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ABSTRACT

Heterogeneous Wireless Network (HWN) is the next-generation wireless
communication system platform where Internet services will be offered and delivered
through multiple technologies like WiFi, WIMAX, and GSM. Many Internet
applications require high bandwidth and therefore, bandwidth aggregation has been
considered as one of the effective solutions for high bandwidth required applications
in HWN. There are few issues have been raised for bandwidth allocation in HWN
including the selection of Radio Access Technology (RAT), bandwidth allocation
among these RATS, and packet reordering occurrence leading to quality degradation
in HWN. This research aims to model and analyze the RAT section methods, resource
allocation policy, and packet reordering pattern. Three models have been followed
with the numerical and simulated results to achieve better performances of the
proposed models. A multi-criteria selection-based method, Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) has been applied to select the
most suitable RAT in HWN. The TOPSIS method has been selected due to its
sensitivity to the application requirements. The method has been coded in Matlab and
numerical models have been analyzed. The TOPSIS method achieved to select the
most appropriate RATs based on the types of services like voice calls, file
downloading and video streaming according to their priority settings. Resource
allocation has been modeled based on Shapley Value, a game-theoretic approach. The
amount of bandwidth has been calculated to transmit 600Kbps data over the three
networks where 225Kbps, 141Kbps, and 233.33Kbps have been transmitted through,
WiFi, Cellular, and WiMAX networks respectively. Packet reordering is a common
phenomenon in HWN that has been investigated briefly to analyze its metrics and
pattern. An algorithm has been proposed to measure the associated delay and
reordering entropy caused due to packet reordering in HWN. It has been compared to
the Earlies Delivery Path First (EDPF) method both for CBR and VBR applications
on the NS3 simulator. A video clip for 1800 seconds has been transmitted from sender
to receiver to analyze the performance in HWN. Based on the simulation results, the
proposed method shows around 40% improvement over the EDPF method both for
CBR and VBR applications in terms of packet reordering delay. Moreover, the
proposed method has shown a significant achievement for the reordering entropy over
the EDPF method for both applications.
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CHAPTER ONE

INTRODUCTION

1.1 OVERVIEW

The next generation of wireless technology systems is being devised with the vision of
heterogeneity where a Multimode Device (MD) would be connected to multiple
wireless networks like Global System for Mobile (GSM) communication, Wireless
Fidelity (WiFi), and World Interoperability for Microwave Access (WiMAX). Quality
of Service (QoS) for real-time applications has been given the highest priority (Falk et
al., 2022). Bandwidth is one of the main resources of these technologies; though
operated independently it needs to be aggregated among these technologies in a
Heterogeneous Wireless Network (HWN). To address these issues, this chapter aims
to present the research motivation, the problem statement, the research objectives, the

research methodology, the research scope, and finally, the thesis organization.

1.2 BACKGROUND

Heterogeneous Wireless Network (HWN) is the next generation of wireless
communication system platform where Internet services are offered and delivered
through multiple technologies like WiFi, WiMAX, Cellular, and Long Term
Evolution (LTE). Some Internet applications require high bandwidth, and therefore,
bandwidth aggregation has been considered one of the effective solutions for high
bandwidth required applications in HWN. A Multimode Device (MD) user can access

any of these resources based on his application demand running on his device. The



most popular and available wireless technology is cellular followed by WiFi and
WIMAX. Therefore, the aggregation of these different bandwidths into an MD can
play an important role to enhance the performance of real-time applications. In a
heterogeneous wireless network, an MD user can toggle among different Radio
Access Technologies (RATS) and select the best suitable RAT for its applications. The
general architecture of HWN is depicted in Figure 1.1 for a typical scenario. The
Bandwidth Aggregated Router (BAR) at the sender side splits the packets and
transmits them through the suitable RATs in the HWN. On the receiver side, the BAR
merges the sent packets and the receiver can receive the data. Hence, there are a few
issues that have been identified, how the BAR can determine which RAT is the most
suitable for the data transmission, how much amount of data can be transmitted, and
how to deal with packet reordering issues due to the multiple path transmission. This
research aims to investigate these three issues and proposes a comprehensive solution

for three segments.

RATyg Q
Receiver
3 Sender

0o

Figure 1. 1: General architecture of HWN



If there is no single RAT that does not have enough bandwidth to meet the desired
applications, multiple RATSs can be selected and their bandwidth can be aggregated to
create a single logical link that has enough bandwidth to serve the application
(Ramaboli, Falowo & Chan, 2012; Bosch, De Schepper, Zeljkovi¢, Famaey & Latré,
2020). In an HWN environment, a multimode device is connected with one default
interface where two other interfaces are also available. If the default interface is
unable to transmit the data, the available interfaces could make a logical link to
transmit that data. The concept is explained in figure 1.2 whereby the default
interface, 3G is not capable of handling this data and, therefore, makes a logical link

in cooperation with other interfaces.

