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Abstract

Over recent years, wireless communication systems have been experiencing a dramatic
and continuous growth in the number of subscribers, thus placing extra demands on
system capacity. At the same time, keeping Quality of Service (QoS) at an acceptable
level is a critical concern and a challenge to the wireless network designer. In this sense,
performance analysis must be the first step in designing or improving a network. Thus,
powerful mathematical tools for analysing most of the performance metrics in the
network are required. A good modelling and analysis of the wireless cellular networks
will lead to a high level of QoS.

In this thesis, different analytical models of various handoff schemes and resource
re-allocation in homogeneous and heterogeneous wireless cellular networks are
developed and investigated. The sustained increase in users and the request for advanced
services are some of the key motivations for considering the designing of Hierarchical
Cellular Networks (HCN). In this type of system, calls can be blocked in a microcell flow
over to an overlay macrocell. Microcells in the HCN can be replaced by WLANS as this
can provide high bandwidth and its users have limited mobility features. Efficient sharing
of resources between wireless cellular networks and WLANs will improve the capacity as
well as QoS metrics.

This thesis first presents an analytical model for priority handoff mechanisms,
where new calls and handoff calls are captured by two different traffic arrival processes,

respectively. Using this analytical model, the optimised number of channels assigned to



handover calls, with the aim of minimising the drop probability under given network
scenarios, has been investigated. Also, an analytical model of a network containing two
cells has been developed to measure the different performance parameters for each of the
cells in the network, as well as altogether as one network system. Secondly, a new
solution is proposed to manage the bandwidth and re-allocate it in a proper way to
maintain the QoS for all types of calls. Thirdly, performance models for microcells and
macrocells in hierarchical cellular networks have been developed by using a combination
of different handoff schemes. Finally, the microcell in HCN is replaced by WLANSs and a
prioritised vertical handoff scheme in an integrated UMTS/WLAN network has been
developed. Simulation experiments have been conducted to validate the accuracy of these
analytical models. The models have then been used to investigate the performance of the

networks under different scenarios.

Keywords: Analytical Models, Handoff Schemes, Resource Re-Allocation, Performance

Evaluation, Hierarchical Cellular Networks, Integrated Wireless Networks.
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Chapter 1

Introduction

1.1 Background and Motivation

Cellular network technology is one of the fastest growing forms of mobile
communications today. The bounds of an existing communication network infrastructure
have been extended by cellular technology via connecting mobile units to public networks
operated by the local exchange or long distance carriers, in order to make special features
and functions specific to both cellular and public networks available to all users. Global
standards have been developed to provide voice and data services anytime and anywhere
regardless of user mobility, while satisfying their diverse Quality of Service (QoS)
requirements. The frequency spectrum allocated for cellular communications is very
limited. The success of today's cellular network is mainly due to the frequency reuse
concept. This is why the coverage area is divided into cells, each of which is served by a
base station (BS). Each BS (or cell) is assigned a group of radio channels according to the
transmission power constraints and availability of spectrum. A channel can be a
frequency, a time slot or code sequence. To avoid radio co-channel interference, the
group of channels assigned to one cell must be different from the group of channels

assigned to its neighboring cells. However, the same group of channels can be assigned to
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the two cells that are far enough apart such that the radio co-channel interference between

them is within a tolerable limit.

As it is very important to satisfy the QoS requirements of the user, an efficient
resource management is required during handoff when the mobile terminal (MT) moves
from one cell to another. The problem of maintaining service continuity for users’
applications during handoffs has been intensified with the use of better handoff schemes,
or increasing the number of microcells and integration with other technologies in cellular
networks. Call admission control (CAC) schemes have been developed to manage scarce
radio resources to maximise network utilisation by selectively limiting the number of
admitted calls. Two important QoS measures used when evaluating performance of call
admission control schemes are the probabilities of call blocking and call dropping. Call
blocking occurs when a cellular network is unable to assign network resources to enable a
call initiated in a cell, whereas call dropping occurs when a cellular network is unable to
assign network resources to enable a call handed off from a neighbouring cell. A higher
priority is normally assigned to handoff calls over the new ones to minimise the
probability of call dropping, since dropping an on-going call is generally more
objectionable to a user than blocking a new call request. However, reducing dropping
probabilities for handoff calls, as they have higher priority, increases the probability of
blocking for calls with relatively lower priorities resulting in a tradeoff between both
types of calls. Therefore, the goal is to sustain a balance between calls of different

priorities while satisfying the respective QoS requirements.

Call admission control has been intensively studied in the past [1] and many

priority-based CAC schemes have been proposed [2-17]. Call admission control schemes



are analysed using Markov chain models. Markov chain models have been developed to
evaluate performance analytically in cellular networks. Calls arriving to a particular cell
are grouped into QoS classes or call types, such as new and handoff, based on their first
appearance in the corresponding cell. Channel occupancy times for each group are
measured from the call starting time, until the occupied channel in the respective cell is
discarded due to call termination or handoff. However, call holding times are measured
from the call starting time until call termination, regardless of occupying a channel in the
same cell or not. The characteristics of various types of channel occupancy times need to
be analysed to provide sufficiently representative channel occupancy time statistics, not
only when developing analytical models, but also for feeding simulations with realistic

traffic statistics to obtain network performance metrics.

As the number of subscribers to wireless networks is increasing dramatically, there
has been much research work carried out to improve the capacity of these networks by
using hierarchical cellular networks (HCN) [88, 89]. In these networks, the cells are
grouped into two different layers depending on their sizes; microcell in one layer and
macrocell in another layer. Depending on the CAC schemes used to assign channels for
new and handoff calls, each layer can receive a type of call class, and calls which are
blocked at one layer can overflow to the other layer. The microcell can be replaced by

WLANS and it can be integrated with the overlay macrocell.

Most of current research on the integration of wireless cellular networking and
WLAN focuses on relatively high-level issues such as the integration architecture [111].
The system is often studied from the perspectives of access control, mobility

management, security and billing and so on. Another research focus of cellular/ WLAN



integration is the issue of Radio Access Network (RAN) selection and handover decision
[112]. Here, the objective is to use the handoff schemes in a way that improves the
network performance and decreases the dropping probabilities of new and horizontal
handoff calls of the UMTS users by allowing them to vertically handoff to the WLANS.
Handover makes mobility possible, but also makes the mobile-level topology of
cellular/WLAN integrated systems challenging due to user mobility in the study of such

systems.

1.2 Aims and Objectives

The research work in this thesis is mainly aimed towards studying different mechanisms
of handoff under different network scenarios with the aim of decreasing the dropping
probability of handoff calls, whilst at the same time keeping the blocking probability of

new calls to a minimum. The main objectives of the research are outlined as follows:

e To develop an analytical model for priority handover mechanisms and optimise
the number of channels assigned to handover calls, with the aim of minimising the
drop probability under given network scenarios.

e To develop and provide a performance model for a two-cell model as one network
system, and measure the different performance parameters for each of the cells in
the network altogether as one network system.

e To develop a solution for re-allocation of the unutilised bandwidth to be used
fairly by all nodes who request a bandwidth.

e To develop a new performance model for Macro/ Micro cells network which

supports fast and slow mobility users.

