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Abstract

Fourth Generation (4G) systems are expected to operate the
global mobile network coverage area. They provide various
services for different user types and their requirements. Vertical
handovers occur between two layers of cells when a user is
switched from one layer to another. This research details the
influence of network parameters on vertical handover
performance in a cell. It is done using a MATLAB simulation
considering a macrocell - microcell environment. We calculate
8



different network performance parameters such as delay,

handover dropping probability and channel

utilization and

compare them for macrocell and macrocell traffic. Our results
show that the handover dropping probability can be maintained
in acceptable levels by providing sufficient channel and queue
requirements. They also show that the performance of each
layer depends on the amount of traffic in each layer. If the two
traffic types are treated with equal priority in the system, their
performance is similar.
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Chapter One

Introduction

1.1 Overview

Mobile systems are divided into generations according to their data
rates and services, the First Generation Systems (1G), Second
Generation Systems (2G),Third Generation Systems (3G), Enhances
Second Generation Systems (2.5G), and Fourth Generation Systems
(4G), Fourth Generation Systems have recently emerged providing

high quality video services to large number of users.
15



The handover is the process of transferring an ongoing call or data
session from one channel connected to the core network to another
channel. It has two types with respect to connections: soft handover
and hard handover, there are several types of handover algorithms
based on the parameter they use such as signal strength, speed and
interference. This project considers the strength of the signal for the
handover decision. Vertical handover happens between two
overlapped cells of different sizes. This project evaluates hard
handovers happening in overlapped in 4G systems.

1.2 Problem Statement

In 4G systems, macrocell and microcell are overlapped and are

used to provide service for users. Each layer serves users according
to some parameters (mobile speed, requested service, channel
availability).
Handovers occur between two layers. The problem with vertical
handovers is not having sufficient resource for users. In some cases,
the traffic entering a cell from a different layer might consume all
the resources, with the expense of quality of service for users
entering the cell from the same layer. This project evaluates the
effect of multi layer traffic on network performance.

1.3 Objectives

The aim of this research is to study the influence of
performance parameters such as (arrival rate, total number of
channels, mobile average speed) on handover performance
(handover blocking and dropping probability).And to evaluate the

16



performance of macrocell and microcell handover request and how

they influence each other.

1.4 Research Methodology

The research uses discrete event driven simulation to evaluate
the vertical handover system. It uses a M/M/C queue to serve the
requests for channels in the cell. The simulation is developed using
MATLAB.

1.5 Scope

This research considers handover cells only. It does not take
into account new call requests generated at microcells and
macrocells.

1.6 Organization of the Thesis

There are six chapters in this research. The second chapter
describes mobile systems and generations, handovers and types of it and
explains vertical handovers. Chapter three literatures Review. Chapter four
describes the methods and tools that were used to evaluate the handover
system and the design of the system. The fifth chapter shows the results
and discussions of the project .The sixth chapter shows the conclusions,

recommendations and references.
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Chapter Two

Background of Mobile Systems

2.1 Introduction

This chapter explains mobile system, handovers, handover
algorithms and vertical handovers, simulation modeling, experiment

environment.

2.2 Background of Mobile

Systems

18



Mobile devices are the prevalent computing device in many
parts of the world, and over the next few years it is expected that
mobile Internet usage will outpace desktop usage worldwide.

Mobile phones are nowadays inexpensive, easy to use, and
comfortable. Their importance can be illustrated through the
following additional features: The mobile phones are the complete
lifesavers as they can help in emergency if we get stuck in unknown
areas, it is can easily write daily schedules, contacts of friends,
appointments, notes and they even remind us of the important
events or meetings.

Number of mobile users around the world has become more than
half the population, as studies have proved that mobile users
increase at a rate of more than half a year due to the smart use of
technology in mobile device applications in it.

Mobile phones are no longer just devices only for voice telephony,
but goes beyond to exchange multimedia messages such as
graphics, video, use e-mail and the Internet. And given the enormous
potential in the smart phone has become possible to exploit this
potential by multiple applications benefit the user.

A mobile application is a software application designed to run on
mobile devices such as smart phones and tablet computers. Most
such devices are sold with several apps bundled as pre-installed
software, such as a web browser, email client, calendar, mapping
program, an app for buying music, other media and more apps.
Some pre-installed apps can be removed by an ordinary uninstall
process, thus leaving more storage space for desired ones. Where
the software does not allow this, some devices can be rooted to
eliminate the undesired apps [1].
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2.2.1 Mobile Systems

A mobile operating system is an operating system for smart

phones, tablets or other mobile devices. While computers such as
the typical laptop are mobile, the operating system that they use is
not considered mobile .This is because they were originally designed
for bigger stationary desktop computers that historically did not
have or need specific mobile features.
Mobile operating systems combine features of a personal computer
operating system with other features useful for mobile or handheld
use this includes: a touch screen, cellular, Bluetooth,Wi-Fi,GPS
(Global positioning system) mobile navigation, camera. All of these
features are considered essential in modern mobile systems [2].

2.2.2 Mobile System Generations
[3]

Mobile systems are divided into generations according to their
data rates and services. Following is a brief explanation of each
generation, where their evolution is shown in Figure 2-1.
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1. First Generation Systems (1G)

These are the analog telecommunications standards that were
introduced in the 1980s and continued until being replaced by 2G
digital telecommunication. The cells used in 1G were large hexagon -
shaped cells with a radius of about 30 kilometers.1G system suffered
from many limitations including: limited capacity, lack of security
and roaming.