WiFi

A 4

Sender Logical Link .
} ————————————— > Receiver
7

s/
e td .
-7 WiMAX
“ > Merging
Scheduling e 3G |

Figure 1. 2: Logical link in HWN

However, sharing available resources does not guarantee effective real-time data
transmission. Delay, packet loss, and packet reordering can occur by sharing multiple
RATSs. Therefore, inconsistencies need to be resolved by designing an appropriate
resource-sharing scheme to ensure that data is transmitted sequentially from the same

sender and application (Wenxuan et al., 2022).



1.3 RESEARCH MOTIVATION

Bandwidth aggregation or resource sharing has numerous benefits, providing quality
data transmission, especially for real-time applications. Network capacity can be
scaled up for network operators to fulfill high bandwidth demands that increase
throughput and decrease latency ( Welzl, Teymoori, Gjessing & Islam, 2020;
Glaroudis, lossifides & Chatzimisios, 2020). Furthermore, resource sharing can
increase service reliability, improve fault tolerance by transmitting redundant data
over multiple RATs and increase coverage area by combining multiple RATs (
Srivastava, Prakash & Tripathi, 2020; Kim, Lee & Chong, 2019; Singh & Rai, 2019).
Wireless resources can be shared from multiple RATS to create a high-speed logical
link and can be used in a multimode device for high bandwidth-demanding
applications. It has been shown in Figure 1.1 that the sender MD is connected to a
router where three routes are available, namely WiMAX, WiFi, and 3G but on the
other hand, the receiver side has two RATSs, namely WiFi and 3G. The sender
Bandwidth Aggregation Router (BAR) will split the packets among these three RATS
and the receiver BAR will merge the packets and direct them to the receiver.
Therefore, there is a high possibility to occur packet reordering on the receiver side.
If the desired application needs high bandwidth and cannot be transmitted through
only one RAT, for example, 3G then it can be shared with other available RATS’
bandwidth like WIMAX and WiFi and make a logical link. In this case, the
transmitting packets can be transmitted through different RATs as multiple RATSs are
shared (Yun et al., 2022). In addition to that, application centric RAT selection also

been considered to achieve the required QoS in the HWN (Garg, 2022).



1.4 PROBLEM STATEMENT

Determination of a suitable RAT is one of the most challenging issues in HWN.
Bandwidth is the main resource in HWN that has been operated independently in
GSM, WiFi, and WiMAX. The aggregation of these bandwidths into an MD is a great
challenge. Bandwidth aggregation, bandwidth allocation, Radio Resource
Management (RRM), or resource sharing are similar terms and the focus of this
research. Packet reordering, packet scheduling, interference-free channel assignment
to appropriate RAT, and power consumption are the most important issues in HWN.
Packet reordering causes a delay in the real-time transmission that leads to packet loss.
Packet scheduling is needed for efficient transmission over the HWN. This research
only addresses the details of RAT selection, resource allocation, and packet
scheduling including packet reordering while power consumption is not included in
the scope of this research. It is expected that bandwidth aggregation will enhance the

real-time transmission and increase the efficiency of data transmission.

1.5 RESEARCH PHILOSOPHY

Real-time data transmission including audio and video transmission has been
increasing due to the advancement of technology over wireless media. VVoice over IP
(VolP) and video streaming applications have been gaining popularity due to their low
cost.

However, wireless media suffer due to limited bandwidth resources. Real-time data
transmission demands high bandwidth that could not be available from a single RAT
in certain places. To transmit high bandwidth-demanding data, bandwidth aggregation
in a particular area is needed. It has been observed from the literature that there are

still some challenges to aggregating the bandwidth into an MD for real-time data



transmission. Selection of RAT, data distribution among RATS, and packet scheduling
are the main issues for the RRM system in HWN. It is expected that designing an
efficient resource management scheme will enhance the quality of real-time data
transmission in HWN.

The proposed scheme will be implemented in the sender router that aggregates the
available interfaces and the receiver end router that splits among available interfaces.
For example, it can be assumed that the sender side has three interfaces, namely,
GSM, WiFi, and WiIMAX while the receiver side has two interfaces like GSM and
WiFi as depicted in Figure 1.1. It is also assumed that all these interfaces are
connected to the Internet with the same delay on all links and the sender sends the
UDP-based video stream to the receiver. The aggregation sender router will divide the
UDP datagram into three pieces in such a way that 10% datagram will be sent through
the GSM interface, 30% will be sent using the WiFi interface and 60% will be sent via
the WIMAX link. The receiver router will receive 30% and 70% of these datagrams
using GSM and WiFi interfaces, respectively. Hence, it is expected that the proposed
bandwidth aggregation scheme can improve the QoS in HWN and enhance real-time

application transmission efficiently.

1.6 RESEARCH OBJECTIVES

I. To investigate the findings of HWN and assesses their current limitations for
RAT selection, resource allocation, and packet reordering issues.

ii. To develop three models that incorporate RAT selection, resource allocation,

and packet reordering.

iii. To validate and benchmark the proposed design through numerical and simulation

modeling.



