IEEE standard of the WWAN is IEEE 802.20. 

1.4 Classification Based on the Infrastructure 

In light of the communication structure, remote system/wireless networks can be 

separated into two types. These are infrastructure-based and infrastructure-less 

networks. 

1.4.1 Infrastructure/Foundation Based Network 

In this kind of system, all the correspondence is done through a focal predominant 

hub called a center point or passageway. It plays the role of a router or gateway. 

Networks having a single central node are also called single-hop networks. The most 

common example of such an infrastructure-based network is WLAN and the 

standards used for such type of communication is IEEE 802.11, IEEE 802.11a, IEEE 

IEEE 802.11b, IEEE 802.11g, IEEE 802.11n, and IEEE 802.11ac. 

1.4.2 Infrastructure-less Network 

In this kind of system, there is no focal controller however all hubs are peers and 

each hub plays out the capacity of a focal controller. It is also called multi-hop 
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networks. Mobile Adhoc Network is an example of such networks. These networks 

are very useful where no infrastructure is needed or available for the initial 

deployment of the entire system. Since there is no need for infrastructure, therefore 

these networks can be installed in a very short period on an emergency basis. 

1.5 Motivation and Objectives 

The impact of mobile and wireless communication is deep. The IoT for example 

laptops, tablets, and smartphones are the basic tools that play a vital role in the 

assistance and convenience of our daily lives. The existing deployed infrastructure has 

enabled persistent connectivity to internet services for mobile users. According to the 

statistics of the Cisco index, the proportion of worldwide cell phones developed to 19 

billion out of 2017, however, in this development, the smartphone accounted for 58 

percent and estimated that up to 2022, the ratio of the mobile device will grow to 28.5 

billion. Because of the fast systems, for example, 4G/LTE-A and the introduction of 

the high smart devices has increasingly changed the diurnal activities of mobile users.  

Exponential development in portable data traffic in recent existence has brought 

about the challenge of managing unexpected data overload. The popularity of 

smartphones, social networking, sharing of audio and video recordings, and live 

streaming of events are the main contributors to such unprecedented mobile data 

traffic. Besides, increasing machine-to-machine communications (e.g., automobile 

and sensors) are also adding a significant burden to this mobile traffic. Cisco 

referenced in its file that worldwide versatile information traffic can grow 7-crease up 

to 2022 from 2017 which is twice as quick as fixed IP traffic in a similar period. On 

the other hand, as smart mobiles are becoming more and more popular, cell systems 

are thinking that its hard to manage information and network needs of the clients. 

Moreover, anticipated video related traffic is expected to be 82 percent of total traffic 
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by 2022. As portable video content has higher piece rates than other versatile 

substance types, it will bring on additional over-burdens later on. 

To facilitate this increased traffic and especially video content, new unconventional 

solutions for mobile data offloading are needed. To manage this bulky internet traffic, 

the mobile network operators consider the mobile data offloading through Wi-Fi as a 

viable solution for this huge traffic management. Offloading to Wi-Fi networks gains 

more popularity because of the fast growth of Wi-Fi hotspot deployment and Wi-Fi 

interface in smartphones. As indicated by the insights, 60% of worldwide portable 

information traffic was offloaded to a fixed system through Wi-Fi in 2016 and up to 

2021; this traffic is relied upon to develop to 63 percent. Recent research shows that 

mobile data offloading through Wi-Fi improve the customer experience such as 

higher data rates and reliable Quality of Services (QoS) in a cost-effective manner. 

Versatile information offloading through Wi-Fi is a system innovation to balance the 

transfer of data for mobile networks. In the existing literature, we studied the various 

research works on the presentation benefits of offloading through Wi-Fi. There are 

still challenges to be addressed thus it is not amazing that MNO wants more plans to 

find out what time and how a lot to offload their primary channel means cellular 

traffic in the crowded metropolitan area. Many technical advances are used to 

facilitate the offloading approach.  

In organize to entirely collect these settlements; it is necessary to make sure that 

MNO can offload their traffic whenever desired. The unique solution to achieve this 

objective is high coverage of the Wi-Fi is necessary but this arrangement for MNO 

themselves is costly and often unfeasible. To manage to offload efficiently and 

flexibly, the MNO is employing APs on demand taking consideration of the traffic 

dynamics. However, without appropriate incentives, the APS owner is estimated to be 
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unwilling to admit the cellular traffic due to the huge traffic flow that will consume 

the network capacity and increase of various resource constraints cost. This important 

economic incentive issue for MBS and APs is still fairly underexplored in the 

presented literature. To achieve flexible on-demand data offloading, this critique 

investigates the offloading method using third party Wi-Fi and the focus is to design a 

fair economic incentive mechanism that MNO needs to provide for APs based on the 

traffic types. In this mobile data offloading scenario, we consider having an MNO and 

multiple APs. We advocate that economic incentive-based agreement between leader 

which is called MBS and followers called APs are essential for offloading. Our 

proposed model is based on the game theory that will use the Stackelberg approach 

and offers economic incentives based on the traffic types. Our model answers the two 

questions:  

How to offload traffic efficiently?  

How to ensure fair allocation of offloading profit among the MNO and APs?  

The first question deals with the technical issue while the second one is an 

economic issue. The overall objectives of this thesis are: 

1. To conduct a detailed survey on issues and problems on existing data offloading 

techniques and applications of game theory. 

2. To develop a game-theoretical model for mobile data offloading to maximize 

channel utilization and fair distribution of channels. 
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3. To assess the presentation of the proposed model by comparing with existing 

models.

 

Figure 1.1 - Methodology 

1.6   Problem Statement 

Nowadays wireless cellular networks gain more acceptances and cover most of the 

inhabited parts of the world in the communication field. The cellular industry has seen 

bizarre development over the last few years, especially in terms of data traffics. Due 

to higher data rates, now the smartphones, tablets, and other handheld devices offer 

great support and convenience to our everyday lives. To accommodate this huge 

traffic, the mobile network operators deploy the 4G/LTE and 5G networks for mobile 

users. The Cisco determined measurements show that the proportion of worldwide 

portable information traffic is required to develop to 15.9 Exabyte (1 Exabyte = 1018 

bytes) every month by 2018, which is an 11-crease increment more than 2013. The 

ratio of the mobile phone will grow to more than 12.3 billion up to 2018. Meanwhile, 

to provide the high throughput and reduced delay, the mixture of a capacity boost in 

mobile access such as 4G/LTE and the introduction of smartphones have step by step 

changed the diurnal performance of mobile users. The nature of data is also changed 
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from simple text to rich graphics and videos. The ratio of video traffics will reach 65 

percent up to 2018 [3]. To accommodate this huge data traffics and provide QoS to 

the mobile user, the mobile network operators face the traffic management and 

overload problem and try to find a cost-effective solution that can extend to the ever-

increasing number of mobile users and their demand for network capacity. 

1.7 Proposed Solution 

The MNO finds many solutions for the under-referenced problem such as scaling, 

optimization, and offloading [4]. Our concern is offloading data which is a cost-

effective solution for the ever-increasing traffic management problem. Offloading can 

be performed through many technologies but in the thesis, we consider offloading 

through Wi-Fi. Offloading through the Wi-Fi organizes acquires ubiquity and 

considered one of the developing information offloading arrangements other than 

femtocells. In 2013, 45 percent of worldwide versatile information traffic was 

offloaded onto fixed systems through Wi-Fi or little cells and this offloaded volume is 

relied upon to develop to 52 percent by 2018. Wi-Fi comes as a characteristic answer 

for offloading because of the implicit Wi-Fi abilities of cell phones [5]. For the 

solution of the overload problem, several mechanisms are proposed using different 

approaches such as reinforcement learning (RL), fuzzy logic (FL) and game theory 

(GT). Among all Computational techniques, the Game-based approach may be more 

profitable in the present-day situation due to the involvement of utility factors in it 

which may tend to a more realistic approach for the arisen issue. 
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1.8 Game Theory 

Game Theory deals with situations where different persons involved in decision-

making and the situation may be independent or interdependent among them. Game 

theory is the branch of applied mathematics. To solve various problems in existing 

wireless cellular networks, the researchers consider the game theory as the most 

prominent solution. The game consists of a set of players Access Points (APs), 

Mobile Base Station (MBS), a set of strategies such as power level for every 

contributing player, and a set of analogous useful utility functions (performance 

parameters). Game theory has several variations that may apply to wireless cellular 

networks. These developments may be a cooperative game theory, non-cooperative 

game theory, and repeated game theory. The cooperative game theory is based on a 

concept in which, players availed the option of planning and deciding as a group 

followed by choosing their actions while the non-cooperative game avails no option 

of group planning or deciding followed by choosing their actions. The dynamic games 

use the iterative approach and it is played for multi-times where the result of the prior 

game before joining the following recurrence can be inspected by contributors etc [6]. 

The researchers use the following most common game theory methods to address 

wireless cellular network issues. 

• Cooperative Game Theory (CGT) 

o Transferable-Utility Game(TUG) 

o Non-Transferable Utility Game (NTUG) 

• Non-cooperative Game Theory (NGT) 

o Zero-Sum Game (ZSG)  

o Non-Zero-Sum Game (NZSG) 

• Repeated Game Theory (RGT) 
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• Evolutionary Game Theory (EGT) 

• Bargaining Game (BG) 

• Gur Game (GG) 

• Dynamic Bayesian Game (DBG) 

• Ping-Pong Game (PPG) 

• Jamming Game (JG) 

To address our issue, we used the non-cooperative game theory approach based on 

the Stackelberg approach. 

1.9 Methodology 

• We conduct a detailed survey of the existing research published in the top 

journal in recent five years. To identify the major characteristics and limitations 

of the existing techniques, we conduct the simulation. 

• Based on the study from the first step, we design the algorithm and system 

solution for the problem. 

• In the third phase, we implement the proposed mechanism in MATLAB 

programming and evaluate its performance. 

• In the fourth phase, we analyze the consequences of the planned algorithm and 

share our research contribution with research communities through scientific 

publications. 

1.10   Organization/ Association of the Thesis 

The break of this thesis is planned as follows: discusses a literature survey made 

concerning the solution of the problem, the background of the existing techniques is 

discussed in chapter 2, and notes on QoS. Chapters 3 explain the proposed model 
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based on game theory for overload issues in NGN and simulations results of the 

proposed model. Chapter 4 concludes this dissertation by summarizing our 

contributions, discussing open issues for future work.  
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LITERATURE SURVEY 

During the most recent three decades, the field of remote systems increased greater 

notoriety for correspondence. In wireless networks, some radio channels are used to 

transmit information from source to target. The data generating node is known as a 

source while the ultimate receiving node is called the destination. Due to the 

broadcast nature information is received by all nodes if they are in range. The growth 

in wireless communication and networking technologies have extended the potential 

of what mobile networks can offer to achieve pervasive and mobile internet access. 

We review the current mobile and wireless networking environment as the technical 

basis for this dissertation. We highlight the system architecture and characteristics of 

access technologies that influence mobile traffic offloading [7]. In this Review, we 

discuss the licensed and unlicensed frequency technology overview in detail for the 

readers. 

2.1   Mobile Networking Background  

The existing mobile and wireless networking background consist of various access 

technologies and network architectures. The present technology, based on the 

geographical coverage, can be separated into two types that are Wireless Local Area 

Network (WLAN) and Wireless Wide Area Network (WWAN). In the licensed 

frequency, the mobile network operator must take the permission certificate from the 

government to use the frequency. Only the authorized owner can use an allotted 

frequency spectrum for communication. For example, we connect our phones to some 

cellular networks through some licensed frequencies for making calls and using data 

services. In this regard, we use standard 3G and 4G/LTE-A, supported smartphones, 

to communicate with the central server, and to coordinate with the network. Examples 
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of the licensed frequency standards are 3G, 4G/LTE-A, and WiMAX, etc [8]. On the 

other hand, we can also use free spectrum frequencies known as unlicensed 

frequencies. These can be used without constraints excluding for the transmitting 

power. Wi-Fi and Bluetooth access are examples of unlicensed frequencies used by 

all everywhere. Due to the built-in capability in smartphones, Wi-Fi technology used 

very commonly nowadays [8]. 

2.1.1 Wireless Wide Area Networks (WWANs) 

This kind of wireless network covers a huge geographical area and it has a high data 

rate for terrestrial data and information transfer. The central standardization group 

called the standard 3GPP (3rd Generation Partnership Project) standardizes access 

technologies and network architectures. The data rate is 144 Kbps to 2.8 Mbps on 3G 

and up to 100 Mbps on 4G LTE-A and the coverage range is 100 Km. The most 

common application of the WWAN is cellular and phone communication and 

common technologies are GSM, GPRS, UMTS and Cellular 2G, 2.5G, 3G, and 

4G/LTE. The most usually available WAN is the internet. The IEEE standard of the 

WWAN is IEEE 802.20. Worldwide Interpretability for Microwave Access 

(WiMAX) also proposed Mobile WiMAX for WWAN. IEEE 802.16 is the standard 

allotted for WiMAX [7]. 

2.1.2 Wireless Local Area Networks (WLANs) 

This type of wireless network allows users to access the internet in the local area, 

such as the university campus, etc. The WLAN uses a distinct node called a hub for 

internet connectivity and uses common devices such as PDA, laptops, and 

smartphones. These APs are also known as hotspots. Moreover, some client devices 

in such type of network can also act like AP for others. The WLAN coverage is up to 
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a hundred meters and the data rate is 2 to 54 Mbps. The most common application of 

the WLAN is enterprise networks and the IEEE standard is IEEE 802.11 for WLAN. 

Through the popular Wi-Fi branding and smartphone introduction, the Wi-Fi 

association has made 802.11 WLAN well known to the public as the Wi-Fi (or Wi-Fi) 

technology [7]. 

2.2 Heterogeneous Mobile Access Environment 

In 1998, some researchers introduced the concept of wireless overlay networks. 

These networks support different access technologies and provide QoS parameters 

such as throughput, coverage, and mobility in the environment. The wireless overlay 

networks are shaped by a hierarchical construction of room-sized, building-sized, and 

wide-area data networks that can provide network connectivity to a huge number of 

mobile users in a competent and scalable way. This network consists of 

heterogeneous access technologies including LTE, UMTS, WiMAX, and Wi-Fi. The 

3GPP has planned an integrated architecture via the System Architecture Evolution 

(SAE) that delivers the superlative possible connectivity in such multi-access 

environments [7]. 

2.2.1 Challenges 

The exponential growth of mobile data traffics can be recognized due to several 

reasons. The principal reason that causes the exponential development of portable 

information deals is the presentation of top of the line gadgets, for example, PCs, 

tablets, and cell phones. These gadgets create traffic up to multiple times the traffic 

delivered by the essential telephones. The second reason that causes the exponential 

growth of mobile data traffics is the infrastructure upgrades from 3G to 4G/LTE that 

increase the average traffic per device. For instance, 4G LTE-An association creates 
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multiple times more traffic than a non-4G association. The last reason is the traffics 

type, such as video content and real-time monitoring applications, which has more 

noteworthy bit rates than other simple multimedia content types. This high-speed 

network imposes significant challenges for mobile networks across technical and 

business perspectives. We highlight the key challenges as follows [8]. 