2. Second Generation Systems (2G)

Second generation 2G cellular telecom networks were
commercially launched on the GSM (Global System for Mobile
Communications) standard in Finland.2G introduced data services for
mobile, starting with SMS(Short Massage Services) text messages.
2G technologies enabled various mobile phone networks to provide
the services such as MMS (Multimedia Messages Service).

3. Enhanced Second Generation Systems(2.5G)

The bridging technology between 2G and 3G,based on existing 2G
technologies, focused on increasing the maximum data rates, it work
base on packet switched networks.’2.5G’ systems introduced
enhance the data capacity of GSM and mitigate some of its
limitations, these systems add packet data capability to GSM
network and the most important technologies are GPRS (General
Packet Radio Service) and High Speed Circuit Switched Data
(HSCSD): uses multiple time slots per user.

4. Third Generation Systems (3G)

Is the third generation of mobile telecommunications technology.
It is based on a set of standards used for mobile devices and mobile
telecommunications such as The  Universal Mobile
Telecommunications System (UMTS). It uses services and
networks that comply with the International Mobile

21



Telecommunications-2000. 3G famous applications include: mobile
Internet access, fixed- wireless Internet access, video calls and
mobile TV.
5. Enhances Third Generation Systems (3.5G)
3.5G is a grouping of a number of mobile telephony and data
technologies designed to provide better performance than 3G
systems. They come as an intermediate step towards deployment of
full 4G capability.
The technologies include:
High-Speed Downlink Packet Access(HSDPA)
Evolved HSPA-
3GPP Long Term Evolution( LTE)
6. Fourth Generation Systems (4G)
4G is the fourth generation of cellular wireless standards. It is an
enhancement of the 3G and 2G families of standards. In 2008, the
ITU-R (International Telecommunication Union -Radio communication
Sector) organization specified the IMT-Advanced (International Mobile
Telecommunications Advanced) requirements for 4G standards,
setting peak speed requirements for 4G service at 100 Mbit/s for
high mobility communication and 1 Gbit/s for low mobility
communication .The goal of 4G is to allow everyone to access the
Internet anytime and every where and to increase user data rates
and services at a reduced cost.
A 4G system is expected to provide a comprehensive and secure all-
IP based mobile broadband solution to laptop computer wireless
modems, smart phones, and other mobile devices. It is also
expected to provide facilities such as ultra-broadband Internet
access, IP telephony, gaming services, and multimedia.
4G candidate systems include:

22



- Mobile WIMAX standard (first used in South Korea in
2007).
- The first-release Long Term Evolution (LTE) standard (in
Norway and Sweden since 2009).
It was expected that 4G systems will be put in practice in 2012.
However, non of the candidate systems is considered 4G yet.
Instead, they are referred to as 3.9G and beyond 3G.

2.2.3 Security and Privacy in 4G

In the development of 4G Networks, security measures must be
established that enable data transmission to be as safe as possible.
The network should support security to protect data that is
transmitted across the network from hackers and other security
violations.

One of the main goals of 4G networks is to provide services across a
wide geographic area seamlessly. At the same time, smaller local
area networks will run different operating systems. The
heterogeneity of these wireless networks exchanging different types
of data complicates the security and privacy issues. Furthermore, the
encryption and decryption methods being used for 3G networks are
not appropriate for 4G networks.

To overcome these security and privacy issues, two approaches are
followed. The first is to modify the existing security and privacy
methods so that they are applicable to heterogeneous 4G networks.
The other approach is to develop new dynamic reconfigurable,

adaptive, and lightweight mechanisms [4].
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2.2.4 Quality of Service in 4G

With respect to network quality, many 4G telecommunications
providers are promising that there will be enhanced connectivity.
They also promise to maximize the quality of transmitted data across
the network [5].

2.3 Handovers in Mobile

Systems

2.3.1 Handover Definition

In cellular telecommunications, the term handover or handoff
refers to the process of transferring an ongoing call or data session
from one channel connected to the core network to another channel.
In satellite communications it is the process of transferring satellite
control responsibility from one earth station to another without loss
or interruption of service [6].

Handovers occur when the signal strength between the mobile and
the serving Base Station (BS) falls below a certain level due to the
mobile distance from the base station or the level of interference.

232 Handover Objectives

1. Maintaining continuous connection for users whilst providing
the network quality of service (QoS) at all times.

2. Decreasing the interference by reducing the transmitted power,
and hence increasing the useful signal.
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Insuring equal distribution of traffic among cells to administrate
resources, avoid congestion and balance the load between
cells.

Clearing outlining of cells’ boundaries and coverage areas.

2.3.3 Types of handover

Handovers are categorized with respect to frequencies,

Systems, Connections and handover technique

2.3.3.1Types of Handovers with respect to frequencies:

1.

Intra-frequency Handover: when the frequency does not
change following the handover.
Inter-frequency Handover: when the handover leads to change

in the frequency.

2.3.3.2 Types of Handovers with respect to systems:

1.
2.

Intra-system Handover: within the same mobile system.
Inter-system Handover: when the handover leads to a change

in the mobile network.

2.3.3.3Types of handovers with respect to connections

[7]

1. Hard Handover

Is one in which the channel in the source cell is released and
only then the channel in the target cell is engaged. Thus the
connection to the source is broken before the connection to the
target is made. For this reason such handovers are also known
as “break-before-make”. Hard handovers are intended to last
for the minimum time possible. So that the call disruption is
short. The call disruption caused by hard handover can be
observed by the caller as a click during the call.

