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Abstract

Handover has a great significance to accomplish seamless
connectivity in heterogeneous wireless networks. When existing
connections in the Wi-Fi or UMTS network is deteriorated
gradually or may not enhance service quality. In case of weak
signal level, or unavailable network. Using a vertical handover to
select the best network based on required service, application, and
location. In this research, our main objective is to evaluate the
Vertical handover between Wi-Fi and UMTS networks Using
OPNET Modeler software, to know and understand more about the
handover process. In this thesis Wi-Fi and UMTS networks
different statistics are calculated based on several parameters such
as throughput, delay, traffic received and sent, end to end delay for
application such as VOICE and HTTP. With regard to this
evaluation it found that in Global statistics the delay for UMTS
network is decrease by the rate of 18% and throughput value for
Wi-Fi network is increase by the rate of 10% the with-handover
scenario was improved significantly compare to without-handover
scenario. In Node statistics; the delay has decreased for user Wi-Fi
by the rate of -63% and -55% for user UMTS, thus the user has
been connected to the better network and improved Qos when user
moves between Wi-Fi and UMTS.
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CHAPTER ONE

INTRODUCTION



INTRODUCTION

1.1 Preface

Wireless technologies such as Wi-Fi, WIMAX, 3G, etc. were developed by
different standards to provide seamless connectivity with Qos support. These
technologies offer variety of services, different data rates and diverse area of

coverage. [1]

The limitations of these wireless access networks can be overcome by
joining these technologies through Vertical Handover (VHO) interworking
architectures which is essential to provide everywhere wireless access ability

with high coverage area, high data rate and low cost. [2]

A heterogeneous network here means that a combination of 3G (UMTS) and
Wi-Fi network technologies and access to these technologies when needed,
taking into account different kind of communication requirements at specific

situations and user needs.

Vertical handover, in heterogeneous networks can be initiated for
convenience rather than connectivity reasons. A decision algorithm gives a
better performance when several parameters are considered, more so when a
combination of static and dynamic parameters are considered. But the
tradeoff is with the increase in decision time and complexity of the
algorithm. The decision may depend on various groups of parameters such
as Network- Related Parameters, Terminal Related Parameters, User-Related

Parameters and Service Related Parameters.



One of the most important parts of any wireless network is Handover
process. And it is the process of maintaining a user’s active sessions when a
mobile terminal changes its connection point to the access network for
example a base station or an access point. Handover can either be horizontal
or vertical. A horizontal handover takes place between point of attachment
supporting the same network technology, for example between two
neighboring base stations of a cellular network or two access points. Vertical

handover takes place in heterogeneous wireless networks [3].

1.2 Problem Statement

When existing connections in the Wi-Fi or UMTS network was deteriorated
gradually or may not enhanced service quality in case of weak signal level or
in case of no available network. That lead mobile user directly search for
high performance connection in other access network. The Presence

heterogeneous networks coverage (4G, 3.5G, 3G, and Wi-Fi).

1.3 Proposed Solution

Using a vertical handover to select best network based on required service,
application, and location. Using two parameters received signal strength and
available Bandwidth. On other hand the proposed model enable the user

connected to the better network.



1.4 Objectives
General aim of this research is to

Evaluate the Performance of vertical Handover in Heterogeneous

Networks
The Specific objectives include:

®  To simulate the vertical handover in heterogeneous wireless networks
using OPNET simulation.

® To improve the Quality of Service (Qos) and Increase throughput for
calls.

®  To reduce delay for mobile users in networks.

1.5 Methodology

The Vertical handover model have been implemented to trigger handover at
the optimal time to the optimal network Based on received signal strength
and available Bandwidth of network parameters that will increase
performance of these heterogeneous networks in terms of throughput for call
and reducing delay in multi networks. In this research there are two types of
heterogeneous networks; Wi-Fi and UMTS that they were implemented and
tested by using OPNET modeler simulation, to create an environment to
simulate both scenarios with-handover and without-handover scenario and
assess performance. Then we will evaluate the performance of these
heterogeneous networks in terms of overall network and specific node for
user mobility. Finally, two scenarios are compared to show the results and

draw conclusions of Vertical handover.



1.6 Research importance

The research focusing on vertical handover between Wi-Fi and UMTS

network to solve the limitation problem of network coverage.

1.7 Thesis Outline
This thesis composed of five chapters their outlines are as follow:

e Chapter Two: Is the Literature Review
Introduces the evolution of mobile communication system, Different
wireless technologies such as WLAN and UMTS, the heterogeneous
wireless network and mobility management.

e Chapter Three: Simulation Model
Is presented the vertical handover between Wi-Fi UMTS and the
system model of the research.

e Chapter Four: Results and discussion
This chapter is provides the results of work done and discussion the
results.

e Chapter Five: Conclusion and Recommendation
This chapter concludes the work done in this thesis and gives the

recommendation for future work.



CHAPTER TWO

LITERATURE REVIEW AND RELATED WORK



LITERATURE REVIEW

2.1 Background

2.1.1 Evolution of Cellular Mobile Technologies

Recently, communication technologies have become an integral part of
people’s daily life [2]. Mobile radio has been in use for about 80 years, but it
took 40 years for mobile phones to have full duplex channels. Mobile
communications play a big role in terms of voice/data network arena. With
increasing in the demand of communication and number of mobile
subscribers, telecommunication companies are working to bring new
technologies into existence with better features so as to meet up the user
requirement. Mobile systems are divided into generations according to their

data rates and services as illustrated in Figure 2.1.

Evolation of Mobile 4G
Commumication Network 1Gbps
30 i IF based mobility

Y :
mtq:ls ery high d::tlarates
Imteroperability protocol

High speed data rates
»  Global radio access
= Voica, data and video

Vaice and data services
» Digital system
e Mobilry facility

= Anpalog system
»  WVoice services
Low data rates

Figure 2.1 Evolution of Mobile communications from 1G to 4G [8]



The first generation (1G) mobile communication was based on the analog
system. The most popular analogue 1G systems were advanced mobile
phone system (AMPS). All of the standards in 1G use frequency modulation
techniques for voice signals. The spectrum within cell was divided into
number of channels which was not efficient in terms of the available radio
spectrum, and this placed a limitation on the number of calls that could be
made at any one time. Analog systems were based on circuit switching
technology and offers only voice communication and no data
communication. After the introduction of 2G technology mobile
communications have undergone significant changes and experienced
enormous growth and the number of subscriber reached nearly 20 million by
1990 [8]