•
 Difficulty of Scale 

•
 Difficulty to Manage 

•
 Growing Complexity 

•
 Demand for Interoperability 

•
 Lack of User Considerations 

•
 Bottleneck for Innovation 

2.3 Cellular Networks 

The cellular network is also known as the mobile network is an original way to 

ensure efficient employment of the available radio spectrum. The cellular network is 

also called a wireless radio network that is typically cellular. The cellular network 

communication area is divided into cells, geographic coverage areas, which are 

usually considered to be hexagonal. Each cell of the cellular network consists of Base 

Station (BS). Base Station provides radio communication for User Equipment within 

the site to allow User Equipment to exchange information with each other and with 

operators network. The available spectrum in the cell is separated into two parts. The 

first part is called the uplink channel through which the mobile terminal 

communicates with the BS and the other is called downlink through which BS 

communicates with the Mobile Terminal (MT). In a cellular network, the different 

users may use the same frequency separated by the distance, without interfering the 
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communication of each other and this concept is called frequency reuse. The cluster is 

the groups of cells that use the whole radio spectrum and denoted by N. Within a 

single cluster each cell uses a unique frequency. Handoff supervision is a key function 

by which cellular networks support mobility and maintain QoS for MT. The handoff 

responsibility is performed by the Mobile Switching Center (MSC). In the cellular 

architecture, each cell has one or two BSs and the entire MT in coverage 

communicated with these BSs and BS is then connected to Mobile Switching Center. 

The Mobile Switching Center is in charge of the overall supervision of mobile 

communication. The MSC contains the little databases, for example, Equipment 

Identity Register (EIR), Authentication Register (AuC), Home Location Register 

(HLR), Visitor Location Register (VLR). The MSC is linked through a signaling 

system 7 (SS7). The MSC performs as a bridge between the cell system and the PSTN 

(Public Switched Telephone Network)[9]. 

 

Figure 2.1 - Cellular Network Architecture 
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2.3.1 Evolution of the Wireless Cellular Networks 

The technology has been evolving day-by-day to address the rapidly increasing 

requirements of mobile users such as the want for more spectrum and low data rate. 

To fulfill these requirements the scientists and researchers rapidly move from one 

generation to another such as 2G  technology called Global System for Mobile (GSM) 

to the advanced next-generation network 4G LTE-A. The main drive has been the 

want for more spectrum and low data rate [10]. The standards of each generation are 

given below in figure 2.2. 

2.3.1.11
st
 Generation (1G) 

1st Generation shortly called 1G is the wireless communication technology of 

mobile network, developed in1980, and replaced 0G technology. The channel access 

method called Frequency Division Multiple Access (FDMA) used the 1G. It is a 

signature innovation based on the analog signal. The most common Mobile 

Communications Systems are used in 1G for communication called Total Access 

Communication System (TACS), Nordic Mobile Telephone (NMT), Advanced 

Mobile Phone System (AMPS). The 1G has some demerits such as it provides poor 

voice quality, no security, and unreliable handoff. Moreover, this generation is 

suitable for voice telephony only and does not support data services. 

To overcome these issues, the researchers moved to the next generation of 

technology. 

2.3.1.2 2
nd

 Generation (2G) 

2nd Generation shortly called 2G is the wireless communication technology of 

mobile networks that was developed in 1991 by Radio Lenja in Finland. 2G used the 

channel access method known as Time Division Multiple Access (TDMA). The basic 
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services and applications of 2G are a digital voice calling and text messaging only. 

Initial 2G can’t be used for data services like emailing or web surfing. The most 

common Mobile Communications Systems that were used in 2G are GlobalSystem 

for Mobile Communication(GSM), Interim Standard (IS-54), Interim Standard (IS-

95), and Primary Domain Controller (PDC). The later subversions of 2G started 

supports for data transfer. These sub-generations are known as 2.5G and 2.75G. These 

are defined in International Mobile Telecommunication Standard 2000 (IMT-2000) 

and provide very slow data connectivity rates as compared to current technologies. 2G 

has some demerits, such as low transmission quality, spotty coverage, no video 

support, and abrupt drop calls. Due to these demerits, the researcher moved to the 

next generation of technology. 

2.3.1.3  3
rd 

Generation (3G) 

3rd Generation shortly called 3G deployed in 2003 in Europe. That time 3G was 

considered as the world’s best connection method for providing speed from 384 kbps 

to 2Mbps. Code Division Multiple Access  3G uses and Turbo Code (TC) signature 

technology. 

The basic Services and Applications of 3G are Digital voice, Text, Multimedia 

transfer support. The basic Mobile Communications Systems that were used in the 3
rd

 

Generation are Wideband Code Division Multiple Access (WCDMA). It has some 

shortcomings such as high bandwidth requirement, the high cost of spectrum, huge 

capacity, and low data rates if compared to the latest technologies. To fulfill the high 

requirements of advanced devices and applications, the researcher moved to the next 

generation technology. 
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2.3.1.4  4
th 

Generation (4G) 

The 4G, deployed in 2011, provides very fast and reliable connections and offers 

speed up to 100 Mbps. It is also called the successor of 3G and is fully based on 

Internet Protocol Version 6 (IPv6). It comparatively provides higher QoS and 

security. The Multiple Input and Multiple Output and Orthogonal Frequency Division 

Multiple Access are common signature Technologies used in 4G. The basic services 

and applications are everything for smartphones. The common mobile 

communications systems are LTE/LTE-A; WiMAX (Dead). It has some demerits 

such as battery drain quickly, more complicated in implementation, and need of 

complicated hardware. 

2.3.1.5  5
th

 Generation (5G) 

5th Generation, 5G, of cellular networks is the complete set of wireless 

communications. 5G is still in the research phase and expected to be launched by 

2020. The Signature Technologies are Massive MIMO, low-density parity-check 

(LDPC Code), Non-Orthogonal Multiple Access (NOMA), and Ultra-Dense Network. 

The most common Services and Applications are everything we have imagined and 

yet not imagined. 
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Figure 2.2 - Generations of the Cellular Networks 

2.4 3G and 4G LTE-A Network Faced with Problems 

Downloading and uploading files are the basic applications of internet users such as 

watching live high-quality video streams or sharing huge files on social networks. 

Most of the users, nowadays, keep handheld devices with wireless connectivity for 

doing internet related activities. Moreover, most of the internet-based applications are 

purely developed for devices with wireless networking capabilities only. Such 

devices, applications, and users need fast connections that provide reliable speed with 

high throughput and low latencies. The existing 3G and 4G LTE-A cellular networks 

infrastructure cannot keep up to the future bandwidth requirements because of these 

huge applications [11]. 

 

 



 22 

2.4.1 Network Traffic Increasing 

The exponential traffic growth generated by the high-speed network, using smart 

devices and multimedia contents requiring high data rates, is unsustainable. To 

manage these huge traffics, the MNOs critically think for optimal performance.  

2.4.2 Smartphones handling 

The unexpected data surge generation cause may be the introduction of high end 

smart as well as handheld devices. The statistics of traffic generated by these devices 

will exceed 14,000 petabytes by 2015. With the advent of these Smartphones and 

similar devices, the MNO seriously think to manage this mobile traffic. 

2.4.3 Channel is expensive and limited 

The wireless medium is shared, so the management of the shared medium is also a 

critical issue. All telecommunication systems need a positive quantity of channels to 

function. The organization allows diverse parts of channels to special users based on 

some specific criteria, to avoid the interference. To manage this shared and spectrum 

scarcity, the telecommunication must allocate radio communication resources 

judiciously. 

2.5 Feasible Solutions 

We discussed that due to huge data traffic requirements, the existing wireless 

cellular networks are facing some problems. Now we discuss some possible 

techniques to solve these problems and issues [12]. 
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2.5.1 Scaling 

To manage this huge traffic, scaling is the solution to increase the bandwidth by 

installing the backhaul capacity, increase the cell towers in buildings. But this 

approach requires a high cost from MNO. Additionally, this approach, besides the 

installation costs, also requires increased maintenance and operational costs. 

Therefore, scaling cannot be considered as a perfect solution in this regard. 

2.5.2 Optimization 

Radio and backhaul usage in an optimized way is the solution to manage bandwidth 

fairly. To allot bandwidth fairly to the mobile user the researcher must use the 

intelligent technique. 

2.5.3 Mobile Data Offloading (MDO) 

MDO is a technique that uses other complementary technology such as Wi-Fi, IP 

flow mobility, etc that transfer traffic to secondary channels from the primary channel.  

2.6 Mobile Data Offloading (MDO) 

MDO is a method that utilizes other integral innovations, for example, Wi-Fi 

organizes advances for the conveyance of information, basically for cell clients, to 

improve blockage and making improved use of access arrange assets. The objective is 

to keep up QoS for portable clients. MDO gives a substitute way of remote 

conveyance with the best execution capacity. It gives information administrations to 

cell clients in a progressively effective and financially reasonable way. MDO has 

some essential advantages for MNO such as [13]. 

• advanced spectrum accessibility 

• cheap data services charge 
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• Reducing the congestion of cellular networks 

2.6.1 Technologies for MDO 

To deliver traffic from the primary channel to the secondary channel many 

advanced technologies are used.  

2.6.1.1 MDO through  Wi-Fi 

The full name of Wi-Fi is wireless fidelity. The IEEE allot IEEE 802.11 standards 

for Wi-Fi and it's used in an indoor location that provides broadband access to users.   

It provides high data rates with a limited range. Wi-Fi gains more popularity and 

considers as mature technology for offloading because of the fixed Wi-Fi capabilities 

of Smartphones. Due to the unlicensed bandwidth and better QoS, most of the mobile 

users use this technology for internet connectivity. According to the latest statistics, 

Global mobile data traffic offloaded to a fixed network through Wi-Fi is expected to 

grow 52 percent by 2018. 

 

Figure 2.3- Mobile Data Offloading through Wi-Fi 
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As indicated by the incorporation level between Wi-Fi and cell systems, three 

essential methodologies for administrators to offload information traffic onto Wi-Fi 

systems, are utilized [14]. 

1. Unmanaged data offloading also called a network bypass approach if the users 

are in the exposure of Wi-Fi then the user data is moved onto the Wi-Fi 

network, totally bypass the cell network for internet connectivity. 

2. Managed data offloading is adopted for the control of the subscriber to use 

internet access. To manage such offloading, all traffic should be routed through 

intelligent session aware gateway to the internet.  

3. The incorporated offloading technique is full control based on which, the 

operators have complete manage over the internet users and subscribers 

contents for the internet.  

 

Figure 2.4 - Offloading through femtocells 
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2.6.1.2 Mobile Data Offloading Via Femtocells 

In-home or offices for offloading, the femtocells are used that connect the service 

provider network via broadband that extends the services indoor for the mobile 

subscriber. Typically, they are a small cellular base station. This technology is more 

attractive because it provides more improvement in both coverage and capacity 

particularly indoors. The advanced standards such as LTE-A, WiMAX, WCDMA, 

and GSM use femtocells technologies. Femtocells provide seamless roaming, 

managed QoS, and improved battery lifetime [15]. 

2.6.1.3 MDO via WiMAX 

Worldwide Interoperability for Microwave Access (WiMAX) is a wireless 

broadband access method that is typically used in large areas. The IEEE allot the 

standard IEEE 802.16  that provides data speed up to 80 Mbps and coverage range is 

4 to 12 km. It permits the provision of other than sixty channels and hundreds of 

Digital Subscriber Line connections with a single Base Station (BS) [16]. 

2.6.1.4 Mobile Data Offloading Via Opportunistic Communication 

Opportunistic communication is one of the hot research areas. The delay tolerant 

information such as weather reports, small computer games, and multimedia 

newspapers may convey the traffic to only a small set of target users. If the mobile 

users are in proximity then end-users broadcast the information to them and can 

communicate opportunistically through Wi-Fi or Bluetooth technology. Separately 

from these two technologies, a device to device (D2D) communication using cellular 

resources can also be engaged for such opportunistic communication [17]. 
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Figure 2.5 - Offloading thorugh Opportunistic Communication 
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2.6.1.5 Mobile Data Offloading Via IP Flow Mobility 

This technology allows the operator without interference with the ongoing 

communication to transfer a particular IP flow to singular radio access. For example, 

one user connected through primary channel to cellular networks having multiple 

flows such as video call and download email attachments, and the user move to the 

Wi-Fi coverage. The IP Flow mobility technology decides to shift the download email 

attachments on the Wi-Fi network. When the mobile users leave the Wi-Fi coverage 

the file download is effortlessly shifted back to the cellular network [18]. 

 

Figure 2.6 -Offloading through IPflow Mobility 

2.7 Our Focus on Wi-Fi Technology 

Wi-Fi is probably the best innovation for offloading on account of some 

fundamental variables which give to the tremendous accomplishment of Wi-Fi [11]. 

1. Huge unlicensed bandwidth: Spectrum management is a critical issue for 

wireless communication. Wi-Fi offloading gain more popularity because of the 
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free unlicensed ISM 2.4GHz and 5GHz. Due to this factor, the regulatory 

sanction is not necessary for a person's deployment. 

2. Increase throughput and QoS: In downloading and uploading multimedia 

applications, Wi-Fi is a greatly superior network explanation that can provide 

speed up to 600 Mbps. 

3. Overall possession expenditure: Launching of “Wi-Fi” technology is considered 

a mature method for offloading during the last decade because of the built-in 

capability in smartphones, high data rates, and free unlicensed band.   

4. QoS and Advanced security: Wi-Fi technology provides high QoS and 

advanced security for mobile users because it uses advanced wireless 

encryption method for security management. 

5. An increasing number of Wi-Fi hotspots: According to the survey, 220,000 

public hotspots separate the Wi-Fi technology for wireless communication in 

tens of millions of university campuses, corporate, and homes worldwide. 

6. A Wi-Fi supplement to 3G: For conveying information to the cell arrange, Wi-

Fi is viewed as the best innovation for versatile information offloading in light 

of the inherent capacity in Smartphones, high information rates, and free 

unlicensed band. Wi-Fi is one of the groups of ceaselessly advancing 802.11x 

remote Ethernet measures. It gives rapid correspondence in little land regions. 

7. Indoor Hotspot: Indoor hotspots that are used as AP for offloading from MBS 

may get a chance for offloading when congestion occurs in the primary channel. 

MBS may shift users to hotspot and they may get economic incentives 

accordingly. 
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2.7.1 Advantages of the Wi-Fi Technology 

1. It offers faster connections to be established within a few minutes. 

2. Its battery consumption is low within the healthy signal range. 

3. It is easy to establish and use. 

4. It reduces Transmission Control Protocol (TCP) handshake 

2.7.2 Challenges for Wi-Fi Offloading 

 Availability and limitations of Wi-Fi planning tools 

o Wi-Fi availability may be a challenge in some areas especially rural 

areas of backward countries and due to its short coverage area, 

sufficient offload may not be affected in some areas. 

 Backhaul 

o Extra efforts would be required for the installation of fresh Wi-Fi or to 

hire services of existing Wi-Fi. 

 Site availability and deployment issues 

o Lack of availability of suitable sites for deployment of fresh Wi-Fi 

may be a challenge. 

 Device limitations 

o The range of Wi-Fi is limited that cannot be fruitful in many situations 

especially overcrowded metropolitan areas. 