25



2. Soft handover

In soft handover the channel in the source cell is retained and
used for a while in parallel with the channel in the target cell. In
this case the connection to the target is established before the
connection to the source is broken, hence this handover is
called “make-before-break”. The time interval, during which the
call maintains the two connections in parallel, may be brief or
substantial. Soft handovers may involve using connections to
more than two cells; as connections to three, four or more cells
can be maintained by one phone at the same time. When a call
is in a state of soft handover, the signal of the best channel is
used for the call. Alternatively, all the signals can be combined
to produce a clearer copy of the signal. This type has more
advantage.

3. Softer handover
When the soft handover is performed both in the downlink
(forward link) and the uplink (reverse link), the handover is
called softer. Softer handovers are possible when the cells

involved in the handover have a single cell site.

2.3.3.4 Types of handovers with respect to handover
technique

1. Network controlled handover.
The concept of network controlled handovers is commonly used in
cellular technologies. With multi-mode terminals, using layer-2
techniques, this concept can only be applied inside each technology,
which impairs the full exploitation of multi-access support.

2. Mobile phone assisted handover.
A mobile assisted handover (MAHOQO) is a process used in GSM cellular

networks where a mobile phone assists/helps the cellular base
26



station to transfer a call to another base station. It is a technique
used in mobile telecom to transfer a mobile phone to a new radio
channel with stronger signal strength and improved channel quality.
3. Mobile controlled handover.

In mobile-controlled handover, each MS is completely in control of
the handover process. This type of handover has a short reaction
time (in the order of 0.1 seconds). MS measures the signal strengths
from surrounding BSs and interference levels on all channels. A
handover can be initiated if the signal strength of the serving BS is
lower than that of another BS by a certain threshold.

2.4 Handover Algorithms

2.4.1Umbrella handover
algorithm

The umbrella handovers are utilized in order to make
handovers between different network layers or cell sizes. For
example, handover between macrocells and microcells.

In order to be effective, the umbrella handover algorithm should also
take into account other parameters such as the speed of the mobile.
For example, it is more desirable to assign faster moving mobiles to
the macro cells and provide service to stationary mobiles from the

microcell to minimize the number of handovers in the area [8].
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2.4.2 Traffic based handover
algorithm

In order to balance the load between cells, a specified number
of handovers from one specified cell can be performed. This allows
distributing callers from acongested cell to neighbor cells with less
number of active connections, which leads to improving the overall
performance.

Before the decision for a handover is made, it is important to ensure
that the drop in the measured signal level is not due to momentary
fading and that the mobile is actually moving away from the serving
base station.

The base station monitors the signal level for a certain period of time
before a handover is initiated [9].

Information about the vehicle speed can also be computed from the

statistics of the received short-term fading signal at the base station.

2.5 Vertical Handover (VHO)

Vertical handover is a network node that automatically changes
its connection type to access a supporting infrastructure. When a
computing device could connect to the Internet via two different
network technologies, it is automatically connected to the available
network. This switching from one network to the other is called
vertical handover.
Vertical handover enable the phone to select the higher bandwidth
at lower costs for networks like wide local area networks. It also

provides extended coverage for cellular networks [10].
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2.5.1 Reasons for Vertical
Handover

1. Cost/Capacity/Coverage.

2. Benefit of utilizing the higher bandwidth and lower cost.

3. Multiple Cellular technologies are generally available at the same
coverage area.

4. Better mobility support and larger coverage.

2.5.2 Challenges iIn Vertical
Handover

1) Multi-mode devices
2) Power consumption
3) Quality of Service QoS
- Available capacity - Security
4) Timing
5) The business model
6) Session continuity

2.5.3Input parameters for
Vertical Hanover

- Available Bandwidth (AVB)

- Speed of mobile terminal (SMT)
- Number of Users (NU)

- Received Signal Strength (RSS)
- Battery Level (BL)

- Cost of operation (C)

29



- Traffic Type (TT )

2.5.4 Vertical Handover Process

Vertical handover have three main phases:
Initiation: mobile terminal (or network controller) must know which
wireless networks are reachable.
Decision: selection, through a VHO algorithm, of the access point,
on the basis of proper performance metrics (Received Signal
Strength Indicator (RSSI), network connection time, available
bandwidth, power consumption, cost, security level, user
preferences).
Execution: signaling operations to re-establish connection and
carry out data transfer [11].

2.5.5 Limitations of vertical

handover

1) It handles all the connections in the same manner. When all
TCP/IP connections automatically transfer from one interface to
another, in this situation only one wireless interface (the best one) is
used at that moment.

2) An incorrect handover decision may degrade the quality of service
or break off the current call.

2.6 Simulation modeling

A simulation is the process of creating and analyzing a digital
prototype of a physical model to predict its performance in the real

world. Simulation modeling is used to help designers and engineers
30



understand whether, under what conditions, and in which ways a
part could fail and what loads it can withstand [12].

2.6.1 Types of simulation

There are two types of simulation with respect to observation
periods and how the system’s state evolves over time:
Continuous Event simulation
Continuous Simulation refers to a computer model of a physical
system that continuously tracks system response according to a set
of equations typically involving differential equations .It is assumed
that the number of people in the system and number of servers busy
can take any continuous value. These assumptions make it possible
to model using stock and flow structure of system dynamics
approach .
Discrete-Event Simulation (DES)
A discrete-event simulation (DES) models the operation of a system
as a discrete sequence of events in time. Each event occurs at a
particular instant in time and marks a change of state in the system.
Between consecutive events, no change in the system is assumed to
occur, thus the simulation can directly jump in time from one event

to the next.