Second generation (2G) mobile systems use digital multiple access
technology, so that the analog technology was replaced by Digital Access
techniques such as TDMA (time division multiple access) and CDMA (code
division multiple access). Consequently, compared with first generation
systems, higher spectrum efficiency, better data services, and more advanced
roaming were offered. The GSM or Global Systems for Mobile
Communications is most popular in 2G wireless technology also GSM, uses
TDMA technology to support multiple users. The TDMA breaks down data
transmission, such as a phone conversation, into fragments and transmits
each fragment in a short burst, assigning each fragment a time slot. With a
cell phone, the caller does not detect this fragmentation. During
development over more than 20 years, CDMA uses spread spectrum
technology to break up speech into small, digitized segments and encodes
them to identify each call. The CDMA distinguishes between multiple

transmissions carried simultaneously on a single wireless signal. It carries



the transmissions on that signal, freeing network room for the wireless
carrier and providing interference-free calls for the user. The CDMA breaks
down calls on a signal by codes, whereas TDMA breaks them down by time.
The result in both cases is an increased network capacity for the wireless
carrier and a lack of interference for the caller. [8]

Third Generation (3G) networks are characterized by Faster data rates,
Supports multimedia applications such as video and photography, video call
and video conferencing, High speed mobile internet access and increased
capacity. The 3G fulfils the specifications of International Mobile
Telecommunications-2000 (IMT- 2000), the official International
Telecommunication Union which intended to provide wireless access to
global telecommunication system. The most important IMT-2000 proposals
are the Universal Mobile Telecommunications System (UMTS) as the
successor to GSM [8].

Fourth Generation (4G) networks is an emerging technology in the field of
communication. As the data requirements increased, efforts were made to
improve the downlink and uplink throughput rates by employing higher
modulation techniques. Third Generation Partnership Project (3GPP)
launched the Long Term Evolution (LTE) project in November 2004 in
order to ensure the continued competitiveness of the UMTS in the future. As
LTE is considered as the evolution of universal mobile telephone system
(UMTS), hence LTE’s equivalent components are thus named evolved

LTE is completely an all IP based system. Since there are provisions in LTE
for inter-operation with existing systems, there are various paths available to
connect to LTE. Due to this increased flexibility, LTE is the choice of
majority of operators worldwide. Moreover, it provides better mobility,

efficient radio usage, high level of security, flexible spectrum utilization,



reduced delay/latency, cost efficient deployment and various other
advantages which makes LTE more reliable and user friendly [8]

2.1.2 Wireless Technology Evolution

The wireless technology such as Wi-Fi or UMTS attempts to bring
broadband applications to users on the move with the functionality of
portability and mobility [2].

2.1.2.1 WLAN/Wi-Fi Networks

WLANS based on the IEEE 802.11 (Wi-Fi technology) specification family
have gained popularity as being low-cost solutions that are easy to install
and provide broadband connectivity, and such networks are being widely
deployed in private spaces (e.g. homes and workplaces and as hotspots in
public spaces, waiting areas and hotel lobbies). In wireless network
communication, nodes communicate with others using wireless channels.
Two important issues are employed in the wireless networks, the spectrum
frequency ranges and different data rates. For example IEEE 802.11a/g use
54Mbit/s where IEEE 802.11b used 11Mbit/s. The signal strength in a
wireless medium decreased when the signal travels further beyond a certain
distance, the strength reduced to the point where reception is not possible.
Traditional networks require re-configuration of IP address used by these
host or subnet at the new location. An interface enables with Mobile IP
allows these hosts or subnet to move without any manual address re-
configuration. In an attempt to conclude the different IEEE 802.11 standards
are listed in Table 2.1. [14]

10



Table 2.1 Summary of IEEE 802.11 standards description [14]

Standard Description

IEEE 802.11a | Supports rates of up to 54 Mbps in the 5 GHz ISM band

IEEE 802.11b | Supports rates of up to 11 Mbps in the 2.4 GHz ISM band

IEEE 802.11c | Supports wireless AP bridge operations

IEEE 802.11d | Supports internationalization

IEEE 802.11e | Supports Qos enhancement mechanisms

IEEE 802.11f | Addresses interoperability of Apps from different vendors

IEEE 802.11g | Supports rates of up to 54 Mbps in the 2.4 GHz ISM band

IEEE 802.11h | Supports power control for 5GHz range requirements

IEEE 802.11i | Deals with security issues

IEEE 802.11n | Supports high data rates up to100 Mbps

2.1.2.2 Universal Mobile Communication System (UMTYS)

The universal mobile communication system is one of the third generation
technology .UMTS provide fully integrated digital communication with
maximum data throughput up to 2Mb/s .high data transfer and data
compression make possible high quality video streaming, and comfortable
access to web server. UMTS become perfect tool for providing video
conference .UMTS used packet switch connection [2].

The architecture of UMTS core networks is an adaptation of its GSM
predecessor. The release’99 architecture depicted below contains all the
traditional GSM core network components with the addition of two packet
handling nodes — The SGSN and GGSN. These two nodes work collectively
enabling UMTS networks to exchange information with external data

networks.

11



e The SGSN is the central element in the packet switched network. The
main SGSN functions are mobility management, traffic routing and
user information and authorization. In addition to this, it provides a
number of functionalities such as ciphering and compression. The
SGSN location register stores location information (e.g. Current cell,
current VLR) and user profiles (e.g. IMSI and temporary identities) of
all users registered with this SGSN [13].

e The GGSN acts as an interface between the UMTS backbone network
and external packet data networks. It converts packets coming from
the SGSN into the appropriate packet data protocol (PDP) format (IP
or X.25) and sends them out on the corresponding packet data
network. In the other direction, PDP addresses of incoming data
packets are converted to the UMTS address of the destination user.
The readdressed packets are sent to the responsible SGSN. For this
purpose, the GGSN stores the current SGSN address of the user and
their profile in its location register. The GGSN is also responsible for

charging and authentication. [13]

== Sigmalling Imterfacse

IData & Sigmalling inrterface

Core Networlk Bomndaries

Figure 2.2 UMTS Network Architecture [13]
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2.1.3 Heterogeneous Wireless Networks

The users of mobile communication networks has increased rapidly that is
lead to increase of users demand for mobile services as well as the need to
access information anywhere, anytime. No single wireless radio access
technology will deliver all required services to all end-users anywhere
anytime. It will also be, in each geographical area the wireless infrastructure
forming from a variety of radio access technologies. Overlapping coverage
Is a typical feature where there is a choice for the end-user to connect to
more than one radio access technology, either within the same Overlapping
domain or across borders. Simply heterogeneous networks integrate several
IP-based access technologies in a seamless way as illustrated in Figure 2.3.
every network provide Qos in terms of higher data rates in selected areas at a
lower cost to the end users in addition to that it increased wireless capacity

and complexity of network components [2]

Internet

Figure 2.3 Integration of heterogeneous wireless access networks [11]
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2.1.4 Handover Management in Heterogeneous Network

Heterogeneous environments are expanding and mobile devices often have
built in support for multiple network interfaces. Seamless roaming or
mobility is important and requires network management operations to avoid
service degradation. Both location management and handover management
constitute mobility management.  Location management involves two
processes. The first process is called location registration, or location update,
in which the mobile terminal periodically informs the network of its current
location, which leads the network mobility and mobility support procedures
for wireless networks. Handover management includes wireless terminal
handover management considerations within one network called horizontal
handover and handover management across different wireless networks
which could be based on different wireless access technologies termed
vertical handover. [4] Handover management is divided into four part as in

Figure 2.4.