 One way offloading 

o Wi-Fi may exceed its limit of offloading especially in overcrowded 

urban areas which would require to offload on the ternary channel but 

unfortunately, it is not available, furthermore, there is no two-way 

offloading solution. 

 Charging Issues 
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o Mostly, Wi-Fi devices are nowadays run on batteries but still the 

charging may be an issue in case of battery failure or long break of the 

power supply. 

 Authentication 

o Lack of authentication may be subjected to open hackers’ attacks and 

other cyber-crimes. 

 Wi-Fi and DAS integration 

o Distributed Antenna System (DAS) integration in the large building 

would be an extra cost to enable offloading in those regions and their 

installations will also be a challenge. 

2.8 Mobile Data Offloading Security Aspects 

Security is one of the big concerns everywhere. In a wireless network, the media is 

shared. Access to this media requires intelligent techniques for security management. 

The security aspects of both Industrial Wireless Local Area Network (IWLAN) and 

Evolved Packet Core (EPC) standards are defined in 3GPP TS 33.402 and TS 33.234 

[19]. 

 Privacy of the user identity and device identity: The protocols EAP-AKA and 

framework of EAP-AKA provide user privacy for procedure between UE and 

core. 

 Authentication of the entity: For the trusted and untrusted purpose, the entity 

authentication is a must for IWLAN means UE is authenticated by the network 

and the network entity is authenticated by the UE. 

 Privacy of User Data: Mobile IP (MIP) and Dual-Stack Mobile Internet 

Protocol (DSMIP) protocols provide user data privacy in the mobile data 

offloading. 
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 Security in mobility: In case of mobility, the WAG acts as the commentator 

between the home and visited networks and all the security responsibility is 

performed by the WAG. 

2.9 Requirements for Next-Generation Networks 

With the introduction of high-speed networks, smart devices, and multimedia 

applications, there arises an issue of treating numerous modules of traffic to assemble 

the diverse QoS necessities of dissimilar applications like video and audio, data, 

Voice over Internet Protocol (VoIP) calls etc. To offer a better experience to the users 

depends on the QoS requirements of the applications. Unlike earlier generations of 

cellular networks, next-generation networks (NGN) are envisioned to sustain a huge 

amount of devices and applications like the Internet of Things (IoT), smartwatches, 

tactile Internet, autonomous vehicles. Now we discuss these requirements shortly one 

by one [20]. 

 High data rate: It is the most important performance evolution metric of 

QoS over generations of wireless communication networks. With the 

introduction of mobile internet and services which require reliable speed 

connection for downloading and uploading, so raising the data rate of 

cellular networks became a predictable market dynamic force. 

 Low latency: Due to the introduction of high-speed networks, smart 

devices, and recently emerging applications such as VOIP, online TV, 

tactile Internet, multi-player gaming, and virtual reality that the next 

generation networks are estimated to hold. The latency should be upgraded 

to an order of scale faster than the current network, at around 1ms. 
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 Low energy consumption: The next-generation network devices are 

resource-constrained such as low-power, low-cost devices so their run 

existence cannot give to route such heavy applications. To manage the 

energy consumption issue, it will require an efficient intelligence technique. 

 High scalability: Scalability is a significant factor in the plan of the 

following invention wireless communication networks because of the 

increasing number of  IoT devices that connect to the high-speed networks 

and communicates with each other. 

 High connectivity: To support these heavy applications, mobile users need 

a reliable connection for communication. This will provide high 

Throughput and reduced delay for the delay-tolerant applications. 

 Enhanced security: To protect the basic connectivity of the next generation 

networks and maintains user privacy and security are the key issues for the 

researchers. 

2.10 Open Issues in Traffic Offloading for Future Research 

Offloading is one of the talented solutions to reduce the weight on existing cellular 

networks. 

There are many issues in offloading that still open to discussion [21]. 

 QoS provisioning in Traffic Offloading 

 Backhaul Connection and Non-ideal Property 

 The unlicensed band for traffic offloading 

 Secrecy issue in traffic offloading 

 Economics and incentives of traffic offloading 
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2.11 Mobile Data Onload 

The data migration method in which the data is moved from fixed to mobile is the 

data through the cellular network via 3G cards, from devices such as laptops, tablets, 

eReader, and game consoles whose primary mode of connectivity is fixed. For 

example, through USB 3G modem user might connect his game console online. This 

method of data migration is called Mobile Data Onload [22]. 

 

Figure 2.7 - Communication Architecture of Offloading and Onloading 

2.12 Classification of Mobile Data Offloading 

As indicated by deferring necessities of uses, the offloading can be arranged into 

two principle types that are (1) Hard delivery delay or non-delayed offloading and (2) 

Delay tolerate/delayed offloading. The delivery of the different traffic of an 

application has different delay requirements. 
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2.12.1 Hard delivery delay /Non-Delayed Offloading 

In hard delivery delay /non-delayed offloading each application has its own QoS 

requirements means packets represent hard delivery delay constraints extra delay can’t 

be added to data treatment to defend QoS requirements such as real-time applications 

like audio and video can’t sustain the extra delay. For example, consider the voice 

transmission; the required latency is 50ms. Now it’s the stress on the network to 

perform the proposed function of the applications that it must gather this target to 

guarantee QoS requirements of the application. In the mobility environment, 

offloading process faces critical issues to achieve the QoS for non-delayed offloading 

such as voice over IP (VoIP). Offloading through Wi-Fi hotspots acting a crucial 

responsibility in the non-delayed offloading and carries out acceptable performance. 

The technique in [23] [24], performs the AP based offloading that considers the non-

delayed offloading applications requirements. 

2.12.2 Delayed Offloading 

Delay tolerant traffic delivery through a third party such as Wi-Fi or Femtocells is 

called delayed offloading. This approach adds an insignificant delay to content 

reception. To receive all contents within the exact time, it is critical for the end-users 

and it is not essential to take delivery of the complete stream at a predetermined rate. 

The applications such as email, podcast stand news related information can tolerate 

the delay switch out disrupting user satisfaction. The traffic with loose QoS guarantee 

comes in this category of the offloading which supports the long latency is inevitable. 

All Smartphone-based applications support delay offloading. In [25] [26] author 

studies the delay based traffic offloading based on the APs. 
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2.13 Literature Study about Wi-Fi Offloading 

To achieve the maximum throughput per user based, the author designed a network-

assisted user-centric Wi-Fi-offloading model [27]. According to this, it collects 

network information and traffic load then decides the specific segment of traffic to be 

transmitted via Wi-Fi networks. The proposed model achieves high throughput.  

In [28] the energy efficiency issue of the Wi-Fi offloading is discussed. The author 

developed an algorithm based on the user information that transmits traffic via Wi-Fi. 

The experiment result showed that the proposed model achieved 20 percent higher 

energy efficiency as compared to another model. To deliver the cellular data traffic 

over unlicensed bands used two common methods that are traffic offloading and 

resource sharing.  

In [29] the author developed a hybrid method to deliver cellular data traffic. The 

author analytically proved the effectiveness of the method.  

In [30] the author discussed the content dissemination method for heterogeneous 

networks. Offloading through Wi-Fi and device to device using ad hoc connections 

are formed to reduce the burden on the cellular networks. The experiment results 

showed the achievement of successful delivery of all content. To check the efficiency 

of Wi-Fi technology, the author takes two types of Wi-Fi offloading techniques which 

are opportunistic Wi-Fi offloading and delayed Wi-Fi offloading. The author 

developed analytical models for offloading efficiency and experiment results showed 

that Wi-Fi offloading achieved good efficiency [31].  

In [32] author takes the issue of energy efficiency of offloading in heterogeneous 

networks and designed the QoS based model for offloading that would consider 

mobility and admission control parameters. The experiment results showed that the 

proposed model achieved more energy efficiency.  
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In [33] overload issue is discussed expressing that offloading through Wi-Fi 

technology is a cost-effective solution and maintains a good QoS. The author 

developed a model for several economic and technological aspects of Wi-Fi 

offloading. The proposed model achieved high QoS. 

 In [34] author discussed the issue of mobile data offloading when the offloading is 

done through a third party Wi-Fi from the mobile network operator point of view, we 

have formulated the problem as a utility maximization problem. The author 

considered three types of scenarios. The first one is SIC decoder available at both BS 

and AP, second when SIC decoder is not available at both, the third when it is 

available at only BS. To solve these, the author developed an intelligent scheme that is 

based on threshold-based distributed data offloading that would perform well.  

In [34] the author takes the detailed study of the Wi-Fi offloading techniques. The 

introduction of smartphones, tablets, and laptops and the fast growth of wireless 

access technology produce huge traffic that will cause a network congestion problem. 

The MNOs are trying to expand the capacity to avoid overload issues. Wi-Fi 

offloading is one of the good solutions to utilize the network capacity. Future research 

directions are also discussed.  

In [35] the author investigates the performance of Wi-Fi infrastructure when it’s in 

service medium in the unlicensed bandwidth is air time common with LTE-U 

network. The handover issue in offloading through Wi-Fi is taken in [36]. The author 

designed a scheme that is based on the: i) information adduced from a theoretical 

model with ii) a low complexity Quality of Experience metric and iii) a queue 

management scheme.  

In [37] the author takes the issue of the congestion in Wi-Fi offloading. To address 

the issue, the author designed the congestion aware offloading algorithm that is based 
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on the Markov process. The simulation shows that the proposed scheme achieved high 

throughput and a low congestion ratio.  

In [38] the author developed a scheme for Wi-Fi offloading that is based on the 

attractor selection in heterogeneous wireless networks. The experiment results 

performance showed remarkable achievement in the dense environment. Due to the 

huge traffic, the Spectrum is the key issue in LTE-A [39]. The author designed the 

SDN Assisted Learning Approach (SALA) that will consider the QoS requirements of 

many applications. Simulation results show that it will achieve high QoS in the 

offloading process. 

2.14 Game Theory 

  The game is a competitive activity in which multiple agents contest or compete to 

maximize their profit according to a set of rules. For example, wireless 

communication scenario game people and devices are the players, maximize 

bandwidth is the payoff, registered users will use the channel is the rule of the game 

[40]. Due to extensive popularity, the game theory is used in many fields of research 

such as in political science, economics, mathematics, biology as well as in computer 

science [6]. Game theory has two main branches. 

 Combinatorial Game Theory: With perfect information, it will study the 

sequential game. It will cover two players’ games such as checkers, chess and 

go. 

 Classical Game Theory: In this type of GT, players move, bet, or strategies 

simultaneously. 
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2.14.1 Types of Game Theory 

Planned/Cooperative Game: The type of game theory in which, the players have 

the option of planning as a group in advance to choose their actions for the game. It 

is also called the coalitional game. 

Non-Planned/-Non Cooperative Game: In the non Planned /non-cooperative game, 

the group of actors has no option to choose a strategy in advance for their actions. 

It consists of several repetitions of some base games also called stage game. The 

stage game is the evolution of the 2 persons’ game. The order of players in the 

game is defined by a function called the player function. 

2.14.2 Applications of the Game theory in Computer Science 

The Revolution in information technology and the success of the internet is 

changing the nature of computing. Game theory has originated its applications in 

several fields such as finances, political science, and computer science. Game theory 

is now finding its applications in computer science. The areas in the field of computer 

science which concerns with automatic interaction and coordination of intelligent 

agents will use the game theory approach. For example, social networks, cloud 

computing, network security, robotics, machine learning, and resource management 

are the basic application areas of game theory [41] [42]. To analyzing and describing 

the interactive decision scenarios in computing, the game theory provides quantitative 

and analytical techniques for this scenario. 

2.14.3 Need for Game Theory 

Due to the high-speed networks and explosion of Smartphones, heterogeneous 

networks impose new challenges in the optimization, design, analysis of networks. To 

study and develop such networks, different mathematical theories can be used. Game 
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theory is very talented as it can confine many of the fundamental features of these 

network systems. The researchers feel the need of game theory in the design of 

routing protocol, QoS control, Bandwidth allocation, energy-saving, power control, 

topology control, and the security issue. Nowadays, game theory is being increasingly 

applied in the design of the mentioned issues by the researchers. The game theory is 

proven useful in the design of mobile data offloading in wireless cellular networks 

and we have studied the majority of the presented work in the related work/literature 

related to mobile data offloading. Furthermore, a game theory such as non-cooperative 

enables different agents to achieve their interests and thus form a decentralized 

architecture. Every agent may easily get more benefits in such an approach which may 

not possible in other approaches. Thus, the appropriate Game theory is the very need 

of the day. 

In non-cooperative game theory, every player seeks his benefit. In our case, MBS 

earns by offering incentives and acts as a leader while APs used the offered 

incentives. All the APs compete with each other to maximize their profit. Since the 

reward is involved already therefore, with little effort strategy of selfish behavior can 

be modeled. 

Every player in the cellular network is mainly troubled concerning his payoff and 

all the decisions are ended competitively. This issue is addressed using non-

cooperative game strategy in which, every player seeks his benefit without affecting 

other, therefore, it is more appropriate as compared to using selfish behavior strategy 

also because selfish behavior may tend to condition where one player disturbs other to 

get his benefit and this situation may arise globally as it already exists in form of 

cellular networks’ competition. 
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2.15 Related work about Using GameTheory for Offloading 

Now we discuss the existing solution techniques of traffic offloading for wireless 

cellular networks including traffic offloading through various technologies such as 

Wi-Fi, Femtocells, opportunistic communication, and IP Flow mobility model. In the 

last section, we discussed the QoS in detail published in the IEEE access journal 

which is also a contributor to our Ph.D. work.  

In [43], the author discussed the issue of energy consumption and expenditures in 

heterogeneous networks that would arise due to the emerging data traffic demand of 

mobile users. Keeping these two parameters, the author designed auction-based 

offloading and switching off the algorithm. The proposed scheme is evaluated wart 

two parameters which are energy consumptions and cost metric. The experiment 

results show improved energy efficiency, higher cost benefits, and fairness. 

In [44] took the issue of energy efficiency in case of offloading in the small cell 

HetNets deployment. To make the best use of densely deployed small cells and to 

achieve the maximum system energy efficiency, the author designed an algorithm 

based on a reverse auction-based green offloading scheme. The performance results 

show that the proposed scheme achieved good energy efficiency.  

X. Lu et al. studied offloading through opportunistic technology [17]. The author 

designed a model for offloading which is on the bases of the Distance-based 

Opportunistic Publish/ Subscribe (DOPS). This model works in three layers which are 

an application, decision making, and network layer. The simulation results show that 

the proposed model achieved a high offloading ratio. In this work, the author took a 

resource-constrained issue that is spectrum sharing in Heterogonous Wireless Sensor 

Networks (HWSNs) [45]. The author designed a spectrum sharing scheme based on 

the Stackelberg game approach and the employment of the CR technique. The 
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proposed scheme shares the spectrum between licensed networks and actor nodes in 

HWSNs. The experiment results show that the proposed scheme shared the spectrum 

fairly between actor nodes and licensed networks.  

W. Yalong, Z. Heli and W. Ke discussed resource allocation issue for the 

heterogeneous networks in [46]. To address this issue, the author designed a game 

theory model that is based on non-cooperative game theory. The performance results 

show that it achieved better performance regarding SINR and energy efficiency.  