2.6.2 M/M/c queuing model

In queuing theory, a discipline within the mathematical theory
of probability, the M/M/c queue (or Erlang-C model) is a multi-server
queuing model. In Kendall's notation it describes a system where
arrivals form a single queue are governed by a Poisson process,
there are ¢ servers and job service times are exponentially
distributed. It is a generalization of the M/M/1 queue which considers
only a single server. The model with infinitely many servers is the

M/M/« queue.
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2.7 Experiment environment

There are a number of handover types in the system, shown in
Figure 2-1
1. Handovers moving out of the current macrocell into a neighbor
macrocell.
2. Handovers moving from a neighbor macrocell into the current
macrocell.
3. Handovers from a microcell into the macrocell.
4. Handovers from the macrocell into a microcell
5. Handovers moving out of the current microcell into a neighbor
microcell.
6. Handovers moving from a neighbor microcell into the current
microcell.
This research, consider the handover explained 2 and 3, since they
are served from the resources of the cell of interest. As for other

handover types, they are handled by resource from other cells.

Figure 2-2 Handover Types
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Chapter Three

Literature Review

3.1 Introduction

This chapter illustrates the handover schemes in overlaid macro
femto cellular networks, and discuses a novel approach for mobility
management in LTE femto cells, and a survey discussed various
existing handover decision algorithms for the integrated macrocell-
femtocell network, also it simulates femtocell scenarios with features
and models compliant with 3GGP specifications using LTE-sim frame
work. Then the tools and techniques which are used in the project.
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3.2 Handover schemes in
overlaid macro femto cellular

networks

Femtocells are the small, low power base stations deployed
inside the homes or buildings to provide better coverage in those
regions and to increase the capacity of the networks
The femtocells have emerged out as a promising solution to improve
the network coverage indoors and to offload the traffic from already
overloaded macrocells.

In this study, a few works on the handovers in femtocell overlaid
macrocell have been described. The objectives for handover are
proposed which include throughput, energy efficiency, and reduction
in unnecessary handovers, network load balancing, interference
management and network security. The comparison of existing
handover techniques has been done against the stated objectives.
The comparison indicates the need of an efficient handover
technique that tries to cover all the objectives. To achieve all of them
is certainly difficult but more number of objectives achieved leads to
improve the quality of service to user [13].

3.3 A novel approach for mobility

management in LTE femtocells

LTE is an emerging wireless data communication technology to
provide broadband to internet access. Femtocells are included in
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3GPP (3" Generation partnership project) since Release 8 to enhance
the indoor network coverage and capacity. The main challenge of
mobility management in hierarchical LTE structure is to guarantee
efficient handover to or from/to/between femtocells.
This study focused, on different types of handover and comparison
performance between different decision algorithms.

A speed based handover algorithm for macro-femto scenario is
proposed with simulation results.
The paper showed the mathematical complexity of the renowned
approaches for handover techniques and comparisons of the
simulation result of the handover algorithm to others, the main aim
was to create a speed based algorithm.
The preliminary simulation results showed a better result than the
signal strength based and speed based handover techniques and
showing lower number of handover attempts in the cell centre areas.
However, the proposed algorithm is not very energy efficient and
does not perform well in the cell edge area compared to other
handover algorithm [14].

3.4 Mobility management In
integrated macrocell femto
cell network- A Survey

Support of femtocell is an integral part of latest wireless
communication technologies to achieve high capacity demand and
high data rate.
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For successful deployment of femtocells, smooth integration of
femtocell network in  macrocell network and seamless
communication between them is required.

This survey article discussed various existing handover decision
algorithms for the integrated macrocell-femtocellnetwork.

A number of handover management algorithms are studied and
advantages, disadvantages of proposed algorithms are discussed
[15].

The study covered the following algorithms:

Handover decision algorithm based on RSSI and Wireless
Transmission Loss

Handover decision algorithm based on UE movement pattern
Handover decision algorithm based on UE Speed

Handover decision algorithm based on traffic type

Handover decision algorithm based on Received signal strength &
Quality

Handover decision algorithm using SON concept

Handover decision algorithm using Proximity concept

When developing a vertical handover algorithm, the main
features to focus on are:

1- Handover decision parameters

2- System model assumptions

3- QoS requirements

4- Features of algorithms
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3.5 System level simulation for
two tier macro-femto cellular

networks

LTE-Simulation (LTE-sim) is an object-oriented open source
simulator which incorporates a complete protocol stack that can be
used for simulating two-tier macro- femto scenarios.

In this study, simulates femtocell scenarios with features and models
compliant with 3GPP specifications.

The simulation are developed using LTE-sim framework.

The femtocell scenario can be used for investigating performances in
a wider range that can differ in terms of network layouts (i.e.,
number and position of base stations, building, and streets), system
load (i.e., number of users and applications) and so on [16].

3.6 Performance analysis of
handover strategies in
femtocell network

Femtocells, also known as HeNB (home e node B) are the
network technology in the Long Term Evolution (LTE) network that
are implemented in order to fulfill the upcoming demand of high data
rates.

There are three types of access mode:
1- Open Access mode

2- Closed Access mode
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3- Hybrid Access mode
This study analyzed the performance analysis of handover strategies
in femtocells networks under hybrid access mode to minimize the
unnecessary handovers.
The handover strategy was evaluated based on the specific stay
time interval ‘T" and UE (user equipment) velocity.
The simulation results showed that the proposed algorithm
minimized the number of handovers and decreased the unnecessary
handover probability.
The results also proved to be better when compared with the
traditional strategy
This study considers femtocells, which are indoor miniature cells that serve stationary
mobiles. Therefore the mobile speed or the requested service does not play an
influential parameter in the handover decision. The main reason for a handover to

occur is the mobile exiting the coverage area of the femtocell.