Handover Managment

D D D

Vertical Horizontal Hard Soft
Handover (process) Handover = handover | handover

B A B

Initiation = Decision | Execution
phase phase phase

v / v

Figure 2.4 Handover Management Environment
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2.1.4.1 Soft Handover

It is based on make-before —break handover which means that one or more
radio links from the nearest base stations are established without losing the
radio link of the current base station. At this point, a decision is not yet made
to specify cell to which the mobile will be transferred. Also the mobile is

always connected to at least one radio link that is why it was able to

communicate with multiple access networks simultaneously at any time [5].

NodeB1 (((8))) (((8?)) NodeB2

Figure 2.5 Soft handover [6]

2.1.4.2 Hard Handover

It is based on the break-before make handover which means that the radio
links between the mobile and the base station in the old cell are released
then, the new links in the new cell are established. The mobile has at most

one set of radio links with one base station at any time. [5]
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Figure 2.6 Hard handover [6]

2.1.4.3 Horizontal Handover

The handover take place between the cells of same wireless access
technology [5] as in Figure 2.7. Here mobility is performed on the same
layers. In this handover technique the on-going calls are to be continued,
even though the IP address changes due to the mobile node movement. This
handover may be categorized according to the direction of handover

invocation. [12]

GSNMN Networlk

Horizontal Handover

Figure 2.7 Horizontal handover [2]
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2.1.4.4 Vertical Handover

The handover occurred between the cells of different wireless access [5]. As in Figure
2.8. In vertical handover the mobility is performed between the different
layers and the users can move between different network technologies. In
vertical handover the mobile travels across many heterogeneous networks
and not only changes the IP address but also the Quality of Service (Qos)

characteristics and even changes the network interface [12].

GSM Network

Figure 2.8 Vertical handover [2]

2.1.5 Handover Process

The handover process is divided into three phases: initiation phase, decision
phase and Execution Phase as shown in Figure 2.4. Periodically the system
monitors for a better network which the mobile terminal can be handed over.
The handover considerations include several different criteria depending on
the algorithms and the goals set for handover. [4]

2.1.5.1 Initiation Phase

In this phase, in order to start the handoff event, information to be collected
about the network from different layers likes Link Layer, Application Layer
and Transport Layer. These layers provide the information such as RSS,

power, link speed, cost, bandwidth, jitter, user preferences and network

17



subscription, throughput etc. Based on this information handoff will be
Initiated in an appropriate time. [12]

2.1.5.2 Decision Phase

In this step, mobile device decides whether the connection to be continued
with current network or to be switched over to another one and the decision
may depend on various parameters, which have been collected during
handover initiation phase. [12]

2.1.5.3 Execution Phase

After the network selection procedure, the new link is established between
the mobile node and target base station. The current network transfers the
information regarding mobile node to the target network. After that the
mobile node is disconnected from the previous network and connected to the
new one. In this phase, new registration and care of address is provided to
the mobile node [5].

2.1.6 Vertical Handover Criteria

There are some parameters used in the VHD algorithms as in Figure 2.9

Receive signal strength [\

/

Vertical
handover Handover Decision
Decision
algorithm

Available Bandwidth

Figure 2.9 Parameters used for Making VHD Decisions [2]
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Received Signal Strength (RSS) is an important criterion for VHD
algorithms. It also refers to a measurement of the power present in a
received radio signal and is directly related to the service quality. in
addition to that the RSS does NOT decrease linearly as the distance
increases and it is affected by many factors such as (the antenna of the
device that is transmitting, the antenna of the node itself, the number
of walls and other obstructions in proximity of the nodes., The
material of the objects inside the environment., the number of
people.). The RSS values are measured in dBm and have typical
negative values ranging between 0 dB-milliwatt (excellent signal) and
-110 dB-milliwatt (extremely poor signal).Majority of existing
horizontal handover algorithms use RSS as the main decision
criterion.[9]

Available Bandwidth is a good indicator of traffic conditions in the
access network. Also it is a measure of available data communication
resources expressed in bit/s in addition to that it is especially

important for delay-sensitive applications. [3]

2.2 Related Works

The authors in [1] proposed three wireless technologies WLAN, WIMAX
and UMTS are integrated for communication using OPNET Modeler. The
performance of integrated network is evaluated using different applications
such as FTP, VOICE and VIDEO with Various parameters delay, packet
loss, jitter and latency and compared them. The simulation results show
when applications are changed the parameters changes.
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The authors [2] proposed the vertical handover techniques for mobile users
in order to reduce the unnecessary handover and handover failure. By takes
the receive signal strength (RSS), available bandwidth, Travelling time
prediction and mobility as decision parameters. By using MATLAB-2013
simulation program to make handover decision. It is found that when the
handover delay is (ti =1s) the probability of unnecessary handover is equal
ZERO. And when the handover delay is (ti=455ms) the probability of
unnecessary handover is equal 0.04. Therefore, the probability of handover
failure when the handover delay is (ti=1s) it is reduced by 69.28% .And
when the handover delay is (ti=455ms) the probability of handover failure is
reduced by 85.71%.

The authors of [3] proposed to simulate the vertical handover decision
making in heterogeneous wireless networks and evaluate the QoS for voice
and data, using different basic bandwidth unit; this was done through a
system-level MATLAB simulation. Different scenarios were considered.
One of result the user moves away from the RAT, the RSS decreases then
need handover to another network. also when providing a user with a high
Qos, that is using a high value of Basic Bandwidth Unit, for a single call, the
number of channels available is less than when using a low value of Basic

Bandwidth Unit and providing the user with a low Qos for a single call.

The authors of [4] proposed the performance analysis of various types of
wireless networks with many applications and two types of handoff using
OPNET simulator. The simulation results show the successful
implementation and simulation of the deployment of WLAN into WiMAX
and UMTS network by using multiple network interfaces. It found that it is

very difficult to successfully complete the vertical handoff between WLAN-
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WIMAX and WLAN-UMTS without carefully and accurately engineering
the WLAN network due to highlighting the fundamental different in HWNSs.

The authors of [6] proposed the horizontal handover by focuses on the
quality of service (Qos) of soft and hard handover in UMTS network, the
performance analysis of UMTS network is done for voice conferencing with
Different parameters using OPNET Modeller. The simulation results show
that the uplink transmission power, traffic sent, throughput, received power
and signal to noise ratio of network with hard handover are good as
compared to the network with the soft handover. But the upload response
time in soft handover is higher than the hard handover. The total transmit
load, total received throughput, traffic received, delay and end to end delay

are some of two types of handover in UMTS network.