4



To propose a performance model for prioritising a vertical handoff scheme in

integrated UMTS/WLAN network.

1.3 Contributions

The original contributions of this thesis are outlined below:

An analytical model for priority handover mechanisms whereby new calls and
handover calls are captured by two different traffic arrival processes respectively
will be developed. The analytical performance model has been validated by
simulation experiments. Using the blocking probability of the new calls and the
drop probability for handover calls derived from the analytical model, the
optimised number of channels assigned to handover calls was calculated with the
aim of minimising the drop probability under given network scenarios. Also, a
performance model for a two-cell network has been developed and the different
performance parameters have been measured for each of the cells in the network

and all together as one network system.

A new solution model is proposed to manage the bandwidth. A bandwidth, which
is not utilised by fewer mobile nodes, will be re-allocated to the needy ones. In
order to maintain the QoS for the higher priority handover call (multimedia call),
the focus here is to allocate the required bandwidth to this call and maintain
constancy during its connection life time. For the lower priority handover call
(data call) at least the minimum bandwidth will be allocated in the worst-case

scenario. The unutilised bandwidth will be distributed fairly among active lower



priority nodes, and will be utilised later by either handover calls or incoming local
calls. With this method, maximum bandwidth in the cell will be reached, and it
will remain available whenever a new call, either handover or locally generated,
comes in; thus, the wastage of network resources can be avoided. The dropping
probability of handover calls will be reduced to a minimum and the blocking
probability of newly generated calls will be maintained at a minimum through this

method.

Performance models for a two layer microcells/ macrocell Hierarchical Cellular
Network will be developed by using 1-D and 2-D markov process for microcell
and macrocell, respectively. In this proposed CAC, the HCN system supports both
fast and slow mobility users. The macrocells handle the fast-mobility users while
the microcells serve the slow-mobility users. In the microcells, a combination of
sub-rating, call bounding and handoff queuing schemes is used, while in the
macrocell the call bounding scheme is used. The effect of sub-rating in the

microcell on the voice quality is also studied.

A new performance model will be developed to prioritise the vertical handoff
scheme in integrated UMTS/WLAN networks. In this model, the call residence
times are modelled by general distribution to adapt the flexible mobility
environments. The new originated and horizontal handoff call of UMTS users that
are blocked in the UMTS-only coverage, can attempt a vertical handoff to the
underlying WLANS. In the WLANSs these call are given more priority than the

WLANS users’ call by reserving some channels for them, plus they can share the



rest of the channels with the WLANSs users. The channel occupancy times and the

blocking and dropping probabilities have been derived and calculated.

1.4 Thesis Outline

The rest of the thesis is organised as follows:

Chapter 2 presents the background to the research and related work for handoff
mechanisms in single and two layer networks. It discusses the different types of handoff
and channel allocation schemes. Also, it presents an overview of the integration between

cellular networks and wireless local area networks.

Chapter 3 presents a performance model to optimise the number of channels
assigned to handoff calls with the aim of minimising the drop probability under given
network scenarios, and to keep the new call blocking probability at a minimum. Also, this
chapter includes developing a performance model for a two-cell network and studies its

performance parameters.

Chapter 4 proposes a new solution to manage the bandwidth in 3G network and re-
allocate the unutilised bandwidth in better way to be used by all types of calls and not be
wasted. The multimedia calls are given higher priority and they are assigned more
bandwidth to keep it constant during their lifetime. The data calls are lower priority and

are given at least the minimum bandwidth in the worst case scenario.

Chapter 5 develops a performance model for a two layer microcells/ macrocell

Hierarchical Cellular Network to enhance the performance of the network. The dropping



and blocking probability of slow and fast mobility user calls is calculated. The blocked
slow calls in the microcell are allowed to overflow to the overlay macrocell to minimise
the dropping and blocking probabilities. The number of microcells has been increased to
see the effect on the network performance. The voice degradation because of using sub-

rating in the microcell has also studied.

Chapter 6 develops a performance model for an integrated UMTS/ WLAN
network. The newly originated and horizontal handoff call of UMTS users that are
blocked in the UMTS-only coverage, can attempt a vertical handoff to the underlying
WLANSs, and they are given more priority in the WLANs than the WLANSs users. The

size of the WLANS has been varied to see the effect on the network performance.

Chapter 7 concludes the thesis and points out future directions of interest.



Chapter 2

Background Research

This chapter provides an overview of some background knowledge related to the work in
this thesis. In Section 2.1, an introduction to wireless cellular networks will be given and
the basics will be explained, including how it works and the importance of mobility. In
Section 2.2, an overview will be presented of multiple access, briefly explaining the basic
three multiple access methods. The horizontal and vertical handoff will be explained in
Section 2.3. Also, another classification of handoff- hard and soft- will be explained in
the same Section. In Section 2.4, the different channel allocation schemes that have been
used in wireless cellular networks will be explained. Section 2.5 will highlight the
importance of hierarchical wireless cellular networks to improve performance, and the
integration of UMTS with WLANSs will be briefly discussed in Section 2.6. Finally, the
wireless networks mobility management methods in the different generations will be

discuss in Section 2.7.

2.1 Wireless Cellular Networks

Telephone service subscribers are a demanding group of customers. Ubiquitous access,

reliability, availability, scalability and ease of use are expected attributes of telephone



networks. The continuous evolution of the telephone network satisfies these requirements
by varying degrees. Network technology, cost of service and infrastructure establishment,
are the major impediments to complete customer satisfaction.

Wireless mobile telephone networks or public land mobile networks (PLMNs)
leverage the services provided by the public switched telephone network (PSTN).
PLMNs use the PSTN as a backbone. PLMNSs consist of network elements that provide
the infrastructure for wireless access, mobility management and external network
gateways [113, 114].

A simple PLMN consists of base stations, mobile switching service centers (MSC),

Home Location Register (HLR), Visitor Location Registers (VLR), Authentication Center
(AUC) and an Equipment Identification Register (EIR), as shown in Figure 2.1.
The base stations provide network access via a radio interface for mobile subscribers.
The MSC manages base stations; consults PLMN databases to establish subscriber access
rights; routes mobile traffic, and serves as a gateway to external networks. The HLR,
VLR, AUC and EIR are PLMN databases, which contain subscriber profiles, location,
encryption codes and equipment data.

Call establishment and connection maintenance are fundamental services required
by all telephone networks. A PSTN call process for two authorised fixed location
subscribers consists of call initiation signalling, connection path establishment, alerting
the called party, call acceptance and preservation of connection until the end of session
signalling is detected. The PSTN uses the fixed location of the subscriber to simplify
network functions. A fixed subscriber location simplifies authentication, call

establishment and call preservation. Although a PLMN call process must perform the
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same functions as a PSTN, subscriber mobility significantly complicates network

operations.