In [47], the author discussed the issue of socially aware routing for Mobile Social 

Networks (MSNs). To perform cooperative data forwarding, the author proposed a 

game-theoretic incentive scheme for social aware routing shortly called GISSO. It 

would measure the utility of the message and content knowledge. It would also 

consider message priority and buffer management mechanism. The performance 

results show a high data delivery ratio and reduced delay in transmission.  

X. Chen et al. [48] presented a brief survey of the traffic offloading technique and 

then take the issue of an energy-aware technique for the heterogeneous network. The 

author designed a centralized Q-learning algorithm. It would carry out optimal 

offloading large networks. The experiment results show that the proposed algorithm 

balances the tradeoff between energy saving and QoS satisfaction.  

Due to the huge traffic explosion, the IoT system traffic faced the congestion 

problem [49]. To address the overload problem, the author designed an algorithm 

based on Vickrey Clarke Groves (VCG) mechanism and Rubinstein’s bargaining 

model. The simulation results show that the proposed approach effectively alleviated 

the congestion problem and achieve the QoS.  

In [50] discussed the cellular networks overload problem that may be overloaded 

due to social services such as Facebook and YouTube.It also gives the concept of 
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social data offloading of the selfish user. To address this issue, the author developed 

algorithms that are game-based which takes the characteristics of selfish behaviors of 

nodes and data-based network formation algorithms to guarantee the positive payoff 

of each user. The experiment results show that the proposed game achieved a reduced 

delay during mobility.  

The fact that the next-generation network and the multi-tier network are overloaded 

due to exponential data traffic, are discussed in [51]. The author proposed a feasible 

solution that is based on the UE preference aware algorithm for network selection. 

This algorithm takes information about the network parameters that are SINR, load, 

and UE information such as power and delay. Energy-saving and maximum 

throughput are the achievements of the proposed algorithm.  

J. Kou, Y. Xiao and D. Wang discussed the economic and incentive factors of 

traffic offloading in heterogonous networks [52]. The author considered the QoS 

parameters such as network expenses and system throughput accordingly and 

designed an economic user-centric Wi-Fi offloading algorithm to achieve these 

metrics. The author also presented the numerical results which calculate the direct 

process of the optimal offloading ratio.  

Due to the explosion of mobile traffic, the existing cellular network is overloaded. 

The opportunistic communication technology is used to reduce the load on the cellular 

network [53]. To control this congestion, the author designed adaptive offloading 

solutions that are based on the reinforcement learning algorithm. The proposed 

algorithm achieved a high offloading ratio.  

In this work, the author discussed the issue of economic interaction between MNO 

and APs in mobile data offloading [54]. To manage the agreement between the MNO 

and APs, the author designed an algorithm based on the Nash bargaining theory and 
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discussed the two bargaining aspects that are sequential and concurrent bargaining. 

The experiment results show that the proposed scheme matured maximum payoff.  

Opportunistic communication is one of the key technologies for the offloading and 

that it requires QoS aware data delivery scheme for many applications, which are 

discussed in [55]. The author designed a scheme based on the QoS aware delivery 

probability (QDP) that would consider a delay budget and also the priority queue. The 

simulation results show that the proposed scheme supported effective QoS provision 

and efficient resource allocation.  

The wireless medium is shared, so access to this shared medium, interference, and 

how to control the issue, are discussed in [56]. Stackelberg based approach is 

developed to allocate the channel that would maximize the utility of both macrocell 

and Femtocells. Effective backhaul allocation is the achievement of the proposed 

approach. T. M. Ho et al., address the issue of resource partitioning and data 

offloading in HetNets [57]. To solve this issue, the author designed a framework that 

is based on the Stackelberg game that would determinable results show that a two-

stage game has a unique Stackelberg equilibrium. 

The results show that the proposed game achieved a maximum offloading ratio. In 

[58], the author considered the issue of degradation of throughput of HetNets due to 

channel interference. To address this issue, the author designed cross-layer 

interference in dual-layer HetNets, in the Stackelberg model. The gradient iterative 

algorithm presented how computational complexity can be reduced. Simulation results 

indicate that the projected algorithm improved the overall system performance.  

In [59], the author takes the issue of a bottleneck due to poor link conditions in 

D2D communication. To solve this issue, the author designed the iterative 
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combinatorial auction algorithm for efficient D2D relay selection. The simulation 

results show that the proposed algorithm is superior in data transmission.  

M. Lie et al. discussed the issue of energy efficiency for future wireless networks 

due to the explosion of mobile traffics [60]. To manage energy efficiency in wireless 

cellular networks, the author designed a bargaining game-based method for efficient 

management. The experimental results indicate that the proposed scheme archive high 

energy efficiency.  

The mobility issue in data offloading is discussed in [61] that would cause latency 

and congestion of modern applications. To address this issue, the author designed an 

SDN based controller using the Stackelberg approach that makes decisions for data 

offloading by using the precedence administrator and load balancer. The simulation 

results showed supreme performance in a mobility environment.  

Due to the introduction of Smartphone and hunger media applications such as 

social sharing, video conferencing, etc, and the cellular networks face overload issues 

[62]. Offloading traffic through Wi-Fi technology is one of the effective solutions but 

it will require proper agreement between MNO and AP. The author designed an 

economics-based two-stage sequential game for offloading. The simulation results 

show that the proposed model is valuable for both providers and users that will 

increase provider profit by 152 percent and users’ excess by 319 percent.  

In [63] the author takes the issue of latency and the redundant transmission over 

back-haul channels. Small cell caching is an efficient technology for the emerged 

issue. To manage proper pricing and resource allocation, the author designed a game-

theoretic framework based on the Stackelberg approach which shows good efficiency 

in experimental results. In [64] the author considers the energy efficiency issue of the 

future wireless networks and proposed cooperative Nash bargaining games to control 
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the energy efficiency problem. The experiment results show the effectiveness of the 

proposed game.  

In [65] the author takes the issue of Wi-Fi offloading performance in a mobile 

environment. Based on the mobility parameters, the author designed two algorithms 

based on the game theory Auction Game-based offloading (AGO) and Congestion 

Game-based Offloading (CGO) mechanism. The experiment results show the high 

offloading ratio of the proposed algorithms. In [66] the author takes the issue of 

computation offloading on mobile devices. To address this issue, the author designed 

the algorithm based on Rubinstein-Stahl’s model and bargaining game theory. The 

experiment results show that the proposed game attain successful computation 

offloading.  

In [67] the author considers the spectrum issue in opportunistic communication and 

developed a social-aware hybrid offloading system (Hyoid) which significantly 

improves the spectrum of offloading opportunities. The Cloud resource allocation 

issue is discussed in [68] and the author developed an intelligent algorithm based on 

the game theory. The proposed game-based model reduces the response delay and 

balances the workload and performs optimum resource allocation. Due to the 

excessive traffic demand, the current cellular network faces an overload issue [69]. 

Offloading from the cellular network through another form such as Wi-Fi, Femtocells, 

and the delay-tolerant network is a low-cost solution. In this paper, the author 

designed the incentive-based framework based on the reverse action game which 

investigates the tradeoff between user satisfaction level and the ratio of offloaded 

traffic. The experiment results show supreme efficiency in offloading.  

Due to the limited spectrum, the next generation of cellular networks faces a 

bottleneck problem [70]. Many technologies are used for offloading but a device to 
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device technology plays a vital role and improves spectral reuse and enhances system 

capacity. The author developed a coalition formation game based scheme that 

considers three terms which are resource sharing policy, mutual interferences, and 

transmission modes. The proposed game experiment results show the fair distribution 

of the shared resources.  

In [71] the author takes the issue of spectrum in Wi-Fi offloading in a dense 

environment. In such offloading, the user faces the interference problem. To address 

this issue, the author designed the energy-aware game theoretic MAC strategies. The 

testing results show the effectiveness and flexibility of the proposed game.  

In [72] the author addressed the overload issue through multileader and multi-

follower Stackelberg games which improve the user satisfaction level. The proposed 

game testing results show that it achieves optimal offloading. To cope with huge 

traffic, mobile data offloading plays a key role, and many technologies are used in 

offloading. The offloading through Wi-Fi is one of the low-cost solutions but this 

approach requires the proposed incentive mechanism between MNO and APs [73]. To 

manage this agreement, the author designed three-stage Stackelberg game approaches 

such as price taking, price setting, and MNO revenue. The simulation results show 

that the proposed game increase 18 percent MNO profit.  

In [74] the author takes the issue of power allocation in the cognitive small cells 

and designed the intelligent algorithm based on the cooperative Nash bargaining game 

theory. The experiment results show well-organized and fair resource allotment in 

cognitive small cell networks.  

High data rates and low latency are the requirements of next-generation networks. 

Fronthauling is a big issue in the 5G LTE-U UDCSNets [75]. The author studies 

various techniques with its merits and demerits of the fronthaul technology. In [76] 
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the author considers the overload issue in the cellular network where the MNO is 

Mobile Virtual Network Operators (MVNOs) struggle to supply end users. To address 

this issue, the author applies the Cournot and Stackelberg models. The testing results 

show a good offloading market.  

The game theory is an emerging field to solve computational problems. Resource 

management is a big issue in wireless networks and strategic bargaining cooperative 

games play a creative role in solution [77]. In this paper, the author studies the various 

algorithms with its pros and cons and also discusses the various future directions for 

the research. In multicell cellular networks, energy management is a key issue [78]. In 

this paper, the author studies the key techniques for energy management that have the 

highest energy saving and also discusses the advantages and disadvantages of every 

technique and in the last, discusses the future directions for researchers. 

2.16 Other Computational Techniques for Offloading 

Computational Intelligence is a subsidiary of artificial intelligence in which the 

heuristic algorithms such as evolutionary computation, neural networks, fuzzy 

systems, etc are studied. In CI, one does not need to follow Good Old Fashioned 

Artificial Intelligence (GOFAI) or any other traditional or symbolic methodology. 

2.16.1 Fuzzy Logic 

Digital Computer is based on Boolean algebra which means only (1 or 0) and 

algebraically true or false. In situations where human reasoning is required that allows 

in-between values, the use of Boolean algebra is not a fertile method, therefore, in 

such situations, and Fuzzy logic is used to compute the degree of truth instead of just 

answering true or false. It uses linguistic variables such as most, many, frequently, etc 

as intermediate values. In [79] the author solved the offloading issue through fuzzy 

logic. To achieve optimal offloading the author considers the link delay and SNIR 
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(signal to noise ratio) as the decision criterion. The model consequences demonstrate 

that the planned method achieves optimal offloading. Spectrum efficiency 

maximization issue is discussed in [80] and the author designed an intelligent 

algorithm that is based on fuzzy logic based on coverage and placement. The 

experiment outcome illustrates the supreme act in communication. 

2.16.2 Neural Networks 

Human Nervous System consists of an intense network of neurons of more than 15 

billion which are interconnected and which exchange neurophysiologic information. 

This concept of a network is borrowed in an artificial neural network which is 

composed of several processing units called neurons. There exist weighted 

connections among these neurons which make their network just like a genetic neural 

network. Artificial Neural networks (ANN) are of two types that are recurrent and 

non-recurrent and are used for different purposes like prediction, association, intrusion 

detection, etc. In [81] the author takes the issue of power consumption and energy 

efficiency of cellular networks. To address these issues the author designed an 

algorithm based on an artificial neural network-based small cell switch-off. The 

experiment results show good QoS. 

2.16.3 Reinforcement Learning 

The concept of Reinforcement Learning (RL) is taken on from behaviorist 

psychology and it is a machine learning activity hence considered a part of Artificial 

Intelligence (AI). The machine and software are permitted to maximize their 

performance by determining the ultimate behavior within a particular situation. In [82] 

discuss the issue of congestion in cellular networks and designed algorithm based on 

Reinforcement Learning (RL) framework that mechanically learned an extremely 
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well-organized method to decrease the load on cellular networks. The experiment 

results show a higher level of offloading ratio. In [83] the author takes a detailed 

survey of the offloading technique using RI. 

2.16.4 Artificial Immune Systems (AIS) 

  AIS is the inspiration of the Biological Immune System that replicates the 

principles and processes of BIS. The biological immune system is the organ system to 

protect and safeguard the organism from pathogenic activities and toxicity. Two 

primary tasks of the Immune System is the detection and elimination of pathogens. 

AIS is the branch of Computational Intelligence (CI) that consists of a 

computationally intelligent machine learning system. Most of Artificial Immune 

System techniques are used for clustering, classification, optimization, etc. In [84] the 

author takes the internet traffic classification issue and designed the Artificial Immune 

System classification algorithm. According to this algorithm each network flow is 

classified into an application class. The results show that the proposed algorithm is 

more suitable for IoT applications. 

2.16.5 Swarm Intelligence 

Swarm intelligence (SI) is the cooperative behavior of a natural and artificial 

system that coordinates using decentralized control and self-organization. The concept 

of SI is taken on from the behavioral models of social insects like ants, bees, termites, 

etc. SI is a complex, self-organized, and robust behavior of a group that coordinates 

each other to acquire a common goal and follow some rules [85]. 

2.17 Quality of Service 
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We provide a detailed analysis of QoS parameters of routing protocols developed 

for wireless networks. We have, however, included references that have a significant 

impact on the development of the research area. In the following, we give first a brief 

account of QoS and then describe each protocol selected for this study. In the next 

section, we tabulate all the protocols giving their year of publication, main 

advantages, and shortcomings if any, and list of QoS parameters. As mentioned in the 

general introduction, the network's potential to present higher services is deliberate as 

Quality of Service of the network [86]. The basic objective of QoS is to guarantee that 

the network can provide the expected results. A number of the basic QoS metrics are 

the delay (latency), throughput, energy use, and error rate. It differentiates the traffic 

flows in the network by treating packets differently based on their nature. Its pattern 

performs diverse responsibilities based on the path of network traffic and the site of 

the device performing the QoS functionality [87]. 

 

Figure 2.8 - QoS Model 

 

It also prioritizes special data flows to guarantee a certain level of presentation. 

However, factors like the probability of missing data in networks, reliability, and 

latency undermined the QoS [88].  
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• Provide sophisticated services in multimedia applications like social sharing 

and multimedia hungry applications.  

• Differentiate various network traffics based on priority scheduling.  

2.18 QoS in Other Networks 

A traditional network attains QoS support via traffic engineering or over-

provisioning of resources. To provide such a guarantee in computer networks two 

services differentiation models are used. One is planned for usually wired computer 

networks such as Integrated Services and another one for Differentiated Services. 

IntServ also called a reservation-based approach, maintains services on a per-flow 

basis. In this approach, QoS requirements are considered for each application and then 

assigned resources.  The IntServ establishes a virtual dedicated link between source 

and destination [89]. DiffServ also called reservation less approach maintains service 

on a per-packet basis. QoS is achieved in this approach through particular QoS 

methodologies such as queuing mechanism, admission control, and traffic class and 

policy managers [90]. 