The authors of [7] proposed the integrated WLAN and UMTS network the
performance of these two networks has been evaluated for video
conferencing and FTP applications on the basis of load, delay and
throughput as quality of service (Qos) parameters using OPNET Modeller.
The throughput of network with ftp application is good as compared to the
network with video conferencing. But the delay in video network is higher

than the ftp network.
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CHAPTER THREE

SIMULATION MODEL AND STEPS DESIGN MODEL
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SIMULATION MODEL

In this chapter the internetworking of the proposed model is introduced to
enable the user to connect to better network with the best system depending
on two parameters which are received signal strength and available
Bandwidth. Also describes the simulation model and the simulation design
using OPNET Modeler 14.5.

3.1 Vertical Handover Decision (VHD)

The proposed vertical handover decision for user connected with better

network according to the RSS and available bandwidth parameters.
3.1.1 Vertical Handover Diagram for User Connected to WLAN

Figure 3.1 shows the flowchart of vertical handover execution of user
connected to Wi-Fi network. Basically the user connected to the Wi-Fi
network, unless there is a deterioration in this network the user vertically
handover to alternative network such as UMTS. Number of system
parameter should be checked to make this decision. Firstly, scans the
existing network to determine RSS of Wi-Fi. Secondly, check the available
bandwidth status of the user. Then if the Wi-Fi has strong RSS, it will stay
in Wi-Fi and channel is assigned, otherwise; vertically handover to UMTS
based on RSS and available bandwidth.
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RSS calculation RSS monitory

(UMTS) Available B.W
Strong
Assign channel
YES l

Handover to UMTS

END

Figure: 3.1 vertical handover Flowchart from WLAN to UMTS
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3.1.2 Vertical Handover Diagram for User Connected to UMTS

Figure 3.2 shows the flowchart of vertical handover execution, of user

connected to UMTS network.

D

UMTS active
VV
RSS
RSS calculation Week monitory
(WIFI) .
Available B.W
NO Strong
Assign channel
YES

Handover to WIFI

END
Figure: 3.2 vertical handover Flowchart from UMTS to WLAN
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Again, the same process is done to UMTS. Basically the user connected to
the UMTS network, unless there is a deterioration in this network the user
vertically handover to alternative network such as Wi-Fi Number of system
parameter should be checked to make this decision. Firstly, scan the exist
network to determine RSS of Wi-Fi and UMTS. Soundly, check the
available bandwidth of the user’s status. Then if the UMTS has strong RSS
it will stay in UMTS and channel was assigned, otherwise; vertically
handover to Wi-Fi based on RSS and available bandwidth.

3.2 Network Model

Depending on UMTS and Wi-Fi heterogeneous network as illustrated in
Figure 3.3 the proposed topology of UMTS network consists of one
Node_B, 9 UE, RNC, and SGSN/GGSN nodes. The coverage of cell in the
area is approximately 5km. The proposed topology of Wi-Fi network model
consists of one Wi-Fi Aps, 7 UE and router. Furthermore, there are 4

servers, ftp server, E-mail server, web server and voice server.

Figure 3.3 Heterogeneous Network System model using (OPNET)
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3.3 Network Entities and Functions

Now | will explain the functionality and the configuration of each network

node and interconnecting models and profiles.
3.3.1 Router

A router is hardware device designed to receive, analyze and move incoming
packets to another network. It behaves such as an AP. also it has more
capabilities than other network devices, such as a hub or a switch that are
only able to perform basic network functions. For example, a hub is often
used to transfer data between computers or network devices, but does not
analyze the data it is transferring. By contrast, routers can analyze the data
being sent over a network, change how it is packaged, and send it to another

network or over a different network. [15]
3.3.2 FTP and VOICE Server

FTP and voice server is used to transmit and receive the data to and to from
the user equipment. Application supported services parameters is set for
various applications that is provided by the server. Voice server attributes
are set for application supported services. The application supported services
for voice server is voice application. Various voice application parameters
are set on voice server. Voice server provides the voice specific services to

check whether the packets are transmitted or received at user end. [10]
3.3.3 E-mail Server

A mail server usually consists of a storage area where e-mail is stored for
local users, a set of user definable rules which determine how the mail server

should react to the destination of a specific message, a database of user
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accounts that the mail server recognizes and will deal with locally, and
communications modules which are the components that actually handle the

transfer of messages to and from other mail servers and email clients.
3.3.4 Configuration Application

In OPNET modeler application configuration is a set of rules. Application
configuration contains different types of OPNET libraries that are used to
produce the traffic on the network according to the type of user requirement.
As if user equipment contain voice data then for this user equipment voice
traffic is set. To perform simulation for each new project in OPNET
MODELER, It is required to configure the application configuration in the

scenario. [10]
3.3.5 Configuration profile

Profile configuration is a profile of the nodes which they act according to the
defined parameters in application configuration. It is essential to define
profile configuration in the network, otherwise, there is no possibility to

simulate the network. [11]
3.4 Performance Parameters

For performance evaluation of VHO heterogeneous network various metrics
are considered. Different parameters are considered for the performance
evaluation of the UMTS and Wi-Fi networks. Each network produce

different impact on the overall performance of the proposed network model.

This thesis evaluates five parameters that are used to study the comparison
of overall performance of the UMTS and Wi-Fi networks. The parameters

are delay, throughput, Jitter, traffic send and traffic received for performance
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evaluation. These parameters are very significant in evaluation to calculate
UMTS network performance under various weather and Qos in the proposed

network model. [10]
3.4.1 End To End Delay

Packet end to end delay is defined as the time taken for producing a packet
by the sender up to the receiving of a packet at destination. So packet end to
end delay is the time taken by a packet to travel across the network. Time is
defined in seconds. Entire delays like transmission time and buffering
gueues in the network are known as packet end to end delay. Sometimes this
delay is known as latency. A multimedia application such as voice
conferencing is a delay sensitive application so it is sensitive to packet delay.
A low average delay is required for voice conferencing application in the
network. FTP can tolerate a firm level of delay. Due to various types of
activities, network delay is raised. Throughput is a measure of how sound
congestion control protocols minimize the packet drops in the

communication network. [10]
3.4.2 Throughput

Throughput can be classified as the ratio of the total amount of data sent by
the sender with respect to the data received by the receiver. Throughput is
also defined as time taken by the receiver to receive the last message.
Throughput is measured as bytes per second (bytes/ second or bits/ second).
Some factors like limited bandwidth, limited energy, unreliable
communication between nodes and different topology changes in the

network are the measurable reason that affects the throughput. If a network
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shows high throughput it means that it is the network with less number of

dropouts and preference is given to this type of network. [10]
3.4.3 Jitter

Time variation between various packets arriving in the communication
network is known as jitter. It means if multiple packets arrive at different
delays such as one packet arrives after 2 m/s and other packets arrive after 3,
4, 5 m/s and so on this, it is known as jitter. In jitter packets arrive at
receiver at different delay variations. Jitter occurred in the network by
network congestion, route changes or timing drift. TCP/IP is accountable for

dealing with the jitter impact on communication. [11]
3.5 Viewing Results (network and object)

After building the network with required node configuration in terms of
parameters and network environment, we run the simulation model. Prior to
running a simulation model in OPNET modeler 14.5, the output data options
to be obtained need to be selected; these are referred to as the performance
metrics. In OPNET two types of statistics are taken, object statistics and
global statistics. Object statistics are described as the statistics that can be
gathered from each and every node of the network and Global Statistics can

be gathered from the whole network.