Figure 2.1: Simple PLMN

In order to provide PSTN services, PLMNs must implement mobility management
technologies. These technologies enable PLMNs to establish and maintain calls to
authorised mobile subscribers. Mobility management uses the HLR, VLRs, MSCs and
Base Stations [115]. The AUC and EIR servers verify subscribers and their equipment.
Mobility management technologies strongly influence call quality, reliability and
availability.

Mobility management is the fundamental technology for the support of seamless
accessing to wireless networks and mobile services. Two main aspects need to be

considered in mobility management; these are location management (for example

11



addressing, location registration and update, tracking and paging, and so on) and handoff
(Handover) management (for example handoff initialisation, resource relocation,
connection re-establishing, and so on) [21, 116].

Handoff management is one of the most critical issues that mobility management
protocols are concerned with. There are usually two classes of calls: new calls and
handoff calls. The new calls are the ones which are just starting within the cell and the
handoff calls are calls which are already ongoing, but have moved onto a new cell and
need to connect to a new base station. When a new call is originated and attempted in a
cell, one of the channels assigned to the base station of the cell is used for communication
between the mobile user and the base station if any channel is available for the new call.
If all the channels assigned to the base station are in use, the new call attempt is blocked
and cleared from the system. When a new call gets a channel, it keeps the channel until it
is completed in the cell or the mobile moves out of the cell. When the call is completed in
the cell, the channel is released and becomes available to serve another call. When the
mobile crosses a cell boundary into an adjacent cell while the call is in progress, the call
requires a new base station and channel frequency in order to continue. The procedure of
changing channels is called handoff (Handover). If no channel is available in the new cell
into which the mobile moves, the handoff call is forced to terminate before completion.
Incomplete calls are considered less desirable from the user's viewpoint than the
occurrence of blocking of a new call, and they should be kept at a minimum. Since a
customer's satisfaction is determined by the rate of call completions and how low the
connection delays are, it is in the interest of the service provider to meet these satisfaction

measures as much as possible.
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2.2 Multiple Access Methods

Within a cell covered by a BS, there are multiple MTs that need to communicate with the
BS. Those mobile terminals must share the air interface in an orderly manner so that MTs
within the cell do not interfere with each other. This sharing of the air interface in an
orderly manner is referred to as multiple access. Popular multiple access methods include
Frequency Division Multiple Access (FDMA), Time Division Multiple Access (TDMA)
and Code Division Multiple Access (CDMA) [23].

e Frequency Division Multiple Access (FDMA): With FDMA, different signals are
assigned frequency channels, and a channel is a frequency. FDMA is a basic
technology in the analog Advanced Mobile Phone System (AMPS). With FDMA,
each channel can be assigned to only one user at a time. FDMA is also used in the

Total Access Communication System (TACS).

e Time Division Multiple Access (TDMA): In TDMA, it makes use of the same
frequency spectrum but allows more users on the same band of frequencies by
dividing the time into “slots”, and it shares the channel between users by assigning
them different time slots. TDMA is utilised by Digital-Advanced Mobile Phone
System (D-AMPS) and Global System for Mobile communications (GSM).
However, each of these systems implements TDMA in a somewhat different and

incompatible way.

e Code Division Multiple Access (CDMA): In CDMA, each user is assigned a
different pseudorandom binary sequence that modulates the carrier, spreading the

spectrum of the waveform and giving each user a unique code pattern. This
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technology is used in ultra-high-frequency (UHF) cellular telephone systems in

the 800 MHz and 1.9 GHz bands.

2.3 Handoff

As mentioned earlier, the process of transferring a call from the current cell to a
neighbouring cell is called handoff. Handoffs may be classified based on several factors,
like the type of network, the involved network elements or the number of active
connections and the type of traffic that the network supports. There are two types of
handoff: a horizontal handoff which takes place between points of attachment supporting
the same network technology, such as between two neighbouring base stations of a
UMTS, or between two Access points of a WLAN. On the other hand, a vertical handoff
occurs between points of attachment supporting different network technologies, such as,
between a WLAN access point and a UMTS base station. Handoffs can also be classified
into hard and soft handoffs [20, 21] depending on which BS is serving the MT in the
crucial period during handoff execution when there is a communication between the user
in question with more than one BSs.

Table 2-1: Handoff Types Classification

Types Classification
Intracell Intercell
Horizontal
Soft Hard

Downward | Upward

Soft Hard

Vertical
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2.3.1 Horizontal Handoff

Horizontal handoffs in a cellular network can be broadly classified into intra-cell and
inter-cell handoffs. Intra-cell handoffs occur when a user, moving within a cell, changes
radio channels in order to minimise inter-channel interference under the same BS [18].
On the other hand, inter-cell handoffs occur when an MT moves into an adjacent cell and,
therefore, all the MTs connections should be transferred to the new BS [18].

Horizontal handoff can be classified into four phases [122]: Measurement,
Initiation, Decision and Execution. In the measurement phase, different measurements
will be carried out by the BS and the MT [122, 123] such as Received Single Strength
(RSS), Signal to Interference Ratio (SIR), Bit Error Rate (BER), and distance measure.
The initiation phase is in order to decide whether a handoff is needed or not, and if it is
needed, to initiate the process. In this phase, the handoff process should be accomplished
according to the received signal quality inside a cell, or when the MT is moving along the
common boundary of two cells, or between two adjacent cells [24]. The objective of the
Decision phase is the selection of a new channel in the cell while taking into account the
network load and the available resources. In the Execution phase, the network allows the
MT which is communicating with BS to transfer its communication to another channel or
transfer to another cell. Authentication, database lookup and network reconfiguration all

are done during this phase.

2.3.2 Vertical Handoff

Vertical handoffs can be further distinguished into Downward Vertical Handoffs (DVH)

and Upward Vertical Handoffs (UVH). In DVH, the mobile user handoffs to the network
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that has the higher bandwidth and limited coverage, while in UVH the mobile user
transfers its connection to the network with a lower bandwidth and wider coverage [19].
The Vertical Handoff process can be classified into three main phases [124, 125]:
System Discovery, Handoff Decision and Handoff Execution. In the system discovery
phase, the MTs determine the service available in each network and which network can
be used. The networks also show the data rate it can support for each service and the QoS
parameters. In the handoff decision phase, based on several parameters, the MT
determines the network that it should be connected to. During the handoff execution
phase, the connection will be re-routed from the current network to the new network in a
seamless manner. Authentication, authorisation, and user’s context information transfer is

included in this phase.