[17].

3.7 Tools and Techniques

MATLAB

Matrix laboratory is a multi-paradigm numerical computing environment and fourth-
generation programming language. A proprietary programming language developed by
Math Works, MATLAB allows matrix manipulations, plotting of functions and data,
implementation of algorithms, creation of user interfaces, and interfacing with
programs written in other languages, including C, C++, C#, Java, Fortran and Python.
Although MATLAB is intended primarily for numerical computing, an optional
toolbox uses the MuPAD symbolic engine, allowing access to symbolic computing
abilities. An additional package, Simulink, adds graphical multi-domain simulation

and model-based design for dynamic and embedded systems.
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In 2004, MATLAB had around one million users across industry and academia.
MATLAB users come from various backgrounds of engineering, science, and

economics [18].

Chapter Four

System Design
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4.1 Introduction

This chapter illustrates the design of the system. It explains the
model inputs and outputs, the experiment environment and the

simulation description.

4.2 System design

This project used discrete event driven simulation to evaluate the
vertical handover system. The model of the system evolves over
time by an arrive or depart event and the state variables change
instantaneously at separated points in time.

In this project, the basic entities in the queuing network model are
service centers, which represent channels, and customers, which
represent call requests.

This project used M/M/c queue to hold vertical handover requests
when no channels are available to handle the requests immediately
(from the c total channels). The queuing model id described as
follows:

- Arrivals are randomly generated and follow an exponential

distribution with a mean value of A )

Service times have an exponential distribution with parameter

u in the M/M/c queue. This represents the call duration.

There are c servers, which are the channels that are used to
make calls, and serve from the front of the queue. If there are
less than ¢ requests, some of the servers will be idle. If there
are more than c requests, they are placed in the queue.

The queue is of size N, so all requests that exceed the system
capacity (c+n) will be droped.
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4.3 Model Inputs

The inputs of the model are:

Request arrival rates:
A call request in the system is a handover call moving from a

neighbor cell into the current cell.

A

This call can be entering from a macrocell with a rate "< ,or from a

microcell in a different layer with a rate A

Total channels:

A server here is a channel, which is the resource provided by the cell
for the mobile user to send and receive signals for a service (a call
for example). There is a total of c available channels in the cell which
are fairly granted to macrocell and microcell users.

Service Demand:

The service demand of a customer at the server is the total amount
of time the customer requires in service. The average service time is

1
u » Where u is the service rate.

Queue Length:
The queue length N is the average number of customers in the

queue.

4.4 Model Outputs

The outputs of the model are:

Utilization:
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The utilization of a server is the proportion of time the device is
busy, or, equivalently, the average number of customers in service
there.

Throughput:

The average number of served customers per unit time.

Mean queue delay:

The average time a customer waits in the queue.

Dropping probability:

It's the probability that the call is dropped due to the system
reaching its full capacity. (The system capacity is calculated from the
queue size N plus the total channels c).

4.5 System Scenario

Figure 4-1 Handover Requests
This system, consider two layers of overlapped cells shown in Figure
4-1
1. A layer of macrocells that provides service to mobile users who
are moving at a high speed.
2. A layer of microcells that accommodates slow moving and
stationary mobile users.
The system considers two types of customers:
1. Handover requests from neighboring macrocell.
2. Handover requests from a microcell in different layer.
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The cell has a number of c channels which are given to call requests

on demand, there are arrivals from macrocell and microcell, as
shown in Figure 4-2

Figure 4-2 Macrocell System Components

There are three cases happen in the system:
1. The user request will be immediately served.
2. The user request will be delayed in a queue.
3. The user request will be dropped.

Case One

If the servers are available, the user will enter immediately to the
channel to be served as shown in Figure 4-3

Figure 4-3 Service without Delay
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Case two

If all servers are busy, in another call requests the user call request
will be delayed and placed in the queue until there is an available
channel as shown in Figure 4-4.

Figure 4-4 Service with Delay
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Case three

If all servers are busy, in another call requests the user call request,
and also the queue is full the user call request will be dropped as
shown in Figure 4-5.

Figure 4-5 Service Dropped

4.6 Simulation description

The general methodology that is applied in the simulation is
described in the flow chart show in Figure 4.2
The simulation starts by initializing the parameters and input them in
the program. The next step is accepting a handover requests then
check the queue, if the queue is full or not. If the queue is full, then
the request will be dropped. In the case that the queue is empty or
not full. The simulation checks if there is an available channel or not.
If no channel is available, the request will be placed in the queue
until a channel is available. Otherwise, the request will immediately
be served. In all cases, statistics are calculated to evaluate the
performance of the current request as well as the system in whole,
and to update system state variables. After that, the simulation
checks if the maximum number of requests is reached. If not, it

accepts a new request, otherwise, the simulation terminates.
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Figure 4-6 Simulation Flowchart
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Chapter Five

Results

5.1 Introduction

The implementation of the explained simulation is developed
using MATLAB environment. And developed a Graphical User
Interface (GUI) to enable the input of multiple parameters and obtain
the outputs immediately. The requested inputs to run the simulation
are the arrival rates, service time, number of channels, queue size,

and the total number of users. The simulation is run and the outputs
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are calculated and displayed. These outputs are the throughput,
served requests (successful HO) and the rejected requests (dropped
HO). The simulation generates figures for the mean delay, utilization,
and the dropping rate for both macrocell and microcell requests. A
separate widow enables evaluating the system with different number
of channels, queue sizes, and arrival rates, while other parameters
are fixed. Here, the results will give the mean delay, utilization and
the dropping rate for the different values entered.