2.18.1 QoS in WSNs 

WSNs are utilized for a broad assortment of utilizations and every application has 

its own QoS prerequisites, for example, postpone affectability, vitality, and system 

lifetime. QoS is an umbrella term for a gathering of advances that license arrange 

delicate applications to request and get expected administration levels as far as QoS 

prerequisites [91]. In WSNs, QoS prerequisites can be determined from two points of 

view [92]. One is called Network-Specific QoS and different as Application Specific 

QoS. In application-explicit, every application has diverse QoS boundaries, for 

example, accumulation delay, information honesty, adaptation to internal failure, and 
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presentation [93], [86]. Nonetheless, in WSNs each class of use likewise has some 

aggregate prerequisites. So the system must satisfy the QoS needs when transmitting 

the detected information from the sensor field to the sink. Different information 

conveyance models are utilized, for example, consistent, question, and occasion 

driven [94]. Each model has its own QoS prerequisites. The fundamental QoS issues 

in WSNs are depicted beneath in subtleties, [95]. 

1. Partial resources and capabilities: The WSNs have resources constrained for 

example partial memory, spectrum, battery, and processing capabilities. So QoS 

must be aware of them and there should be a balance between QoS plane and 

energy level used. 

2. Nature of Node employment: Sensor node employment is a key and difficult 

issue in WSNs. Since the employment may be regular or random and proper 

deployment solves the QoS requirements, therefore the system must be aware of 

this issue. 

3. Dynamic network topology: This issue mostly occurs in mobile WSNs, because 

the sensor nodes move in various directions. The QoS method must be aware of 

the node's power and link failure due to its mobility. 

4. Scalability: QoS should not be affected by the increment or decrement in the 

number of processing nodes. 

5. Many to Many structures: Depending on the application, the topology may have 

multi-source and multilink. So QoS supports this level is a critical issue for 

WSN. 
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6. Heterogeneous traffic: The sensor nodes may generate various types of traffic 

so the QoS process should be equally efficient through max out and low traffic 

periods. 

7. Less reliable medium: The WSNs medium is radio. It may be affected by 

various environmental features such as cross-signal interference and noise. 

There are various QoS parameters and services required for different 

applications. For multimedia or real-time applications, the QoS metrics are 

jitter, latency, and bandwidth. While the military applications have the security 

QoS parameters, the emergency and rescue applications have the availability of 

QoS parameters, and the applications such as cluster communication in the 

meeting hall have a little energy QoS parameter. Unlike the traditional wired 

network, the QoS requirements are more unfair by the resources constraints of 

the nodes. Buffer space, processing power, and battery charge are examples of 

resource constraints [2]. QoS provisioning in individual layers depends on layer 

capability, so for performance evaluation and QoS assessment each layer has 

specific parameters that are used.   

2.18.2 QoS in WSNs Security 

Security in WSNs is one of the major issues because of its applications in the 

military. The military application may generate sensitive data or operate in hostile 

unattended environments like a battlefield. Securing the data on sensor nodes from 

intruders is an unavoidable need. To address such issues the effective QoS mechanism 

is needed. The famous example is real-time target tracking application such type of 

application requires specials QoS security technique. Another example is the health 

monitoring application. QoS can effectively enhance the security of the WSN. Sensor 
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network transportation must avoid exposure. To achieve QoS in the sensitive 

applications the following shall be provided. Security services shall provide 

information secrecy, data integrity, and resource availability for users. The three 

parameters model such as reliability, availability, and serviceability can effectively 

improve the security of the WSNs. 

2.19 QoS in Cellular Networks 

The current trend of adoption of mobile devices has created exceptional demand for 

access to applications of various natures including e-commerce, entertainment, and 

social media beyond time and place restrictions. To cope, the mobile service providers 

have increased mobile traffic support but simultaneously, the conventional voice call 

was replaced by a variety of applications like video sites, social media, mobile 

browsing, etc thus the situation remains the same [96]. 

To provide satisfactory end-user service and increasing revenue of the provider at 

the same time, the next-generation cellular networks must encompass the capability to 

offer acceptable examine including multimedia applications and required QoS 

achievement. Providing QoS is not an easy task due to ever-growing demands, 

innovative technologies, and an increasing number of high data rate demanding 

applications [97] [98].  

2.19.1 Throughput 

The rate of a packet going through the network in a unit time is called throughput. 

The high rate is considered better. 

2.19.2 Delay/Latency 

The time taken by a packet from the client node to a destination is called delay. 

Less delay is considered better. 

2.19.3 Delivery ratio 
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It shows the speed at which a packet is delivered. The lowest rate is considered 

better. 

2.19.4  Packet Error speed 

The errors which occur due to corrupt bits in a packet are called packet error rate.  

This should be the minimum. 

2.19.5  Reliability 

Reliability is the availability of connection. The connection should be up.  

2.20 Needs of QoS in Cellular Network 

Mobile broadband subscriptions are anticipated to reach 12.3 billion by 2018. The 

number of subscribers grows immensely on one hand and demand for differentiated 

service levels is increased on the other hand. In such circumstances, QoS became a 

fundamental component of cellular networks. Lack of quality service may tend to 

some undesirable situation like call dropping, noise, and other communication errors 

which may affect not only revenue of the provider but also affect the trust of the 

customers. To ensure the provision of quality service and to support improved 

communication in this modern world which has emerged as a global village due to up 

to date communication systems, QoS requires maximum priority. Traffic should be 

prioritized and transmitted accordingly. Voice data still have a high priority than the 

data traffic because it is still considered a model of immediate communication [99]. 

2.21 QoS Challenges in Cellular Network 

In cellular networks, major QoS challenges are: 

 Bandwidth allocation 

 Fault tolerance.  

 Varying rate of channels 
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 Handoff support. 

  The detailed study about the QoS basics and detailed survey can be found in 

[100][101]. The multi-channel assignments are done in giving high throughput and 

lower energy consumption [102]. 

2.22 QoS Management using different CI techniques 

The below table shows the various computational intelligence techniques that can 

be applied to various problem solutions depending upon the nature of the problem. In 

the table, we just show the rate ratio of various parameters such as memory 

requirements, process requirements, flexibility ratio, and optimality ratio. 

Table 2.1–CI approaches parameter-wise comparison 

CI Approach Computational 

Requirements 

Memory 

Requirements 

Flexibility Optimality 

Game Theory(GT) very high Best  Best Optimal 

Neural Networks 

Algorithm (NNA) 
Average Average  Best Optimal 

Fuzzy Logic (FL) Average Average  Best High 

EvolutionaryAlgorith

m (EA) 
Very High Average  Best Low 

Swarm Intelligence 

Algorithm 

(SWA) 

Low Medium  High Optimal 

Artificial Immune 

System (AIS) 
Medium 

Problem 

Dependent  
High 

Near-

Optimal 

 

 

Reinforcement 

Learning (RL) 
Low Medium High Optimal 
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2.23 Computational Intelligence (CI) suitability for QoS 

Management in Offloading 

QoS is the basic need of every end-user and the objective of every network that 

must assure the QoS for the end-user. To attain this target, the network is necessary to 

investigate the application requirements and set up a variety of network QoS 

mechanisms. In this survey, we study the appropriate level of QoS management. 

Table 2.2–CI Suitability for QoS Management 

CI Paradigms QoS Management 

Game Theory (GT) Fairly suitable 

Neural Networks (NN) Less suitable 

Fuzzy Logic Most suitable 

Evolutionary Algorithm Not suitable 

Swarm Intelligence Less suitable 

Artificial Immune System Not suitable 

Reinforcement Learning Less suitable 

 

Concluding that, different Computational Intelligence (CI) techniques are being 

used for data offloading and some techniques like Fuzzy Logic (FL) are most suitable 

for QoS Management but some reason, we focus on Game Theory (GT) which is 

fairly suitable. The economy matter is one of those reasons due to which, the use of 

GT may be more affordable and suitable in many situations rather than considering 

the tough QoS Management.  

Different Offloading techniques may also be used to integrate different cellular 

network but there is a lot of work to do in such case, therefore, the single technique is 

considered more appropriate to use in single locality although every technique has 

some of its demerits game theory may be proved more successful comparatively as of 
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its having practical nature to implement, therefore, we consider it one of the best 

choices for our work. 
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PROPOSED MECHANISM AND SIMULATIONS 

RESULTS 

Over the last few years, wireless cellular networks gain more popularity because of 

mobile network applications such as social networks, online games, and live calls, etc. 

Mobile communication technology has been changed day by day because of the 

demands of end-user such as high throughput and reduced delay. To maintain QoS for 

the customer is a challenging issue for the mobile network operator. The growth in 

mobile network connections such as next-generation networks and the growing 

popularity of the Smartphone, laptop, and tablet can cause global mobile traffics 

nowadays. Because of these components, the development of portable information 

traffic over the cell arrangement has seen an exponential increment. As of late as 

indicated by CISCO gauge worldwide portable information deals are relied upon to 

10.8 Exabytes every month by 2018 which is an 18 overlay increment more than 

2014. When compared this traffic ratio with manual/fixed IP traffics the result shows 

that it’s three periods more rapidly than the traffic of fixed IP traffics. Multimedia 

traffic such as images, video sharing is more popular due to the generalization of the 

3G and 4G LTE networks and 66.6 of the traffic will be video-related by 2018-2019. 

This raise in data traffic creates a challenge for the mobile network operator because 

of the shared and limited radio spectrum.  

To solve this issue the mobile network operator must do the major investment in the 

core infrastructure and radio access networks (RAN) but the RAN upgrading is the 

more expensive. The mobile customer experience the long latencies, low throughput 

during the peak hour in the crowded metropolitan environment suitable to the 

overcrowding and burden issue at the RAN level. The arisen issue to the mobile 



 61 

network operator requires intelligent techniques to mitigate the pressure on cellular 

networks. Many solutions are available but recently the research group of people 

considers offloading technology is the best solution to overcome the arising issue. To 

maintain the QoS for the mobile customer and reduced the burden on the cellular 

networks the mobile network operator used the complimentary remote/wireless 

network technology for example Wi-Fi and Femtocells to transfer data originally 

targeted and this is called MDO. MDO solutions may be done through many 

technologies such as Wi-Fi, Femtocells, WiMAX, opportunistic or D2D 

communication, and IP flow Mobility but our concentration in this thesis is offloading 

through Wi-Fi.  

Offloading through Wi-Fi systems has increased greater prevalence these days and 

in 2013, 45 percent of versatile information traffic was offloaded through Wi-Fi and it 

might be required to 52 percent up to 2018. Due to the free unlicensed and fitted Wi-

Fi capability of Smartphone offloading through Wi-Fi become the natural solution. In 

conventional heterogeneous networks the data traffics of MBS is purposely routed to 

the corresponding networks such as Wi-Fi means APs to offload its various types 

traffics to APs but this traffic also leads to congestion in the APS so to achieve the 

optimal data offloading the researcher must try to efficient economics incentive 

mechanism based on the traffic types. In this work we discuss two points that require 

to be addressed: 

• How a lot of monetary incentive based on the traffic types should be offered 

by MBS to APs? 

• How much traffic can be offloaded based on offered incentives? 

We can suppose that traffics, MBS and APs can make planned decisions separately 

and logically to take advantage of their payoff. Due to this motive game theory can be 
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an appropriate approach for data offloading situations. Game theory is a branch of 

applied mathematics that provides a helpful tool in modeling the interface among 

autonomous choice makers [104-107]. In this thesis we developed the leader and 

followers two-step model for mobile data offloading based on the mixed traffics in 

which the leader called mobile base station will offer the economic incentives based 

on the traffics categorization and we also identify that priority for the traffics such as 

video will high priority than audio and text will low priority from the audio and video. 

In last we developed the mathematical model for the channel assignment to traffics. 

This chapter describes the contribution of our thesis. 

3.1   System/Scheme Model 

We think a crowded metropolitan area wherever presumably most of the mobile 

users have Smartphones and tablets for social networking. To achieve better services a 

heterogonous network is formed which consists of the Mobile Base Station (MBS) 

and Wi-Fi comprising a two-layer network. We have also assumed that MBS covers a 

larger area as compared to the area covered by Wi-Fi Access Point (AP) and both 

networks transmit on different paths. 

In the simplified scenario, we consider only one MBS and multiple APs to model a 

dense deployment scenario of heavy traffic. The total area covered by one MBS 

where N Wi-Fi is laying is given by: 

𝐴𝑀𝐵𝑆 = 𝑆𝑀𝐵𝑆 −   𝑆𝑤𝑖                                        (3.1)

𝑁

𝐾=1

 

Where the areas of MBS and Wi-Fi are SMBS and Swi and i=1, 2... .N APs and the Wi-

Fi setting are organized in such a way that there are no overlapped areas between 
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them. In this crowded area various mobile user uses the network setup for many 

applications and traffic generated by the mobile users can be offloaded to AP if the 

MU is located within the coverage area of the AP and have the Wi-Fi interface.  

Macrocell offer economic incentive to APs for offloading data. Economic 

incentives offered by macrocells is depended on the data offloaded by AP since AP 

can offload data limited to its bandwidth therefore, it will get a specific amount of 

incentive from macrocell and the macrocell can offer economic incentives based on 

the available connections of APs according to their capacity. The total sum of 

incentives offered by macrocell is dependent on its requirement of data to be 

offloaded. The traffic profile of MBS is given by: 

 

Figure: 3. 1 - System model 
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𝐿 =  𝐿0 , 𝐿1, … , 𝐿𝑁    (3.2) 

We define a game-theoretic model for the offloading mechanism of APs. In this, 

model every AP tries to maximize the offloading ability. We, however, focus on the 

specific times such as peak-time offloading and off-peak-time offloading and our 

offloading game can be adopted at different traffic conditions. For the fixed period 

each Wi-Fi has an instantaneous rate Cm where m shows the size of Wi-Fi and by 

using this instantaneous rate, we can represent throughput of a given AP as under  

𝐶𝑚𝑇𝑙𝑚 ≤  𝑐𝑚  𝑇                                                       (3.3) 

The throughput of both networks such as Wi-Fi network+MBS network can be 

calculated as 

Throughput𝑀𝐵𝑆 = 𝐸 𝑇𝑟𝑜𝑀𝐵𝑆 𝑁𝑀𝐵𝑆            (3.4) 

 

 Wi-Fi networks throughput is given by 

 

Throughput𝑤𝑖𝑓𝑖 =   𝐸 Throughput𝑤𝑖𝑓𝑖  𝑁𝑤𝑖𝑓𝑖

𝑁𝐴𝑃

𝐾=1

               (3.5) 

   

The total throughput of the heterogonous network is the summation of both 

networks 

Throughput = Throughput𝑀𝐵𝑆  +  Throughput𝑤𝑖𝑓𝑖                    (3.6) 

3.2 Proposed Mechanism 

Game theory as a framework is a methodology used to make models of real-world 

connections among independent decision-makers. The game theory model consists of 

three entities such as players, strategies, and payoff. It can explain the opportunity to 

respond to the action of the extra decision-maker and evaluate the position of variance 
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and collaboration. In this thesis, we adopt a mechanism based on the Stackelberg 

approach for efficient data offloading in a crowded metropolitan area during peak 

time. According to the Stackelberg approach, the leader firm means MBS move first 

and then follower means APs move sequentially. The proposed game work in two 

phases/stages in the first stage the leader (MBS) offers the incentive based on the 

traffic categorization and in the second stage, the follower (APs) used the offered 

incentive based on his requirements and offload the traffic to a leader (MBS) all the 

followers ( APs) are competing with each other to maximize their utility due to this 

the proposed game is called non-cooperative offloading game (NOG) also called two-

stage game. The proposed game covers the two main issues one is offloaded traffic 

efficiently and shares the offloading benefits among MNO and APs fairly. We 

evaluate the heterogeneous network using the proposed model with both aspects of 

system throughput and network expenses. The beginning of the Stackelberg game also 

called leader and follower model enables the MNO and APs intelligently to handle the 

economic issue of the offloading and significantly improve the offloading ratio. 