2.3.3 Hard Handoff

In hard handoffs, an MT is served by only one BS (or by only one access network in the
case of vertical handoff) at a time, as in Figure 2.2. It contacts with the new BS or the
new network only after having broken its connection with the serving BS. This is referred

to as “break before make” connection.

a. Before Handoff b. After Handoff

Figure 2.2: Hard Handoff between MT and BSs
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Hard handoff is used by systems such as the Global System for Mobile
Communications (GSM) and General Packet Radio Service (GPRS), where Time
Division Multiple Access (TDMA) and Frequency Division Multiple Access (FDMA) are

applied [22].

2.3.4 Soft Handoff

In soft handoff, the MT may be served by more than one BS (or by more than one access
network). Soft handoff can be used to extend the time needed to make a handoff decision
without any loss of QoS. It refers to a “Make before Break™ switching action with no
disruption of service. The cellular Code Division Multiple Access (CDMA) systems use
soft handoff techniques, due to the fact that in these systems a mobile node may
communicate with more than one coded channel, which enables it to communicate with
more than one BS [22]. In soft handoff, a conditional decision is made on whether to
handoff. Making the handoff and deciding to communicate with only one BS depends on
the change in the pilot signal strength from the two or more BSs involved. This happens
after it is clear that the signal from one BS is considerably stronger than those from the
others. It is normally consists of one BS, but other BSs are added when the signal strength

between them and the MT exceeds the predefined add threshold.

2.4 Channel Allocation Schemes

As the handoff process is managed by channel allocation schemes (CAS), the main

interest is focused on them. CAS deals with how to assign available channels to the newly
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generated calls within the cell as well as the handoff calls, because the efficient utilisation
of the scarce spectrum for cellular communications is certainly one of the major
challenges in cellular system design. The most restraining factor on the overall system
capacity in wireless networks is the co-channel interference caused by frequency reuse.

As the demand for mobile wireless service increases, the numbers of channels
allocated to a cell and the allocation scheme may become insufficient to support the
desirable QoS. The CAS can be broadly classified into Non-Prioritized and Prioritization
Schemes [24-26], [28-46]. The Non-Prioritized Scheme (NPS) [26] has been employed
by the typical radio technologies proposed for Personal Communication Systems (PCS)
which operates on a band of 2 GHz. There is no difference between handoff and newly
requested calls in this scheme. As long as there is a channel available in the cell, a new or
handoft call request will be served, but the request will be blocked if there are no free
channels. The main disadvantage of this scheme is that the forced termination probability
is relatively higher than is normally anticipated [26, 27].

As the termination of an ongoing call is more annoying than the blocking of a new
call [28, 29], [45, 46], several handoff prioritising schemes have been proposed. The basic
concept of all handoff prioritisation approaches is to give handoff requests precedence
over new session requests in some way. Handoff prioritisation schemes provide an
improvement in performance according to the way that each scheme gives priority to
handoff calls. Prioritisation handoff channel allocation schemes can be classified into
Channel Reservation, Handoff Queuing, Channel Transferred, Sub-Rating, Genetic and

Hybrid.
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2.4.1 Channel Reservation Schemes (CRS)

In these schemes, a number of channels will be reserved exclusively for handoff requests.

Depending on whether the set of reserved channels is fixed or varies, these schemes can

be further divided into static and dynamic reservation schemes.

Static Channel Reservation Schemes (SCRS): These schemes set a fixed threshold
to guarantee that a proper bandwidth is allocated for handoff calls. There are two
ways to do that: either by using Guard Channel Scheme or Threshold Priority
Scheme (also called New Call Bounding Scheme) [32]. In Guard Channel Scheme,
a number of channels will be reserved to be used by handoff calls only [31] and the
remaining channels are shared between new calls and handoff calls. In the
Threshold Priority Scheme, the number of admitted new calls will be limited by a

predefined threshold [30].

Dynamic Channel Reservation Schemes (DCRS): based on the variation in the
system parameters, each BS will dynamically change the number of reserved
channels for handoff. In these schemes, more new connection requests will be
accepted compared to the fixed schemes [17, 33]. Depending on the way that these
schemes obtain the required information for the variation in the system parameters,
they can be classified into Local and Collaborative [29]. The Local Scheme uses the
locally available information in the BS, whereas the Collaborative Scheme uses the

information obtained from neighbouring BSs.
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2.4.2 Handoff Queuing Schemes (HQS)

If the MT is in the handoff area and the destination cell has no free channels, then the MT
maintains its connection with the source cell and the handoff request will be placed in a
queue. The handoff request will be sent to the BS of the destination cell and if a channel
is available before the MT crosses the handoff area, then the channel will be assigned to
the MT, or it will be forced to terminate the call. HQS gives more priority to handoff calls
being queued [34], but it also allows both new calls and handoff calls to be queued [35].

These schemes can be further classified into static and dynamic schemes.

- Static Handoff Queuing Schemes (SHQS): in these schemes there are two general
policies: preemptive and non-preemptive. In Preemptive, when a call arrives at a
queue and finds a lower priority call in service, the arriving call preempts the lower
priority call from the queue and begins its service [36]. The preempted lower
priority call will resume its service at the point at which its service was suspended
as soon as there are no higher priority calls remaining in the queue. The Non-
Preemptive policy requires a call that begins service to complete its service without

interruption.

- Dynamic Handoff Queuing Schemes (DHQS): in these schemes the handoff
requests in the queue will be dynamically reordered to reduce the probability of
forced termination. This dynamic reorder reflects the dynamics of the user motion

such as changes in the user moving speed.
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2.4.3 Channel Transferred Handoff Schemes (CTHS)

In these schemes, if a handoff call request arrives and there are no available channels, a
channel from a neighbouring cell will be transferred. There are two categories to be
followed by the handoff call request on selecting the transferred channel; they are

Channel Carrying Approach and Channel Borrowing Approach.

- Channel Carrying Handoff Schemes (CCHS): in these schemes the MT is allowed
to carry its channel to the destination cell. Here the BS of the new cell will maintain

the communication using the old channel [37].

- Channel Borrowing Handoff Schemes (CBHS): in these schemes, the cell that has
used all its channels is allowed to borrow free channels from the neighbouring cells
to be able to accommodate new calls [38]. The channel can be borrowed by the cell

if the borrowed channel does not interfere with existing calls.

2.4.4 Sub-Rating Schemes (SRS)

The main concept of Sub-Rating is that an occupied full-rate channel can be temporarily
divided into two channels at half of the original rate; one to serve the existing call and the
other to serve the handoff request [39]. The channel Sub-Rating mechanism is only
activated when all the channels are occupied on handoff request arrival. When a sub-rated
channel is released, it is transformed to its original full-rated channel. The SRS scheme
reduces the blocking probabilities and the forced termination probabilities of handoff
calls but it introduces degradation into the system [40]. A Wideband class has been
considered [41] as it accepts channel sub-rating and narrow band classes which does not

accept QoS degradation.
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2.4.5 Genetic Handoff Scheme (GHS)

These schemes use genetic algorithms to assign the channels using local state-based call
admission double-threshold policies [42]. Here, the BS only keeps track of the state of
information of a small number of cells and makes decisions based on that. This scheme
shows better results than some other schemes, but its main drawback is the time needed to
assign channels. The genetic algorithms are adaptive procedures that find solutions to
problems by an evolutionary process based on natural selection. It is found that these
schemes finds better admission policies compared with other well-known methods of
handoff reservation for both one-dimensional and two-dimensional cellular networks.
However, the time needed to assign channels for the genetic algorithms scheme is the
main drawback of it. It mostly applied for hard optimisation problem with larger search

spaces.