5.2 Implementation

The user enters the input values and run the simulation. The
simulation initializes output and temporary variables. Then it
repeatedly generates the random numbers to simulate arrival and
service events. The throughput is theoretically calculated using
Erlang C equation. It is calculated a second time from the simulating
by looping for each user and deciding if the user is blocked or
served with respect to the availability of channels and queue space.
The Grade of Service is calculated by the equation:

_ Noof Dropped users x 100

GoS
Total number of user

The delay of the users is calculated by adding the current
holding time to the delay of the previous user:

Delay = service time + previous delay
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When different values of parameters are considered (number of
channels, queue size or arrival rate), the simulation is executed each

time with a value, and the result is displayed in figures for

comparison.

Table 5.1 lists the inputs values used in the evaluation.

Input value

Parameter
Macrocell arrival rate 70 call/sec
Microcell arrival rate 50 call/sec
Service time 15 seconds
Total number of channels 15
Total number of users 100
Queue size 50

Table 5.1 Simulation inputs

5.3 Simulation Results and

Evaluation
Scenario one

In this section, demontration by results the outcomes of
evaluation. The simulation runs after entering the input as shown in
Figure 5-1. The results are mathematically calculated and displayed
on the interface.Simulation results are displayed in figures . An
example of the resultes shown in the following subsections.
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Performance evaluation for MACRO and MICRO cell traffic model in 4G network

— Wacro & Wicro

Average Service Time

User Arrival Rate Macro

User Arrival Rate Micro

Total Number of
Channels

Total Number of Users

Queue Size

100

50

Second

Call/Sec

Call/Sec

Offered Traffic (Er)
Throughput

Total successs HOs

Total Dropped HOs

(Grade of Service

isi
Comparision

Figure 5-Main interface

5.3.1 Mean delay measurements

1) Mean delay having different number of channels

Assume that:

« The service time is 15 second.

« The user arrival rate is 50call/sec.

» The total number of users in the system is 100.

« The queue size is 50.
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« The number of channels has different values which are: 5, 10,

15.

;
% CompGUI o | E i

rConatants ENTER VALUES

Average Service Time 15
SELECT COMPARISION

User Arrival Rate 0
" @ No. of Channels
Total Number of i [
() Queue §
Channels o i 5000
() Armval Rate

Total Number of Users 10

Queue Size -

When the number of channels increases, more requests are served

immediately reducing the delay as shown in Figure 5-2.
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| I M dealy 15.353 10.070 4.814

14 r

12 7

-
o
T

mean delay (sec)
(5]

Figure 5- Mean delay having different number of
channels

2) Mean delay having different Queue size

Assume that:

The service time is 15 second.

The user arrival rate is 70 call/sec.

The total number of channels is 5.

The total number of users in the system is 100.

The queue size has different values which are: 5, 20, 30.
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4 CompGUI - 0o X

rConstants

ENTER VALUES
Average Service Time 1
USE." A ."."."VE’ REIE . SELECT COMPARISION 5
() No. of Channels
Total Number of ® :
g Queue Size 20
Channels G000
() Arrival Rate
Total Numberof Users 1

30
Queue Size

When the queue size is increase the mean delay is increases also, as
shown in Figure 5-3.
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4. Figure 1 — O >
File Edit View Inset Tools Desktop Window Help o

Udde | RXOTDE LS| 0E =l

mean delay with different Q size

I 1 dealy 5.344 5.722 6.067

mean delay (sec)

Figure 5-Mean delay having different Queue sizes

3) Mean delay having different arrival rates
Assume that:

« The service time is 15 second.

« The user arrival rate has different values which are: 70, 50, 10
call/sec.

« The total number of channels is 10.
« The total number of users in the system is 100.
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« The queue size is 50.

i oD
e N |

rConstantz

Average Service Time ]

ENTER VALUES

wn

User Arrival Rate SELECT COMPARSION 70
() No. of Channels
Total Number of - :
10 (7 Queus Size 5
Channels G000
@ Arrival Rate

Total Number of Users 1

Queue Size -

When the arrival rates increases, more requests are placed in the
queue. Therefore, the mean delay increases also as shown in Figure
5-4.
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Figure 5-Mean delay having different arrival rates

5.3.2 Dropping probability

measurements

1) Dropping probability having different number of channels
When increasing the number of channels, more requests are served,
reducing the number of rejected calls due to unavailable resources.
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The dropping probability decreases by increasing the number of

channels as shows in Figure 5-5.
igurEd:Dru i

File Edit View Inset Tools Desktop Window Help &

SEE DRI AL =LY

4

3.5

Dropping Rate
N b

b
5y
T

1 2 3 4 5 6 7 8 9
Traffic |

Figure 5-Dropping Probability having different number
of channels

2) Dropping probability having different Queue sizes
The dropping probability is reduced by increasing the queue size,
because the queue can handle a larger number of arrivals as can be

seen in Figure 5-6.
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4. Figure 2: Dropping Rate with different O size — O >
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Figure 5-Dropping Probability having different Queue
sizes

3) Dropping probability having different arrival rates
The Dropping probability increases with increasing the arrival rate,
because when arrivals increases the queue reaches its maximum
capacity and the rest of the calls are dropped. Figure 5-7 shows this

increase.
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Figure 5- Dropping Probability having different arrival
rates

5.3.3 Macrocell-Microcell
evaluation

1) Mean delay
Macrocell and microcell calls experience the same delay as can be
seen in Figure 5-8.
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Figure 5-Mean delay results

2) Dropping probability
The Dropping probability is the same for the two cells macrocell and
microcell as Figure 5-9 confirms.
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Figure 5-Dropping Probability for macrocell and
microcell

3) Utilization

The utilization is similar for both cells as shows in Figure 5-10.
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4. Figure 4: Utilization Diagram
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Figure 5- The Utilization for macrocell and microcell

Scenario two

Table 5.2 lists the inputs values used in the evaluation.