In This research gathered DES (global discrete event statistics) for every
UMTS and Wi-Fi networks. Also gets various graphs from simulation like

delay, throughput, Jitter, traffic send and traffic received.

Finally, results are available after the simulation is run. Each result can be
viewed as the project or scenario is saved after running the simulation.

Required results must have been chosen as part of the performance metrics
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earlier selected, likewise, to view results on the screen, one has to click the
check box of the nodes or options whose results are needed. Results can be
displayed in different views with the aid of the two presentation options
available on the results window. This is done by making combination of the

options that help to present the result in a better way. [10]
3.6 Simulation Steps

e Step 1 To perform simulations, open OPNET modeler 14.5. Initially
there is two mechanisms to perform simulations i.e. Project and

Scenario.

File Edit Automation License Windows Help

OPNET

Figure 3.4 start page

31



e Step 2 Click on the file, choose new, and then click OK to make a
new project as in Figure 3.5. Each project has one or more scenario as
per the requirement of network.

] OPMNET Modeler 14.5 -- Educational Version - 0
File Edit Automation License Windows Help
+ New EX

| Project

ight= andor tradenark=

o
olgh product help.

Figure 3.5 new project window
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e Step 3 Choose create empty scenario as in Figure 3.6 to build your
network and press next. These scenarios show the network

configuration that will be simulated by the modeler.

Project: vertical handover Scenario: umts and wifi network [Subnet: top] = =
File Edit View Scenarios Topelogy Traffic Services Protocols MetDoctor Flow Analysis DES  3DMV  Design Windows Help

You can start with an empty network
and create your network using objects
from the object palette or import directhy
from another data source

Import fram ATM text files

Impart from Circuit Switch Text Files
Import from Device Corfigurations
Impaort from PSTM Text files

Impart from WVMNE Server

Impaort from XML

Figure 3.6 create scenario

e Step 4 To define the network scale and its size network scale is used.
Various network scale is shown in Figure 3.7 i.e. world, campus,
office, logical and others. choose campus geographical area of
network indicate the type of network you will be model and press next

Indicate the type of network you will be Metwork Scale
modeling. World

Enterprise
Office
Logical

Choose from maps

v Use metric units

Figure 3.7 network scale
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e Step 5 select the suitable size you wish to use, to build your network

as in Figure 3.8 and press next.

Specify the units you wish to use (miles,  Size:
kilometers, etc.) and the extent of your X . |5
netwark. Span.

Y span: |5

Units: I Kilometers

Figure 3.8 specify size

e Step 6 from model family add UMTS and WLAN technologies by
active them as Figure 3.9 and press next.

Project: vertical handover Scenario: umts and wifi network [Subnet: topl = =
File Edit View Scenarios Topology Traffic Services Protocols MetDoctor Flow Analysis  DES  3DMV  Design Windows Help

EEEE R DR I R R 1 EEIN T

Select the technologies you will use in
your networlc.

‘oice_Signaling
wimas
wimax_adv
wirgless_lan

Figure 3.9 select technologies
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e Step 7 Choose Elements as in Figure 3.10. To make network
architecture by drags and drops. Then select devices like (routers, user
equipment’s, application profile, application configuration, RNC,
SGSN, GGSN, FTP server, voice server, web server and E-mail
server) interconnecting models from object palette and selected (ATM
link, fiber optics, both wired and wireless LAN and PPP links) this
Link objects model physical layer effect between nodes, such as
delays, noise then press close. When all of above steps are finished,
the network simulation environment has been created and now it is

ready to create network models and scenarios and perform simulation

Project: vertical handover Scenario: umts and wifi network [Subnet: top] - b

File Edit View Scenarios Topology Traffic Services Protocols MetDoctor Flow Analysis DES  3DNV  Design  Windows Help

EI Search by name: I
] Drag model or subnet icon into workspace

£ El--._, Metworks Private Palette Default vertical handover -umts and wifi networkc u

=4 MNode Models
Application Config Fixed Mode Application Configuratior
888 Profile Corfig Fixed Mode Profile Corfiguration
& receiver_group_config Fixed Mode Receiver Group Configu
Task Corfig Fixed Mode Custom Application Task
a umts_ggsn_atm8_ethemet8_slip&_adv Fixed Mode UMTS GGSN Nede/IP |
ﬁ umts_ggsn_ethemet?2_slip8_adv Fixed Mode UMTS GGSN Node/IP |
a umts_ggsn_slip8_adw Fixed Mode UMTS GGSN Node/IP |
ﬂ umts_node_b_3sector_adv Fixed Mode UMTS Mode-B Mode
H umts_node_b_3sector_atm_adwv Fixed Mode UMTS Mode-BE Mode
ﬂ umts_node_b_3sector_eth_adw Fixed Mode UMTS Mode-B Mode
H umts_node_b_3sector_slip_adw Fixed Mode UMTS Mode-B Node
ﬂ umts_node_b_6Bsector_atm_adwv Fixed Mode UMTS Mode-B Node i
-0 umts_node_b_6sector_sth_adv Fied Node  UMTS Nods-B Node Poncal et
ﬂ umts_node_b_Bsector_slip_adw Fixed Mode UMTS Mode-B Node
ﬂ umts_node_b_adwv Fixed Mode UMTS Mode-B Mode
H umts_node_b_atm_adv Fixed Mode UMTS Mode-BE Mode
ﬂ umts_node_b_eth_adwv Fixed Mode UMTS Mode-B Mode
-0 umts_node_b_slip_adwv Fixed Mode UMTS Mode-BE Mode
umts_repeater Fixed Mode
umts_mec_adw Fixed Mode UMTS RNC Node
umts_mec_atm2_eth2_slip2_adw Fixed Mode UMTS RNC Node
umts_mc_ethemet_atm_slip_adv Fixed Mode UMTS RNC Node -
I ;l_l

zilz | Create Custom Model...

Figure 3.10 Network Elements
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e Step 8 Profile configuration setting. Right click on profile
configuration and select edit attribute to set two profiles UMTS users
and WLAN users as in Figure 3.11 Then press OK.