3.2.1 Mathematical Model of the Proposed Game for the Offloading 

We propose a Stackelberg follower and leader game in which the player aims to 

maximize the APs' overall payoff. The set of players consists of three different kinds 

of APs depending upon which type of traffic they download. The set of players 

consists of m number of APs which are deployed at different locations in which, some 

APs are leading in downloading/using video data, some in audio and some in textual 

data, therefore, the APS are assigned respective category. 

𝑃 =  𝐴𝑃𝑚𝑉 , 𝐴𝑃𝑚𝐴 , 𝐴𝑃𝑚𝑇   (3.7) 
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Where V represents video, represents audio, and T represents text traffic, and m 

shows the number of APs. The size of this customized set is m which is divided into 

subsets based on traffic types.  

One situation, for example, could be where m = 3 which means we will have 3 APs in 

the set of players. The next categorization to label each member of the set would be 

determining the data type which is being downloaded by the AP. We could have then 

following possible sets {AP_{1,T},AP_{2,A}, AP_{3, V}}, {AP_{1,T},AP_{2,T}, 

AP_{3, V}}, {AP_{1,A},AP_{2,A}, AP_{3, A}}, and so on. 

So in this context, AP_ {5_V} means 5
th

 AP in the set of players which is 

downloading video data.  

The payoff function is given by 

 

𝑈𝑚(1) =  𝛽𝐷

𝑙𝐷
 𝑙𝑛𝑚  ∈𝑃

𝐷

−  𝜎𝑚𝐷 𝑙𝑚𝐷               (3.8) 

 

Figure 3.2– Stackelberg Model 
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Where D = V, A, T, and βV denote the incentive offered for video traffic, βA is an 

incentive offered for audio traffic and βD is an incentive offered for the text traffic. 

Further, σmV  show the mobile user pay cost for video traffic, σmA  show the mobile user 

pay cost for audio traffic and σmT show the mobile user pay cost for text traffic, and lV, 

lA , and  lT  are the offloaded traffics. L represents the offloaded traffic, m represents the 

number of APs and D we use to represent all types of data i.e. D = (V, A, T, R). The 

notation Um (l) which represents the payoff function m, AP for the offloaded traffics l? 

We put both m and l in the index to identify the number (m) of AP in the player set 

and also show that it is a payoff for offloaded data.  

To analyze the performance of the model payoff function is defined based on 

incentives offered by MBS and the ability of APs to admit traffic downloads. The 

game is a non-planned game where each AP competes with each other to maximize its 

payoff function. The game has the following elements 

𝐺 =  𝑃,  𝑆𝑚 𝑚∈𝑃 ,  𝑈𝑚∈𝑃   (3.9) 

 

Where G represents the game for offloading and P represents players involved in-

game are MBS and APs,  𝑆𝑚 𝑚∈𝑃 represents the strategy that we apply to get the 

maximum payoff and  𝑈𝑚∈𝑃  show the payoff function set. 

Definition-1: 

The APs bid vector has three components one for each type of traffics such as 

video, audio, and text 

𝑙 =  𝑙1 … 𝑙𝑄 , 𝑙1 …𝑙𝑅 , 𝑙1 … 𝑙𝑆                                            (3.10) 
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In equation 3.10, we used these notations referred to as the final limit of different 

types of data that are offloaded. Q, R, and S represent the 3 sub-spaces of N-

dimensional space where Q+R+S=N. We have used the 3 subspaces to separate the 

traffic types. 

For the mentioned game set, there is Nash equilibrium if for every 

𝑚 ∈ 𝑃, 𝑃𝑚  𝑙𝑚 , 𝑙−𝑚 ≥ 𝑃𝑚  𝑚, 𝑙−𝑚 for all 𝑙𝑚 ≥ 0, where Pm (lm,l−m) is the resulting bid 

for the m player given that the other players bid results l−m.  

Theorem-1: 

The game proposed here is for offloading the data prioritized based on the type of 

data. For example, in a particular scenario, it is possible to make video data 

downloaded on priority as compared to text data and so on. We suppose that in such 

offloading game Nash equilibrium exists. The proof of this theorem goes as in [103]. 

However, the bid vector is composed of three linearly independent components lV, lA, 

lT, and the strategy set S is more complicated. It contains strategies that might depend 

upon one or more components of the bid vector. 

Preposition 

In the proposed game given by 

G =[ 𝐺 =  𝑃,  𝑆𝑚 𝑚∈𝑃 ,  𝑈𝑚∈𝑃  ] Nash equilibrium exists if for all m ∈ P 

1.  𝑆𝑚 𝑚∈𝑃 ,   

2. Um (l) is continuous in l and concave in lm. 

The defined strategy space 𝑆 =   𝑆𝑚  𝑚∈𝑃 : 𝑙𝑚  0 ≤ 𝑙𝑚 ≤ 𝑐𝑚   is a nonempty, convex 

and compact subset of the Euclidean space <3M. 

The data to be offloaded in a type based mechanism on well-defined priority, for 

instance, video data can stream on a priority basis as compared to textual data.  

To prove its concavity we see that Um is unremitting in l, we take the second-order 

derivative concerning lm. 
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The first derivative is given in the following 

𝜕𝑈𝑚

𝜕𝑙𝑚
=  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 
 𝑙𝑛𝑛∈𝑝 ,𝑛≠𝑚

 𝑙𝑛2𝑚∈𝑝
 −  𝜎𝑚𝐷                            (3.11) 

For the second derivative concerning lm we have 

𝜕2𝑈𝑚

𝜕2𝑙𝑚
=  

−2𝛽  𝑙𝑛
𝑛
𝑛∈𝑝 ,𝑛≠𝑚

 (𝑙𝑚
3 )𝑛∈𝑝

𝐷=𝑉,𝐴,𝑇

< 0                            (3.12) 

The second-order derivative shows a negative multiplier which transpires that in each 

case, the result will be negative therefore, it is proved that Pm is a concave function, 

we see that Um is concave in lm while the Sk is convex, therefore, the Nash equilibrium 

exists in the game. 

Theorem-2: 

In our case, the manifold non-planned offloading games have a distinctive NE. 

Since our game has in principle three components. We have shown in the theorem-1 

that all the components have a Nash equilibrium. Traffic load has 4-Dimensional 

space where Q, R, S, T are subspaces, the below given ordered pair is used to 

represent particular instance data load: 

𝑙𝑘 =  𝑙𝑄 ,  𝑙𝑅 ,  𝑙𝑆 ,  𝑙𝑇  

Where 𝑙𝑄 =  𝑙1, 𝑙2, … , 𝑙𝑞 , 𝑙𝑅 =  𝑙1, 𝑙2, … , 𝑙𝑟 , 𝑙𝑆 =  𝑙1, 𝑙2, … , 𝑙𝑠  𝑎𝑛𝑑 𝑙𝑇 =  𝑙1, 𝑙2, … , 𝑙𝑡  

So  𝑏𝑟𝑚 𝑙 =  𝑏𝑟𝑚  𝑙−𝑚 . So the br (l) is an average function since it is optimistic, 

monotonic, and scalable [103]. 

Therefore, the defined game has a unique Nash equilibrium because the preset 

position l= br (l) is single for a typical function. 

We now also argue that our best response to the game exists in this general setting. 

For this optimal solution is the best response for the game as the total downloaded 

traffic for any AP which is the sum of all types of data that is Text, Audio, and Video 
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cannot exceed the total capacity of the AP. However, a further constraint can be 

imposed where we do not allow a particular type of traffic to exceed its capacity. 

𝜎𝑚𝐷  𝑙𝑚𝐷

𝐷=𝑉,𝐴,𝑇

< 𝛽𝐷                                    (3.13) 

This constraint can further give us further control of the downloading options and 

analyzed them in detail in the simulation section below. 

So the best response correspondence brml satisfy the three conditions such as 

scalability, monotonicity, and positivity. So in our offloading game, NE exists.  

𝐺 =  𝑃,  𝑆𝑚 𝑚∈𝑃 ,  𝑈𝑚 𝑚∈𝑃                  (3.14)  

Theorem-3: 

The total distinctive symmetry for the game comprised of all types of data is given 

by 

 𝑙𝑚𝐷
∗

𝐷=𝑉,𝐴,𝑇

=  
 𝛽𝐷(𝑀 − 1)𝐷=𝑉,𝐴,𝑇

 𝑙𝑛𝑛∈𝑃
  ×  1 −

(𝑀 − 1)  𝜎𝑚𝐷𝐷=𝑉,𝐴,𝑇

  𝜎𝑚𝐷𝐷=𝑉,𝐴,𝑇 𝑛∈𝑃
  

0

𝐶𝑚𝐷

           (3.15) 

The offloading game is a two-stage game where the leader offers the incentive and 

followers offload the traffics based on the incentive. 

The APS bid vector has three components one for each type of traffic, each 

component is independently treated, and then combined by summation, the other side 

is also treated in the same manner and we use D for all types of traffics in general. 

The best response of all types of data intersection shows the equilibrium. The same 

technique is adopted in the rest of the equations by first joining the tiers into the 

whole. 

The theorem holds true for individual data types and also for the sum of all the data 

types. Mathematically, this may be seen as linear sub-spaces of one big space.  
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3.2.2 Mobile Base Station (MBS) Strategy 

The overall payoff function of the MBS as follows 

𝑈𝑀𝐵𝑆   𝛽𝐷

𝑛

𝐷=𝑉,𝐴,𝑇

 = 𝛿  𝑙𝑚𝐷 −

𝑚∈𝑝

 𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 𝑙𝑚𝐷

𝑚∈𝑝

                                    (3.16) 

In equation 3.16 the δ the overall utility of the APs that is achieved in the 

offloading from the MBS and  𝛽𝐷𝐷=𝑉,𝐴,𝑇 . βD is the economic incentive for the 

offloading traffics. In our offloading game which is the non-cooperative type game 

based on the APS utility, the MBS objective is to obtain maximum profit:  

  Maximize𝛽𝑈𝑀𝐵𝑆 𝛽  (3.17) 

                          Subject to                𝛽 ≤ 𝛽𝑚𝑎𝑥 

We obtain a maximum net profit 

Max  
(𝛿 −  𝛽𝐷)𝛽𝐷=𝑉,𝐴,𝑇  𝛽𝐷 𝑀 − 1 𝐷=𝑉,𝐴,𝑇

 𝜎𝑚𝐷
𝑛
𝑚𝐷∈𝑃

 

×   (1 −

𝑚𝐷∈𝑃

 𝑀 − 1 𝜎𝑚𝐷

 𝜎𝑚𝐷
𝑛
𝑚𝐷∈𝑃

                                                (3.18) 

From equation (16), we know that it is the convex option problem and its solution 

requires some standard convex optimization algorithms. 

Here we consider the substitute option of the payoff function of MBS as follows: 

  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 = 𝛿  log(𝑙𝑚𝐷 )

𝑛

𝑚∈𝑝

−  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 𝑙𝑚𝐷

𝑚∈𝑝

=  𝛿 log(  𝑙𝑚𝐷 ) −

𝑚𝐷∈𝑃

 𝛽𝐷

𝐷=𝑉.𝐴.𝑇

 𝑙𝑚𝐷

𝑛

𝑚∈𝑝

                                      (3.19) 
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To archive the proportional fairness offload among APs we shall use the logarithm 

utility function. We obtain a function when we substituting the (16) into the MBS 

utility function (17). 

max  𝛿𝑙𝑜𝑔  (  𝛽𝐷)

𝐷=𝑉,𝐴,𝑇

𝑀

𝛤 −  (  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

)2𝜑                                  (3.20) 

where 

  

𝛤 =  
(𝑀 − 1)

 𝜎𝑚𝐷
𝑛
𝑚𝐷∈𝑃𝑚𝐷∈𝑃

 1 −  
 𝑀 − 1 𝜎𝑚𝐷

 𝜎𝑚𝐷
𝑛
𝑚𝐷∈𝑃

                                  (3.21) 

and 

  

𝜑 =
 𝑀 − 1 

 𝜎𝑚
𝑛
𝑚𝐷∈𝑃

 1 −  
 𝑀 − 1 𝜎𝑚𝐷

 𝜎𝑚𝐷
𝑛
𝑚𝐷∈𝑃

                                            (3.22) 

The inference shows that the MBS utility function is concave. The optimal value of 

the economic incentive is obtained by relating the first-order optimality condition.   

  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 

∗

=    
    𝛿𝑀   

2𝜑
 

  𝛽𝐷𝐷=𝑉 ,𝐴 ,𝑇  
𝑚𝑎𝑥

                               (3.23) 

Also, we know that PD=V, A, T βD = βV +βA +βT in the above equation λ is 

Lagrange In the above equation, λ is the Lagrange multiplier. 