Parameter Input value

Macrocell arrival rate 50 call/sec
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Microcell arrival rate 50 call/sec

Service time 20 seconds
Total number of channels 20

Total number of users 150

Queue size 50

Table 5.2 Simulation inputs

An example of the resultes shown in the following subsections.
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Performance evaluation for MACRO and MICRO cell traffic model in 4G network

rMacro & Micro

Average Service Time 20 Second
Offered Traffic (Er)
User Arrival Rate Macro Throughput
50 Call/Sec
Total successs HOs
User Arrival Rate Micro 5 Call/Sec
Total Dropped HOs
Total Number of 20
Channels
Grade of Service
Total Number of Users 150
Queue Size .
CALCULATE Comparision

Figure 5-1 Main interface

522 Mean delay measurements

1) Mean delay having different number of channels
Assume that:
« The service time is 20 second.

« The user arrival rate is 50call/sec.
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« The total number of users in the system is 150.

« The queue size is 50.

« The number of channels has different values which are: 10, 20,
30.

4 CompGUI - O

rConstants

ENTER VALUES
Average Service Time 20

User Arrival Rate SELECT COMPARISION 10

50
(® No. of Channels

Total Number of .
Q 5
Channels & 2 G000
Arrival Rat
Total Number of Users 150 O Artival Rate
30
Queue Size o

When the number of channels increases, more requests are served
immediately reducing the delay as shown in Figure 5-12.
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Figure 5-12 Mean delay having different number of
channels

2) Mean delay having different Queue size
Assume that:

« The service time is 20 second.

« The user arrival rate is 50 call/sec.

« The total number of channels is 10.

« The total number of users in the system is 150.

« The queue size has different values which are: 1, 10, 20.
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4 CompGUI

rConztants

Average Service Time

User Arrival Rate

Total Number of
Channels

Total Number of Users

Queue Size

20

a0

150

SELECT COMPARISION
() No. of Channels
(® Queue Size
() Arrival Rate

ENTER WALUES

G000

20

When the queue size is increase the mean delay is increases also, as

shown in Figure 5-13.
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Figure 5-1 Mean delay having different Queue sizes

3) Mean delay having different arrival rates
Assume that:
« The service time is 20 second.
« The user arrival rate has different values which are: 50, 20, 10
call/sec.

« The total number of channels is 10.
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« The total number of users in the system is 150.

« The queue size is 50.

4, CompGUI - 0 X

rConstants ENTER VALUES

Average Service Time . 5

' User Arrival Rate SELECT COMPARISION el
| () No. of Channels
Total Number of :
10 () Queue Size bl
Channels G000

(®) Arrival Rate
Total Number of Users

Queue Size .

When the arrival rates increases, more requests are placed in the
queue. Therefore, the mean delay increases also as shown in Figure
5-14.
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Figure 5-1 Mean delay having different arrival rates

525 Dropping probability
measurements

1) Dropping probability having different number of channels
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When increasing the number of channels, more requests are served,
reducing the number of rejected calls due to unavailable resources.
The dropping probability decreases by increasing the number of
channels as shows in Figure 5-15.
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Figure 5-1 Dropping Probability having different
number of channels

2) Dropping probability having different Queue sizes
The dropping probability is reduced by increasing the queue size,
because the queue can handle a larger number of arrivals as can be

seen in Figure 5-16.
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Figure 5-1 Dropping Probability having different
Queue sizes

3) Dropping probability having different arrival rates
The Dropping probability increases with increasing the arrival rate,
because when arrivals increases the queue reaches its maximum
capacity and the rest of the calls are dropped. Figure 5-17 shows this
increase.
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Figure 5-1 Dropping Probability having different arrival
rates

s.3.6 Macrocell-Microcell

evaluation

1) Mean delay
Macrocell and microcell calls experience the same delay as can be

seen in Figure 5-18.
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Figure 5-1 Mean delay results

2) Dropping probability
The Dropping probability is the same for the two cells macrocell and
microcell as Figure 5-19 confirms.
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Figure 5-1 Dropping Probability for macrocell and
microcell

3) Utilization
The utilization is similar for both cells as shows in Figure 5-20.
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Figure 5- The Utilization for macrocell and microcell

Scenario three

Table 5.3 lists the inputs values used in the evaluation.

Parameter Input value

Macrocell arrival rate 70 call/sec
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Microcell arrival rate 70 call/sec

Service time 30 seconds
Total number of channels 30

Total number of users 200

Queue size 60

Table 5.3 Simulation inputs

An example of the resultes shown in the following subsections.
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Performance evaluation for MACRO and MICRO cell traffic model in 4G network

riacro & Wicro Outout P
Average Service Time W Second
Offered Traffic (Er) 841786
User Arrival Rate Macro Throughput
10 Call/Sec
Total successs HOs
User Arrival Rate Micro - CallSec
Total Dropped HOs “
Total Number of 1
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Queue Size .
CALCULATE Corparision

Figure 5-21 Main interface

sz Mean delay measurements

1) Mean delay having different number of channels

Assume that:

« The service time is 20 second.
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« The user arrival rate is 50call/sec.