2.4.6 Hybrid Handoff Schemes (HHS)

HHS are a combination of channel reservation, handoff queuing, channel transfer, genetic
and sub-rating schemes [43 — 46]. The main idea of these schemes is to combine the
different prioritisation schemes to further decrease the dropping probabilities or to
improve channel utilisation. Either two or more prioritisation schemes have been
combined in different studies to enhance the performance. For example, some schemes
combined Channel Borrowing, Genetic algorithm and channel Degradation schemes to
increase the network efficiency. Also, some other hybrid schemes combined sub-rating

with handoff queueing and/or with guard channel scheme. Combination of different
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schemes leads to decreasing of dropping probability of handoff calls and blocking

probability of new call.

2.5 Hierarchical Wireless Cellular Network

In recent years, wireless communication systems are experiencing a dramatic and
continuous growth in the number of subscribers, thus placing extra demands on system
capacity. At the same time, keeping QoS at an acceptable level is a critical concern and a
challenge to the wireless network designer. One trend in cellular networks is to shrink cell
size in order to accommodate more mobile users and traffic in a given area. The small-
cell system has the advantages of greater spectral reuse and larger capacity than those of
large-cell systems. However, such a policy results in the increased number of handoff
calls and a corresponding increase in signalling load. With inadequate resources in the
network, increased handoff rates can lead to high forced call termination probability.

In order to achieve and maintain high network performance, one network design
approach is to use a hierarchical cellular structure (HCS). In this structure, cells of
different sizes are organised into different layers to provide high coverage and capacity
over a given service area. This structure can effectively reduce the number of handoffs in
the wireless system, thus significantly improving the overall system capacity.

There are a number of different approaches proposed for handling calls in HCS.
[48, 49] present an approach where a new call or a handover call will be directed to the
appropriate layer based on its previous speed. In [49], only handoff overflow from the
lower layer to the higher layer is allowed. In [50] mobile subscribers travelling in the

lower layer may borrow channels from a pool of channels reserved for handoff calls at the

23



higher layer. [51] has presented a mobility-dependent connection admission control
scheme, which was analysed assuming the interrupted Poisson process (IPP), under

stationary and non-stationary conditions.

2.6 Hierarchical Cellular/ WLAN Overlay Architecture

To utilise many useful methods developed in hierarchical cellular network (HCN)
research, micro-cells in HCN are replaced with WLANs. The cellular networks have a
widely entrenched infrastructure, which provides almost ubiquitous connectivity and
supports user mobility levels, from fast trains and highway vehicles to stationary users in
an indoor environment. In contrast, WLANSs are usually deployed in hotspot local areas.
Thus, the cellulat/ WLAN interworking results in an overlay structure similar in some
ways to hierarchical cellular structure. Both cellular access and WLAN access are
available to mobile users within WLAN-coverage areas. The incoming traffic load should
be properly shared between the overlay macro-cell and WLAN for QoS enhancement,

congestion relief, cost reduction and so on.

2.7 Wireless Network Mobility Management Methods

The generation of numbers to describe categories of wireless networks; each generation
resolves the issues encountered by its predecessor and introduces new technologies. The
ultimate objective of this evolutionary process is to elevate the performance of a wireless
network to that of its wireline counterpart. Ideally, subscriber mobility should not affect

quality of service.
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2.7.1 Mobility Management for 1G Wireless Networks

The first generation technologies were limited capacity analog wireless networks with
Frequency Modulation (FM) and Frequency Division Multiple Access (FDMA). First
Generation networks provided voice delivery services with in-band signaling. Advanced
Mobile Phone Service (AMPS), Narrow band AMPS (NAMPS), Nordic Mobile
Telephone (NMT), Total Access Communication System (TACS), C-450 and R-2000
were implementations of First Generation networks.

First Generation networks supported mobile subscriber registration, authentication,
paging, conditional roaming and RRM. The Mobile Telephone Switching Office (MTSO)
provided all mobility management operations. Radio resource management depended on
signal strength measurements from base stations. Networks used hard handoffs and

supported voice delivery services only.

2.7.2 Mobility Management for 2G Networks

Second Generation wireless networks introduced digital technologies, which significantly
improved performance, capacity and services. Voice delivery services continued to be the
focus.
A great debate over architecture hampered the introduction of digital technology in 2G
wireless networks. The technology chosen to implement a 2G wireless network affects
mobility.

Roaming is extremely limited between networks with different technologies. When
a mobile terminal changes BS, it may roam to a cell that corresponds to a new serving

VLR. In that case it has to update the information stored in the HLR. Therefore, the
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terminal initiates an update message (1), which, via the BS and MSC, is forwarded to the
current associated VLR. The VLR checks its local records. If the terminal’s Mobile
Identification Number (MIN) is already stored there, no further action takes place, since
the terminal has not changed location area. Otherwise, the terminal’s MIN is stored
locally and a new update message is forwarded to the HLR (2). The HLR in turn
authenticates the terminal and replies with a positive registration acknowledgment to the
new VLR (3). Additionally, the HLR may send a registration cancellation message to the
old VLR, or a periodical mechanism may automatically update the VLR database and
remove out-of-date entries [52] (refer to Figure 2.3 below) [52].

In this generation, Radio resource management introduced soft handoffs and

defined more handoff scenarios.
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Figure 2.3: Reference Architecture of a 2G Network
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2.7.3 Mobility Management for 2.5G Networks

Second Generation wireless networks continued to focus primarily on voice delivery
services. The demand for data delivery services grew rapidly, and as a result, an interim
generation of wireless networks was developed. These new network standards were
referred to as 2.5 G and they are High Speed Circuit Switched Data (HSCSD), General
Packet Radio Service (GPRS) and IS-95B.

The Serving GPRS Support Node (SGSN) and the Gateway GPRS Support Node
(GGSN) are new network elements [53]. The SGSN routes all mobile station packet
traffic, performs logical link management, supports the mobile station attach /detach
process and authenticates mobile stations. Subscriber profiles and location information is
stored in the SGSN’s location register. SGSNs serve a group of cells, a Routing Area,
within a location area. The GGSN is a protocol converter and it interfaces the GPRS
network to external packet data networks. It transforms GPRS traffic to the packet data
format of the external network, and readdresses and routes external packets terminating in
the GPRS network to the appropriate SGSN. GPRS Mobility Management (GMM) and
Session Management (SM) perform security processes, GPRS Attach / Detach
procedures, routing area updates and protocol data packet context activation.