Also, we knew that 𝛽𝐷𝐷=𝑉,𝐴,𝑇 = 𝛽𝑉 + 𝛽𝐴 + 𝛽𝑇. Then 

maximize 𝐷 𝜆  

𝐿   𝛽𝐷

𝐷=𝑉 ,𝐴,𝑇

𝜆 = 𝛿𝑙𝑜𝑔  (  𝛽𝐷)

𝐷=𝑉 ,𝐴,𝑇

𝑀

𝛤 − (  𝛽𝐷)

𝐷=𝑉 ,𝐴,𝑇

2

𝜑 + 𝜆(  𝛽𝐷

𝐷=𝑉 ,𝐴,𝑇

) − (  𝛽𝐷

𝐷=𝑉 ,𝐴,𝑇

)𝑚𝑎𝑥     (3.24) 

The Lagrangian of the problem then becomes 
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                                             subject to λ ≥ 0                                           (3.25) 

  

The dual function is 

𝐷 𝜆 = 𝑚𝑎𝑥 𝛽
𝐷𝐷=𝑉,𝐴,𝑇
𝐿   𝛽

𝐷

𝐷=𝑉,𝐴,𝑇

, 𝜆                                                           (3.26) 

To revise the Lagrange multiplier the dual function can be solved with the help of 

the sub-gradient method:  

 

𝜆 𝑡+ 1 =  𝜆 𝑡 +𝜅 𝑡 ( 𝛽𝐷(𝑡
𝑛

𝐷=𝑉,𝐴,𝑇
))− ( 𝛽𝐷(𝑡

𝑛

𝐷=𝑉,𝐴,𝑇
))

𝑚𝑎𝑥
 

+

        (3.27) 

Where κ(t) is step size at iteration t. The step size is always positive of the form, [X]
+ 

= max{0, X}. The optimal economic incentive β∗ can be found using the Karush-Kuhn-

Tucker (KKT), given that the first-order derivative of the Lagrangian Function of 

𝛽𝑘concerning β is zero. The optimal solution to the economic incentive is simplified 

as follows: 

𝛿𝐿 𝛽, 𝜆 

𝛿𝛽
= 0                                       (3.28) 

The optimal solution of the economic incentive is given as follows 

  𝛽𝐷

𝐷=𝑉,𝐴,𝑇

 

∗

=  
𝜆 +  𝜆2 + 8𝛿𝑀𝜑

4𝜑
                            (3.29) 
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3.2.3 Algorithm for the Proposed Model 

Input: {MBS information, APs information, Economic 

incentives based on traffics types} 

Output :{ Maximum payoff, Maximum offloading} 

1 Let the Network has N No of APs 

2 MBS be the Macrocell for all APs 

3 Let γ is Unit Power Cost for offloading of various 

traffics 

4 Let β = {βR, βV, βA, βT} is the Offered Incentives 

by MBS to APs 

5 Let λ be the Unit Spectrum 

6 Initialize γ = {[1:1:20}, 1} 

7  

8 function MBSRole(β, λ) 

9 Initialize Im and Im* 

10 Initialize Cost, fm, fm* 

11 For I = I to N 

12 Cost= Cost + γ(I) 

13 End for 

14 fm = (N-1) / Cost 

15 For I= 1 to N 

16 fm* = fm* + ( (1-(N-1) * γ(I) ) / Cost 

17 End For 

18 Im = fm* 

19 Im* =  β * fm * fm* 

20 η = η + η *fm*fm* 

21 Γ =  fm * fm* 

22 MBS= λ * Im* – Power (β, 2) * Im * fm 

23 End function 

24  

25 function OptimalIncentive(X, λ) 

26 Initialize Im and Im* 

27 Initialize Cost, fm, fm* 

28 For I = I to X 

29 Cost= Cost + γ(I) 

30 End for 

31 fm = (X-1) / Cost 

32 For I= 1 to X 

33 fm* = fm* + ( (1-(X-1) * γ(I) ) / Cost 
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34 End for 

35 Im = fm* 

36 Γ = fm * fm* 

37 β = sqrt ( (λ * X) / 2 * Γ 

38 Im* =  Power (λ, 2) * fm * Im / 4 

39 End function 

40  

41 function CutOffData(X, β) 

42 Initialize Im and Im* 

43 Initialize Cost, fm, fm* 

44 For I = I to X 

45 Cost= Cost + γ(I) 

46 End for 

47 fm = (X-1) / Cost 

48 For I = 1 to X 

49 fm* = fm* + ( (1-(X-1) * γ(I) ) / Cost 

50 End for 

51 Im = fm* 

52 Im* =  β * fm * fm* 

53 End function 

54 End of algorithm 

3.3 Simulation Results and Discussion 

The proposed model does not exist in any practical form. Since the work 

completely relies on the additional functionality of APs and MBS. Therefore, these 

must be programmed accordingly to realize the practical implementation of this 

mechanism. The experiments are conducted by considering a dense HetNet having a 

typical 3G/4G LTE macrocell. The transmission range of this macrocell is 500meters. 

To offload traffics from 3G/4G LTE 4 APs are deployed. The transmission range of 

each AP hotspot is 50 meters. The maximum mobile users (MU) use their 

Smartphones for downloading and uploading various traffics types. The proposed 

scheme, referred to as Game-Theoretic Mobile Data Offloading (GMDO) in this 

section, has been compared with EIDO [103]. Data traffic for four major types of 

applications, that is, file backup, HTTP, video, and VoIP are considered in the 

experiments. For offloading, we have considered both peak time and off-peak time 
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testing. To conduct these experiments, we used MATLAB under MS Windows. The 

parameters are listed in the below table. 

Table 3.1 - Parameters used for Testing the Model 

 

Parameter  Value 

MBS 01 

MBS Bandwidth 20 MHz 

Area of the MBS 1000x1000m
2
 

The total transmission power of 

MBS 

46dBm 

APs number in hotspot 04 

Area of the APs 100x100m
2
 

Total transmission power of APs 30dBm 

Number of user per Macrocell 80 

Phone type Smartphone, tablet 

Mobility Model Random direction, constant speed 

Traffic types Heterogonous 

 

Four APs are taken for offloading and the range may be overlapped to a maximum 

extent, however, some regions may persist without APs coverage but in MBS 

coverage only while some are under the coverage of both. Eighty (80) users are taken 

per macrocell and the number may be increased or decreased at a particular instance. 

The number increased will increase in data load which will be offloaded to APs but 

APs are with limited bandwidth therefore, additional APs could be the solution to the 

issue in the case when four APs become insufficient. Contrarily, on a decrease in the 

number of users, the primary channel will be mostly free from data traffic; therefore, 

there will be lesser need to offload data. 
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Figure 3.3 - Offloaded traffic with βD = 4 

 

In Fig. 3.3 we keep the economic incentives for all types of data equal to 1 which is 

βD = 1. We see that the text data has the highest rate of download. Audio and Video 

data have comparatively lower rates, while the real data is lowest among all types of 

data. Fig. 3.3 shows, however, that the downloaded traffic has an exponential increase 

when numbers of piccolos are less than five and increasing. But it gets stabilized for a 

higher and higher number of cells. 

As discussed earlier the incentive ratio given to different types of data, the resultant 

graph Fig. 3.3 shows the retrospective changes when we used 1 as the standard value 

of incentive for all four data types. The graph values rendered adjacent to some 

specific level which is due to predefined extents for offloading of the particular data 

type. 

Here real-time data graph line varies from 0-0.5 because the least offloading occurs 

at the particular rate of incentive as compared to others. Video Data shows a quicker 

response on the same ratio of incentive as compared to real-time data and still much 

lesser than the other two that are audio and textual data types. Audio Data has less 
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importance as compared to video watching, therefore, the comparative result of a 

particular rate of incentive is much higher. Textual Data offloading ratio is highest 

among all because of two reasons. First is its least size while the second is non-

noticing the minor interruption. 

Primary channel allocation to the resources of greater importance is key to the 

comparison made in this model and the secondary channel is considered reserved for 

offloading in cases to resolve the problem of congestion and to ensure increased 

throughput. Synopsis of the above discussion is as follows:- 

Table 3.2 - Summary of Results of Fig 3.3 

Data Type Incentive effect Need for offloading Graph variation 

Real-time data Lowest Least Lowest 

Video data Low Comparatively not necessary 

when live streaming but most 

when downloading due to the 

huge size of files 

Low 

Audio data Medium Necessarily required Medium 

Textual Data High Needed High 

 

A slight change is observed when real-time data was awarded 1.5 ratios of 

offloading and its graph points toward some higher level but still at the lowest level 

while the remaining types are kept at constant. The offloading ratio of real-time data 

gets position almost equal to the graph line of video data when the rate is doubled. 

This strategy illuminates the minimum offloading ratio in real-time data which has 

been illustrated below. 
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Figure 3.4 - Offloaded traffic with (a) βD = 4.5, βR = 1.5, βV = 1, βT = 1, βA = 1 and (b) 

βD = 5 βR = 2, βT = 1, βA = 1 and βV = 1. 

 

A slight change is observed when real-time data was awarded 1.5 ratios of 

offloading and its graph raised but still at the lower level while the remaining types 

are kept at constant. The offloading ratio of real-time data gets position almost equal 

to the graph line of video data when the rate is doubled. This strategy illuminates the 

minimum offloading ratio in real-time data. 
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Figure 3.5- Offloaded traffic with (a) βD = 4.5, βV = 1.5, βT = 1, βA = 1 and βR = 1, and 

(b) βD = 5 βV = 2, βT = 1, βA = 1 and βR = 1. 

In Fig. 3.5.We keep the economic incentives for all types of data equal to 1 except 

in (a) βV = 1.5 and in (b) βV = 2. We see that the video data gets a higher rate of 

download and it matches with audio data at incentive βA = 1. When we further 

increase the incentive for video data to 2 that is βV = 2 the download is further 

increased and it matched with the highest download of text data that is βT = 2. 
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In Fig. 3.6 we keep the economic incentives for all types of data equal to 1 except 

in (a) βA = 1.5 and in (b) βA = 2. We see that the audio data gets a higher rate of 

download and it even gets higher than text data at incentive βD= 1. When we further 

increase the incentive for audio data to 2 that is βA = 2 the download is further 

increased and it matched with the highest download of text data that is βT = 2. 

 

Figure 3.6- Offloaded traffic with (a) βD = 4.5, βV = 1, βT = 1, βA = 1.5 and βR = 1, and 

(b) βD = 5 βV = 1, βT = 1, βA = 2 and βR = 1. 
 

In Fig. 3.6 we keep the economic incentives for all types of data equal to 1 except 

in (a) βT = 1.5 and in (b) βT = 2. We see that the video data gets a higher rate of 
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download and it matches with audio data at incentive βA = 1. When we further 

increase the incentive for text data to 2 that is βT = 2 the download is exponentially 

increased. In this case, we see that text data show a greater response to the economic 

incentive as compared to other types of data. 

In the above examination, we noticed the rate of change of offloading of different 

data types based on the priority and principle of natural understanding that which type 

is more convenient to allow directly at a particular stage and which is required to be 

offloaded. 

 

 

Figure 3.7- Offloaded traffic with (a) βD = 4.5, βV = 1, βT = 1.5, βA = 1 and βR = 1, and 

(b) βD = 5 βV = 1, βT = 2, βA = 1 and βR = 1. 
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In Fig. 3.7 the variation in offloading audio type data is observed much higher and 

ranges from about 1.4 to 2.9 for the given set of parameters. Audio type is second 

priority data in live to accommodate on the fastest primary channel. In the video 

traffic offloading of video data based on a predefined strategy for video offloading 

when live streaming which requires primary channel priority higher than audio or text 

because breakage in video streaming badly affects the audience interest that’s why we 

focus on such primarily issues to make a cost-effective solution. In-text Textual Data 

offloading varies extremely and graph values range from 1.9 to 3.9 which shows that 

textual data is less needy of fastest sources and even small breakages are un-

noticeable or all pages loading is not necessary at once, therefore, secondary channels 

are more appropriate for the text. 

In figures 3.3, 3.4, 3.5, 3.6, 3.7 results I consider the picocells as APs. Picocells are a 

structural term for WiFi refers to its capacity i.e. it can facilitate the shortest amount 

of connections as compared to Macrocell while Access Point (AP) is a term 

concerning its communication that it can be accessed by a small amount users. Both 

are interchangeable from different aspects thus there is no difference between them in 

the scope of our work and other related work which I reviewed. Both are WiFi but the 

terms are used in various scenarios like from user accessing point of view, it’s 

considered as AP from the bottom side while from cost benefits installation point of 

view, it’s considered as picocells from the top side. 

In the model, we have parameterized the data with the help offered incentives. The 

game is the Stackelberg where APs will download the data based on the higher 

incentive. So an AP can recognize the data type when it knows the incentive. 

However, the parameterization is completely arbitrary, but it does categorize the data 
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and classification is possible.  In the simulation, this incentive-based parameterization 

is then used to simulate different scenarios. 

3.3.1 Effect of Changes in APs on Offloading 

In this section, we investigate the effect of several access points on the type of data 

downloads. In Fig. 3.8 we have shown the effectiveness of the varying number of APs 

of the download of different types of data. 
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Figure 3.8- Effect on the number of multiple APs for offloading different types Data 

(a) βA (b) βV (c) βR (d) βT 

No graph line is shown in the first graph because zero picocells mean no offloading 

while on the introduction of 2 APs, slight offloading is observed which is increased 

when the number of APs became 3. 
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Figure 3.9- Effect on the number of multiple APs for offloading different types Data 

(a) βA (b) βV (c) βR (d) βT 

On the introduction of more APs, the increment in offloading is still observed but 

on 5 APs, it achieves a maximum position in the range. 

3.3.2 MBSs Payoff 

In the fig. 3.10 shows the MBS’s payoff achieved with differed offer incentives 

based on the traffics types to APs also checks the effects with increasing and 

decreasing the number of APs.This experiment shows the MBS net profit based on the 

spectrum used and optimal incentive for the offered spectrum. The optimal incentive 

to maximize the net profit of the MBS. Another graph shows the optimal incentive for 

the optimal number of APs for offloading means if the MBS offers spectrum then 

what will be the optimal incentive and AP for the offloading. 
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Figure 3.10 - MBSs Payoff with respective Optimal economic incentives and the 

number of APs. 

We presented traffic types’ based model in which, every type should be treated 

separately. In the initial illustration, every type is treated separately but in later graphs 

for comparison, conclusion, and to demonstrate as a whole effect, it is combined into 

one to observe its efficiency as compared with the EIDO model. Moreover, optimal 

incentives are also found out separately but combined by average to compare with an 

existing model which is not possible without this because if every type is separately 
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compared so no conclusion can be drawn. We will take it with βV, βA, βT etc 

separately first and then show as a whole. 

3.4 Comparative Analysis 

The proposed scheme, referred to as Game-Theoretic Mobile Data Offloading 

(GMDO) in this section, has been compared with EIDO [103]. Data traffic for four 

major types of applications, that is file backup, HTTP, video, and VoIP are considered 

in the experiments. QoS is the capacity of a network to offer quality service that is by 

acquiring maximum bandwidth, reducing error rates, and improving overall network 

performance to the users. In the case of cellular networks, QoS must ensure the 

service provided by the provider in terms of what the user pays for it. There must be 

an improvement in overall network elements like latency, error rate, and uptime, etc. 

Here we consider the following performance parameters to measure QoS in our 

proposed model:- 

1. Offloading Ratio 

2. Congestion Control 

3. Response Delay 

4. Throughput 

3.4.1 Offloading Ratio 

Data Offloading is a technique that uses other complementary technology such as 

Wi-Fi for delivery of data for cellular users to control congestion and making 

improved usage of access network resources. Data offloading provides a substitute 

path of wireless delivery with best performance ability while offloading ratio is the 

main factor in offloading of data which means that how much data is offloaded per 

unit time. 
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n∈P 

 

Figure 3.11- Offloading Ratio Performance Evaluation 

Γ   = 
∑fn 

∆t 
 

(3.30) 

 

Where Γ is offloaded ratio, f is the total traffic offloaded by picocells n from the list 

of picocells P and ∆t is a time interval. The maximum offloaded ratio is desired but is 

not good enough because offloading traffic of various natures in congested area 

networks may easily attain maximum situation but still other issues exist. The graph 

given below shows the comparative performance of our suggested model for the given 

rates of incentives. For the twenty numbers of picocells and respective incentives 

offered, our proposed model performed better as compared to the previous model 

which is due to the high offloading ratio. 