Type: I Lkilities

| Attribute | Walue ;I

& pmame |wireless profies |

@ = Profile Configuration {.)

I Advanced
I Apply to selected objects

| QK I Cancel I

Figure 3.11 Network attributes

e Step 9 In profile configuration window from applications column,
determine all servers (voice, ftp, email and web) that have been used
on UMTS and WLAN as in Figure 3.12 then press OK. Taking into
account, the definition of any mobile node on his specify profile. By
right click on mobile node, select “edit attribute”, “supported profile”

and set profile name.
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*1 (Profile Configuration) Table X

| Profile Name Appications Dperabon Mode | Start Teme (seconds} Duration (secor_~ |
UMTS_User UMTS_User [ S it >recou: constant {0) End of Simuatic
WLAN _User WLAN _User {.) Simultaneous constant (7] End of Simulatic
=
4 | il
2 Rows Delete | Insest I Dupicate | Move Up I Move Down l
Detabs |  Promote | 155 Show row labels [ ok | Concel |

Figure 3.12 profile configuration table

e Step 10 Application configuration setting as in Figure 3.13 Right

click on application configuration node to change name and define all

servers which has been configured.

Type: Il_rtilih‘r
| Attribiute | Value ;I

& -name wireless applications

(& @ Application Definitions ey O]
-]

{wireless applications) Attributes

IName | £~ Description

| woice wvoice

ftp ftp
emil emil
web web

=

IE Rows Delete I Insert Duplicate Move Up I Maowe Down I

Dietails I Promote I W Show row labels QK I Cancel I

— —_—. P L ] =1

Figure 3.13 Application definition table
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e Step 11 Node attributes and supporting profiles setting for UMTS
user as in Figure 3.14 Right-click on an object (UMTS_2) and select
“Edit Attributes” to change Name, Network size, trajectory and
application supported profile by defining all applications that used it
such as VOICE, FTP, email and web.

(UMTS_2) Attributes

Type: Iw-:url*:statil:un

| Attribute | Value

&+ name UMTS_ 2
@ é--tmjectl:ur'_.r wilan_roaming_1
B Applications
® Application: ACE Tier Configuration Unspecified
@ Application: Destination Preferences MNone
® Application: Multicasting Specification  Mone
@ Application: RSVP Parameters MNone
Application: Segmert Size 64.000
® Application: Source Preferences Mone
@ Application: Supported Profiles Gy ]
Application: Supported Services Mone
@ Application: Transport Protocol Specfi... | Default

PP

|Profie: Name Traffic Type

yoice voice All Discrete
fip ftp Al Discrete
email email All Discrete

web web All Discrete -
Kl | _'*IJ

4 Rows Delete | Insert | Duplicate | Maove Up | Mgve[]mml

Detais | Promote | 15 Snow rowlabels 0K Cancel |

Figure 3.14 Node attributes for UMTS table
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e Step 12 Node attributes and supporting profiles setting for WLAN
user as in Figure 3.15 Right-click on an object (UMTS_2) and select
“Edit Attributes” to change Name, Network size, trajectory and
application supported profile by define all applications were used it
like VOICE, FTP, Email and WEB.

(wifi 1) Attributes - O

Type: Iwnrkstatin:ln
|P¢tn’bute |‘u’alue ﬂ
@& name wifi 1
& trajectory UMTS1
B AD-HOC Routing Parameters
® ARF
B Applications
@ @ Application: ACE Tier Configuration Unspecified
@ @ Application: Destination Preferences Mone
@ @ Application: Multicasting Specffication  Mone
@ @ Application: RSVP Parameters Mone
@ Application: Segment Size 64,000
@ @ Application: Source Preferences Maone
@ @ Application: Supported Profiles .y ]
&y P fimelimotices s Comeeded Copsineo o

£y

|Profile Name Traffic Type

Voice Voice Al Discrete

fip ftp All Discrete

email email All Discrete
web web All Discrete .
Kl I _"IJ

_’ Rows Delete | Insert | Duplicate | Maove Up | Move D-:uwnl

Detsis | Promote | 5 Ghowrow labels 0K Cancel |

Figure 3.15 Node attributes for WLAN table

39



e Step 13 WLAN parameters as in Figure 3.16 This step is part of the
previous step, right click on mobile node to select “wireless LAN
parameters” then choose edit BSS identifier and make it auto assigned
this step as well in base station or AP by making BSS identifier auto
assigned to facilitate the handover process.

Type: Iwurkstatinn

| Agtribute |Value
b Wireless LAN MAC Address Auto Assigned
& Wireless LAN Parameters [
.- BS5 Identifier Autto Assigned
.- Access Point Functionality Disabled
Physical Characteristics Direct Sequence
.- Data Rate (bps) 11 Mbps
III Channel Settings (..}
i Transmit Power (W) 0.005
Packet Reception-Power Threshold... -85
- Rts Threshold (bytes) MNone
- Fragmentation Threshold (bytes) MNone
.. CT540-seff Option Enabled
- Short Retry Limit 7
- Long Retry Limit 4
.. AP Beacon Interval (secs) 0.02
.. Max Receive Lifetime (secs) 0.5
Buffer Size (bits) 256000
Roaming Capability
. Large Packet Processing Drop
III PCF Parameters —
# HCF Parameters —

[ Adwvanced
[~ Apply to selected objects

ok | Canecel |

G PPE0LLNERNORNOREONY

T

Figure 3.16 WLAN parameters
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e Step 14 Configuration and add supported services of FTP server as in
Figure 3.17 Right click on the node after that the attributes window
will show to edit name and supported services then press OK.

¥

(ftp_server) Attributes
Type: |senrer
|Fd'tribute |‘u"a|ue j
& name ftp_server
B Applications
@ @ Application: ACE Tier Configuration Unspecified
® @ Application: Destination Preferences  None
@ @ Application: Multicasting Specification  Mone
® @ Application: RSVP Parameters Mone
@,I Application: Segment Size 64,000
@ @ Application: Source Preferences Mone
@,I B Application: Supported Profiles Mone
@ - Application: Supported Services ey
@,I @ Application: Transport Protocol Specifi... Default
@ H3Z3

£

| Diescription
Supported

1 Rows Delete | Insert Duplicate Maove Up Maove Down |

Detsls | Promote | 5 howrow labes 0K Cancel |

Figure 3.17 Configuration of FTP
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e Step 15 Configuration and add supported services of voice server as
in Figure 3.18 Right click on the node after that the attributes window
will show to edit name and supported services then press OK.