GPRS implements mobility management with Idle, Ready and Standby states. The
Idle state indicates that the GPRS network is not aware of the mobile terminal. The
Standby state indicates that the GPRS network knows the subscriber and its routing area
[117]. The Ready state indicates that the GPRS network knows the subscriber, its cell

location and is exchanging packets at will.
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In this generation, subscriber equipment classification determined service access
such as concurrent use of voice and data, switched use of voice and data, and exclusive
use of one service. The goal was to minimise handoff disruption for voice services and

zero packet loss for data services.

2.7.4 Mobility Management for 3G Networks

Enhanced Data rates for Global Evolution (EDGE) are a convergence technology
providing GSM and TDMA operators with a migration path to 3G, Universal Mobile
Telephone System (UMTS).

UMTS networks leverage GSM and EDGE networks. The result is a network that
delivers high bit rates, circuit & packet switched services, Quality of Service (QOS) and
compatibility with previous 2G and 2.5G technologies.

Initial implementations contain discrete circuit switched networks within the
UMTS’ core network. The packet switching elements share the same names as their 2.5G
predecessors.

Registration, authentication and paging activities are determined by mobility
management states. Two different three state models are used for circuit and packet
switched mobility management [118-121]. Circuit switched mobility management uses
MM-Idle, MM-Connected and MM-Detached states as shown in Figure 2.4. Packet
switched mobility management uses PMM-Idle, PMM-Connected and PMM-Detached
states as shown in Figure 2.5. The mobility management states are indicators of mobile

station location resolution.
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In 3G, Roaming benefits from all the architectural compatibilities and becomes
global. Radio resource management implements a broad range of handoffs and supports

most mobility issues.

MM-Connected

Call Initiation or Call Complete
Location Undate

IMSI Attach or IMSI Detach
Location Update

MM-Detached

Figure 2.4: UMTS Circuit Switched Mobility Management States
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A 4

Packet IMSI Detach Packet IMSI Attach
or or
Packet IMSI Attach Rejection RA Update with Packet
or Switch Signalling
RA Undate Reiection Connection Setup
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Figure 2.5: UMTS Packet Switched Mobility Management States
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2.7.5 Mobility Management Scheme Comparison

Table 2-2: Mobility Management Scheme Comparisons

Radio Resource

Mobility Management
Management
Network Type | Registration & Handoff
AUC Roaming
Paging Areas Types
Single Cell & MS Only Network Controlled, Hard,
) ) Conditional
1G AMPS | Proprietary Cell Simple MIN ) Intra-MSC,
Difficult
Groups & ESN Inter-MSC 1S41
) Good
Global Single Cell | MS Only Network Controlled, MAHO,
between
2G GSM & Location Areas 3 keys GSM Hard, Intra- BSC,
(LA) A3 Algor. Intra-MSC & Inter-MSC
Operators
NA Single Cell & Network Controlled, MAHO,
2G Location Areas 1S54, CAVE Conditional | Hard, Intra-MSC &
TDMA
(LA) Inter-MSC 1S41
MS Only
CDM Mobile Initiated, Network
Based on -
2G | AOne _ Conditional | Controlled, Soft, Hard &
Single Cell & zone | Long Code
2.5G | IS95 ANSI 41 HO to Analog
Masks, ANSI 41 li
compliant
A&B CAVE p
Good
Global Single Cell, Network Controlled, MAHO,
MS Only between
Location Areas Hard,
2.5G | GPRS 3 keys GSM
(LA), Intra- BSC, Intra-MSC & Inter-
A3 Algor. Operators,
Routing Areas (RA) MSC
SIM
Global Single Cell, NEHO, MEHO, Hard, Soft, and
Location Areas MS & Softer
Almost
(LA), Network Intra- BS, Inter-BS, Intra-MSC,
3G | UMTS i ) Everywhere
Routing Areas (RA) | Private Master SIM Inter-RNC, Inter-SGSN &
& UTRAN Routing | Key algor. Inter-Sys.
Area Inter-MSC
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2.7.6 Mobility Management in 4G Networks

In 4G Networks, mobility is a critical aspect. There are three main issues that should be
dealt with independently to accommodate an easy work split. Interactions between these
aspects should, however, not be overlooked.

The first issue deals with optimal choice of access technology, or how to be best
connected. Given that a user may be offered connectivity from more than one technology
at any one time, one has to consider how the terminal and the network choose the
technology suitable for the services the user is accessing.

The second issue regards the design of a mobility enabled IP networking
architecture, which contains the functionality to deal with mobility between access
technologies. This includes fast, seamless handoffs (IP micro-mobility), quality of service
(QoS), security and accounting.

The third issue concerns the adaptation of multimedia transmission across 4G
networks. Indeed, multimedia will be a main service feature of 4G networks, and
changing radio access networks may, in particular, result in drastic changes in the

network condition. Thus the framework for multimedia transmission must be adaptive.
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Chapter 3

Performance Modelling of Handoft
Mechanisms in Single and Two Cells

Wireless Cellular Networks

3.1 Introduction

For a mobile cellular system, it is important to establish a traffic model before analysing
the performance of the system. The Erlang-B formula is normally used to compute the
loss probability in wired networks. This formula cannot be used in cellular wireless
networks due to the phenomenon of handover. When a mobile station moves across a cell
boundary, the channel in the earlier cell is released and an idle channel is required in the
target cell. If an idle channel is available in the target cell, the handoff call is resumed
almost transparently to the user. Otherwise, the handoff call is dropped. The dropping of a

handoff call is generally considered more serious than the blocking of a new call.
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3.2 Performance Model of Handoff Mechanisms in a

Single Cell

In this section, an analytical model was developed for priority handover mechanisms in a
single cell, where new calls and handover calls are captured by two different traffic
arrival processes respectively. The analytical performance model is validated by
simulation experiments. Using the blocking probability of the new calls and the drop
probability for handoff calls derived from the analytical model, the optimised number of
channels assigned to handoff calls has been investigated, with the aim of minimising the
drop probability under given network scenarios while at same time keeping the blocking
probability of new calls to its lowest possible minimum.

The dropping of a handoff call is generally considered more serious than the
blocking of a new call. One way of reducing the dropping probability of a handover call
is to reserve a fixed number (say g) of channels exclusively for the handover calls. As a
result, separate formulas for the dropping probability of handover calls, and the blocking
probability of new calls, are required. Furthermore, as the number of channels increases,
the dropping probability will be reduced whilst the blocking probability will increase.
Thus, it is possible to derive an optimal number of g channels subject to given constraints
on the dropping and blocking probabilities. Recently, many analytical and simulation
models that characterise the handover problems have been presented [54-62]. In this
section, an analytical model will be developed for priority handover mechanisms where
new calls and handover calls are captured by two different traffic arrival processes

respectively. In this model, the number of g channels will be optimized with aim to
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minimize the handoff dropping probability and keep the new calls blocking probability at

its minimum.