« The total number of users in the system is 150.

« The queue size is 50.

« The number of channels has different values which are: 15, 25,
35.

4, CompGUI - o X

rConatants

ENTER VALUES
Average Service Time. o

User Arrival Rate SELECT COMPARISION 15
5
| () No. of Channels
Total Number of 0 :
Queue Size x
Channels G000

(® Armval Rate
Total Number of Users. g

3%
Queue Size 0

When the number of channels increases, more requests are served
immediately reducing the delay as shown in Figure 5-22.
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Figure 5-22 Mean delay having different number of
channels

2) Mean delay having different Queue size
Assume that:
« The service time is 20 second.
« The user arrival rate is 50 call/sec.
« The total number of channels is 10.
« The total number of users in the system is 150.
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« The queue size has different values which are: 5, 20, 25.

4 CompGU - 0 X

rConstants ENTER VALUES

Average Service Time . o

User Arrival Rate SELECT CONPARSN :
d
() No. of Channels
Total Number of |
10 ) Quege Size 2
Channels 3000

() Arval Rate
Total Number of Users

Queue Size

When the queue size is increase the mean delay is increases also, as
shown in Figure 5-23.
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4 Figure 1 - O X
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Figure 5-2 Mean delay having different Queue sizes

3) Mean delay having different arrival rates
Assume that:
« The service time is 20 second.
« The user arrival rate has different values which are: 80, 40, 20
call/sec.
« The total number of channels is 10.
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« The total number of users in the system is 150.

« The queue size is 50.

4, CompGUI - 0 X

~Constants

ENTER VALUES
Average Service Time . o

User Arrival Rate SELECT COMPARISION il

(O No. of Channels
Total Number of 0 (O Queue Size 4

Channels 2000
Anival R
Total Number of Users © i Rte

20
Queue Size

When the arrival rates increases, more requests are placed in the

queue. Therefore, the mean delay increases also as shown in Figure
5-24.
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Figure 5-2 Mean delay having different arrival rates

s2.e Dropping probability

measurements

1) Dropping probability having different number of channels
When increasing the number of channels, more requests are served,
reducing the number of rejected calls due to unavailable resources.
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The dropping probability decreases by increasing the number of
channels as shows in Figure 5-25.
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Figure 5-2 Dropping Probability having different
number of channels

2) Dropping probability having different Queue sizes
The dropping probability is reduced by increasing the queue size,
because the queue can handle a larger number of arrivals as can be
seen in Figure 5-26.
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Figure 5-2 Dropping Probability having different
Queue sizes

3) Dropping probability having different arrival rates
The Dropping probability increases with increasing the arrival rate,
because when arrivals increases the queue reaches its maximum
capacity and the rest of the calls are dropped. Figure 5-27 shows this

increase.

86



Dropping Rate with different arrival rate

I < .000 2.000 1.000

Dropping Rate

Figure 5-2 Dropping Probability having different arrival
rates

s.2.0 Macrocell-Microcell

evaluation

1) Mean delay
Macrocell and microcell calls experience the same delay as can be

seen in Figure 5-28.
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Figure 5-2 Mean delay results

2) Dropping probability
The Dropping probability is the same for the two cells macrocell and

microcell as Figure 5-29 confirms.
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3) Utilization
The utilization is similar for both cells as shows in Figure 5-30.
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Figure 5- The Utilization for macrocell and microcell

5.4 Summary

After the vertical handover evaluation has completed, it found that the mean
delay increases with the increase in the queue size, and the arrival rate, but decreases
when having more channels in the cell.

The handover dropping probability increases when the arrival rate increases, however,
it is reduced when increasing the queue size and number of channels.
The performance of macrocell and microcell traffic is similar, as they are both treated

with the same priority in the cell.
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Chapter six

Conclusion and Recommendations

6.1 Introduction

This chapter presents the conclusions of the research and

recommendations for further work.

6.2 Conclusion

Global wireless networks enable mobile users to communicate
regardless of their locations. One of the most important issues is
location management in a highly dynamic environment because
mobile users may roam between different wireless networks,
network operators, and geographical regions. This project has
considered the interconnection of users between different cells
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which is the process of handover and considered that over 4G
networks, practically. This issue has been modeled by assuming that
a system consists of a layer of macrocells and a layer of microcells,
where vertical handover occur between the two layers.

The simulation model is designed and implemented using MATLAB
environment, which allows multiple features and comprehensive
platform for such studies. The system is constructed by using a
friendly Graphical User Interface (GUI), which allows the users to
enter multiple input values to get different evaluation results. The
system allows the user to run a simple comparison for the system
between the behavior of the macro and micro cells by entering the
service time, arrival rate of each, number of channels, total number
of users, and the queue size. The outputs show the throughput,
successful and dropped handovers, and the Grade of service. The
second GUI interface allows to compare the behavior of the network
model under different parameter values. These are the number of
channels, queue size, and the arrival rate.

From the results it has been proven that with increasing the number
of channels the mean delay and the dropping rate are decreased.
Increasing the queue size doesn’t effect the mean delay but may
decreases the dropping rate. Finally, by increasing the arrival rate,
the mean delay is increased and the dropping rate is also increased.

6.3 Recommendations

« The evaluation can consider having a higher priority for traffic
from one layer over the other layer.

« The work can be extended to have traffic from multiple cells
and consider new calls.

e Including inter system handovers between 3G and 4G for

example.
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