(voice_server) Attributes = H
Twe:lsewer
|ﬂttribute |"u"a|ue j
@ name VOICE_SErver
B Applications
@ @ Application: ACE Tier Corfiguration IUnspecified
@ ® Application: Destination Preferences Mone
’ @ @ Application: Multicasting Specffication  Mone
) @ ® Application: RSP Parameters Mone
@ # Application: Source Preferences Mone
@ @ Application: Supported Profiles MNaone
@ E--1'3-.|:||:|Ii|::ati|:|n: Supported Services
B H3Z3
®CPU

Name | Description ﬂ

voice voice Supported

Delete | Insert | Duplicate Move Up Mave Du:lwnl

0K Cancel |

Details | Fromote ||F§hmmwlabels

Figure 3.18 Configuration of VOICE
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e Step 16 Right Click on the work-space and select Choose Individual

Statistics to select the statistics as in Figure 3.19.

So To Parent Subnet
Foorm T o Selection
Foorm T o &l

Zoorm In

oo ot

Foorm T o Window

Feature Selected Objects In Showcase

Edit Selected Ohjects

Chooss Indiwvidual D'ES Statistics

Wieww FResults
Find Top Results

CDpen DES Log

D ES Snirmation for Submnet

Figure 3.19 Individual Statistics

e Step 17 According to select the statistics attributes (UMTS, WLAN,

Node static, VOICE server, FTP server, email server and web server)

it will be measured during simulation run as in Figure 3.20.

: T =
[ESE OSPF Advanced =1
ER- OSPF MAMET Description:

BEa- PIrM-Sna

[ESE Prirt =
B Remote Login
= =RIP

Ex- RIP MG

[ESE RSWP

- RTP

[ESE SIP

[ESE TCP

B Tokern Ring
= TORA _IMEP
B

SERS Attach Delay (=)
PDP Cortest Activation Delay (se

H Service Activation Delay is=c)

BER- UMTS GMM (PER QOS) Diraww style:

- MTS GTP

= t"ﬁl‘_jﬁﬁl Conferencing Collection mode:
Woice
WP
Wireless LA

Data Dropped (Buffer Owerflowe)

Data Dropped (Retrny Threshaold E
Delay {sec)

Load {bits/sec)

Media Access Delay (sec)

Metwork Load (bits/s=ec)
Retransmission Attempts (paclcets
Throughput (bits/sech

m—{z WWLAM (Per HCF Access Categony)

BER- MNode Statistics —
- Link Statistics Bt

- 1 S

Cancel |

Figure 3.20 choose result
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e Step 18 before running a simulation, you must make sure that you
have built the network correctly to get better results and identify

simulation time on 20 min as in Figure 3.21 then press OK.

Mumber of runs: 1

;I — Common

Duration: |20 [minuteis) I |
- Rurtims Displays Seed: [128 Enter Muttiple Seed Values... |
Values per statistic: [100

Update interval: IW events

Simulation Kemel: I Based on kemel_type” preference -—l {Preference set to "development™)

Simulation set name: Iscenariu
Comments: ‘I

Figure 3.21 run a simulation

e Step 19 Viewing Results after simulation run each result can be
viewed as the project or scenario. They are three different ways to
display the Results, Select the “View Results” button on the tool bar,
Select View Results from the Results menu, or Right-click in the

project workspace and select from the display menu. as in Figure 3.21

>

DES Graphs IDES Parametric Studies | DES Run (1) Tables | Metwork Inverteny Tables | Flow Analysis Graphs | Flow Anabysis Tables |
Results for: [ Curert Scenaric | — Preview

[= & NN -

Show results: | Found in amy selected files -1

Amangement | Default e | Edit |
- Global Statistics =1
B Object Statistics

— Presemtation

| Stacked Statistics =1 As Is" parameters
| H [Walue

[asis

Figure 3.21 Results display
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CHAPTER FOUR

RESULTS AND DISCUSSION

45



RESULTS AND DISCUSSION

In this chapter, networks was designed using OPNET MODELER This
simulation evaluate the vertical handover between 3G and WIFI considering
the performance parameters such as throughput, delay, traffic send traffic

received and jitter.
4.1 Simulation Parameter

In Table 1 shown the simulation parameters that were used to obtain the

results.
Table 4:1 Simulation Parameter

Network parameter WIFI1(802.11n) UMTS
Simulation time 40 Min 40 Min
Data rate 11Mbps -
Transmit power (w) 0.005 -
Propagation distance 5 km 5km
Trajectory Wi-Fi UMTS

4.2 Simulation Results

In this section, there are two scenarios, with-handover and without-handover
scenarios was simulated, based on various applications VOICE and HTTP
by using OPNET modeler. As we have seen in chapter three. To choose the

result, the process has two categories:

4.2.1 Global statistics: explain that the Statistics can be gathered from the

whole network
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421.1HTTP Server

In Figure 4.1 X axis shows the time, Y axis shoes the MB/s and the distance
from 0 second until the first second this time for simulation preparation the
network. The HTTP traffic sent, according to the Static information
concluded, the maximum value of with-handover scenario is 1.3Mb/s and
without-handover scenario is 0.9 Mb/s in 3 min. In with-handover scenario
the sending is higher by 27% because the sending well increase when the
server attempt to identify BTS, and after identifying with the servers,
sending become lower. Power as well has a big role in increasing the

transmission.

H UM TS WYWIF-wvith handover scenario2 -DES-1
B UM TS WaF|-without handover scenariol -DE=-1

average [(in HTTP.Traffic Sent (packetsizec))

Figure 4.1 HTTP traffic sent between two scenarios
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It is shown in Figure 4:2 that the HTTP traffic received in with-handover
scenario and without-handover scenario, it can be observed that the
maximum value is 1.2Mb/s in without-handover scenario at 4 min the
received is higher by rate 22% than with-handover scenario because the

scenario is not affected by the handover proses.

B UrATS WilFl-weith handowver scenario2-DES-1
W LTS WaIF -wyithiout bandover scenariol -DES-1

time_average (in HTTR . Traffic Received (packetsizec])

A
/NN

Figure 4.2 HTTP traffic received between two scenarios
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4.2.1.2 VVoice Server

Figure 4.3 represents the traffic sent of the voice applications over the
integration between two scenarios during time, X axis shows the time, Y
axis shoes the MB/s and the distance from 0 second until the first second this
time for simulation preparation the network, each user sends a request to
access the network to obtain service. So the result indicates that the network

Is effective.

W UMTS WiFl-weith handover scenario2-DES-1
B LTS WYaiF-weithout handover scenariol -DES-1

time_average (in Yoice. Traffic Sent (packetsizec))

Figure 4.3 voice traffic sent between two scenarios
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Figure 4.4 shows the traffic received in two scenarios during time, the traffic
in without-handover is greater than the traffic in with-handover by rate 44%
because traffic receive in without-handover scenario is not affected by the
handover proses and the number of packets per second forwarded to the
voice application by the transport layer in this node. It can be shown that the
voice traffic send and received throughput is greater than the HTTP

application due to servings.