A New Calls Completed calls

n

v
v

ih Handover Calls Handover calls

v
v

Y
g channels

for handover

H 2p N-g-Du (N-g)u (N—g+Dhu (N-g+2)u Nu

Figure 3.2: State Transition Diagram

3.2.1 Analytical Model

Let A, be the rate of Poisson arrival stream of new calls and A, be the rate of Poisson
stream of handover arrivals. Let u. be the rate at which an ongoing call (new or handoff)
completes service and yy, the rate at which the mobile engaged in the call departs the cell.
Assume that there are a limited number of channels, N in the cell. When an idle channel
is available and a handover call arrives, the call is accepted and a channel is assigned to it.

Otherwise, the handover call is dropped. When a new call arrives, it is accepted if there
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are g + 1 idle channels available; otherwise, the new call is blocked. Here, g is the
number of guard channels and is less than N in order not to exclude new calls altogether.
The system model is illustrated in Figure 3.1, where:

A=A, + (3.1)
A, : The arrival rate of the new calls.
Ap : The arrival rate of the handover calls.

1= e+ Uy (3.2)
Uc - The rate at which an ongoing call (new or handover) completes service.
Un : The rate at which the mobile engaged in the call departs the cell.
Following the principle of the incoming flow rate equal to the outgoing flow rate, it is
possible to write the following equations by using the state transition diagram shown in
Figure 3.2:

Flow Rate In = Flow Rate Out Principle

A
AP, =uP, ¥ P =2p > P =uP, ,where u=i

H u

A u u’
AR =2pP, P =P =" PR¥P =P,

B A . u
Wi SN0l > P = P = P 3
ue

e -
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Z’hPN—gH =(N-g+ 2)/1PN_g+2 >

A u’
P =" p = L P >
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u’ ue u”uE

P - - P> P =1 p
Ne2 (N—g+2) (N—g+D)!° e (N—g+2)°

2 3 N—- N- 2 N-
u'® u.uf u uE

P+ + Y+ F, + P+
2! 3! (N-2)! (N—-g+1)! (N—-g+2)!

-1
N
un U n—(N-g)
P, = Z — 4+ UN9g -+ (3.3)

where U, =u, and U=u

Then it is possible to obtain the expression of P,

UTL
FPO n<N-g
uN-9
Pn=< WPO 7’l=N—g (34)
u, -9 yN-g
Py N>n>N-g

n!
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The blocking probability for the new calls becomes

yN-9.y," """

N N
_ _ n=N-g n!
Pb(Nr«g) - Z Pn - N—g—1 yn N Uln_(N_g) (35)
n=N-g Zn:o T + UN-9g n=N-g— T
The dropping probability for Handoff calls is
uN-9.u,?
_ _ N!
Py(N,g) =Py = N-g-1 U" R N Uln—(N—g) (3.6)
Ln=o  qr PV Bnen-g = —

3.2.2 Validation of the Model

A discrete-event simulator has been developed in order to validate the above analytical
model. An M1+M2/M/C/C Loss Queuing System has been simulated where M1 and M2
represent the Poisson processes of the New Call (M1) and handover Arrivals (M2),
respectively, in the cellular Mobile Wireless System shown in Figure 3.1. Because the
Handover failure is more serious than blocking new calls, Handover has been assigned a
higher priority than New Calls.
There are N channels in this system, of which C are free. Handover (M2) is treated
with higher priority. So the system works as follows:
- For Handover Arrivals (M2)
If C > 0 then accept Handover, else Block
- For New Call Arrivals (M1)
IfC > n > g then accept a New Call, else Block, where n is the threshold
So, in this simulation, there are g free channels specifically for Handover Arrivals (M2).
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Table 3-1: Simulation Parameters for Single Cell

Symbol Assumed Value
New Call Arrival Rate An 0.01
Handoff Call Arrival Rate An Varied from 0.0125 to 0.2
Service Rate U 0.01
Total Number of Channels in the Cell N 16
Number of Guard Channels g 2

In the simulation experiments, the number of channels N is set to 16 and g to 2. The
interarrival time of new calls follows an exponential distribution, with a mean of 100, and
the service time is equal to 100. The interarrival time of the handover call varies from 5 to
80. As can be seen in Figures 3.3 and 3.4, the results of blocking probability and drop
probability obtained from simulation experiments and analytical models are the same.

The results obtained from both the analytical and the simulation models are show in table

3.1 below.
0.8 - —
=9=New Calls Blocking Probability
0.7 (Simulation)
== New Calls Blocking Probability
0.6 (Analytical)
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Figure 3.3: Validation of the Analytical Performance Model of New Calls Blocking
Probability by a Simulation.
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Figure 3.4: Validation of the Analytical Performance Model of Handoff Dropping
Probability by a Simulation

Table 3-2: Results of the Analytical Performance Model and the Simulation of Handoff

Dropping Probability and New calls Blocking Probability

New Calls Handoff New Calls Handoff
Handoff Blocking Dropping Blocking Dropping
Arrival Rate Probability Probability | Probability | Probability
(Simulation) (Simulation) | (Analytical) | (Analytical)

0.2 0.722431795 0.326853337 0.7224 0.3319

0.166666667 0.587853513 0.225468462 0.5891 0.2344

0.125 0.335167335 0.097892998 0.3349 0.1024

0.1 0.163429276 0.034630744 0.1625 0.0393

0.066666667 0.021338111 0.002428576 0.0213 0.0032
0.05 0.003294998 2.37E-04 0.0032 3.34E-04
0.04 6.36E-04 3.25E-05 6.29E-04 4.91E-05
0.033333333 1.53E-04 4.68E-06 1.57E-04 9.70E-06
0.028571429 4.90E-05 2.29E-06 4.79E-05 2.42E-06
0.025 1.85E-05 8.40E-07 1.71E-05 7.32E-07
0.022222222 6.13E-06 0 6.95E-06 2.57E-07
0.02 3.30E-06 0 3.14E-06 1.02E-07
0.018181818 1.41E-06 0 1.55E-06 4.52E-08
0.016666667 1.07E-06 0 8.23E-07 2.17E-08
0.015384615 5.08E-07 0 4.64E-07 1.12E-08
0.014285714 7.28E-07 0 2.76E-07 6.15E-09
0.013333333 0 0 1.73E-07 3.58E-09
0.0125 0 0 1.12E-07 2.17E-09
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3.2.3 Performance Analysis

From the performance analytical model, it is possible to obtain the optimised number of
channels assigned to handover calls g with the aim of minimsing the drop probability of
Handover Calls P; while keeping the blocking probability of new calls P, as minimum
as possible. It is known that increasing g will decrease the drop probability of handover
calls, but it will increase the blocking probability of new calls. Using Matlab software Py
and P, were calculated from equations 3.5 and 3.6, and it was found that the best g for
minimising the drop probability and also minimising the blocking probability of new calls

is g = 1 when there are 16 channels in the cell; this is illustrated in Figure 3.5 below.