3.4.2 Congestion Control 

The exponential traffic growth generated by the high-speed network, using smart 

devices and multimedia contents requiring high data rates on constant bandwidth 

tends to a reduction in Quality of Service which is known as congestion. To control 

this issue, the increasing spectrum may be a possible solution but it is costly, 
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n∈P 

therefore, not feasible solution while mobile data offloading is a cheaper and 

appropriate solution in this regard which we are presenting. Here 

ηαΓ (3.31) 

Where η is congestion control which directly varies with the value of the 

Offloading Ratio represented by Γ in the above case. The maximum offloading ratio 

implies the maximum congestion control. In a very comprehensive form, the 

following equation calculates the value of congestion control managed by the model 

in hands:- 

 

η   = 
∑(ln - fn) 
δ ∆t 

 

(3.32) 

In the above equation, l represents the total data traffic of picocells n while f is the 

amount of data that is offloaded picocells-wise. δ is used to represent the line 

spectrum which has an inverse impact on the growth of data traffic. By adopting the 

Stackelberg game-based approach for offloading heterogeneous type data traffic 

treated separately, the proposed model shows some enhancement as compared to the 

previous model and controls the congestion more precisely which is demonstrated in 

the below figure. 
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Figure 3.12 - Congestion Control Performance Evaluation 
 

In figure 3.11 and 3.12, the two colors show the two models which are as mentioned 

in the legend of the graph. In this, we compare our model with the EIDO model in 

terms of the performance of the QoS parameter achievements. The slight change in 

both the lines is observed on the introduction of two APs and this change for incentive 

1 is 0.5 in the EIDO model while our model performed 0.62, for incentive 1.5. Our 

model performed up to 1 compared to 0.75 of EIDO. Similarly, it performed 1.25 

comparative to 1 of EIDO on incentive 2. 

In figure3.12, the introduction of the 5 APs give optimal results in offloading traffic 

hence there will be no congestion according to our model while the EIDO model used 

as a whole offloading and due to lack of checking from both side 

Offloading/Onloading, it may incur some slight negligible congestion which is not 

hazardous at this level but may result in some extraordinary situation of congestion on 

a very large scale. 

The variation in the color of the line is to show a performance difference. 
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3.4.3 Response Delay 

The time difference between internal and external transaction response is called 

network delay whereas the time taken for processing on the application server is not 

counted in. Internal transaction response time is the time measured by the host node 

taken for processing transaction requests while external transaction response time is 

the time observed by a client node in the end to end communication between host and 

client. This parameter is used to estimate end to end communication service, 

therefore; many factors may be incurred during this process. It is difficult to compute 

all the factors separately hence, the user response time is used as a shortcut. 

 

Ω   = ∆tc   -   ∆ti 
 

(3.33) 

 

Figure 3.13 - Delay Performance Evaluation 

Where Ω is network delay incurred in a particular transaction request, ∆tc is the net 

time observed by client node and ∆ti is the internal transaction response time interval. 

Our proposed model performed well to reduce network delay due to which, response 

to the end-user is enhanced which is the primary goal of QoS. The graph below shows 

the comparative performance of both models. 
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n∈P 

3.4.4   Throughput 

Throughput is the benchmark or percentage performance that represents the amount 

of data transferred from node to node in a given time slice. It is actually per second 

transfer of data, therefore, units like bits per second (bps), megabits per second 

(Mbps), gigabits per second (Gbps), and so on, are used to measure the throughput. 

This data shows the successful packets delivery over a network communication 

channel per second which can be computed in terms of any special benchmark or 

percentage. 

Maximum throughput in a network is desired. The following formula can be used to 

calculate the gross throughput of a network. 

τ   = 
∑ln 

∆t 
 

 

(3.34) 

 

Where τ is the throughput of a network, l is the total traffic moved successfully for 

picocells n while ∆t is the time gap. In the case, when its value is expressed in the 

above-mentioned units or percentage performance is to be calculated, the following 

equation is used in addition:- 

Τ  = 
Τ 

* 100 B 
 

(3.35) 

 

Where T is the throughput value in percentage, B is the bandwidth and 

additionally, it can be multiplied by 8 when it is given in bytes. We have tested the 

proposed model for the given range of values which shows better performance as 

compared to the existing model. It proves better resource utilization by the proposed 

model which is a must to maintain a good level of QoS. The graph given below 

represents the better performance of our proposed model. 



 94 

 

Figure 3.14 - Throughput Performance Evaluation 

3.4.5   Latency 

Latency in a millisecond is shown on the vertical axis while data in form of packets is 

taken on the horizontal axis as such the total time taken in transferring a packet from 

source to destination as considered as latency. Standard 4G channel with 60ms is 

taken with the form of congestion exhibiting to transfer it in 85ms to 90ms. The 

proposed model took 90ms of transfer rate and with the basic conditions of offloading 

as used for other simulations; the latency has been dropped up to 60ms on the 8
th

 

packet transmitted while the EIDO model also achieved its goal with a bit lower 

performance. The proposed model performed well comparatively and achieved the 

goal. 
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Figure 3.15 - Latency Performance Evaluation 

3.5 Comparative Analysis with Some Other Techniques 

In this comparison, we take the integrated data offloading approach and then 

compared it with some other techniques [73][108]. 

3.5.1 Offload Ratio 

The offload Ratio corresponds to the rate of data offloaded per unit time. We took 

data in 10 MB size chunks and time rate in seconds. The first achievement of our 

model is maximum offload which has a deeper effect on the rest of the factors shown 

in figure 3.16. The graph shows that offloading starts when at least one AP is 

introduced and increases with the introduction of more APs. The proposed model 

achieved 7 units which mean 70 mb/s data offload on 20 APs which show sufficient 

improvement as compared to existing models. The lines shown are differentiated 

based on the incentive scheme offered by the respective models. Our model 

performed well comparatively. 
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Figure 3.16 – Offloading Ratio Performance Evaluation 

3.5.2 Congestion Control 

The reduced QoS due to overload traffic refers to congestion. To control the issue, our 

model presents strategy which outcome maximum offloading and unique management 

of integrated Wi-Fi due to which, five picocells are proven sufficient to control the 

congestion on spectrum value 2 while IMDO and IFPC model did the same job on 12 

and 17 picocells respectively which show that our model refined the control of 

congestion as compared to other models. The result of the proposed model is superior 

to the other models. 
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Figure 3.17 – Congestion Control Performance Evaluation 

3.5.3 Throughput 

The data transferred from source to destination in a fixed time interval refers to 

throughput. Amount of data represented in bytes form while time is measured in 

seconds but throughput is their benchmark or often taken in percentage. The graph 

shows throughput performance in association with the spectrum used. The spectrum 

used is taken from zero to 2 and its impact is examined on the throughput of the three 

models. Zero spectrums mean no throughput and addition of spectrum imply 

refinement of throughput but with congestion, reduction of throughput occurs but as 

the models reduce congestion hence, add to throughput. The proposed model 

accomplishes a hundred percent throughput using spectrum values 2 while the other 

two models rendered to attain 48% and 62% comparatively. The absolute result has 

been exhibited by the proposed schema. 
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Figure 3.18 – Throughput Performance Evaluation 

3.5.4 Response Delay 

Time taken in data travel from host to client is referred to as response delay. In the 

graph, the delay is represented on the y-axis in milliseconds and with the spectrum 

used on the x-axis for the data in increasing order to test the response but despite the 

effect of growing load on the spectrum, all the three models reduced delay due to 

offloading and making channel congestion free. IMDO performed overall best in this 

result but our model more rapidly gained its position which is evident from the end 

near 1.7 while IFPC approaches near 2.The result of our model are fair enough. 
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Figure 3.19 – Delay Performance Evaluation 

3.5.5 Energy Consumption 

Energy consumption is considered an important factor in mobile devices about their 

QoS. The latest wireless communication technologies focus to improve their energy 

requirements. Energy consumption is taken in megabytes offload per watts 

concerning the increasing number of picocells. IMDO model performed best but with 

a slighter difference, the proposed model shown its outcome. The proposed schema is 

better but not absolute due to the integrated architecture where many sub level 

management is required. The result is satisfactory.  
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Figure 3.20 – Energy Consumption Performance Evaluation 

3.5.6 Average Expense Or Cost Factor 

Economical feasibility for industrialized technologies is very important which 

primarily depends on the cost factor. In this simulation, we tested the Average 

Expense on the y-axis concerning the offloading ratio on the x-axis. The result is 

constructed based on 10 MB per Pakistani Rupee as a unit of average expense for the 

MNO with a different offloading ratio up to 4. The proposed scheme has shown a 

considerable decrease in expense per 10 MB per PKR and attains 0.4 PKR on 4 

offload ratio which is the achievement of the proposed model. 

 

Figure 3.21 – Average Expense Or Cost Factor Performance Evaluation 

3.5.7 Peak Time and Off-Peak Time Performance 

This simulation is constructed to demonstrate the peak and off-peak time offload of 

the proposed scheme because it is also a considerable factor for MBS to save for itself 

when there is a much lesser load on the primary channel. Utilization of AP should be 

fairly controllable to maximize MBS earning and APs needs to be honestly consumed 

to provide QoS to end-users. The performance of picocells in peak time in terms of 

offload ratio on the y-axis is far better than its performance of off-peak time which 

shows better management of picocells.  
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Figure 3.22 – Peak Time and Off-Peak Time Performance 

3.5.8 Cellular Vs AP Consumption 

We consider a crowded urban environment for our model where excessive data 

required services are utilized therefore, there is congestion in the cellular channel and 

the APs are used to balance this load. For this, we take the same scenario to examine 

the load balancing manner through APs. During peak time, the simulation shows that 

picocells are grabbing more load than the entire MBS. The graph shows that APs are 

offloading 12 mb/s when MBS usage 7.1 mb/s which shows that the APs could easily 

lead the MBS in data management. This shows the utmost consumption of APs by the 

proposed schema. 
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Figure 3.23 – Cellular Vs AP Consumption 

3.5.9 Impact of Wi-Fi 

In this simulation, network throughput is checked with and without Wi-Fi offloading. 

The simulation show less than 20% throughput result for spectrum up to 2 without 

Wi-Fi while with Wi-Fi offloading, it establishes the throughput up to 100%. The 

graph shows the deep impact of Wi-Fi offloading on the considered network 

throughput.   

 

Figure 3.24 – Impact of Wi-Fi 
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CONCLUSION AND FUTURE WORK 

4.1   Conclusion 

The data traffic grows exponentially due to fast internet connections and the 

adaptation of smart devices such as smartphones, tablets, and laptops. Due to these 

factors, the Mobile Network Operators (MNO) faces some challenges such as high 

capacity, throughput, coverage, and growing expectations for QoS which are the 

demands of every mobile user in the percentage.  

In this work, we considered the confronted overload problem in the existing cellular 

networks. We can achieve the enhanced QoS and QoS of end-users through a 

significant strategy called offloading. QoS support is one of the core criteria to select 

offloading technology. To diminish the burden on the network and offer a higher QoS 

for mobile customers, mobile data offloading is one of the primary and low-cost 

solutions. Mobile data offloading can be performed by incorporating various 

technologies such as WiMAX, Femtocells, IP flow Mobile and opportunistic 

communication. Wi-Fi offloading is comparatively economical for both providers and 

users. Moreover, the transmission of energy saving is a key benefit of Wi-Fi 

offloading. Therefore, in this work, we performed offloading through Wi-Fi. Various 

scenarios were presented to practically model a cellular to Wi-Fi offloading with their 

relationship.  

In this work, we studied the offloading and Onloading in the mobile system and 

highlighted the benefits, technological aspects, and requirements for mobile users and 

network operators. Furthermore, we discussed the state-of-the-art models in this 

domain. Next, we surveyed the generations of cellular networks and highlighted the 

merits and demerits of each generation. We also analyzed the basic requirements for 
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the coming 5G networks. Afterward, we studied game theory in detail which is our 

methodology for an overload problem solution. We listed the basics of game theory, 

types, needs, and applications. We conducted a detailed up-to-date literature review 

regarding the usage of game theory for offloading solutions and found the pros and 

cons of each research. Meanwhile, one comprehensive survey paper has been prepared 

which is ready for submission. In the next section, we reviewed the QoS, its 

importance and needs, QoS parameters relating to each layer, QoS models in various 

research articles. At the end of the instant phase, we published a QoS review paper in 

the IEEE Access journal.  

We presented our work which is aimed to achieve maximum offloading through 

traffics types based on economic incentives for mobile systems via third-party Wi-Fi. 

We prepared a game-based framework via the Stackelberg approach. This approach is 

widely used for offloading in the commercial market and we studied its outcomes in 

the market. The relationship between the MNO and Wi-Fi are discussed. Our 

Stackelberg game model works in two steps. In the primary step, the MBS offers the 

economic incentive-based on traffic types to APs and in the second step, the APs 

submit bids according to his requirements and take incentives. The APs utilize the 

incentive and offload traffic accordingly. We have also developed the mathematical 

model for this game. For analysis, we have used a combination of analytical 

simulation and experimental methods.  

We used MATLAB for simulating our model. Simulations for the different values 

of incentives offered by MBS were generated to examine the effect of incentives on 

the offloading data through Wi-Fi, however, optimal incentives for the given number 

of APs was also found out for different spectrum to establish equilibrium. A suitable 
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number of APs was also tested during the simulations and the effect of the spectrum 

on the payoff of MBS with regard to offered incentives was established.  

Similarly, QoS parameter performance was checked in different simulations in 

contrast with the existing model. The experiments show that there is a considerable 

decrease in congestion on the introduction of at least five APs while throughput is 

much better on unit spectrum 2. Response delay of our model is also proven to be 

minimized and offloaded ratio is enhanced thus the betterment in the QoS parameters 

is achieved in our model. 

In comparison to the achievement of these QoS parameters, the experiments 

illustrate that the planned scheme/model performed well as compared to the previous 

model and it also demonstrates that the proposed game-based scheme achieves Nash 

Equilibria by best response potential function.  

Numerical outcomes characterize a direct process of the best possible offloading 

ratio and they legalize the efficiency of the proposed game-based offloading 

algorithm. We found that the proposed traffic types based game achieve a unique 

Stackelberg equilibrium. After gathering all the numerical results, we concluded that 

the proposed Stackelberg based traffic types game is reasonably rapid in the entire 

considerable setups and outperforms the usual design. Optimal incentives and optimal 

offloading is the achievement of our model. 

4.2 Future Work 

The Mobile network operator tries how to inspire users to take part in the 

offloading. To motivate the customer, the MNO proposes business concepts. MNOs 

develop many incentive schemes to make offloading attractive and fully functional. 

But still, the issue of privacy and security are opened for a decision which involved in 

such collaborative offloading process.  
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Privacy is the issue in case of such a collaborative offloading process which can be 

managed by MBS and APs jointly but since the user may connect with many APs 

based on his physical position so his privacy is still a big issue to resolve. Some strong 

algorithms may be used to foolproof his privacy details but we kept this issue open for 

future research. 

The development of fully integrated network architecture for offloading which 

merges the various offloading proposals is an interesting open issue for future 

exploration. To alleviate the traffic burden and congestion in macrocell traffic 

offloading is a good choice for this management, however, then again, QoS 

provisioning for the offloaded clients turns out to be progressively confused. In this 

way, building up a QoS model dependent on the game hypothesis is an open issue for 

the examination. 

  Unlicensed band management for traffic offloading with mobility parameters is an 

open issue for future research. The study of the multi-base station and multi APs with 

parameters of handover and dynamic speed is the open issue for discussion. 

MBS earns by offering incentives and acts as a leader while APs used the offered 

incentives. All the APs compete with each other to maximize their profit. Since the 

reward is involved already therefore, with little effort strategy of selfish behavior can 

also be modeled. This issue is also open for future research. 

In a single locality, some other techniques may be used beside Game Theory on 

different levels which is also an issue open for future research.  
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