W UMT S WYlF-weith handover scenario2-DES-1
B UMT S WYl l-weithout handover scenariol -DES-1

average [in “oice Traffic Received (packet=izec))

L
—

Figure 4.4 voice traffic received between two scenarios
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In Figure 4.5 the Voice jitter indicates that the time difference between
packets at the destination node was less than at the source node, it is noted
that the maximum value of with-handover scenario is 0.0029 Mb/s and
maximum value of without-handover scenario is 0.0037 Mb/s the jitter value
Is higher in without-handover scenario by the rate of 42%. The jitter in voice

server is little compared to HTTP server due to voice use.

B UMTE WAF-with handover scenario? -DES-1
B UMT = viaiFl-wwithout handowver scenariol -DE=-1

sample_sum (in oice Jitter (=ec])

NV A A )

Figure 4.5 voice jitter between two scenarios
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4.2.1.3 Wi-Fi in overall network

Figure 4.6 shows the throughput, Blue color graph shows throughput for
with-handover scenario and Red color graph shows throughput for without-
handover scenario, X axis shows the time, Y axis shoes the MB/s and the
distance from 0 second until the first second this time for simulation
preparation the network It was found that the throughput value in with-
handover scenario is greater than without-handover scenario by the rate of
10% That means the total number of bits (in bits/sec) forwarded from

wireless LAN layers to higher layers in all WLAN nodes of the network.

W UMTS WYWiIF-weith handover scenaria? -DE=-1
B UMTS WYWiIF [-weithout handover scenariol -DES-1

average [inWireless LAN Throughput Chitsizec)
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Figure 4.6 Wi-Fi throughput in overall network
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It is shown in Figure 4.7 that the data which has been dropped in without-
handover scenario is greater than with-handover scenario by the rate of 12%,
because The total size of higher layer data packets (in bits/sec) dropped by
all the WLAN MACs in the network due to full higher layer data buffering
and the size of the higher layer packet, which is greater than the maximum
allowed data size which is defined in the IEEE 802.11 standard.

W UMT S WiFl-with handover scenario? -DE=-1
B UMTS WiIF-without handover scenariol -DE=-1

500,000 Wirelezs LAMN Data Dropped (Buffer Overflowe] (hitsrlzec)
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Figure 4.7 Wi-Fi data dropped in overall network
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4.2.1.4 UMTS in overall network

Figure 4.8 shows that the delay for UMTS between two scenarios, the delay
in with-handover scenario is less than with-handover scenario due to large
coverage area of UMTS, also the delay between two Different scenarios is
not large, and the decrease average between them is 18%.

B UWTS WIF-with handowver scenario2-DES-1
B UWTS Wi -weithout handover scenariol -DES-1

average [in UMTS Ghib Service Activation Delay (sec])

Figure 4.8 UMTS delay in overall network
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4.2.2 Node statistics: explain that the statistics that can be gathered from the
each and every node of the network.

4.2.2.1 WiFi user during two scenarios

Figure 4.9 X axis shows the time, Y axis shoes the MB/s and the distance
from 0 second until the first second this time for simulation preparation the
network, the End-to-End delay during mobility, with-handover scenario is
less delay than without-handover scenario by the rate of -63%. Because, in
without-handover scenario the user move away gradually from AP without
handover that leads to signal deterioration, in with-handover scenario the
handover makes place to the UMTS network in case the signal was

decreased, that means user was maintaining Qos during connection.

B UMTS YWiF|-wwith handowver scenario2-DES-1
B UMTS vWiFl-wwithout handowver scenariol -DES-1

time_average (in Wireless Lan.Delay (sec))

/”//—_\
/

Figure 4.9 End-to-End delay between two scenarios for Wi-Fi user
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Figure 4.11 shows throughput of user during mobility. The throughput in
with-handover scenario is higher by the rate of 145% than without-handover
scenario due to handover process. The handover probability occurs when
distance criterion between user and AP is increasing. That is why the
handover to the UMTS was improved the Qos for Wi-Fi user calls

W LUMTS vWiFl-with handover scenario2-DES-1
B UMTS viFl-withowt handover scenariol -DES-1

time_average (inWireless Lan. Throughput (hitsizec))

Figure 4.10 throughput between two scenarios for Wi-Fi user
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Jitter (indicates that the time difference between the packets at the
destination node was less than at the source node). In Figure 4.11 compares
the jitter between two scenarios, we have seen that without-handover
scenario is higher jitter than with-handover scenario, so the jitter value for
Wi-Fil user in with-handover scenario has been decreasing gradually by the
rate of -90% until it has reached 0 from 5 mints to 40 mints indicate the
progress of calls and Qos as well.

B LTS WYWiIF-wwith handover scenarioZ-DES-1
B UrTS WYiIF-wwithiout handover scenariol -DES-1

average (in YWoice Application Jitter (zec])

Figure 4.11 jitter between two scenarios for Wi-Fi user
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4.2.2.2 UMTS user during two scenarios

Figure 4.12 represents delay value for UMTS users, X axis shows the time,
Y axis shoes the MB/s and the distance from 0 second until the first second
this time for simulation preparation the network, it can be note that the delay
in with-handover scenario is decreased by rate of -55%, also the delay for
user was stable all time which means the network was maintain Qos during

connection.

B UM TS WiFl-weith handover scenario? -DE=-1
B UMTS WiFl-wvithiout handover scenariol -DES-1

average [in »oice Application Packet Delay Waristion

Figure 4.12 packet delay variation between two scenarios for UMTS user
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CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Recently users of mobile communication networks has increased rapidly,
leads to users demand for high service availability to access information
everywhere and every time with the best connectivity.

In this research, the proposed model is useful for supporting vertical
handover between any heterogeneous wireless networks in general. The
performance of WLAN into UMTS network with two scenarios with-
handover scenario and without-handover scenario is based on the network
parameters throughput, Delay and jitter is conducted by using OPNET
modeler. The simulation results show the successful implementation and the
deployment of WLAN into UMTS network, | have found that, in the Global
statistics the delay for UMTS network is decrease by the rate of 18% and
throughput value for Wi-Fi network is increase by the rate of 10% the with-
handover scenario was improved significantly compare to without-handover
scenario. In terms of Node statistics; the delay has decreased for user Wi-Fi
by the rate of -63% and -55% for user UMTS that is why the user was
connected to the better network and improved Qos when user moved
between WIFI and UMTS.
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5.2 Recommendations

This thesis discusses the Performance Evaluation of Handover in
Heterogeneous Networks, It is recommended for future works to:
®m | ook for new method to improve Qos for calls and to develop an
effective vertical handover policy by using other parameter.
®m Use more than two technologies to test different types of vertical
handover.
m  Use other simulation programs to measure the vertical handover in
heterogonous networks such as:
» NS2, NS3 simulation
> OMNET simulation
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