1
(7]
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@ 02 - Pd (g=4)
Pb(g=5)
A === Pd (g=5)
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Figure 3.5: Optimisation of Handover Guard Channels (g)
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3.3 Performance Model of Handoff Mechanisms in

Two-Cells

In this Section, a two-cell model is considered, where each cell is represented by a single
server queue with finite capacity, as shown in Figure 3.6. In this model, the basic
performance parameters of a queuing network are derived, such as mean number of active
calls in each one of the queues (cells); the loss probability of each queue (blocking
probability for each cell); mean response time or the delay in each queue (cell), and the
throughput of each queue (cell). Also, some analysis will be carried out to decrease the
blocking probability of the network while at the same time increasing the number of users

in the network.

3.3.1 Network System Model

ri0

r02 r22

Al A2

\4
v
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Figure 3.6: Two cells queuing system model

Here, a cellular network containing two cells is modelled. Each queue in the above

Figure 3.6 represents a cell, and each queue has a finite capacity, where Q;, and Q,
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correspond to the capacities for queue 1 and 2 respectively; including calls that are
currently in service. The arrival process in this model is based on the identical
independent distribution (Poisson arrival). In this queuing network system, each queue
node will be analysed separately in order to come up with the traffic equations for each
one of them. It is assumed that A is the arrival rate probability of the external calls (calls
arriving from outside the system). 1, and 1, are the probabilities of calls that arrive at
celll and cell 2 respectively. It is also assumed that the queuing network is in equilibrium,
and the process of each queue is Markov chain with finite state space. The state spaces of
queue cell 1 are {0, 1, 2, 3, ...., Q;.1, Q;} and the state spaces for queue cell 2 are {0, 1,
2,3, ..., Qu1, Qo).

Since each queue node in the queuing network system is analysed separately, the
arrival rate for each queue node requires an independent evaluation. The equations below

represent the arrival rate of calls for queue node 1 and 2, respectively,

/11 = 7’011 + rllﬂ'l + Tlez (37)
A’Z = T02/1 + 1"12/11 + T'22/12 (38)
Where, A= r()lll + Tozlz (39)

After solving the above equations recursively, the final form is obtained for A; and A, as

follows:

Arg1 (1 —133) + Argatag

o (1 —=7)(A —1pp) — 117y

(3.10)

o Aro2 (1 —111) + Argy712 (3.11)

2 (A =11 —1p) — 145194
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From the above equations, r;, and r,; represent the routing probabilities of calls
between the two queue nodes in the queuing network, and (ryy, 1) represent the
probabilities of calls leaving the queuing network from queue node 1 and 2 respectively.
Also ry; and ry, represent the routing probabilities of calls that arrive from outside the
network to queue nodes 1 and 2 respectively. In the analysis of the analytical model and
the simulation, it has been assumed that the probability of external calls arriving to node 1
is 60%, whereas it is 40% for node 2. Thus, queue node 1 has higher priority than queue
node 2 in serving calls which arrive from outside the network. By using the state
transition diagram for each queue node and by deriving the balance equation for both the

queue nodes, the blocking or loss probability of queue node 1 has been obtained:

1- u1)u1k1

P1ioss = e (3.12)

And for queue node 2:

(1- uz)uzk2
leoss - 1— u2k2+1

(3.13)

Also, the mean number of active calls in the queue cell 1 or mean queue length for queue

node 1 is:

Uy (k; + Duy ot

E[N]; = 3.14
[ ]1 1_u1 1_u1k1+1 ( )
and for queue cell 2 is:
u (ky + Duy*2™
E[N], = — 3.15
[ ]2 1_u2 1—u2k2+1 ( )

The mean response time (or mean total delay) for queue cell 1 is:
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E[N]

P = 2 T Py (10
And for queue cell 2 is:
E[N
E[T], = ﬁ (3.17)
Also, the Throughput of queue cell 1 is:
Thy = 21(1 = Pyjoss) (3.18)
And for queue cell 2 is:
Thy = 22(1 = Paioss) (3.19)
Where, u =% and u; = % and u, = %
The joint equilibrium probability for the queuing network is expressed as:
P(Q1,Q2) = P(Q)P(Q2) (3.20)

where, K; calls at queue node 1 and K, calls at queue node 2, then the blocking (loss)

probability for the network:
Pross = Piioss * Paioss (3.21)

And the mean number of active calls in the system:

E[N] = Z E[N,] = E[N], + E[N], (3.22)
m=1

The total network throughput is:
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m
Th = Z Th, = Thy + Th, (3.23)
m=1

From this the mean response time (or mean total delay) can be found for the network:

E[T] = E[N]/Th (3.24)

3.3.2 Validation of the Model

A simulation has been developed to validate the above analytical model. In this
simulation, the capacity of each queue of two cells is considered to be 16 channels, and
the arrival rate to the system follows an exponential distribution with the mean varying
from 0.01 to 0.75. It is considered that 60% of this arrival rate will enter to cell one and
40% will enter to cell two. The service rate for each queue of the two cells is equal to
0.6. As each queue of the two cells have arrivals coming from three different sources
(from outside plus; queue one of cell one, arrivals come from itself r;; and from cell two
ry,.for queue two of cell 2, arrivals come from itself r,, and from cell one 7y,) it is
assumed that the mean arrival rate of all these are equal to 0.3.

Table 3-3: Simualtion Parameters for Two Cells

Symbol Assumed Value
Arrival Rate to the System A Varied from 0.01 to 0.75
Arrival Rate to Queue 1 A 0.6
Arrival Rate to Queue 2 A, 0.4
Service Rate of both Queues Ui=H 0.6
Arrival Probabilities to Queue 1 Ti1 =Ty = Toq 0.3
Arrival Probabilities to Queue 2 Tyy = 1o = Toz 0.3
Queue 1 Capacity Q. 16
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Queue 2 Capacity

Q2

16

As can be seen in Figures 3.7, 3.8, 3.9 and 3.10, the results of Loss Probability,

Mean total Delay, Mean number of active calls and throughput obtained from simulation

experiments and analytical models shows a very close agreement.
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Figure 3.9: Mean Number of Active Calls or Mean Queue Length for each Queue
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Figure 3.10: Throughput for each Queue

3.3.3 Performance Analysis

Here, the network is being tested as one system to see how the blocking probability of the
network decreases when the cell capacity is increased by increasing the number of
channels in the cells of the network, as shown in Figure 3.11 below. Also, in Figure 3.12,
it can be seen that by increasing the capacity of the cells in the network, the mean number

of active calls in the network increases.
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In Figure 3.13 below, the loss probability in the network is shown when the handoff
rate between the two cells increases. Here, the rate of 7y, is changed from 0.3 to 0.6,
increasing by 0.1 each time. ry, is the handoff rate of calls moving from cell 1 to cell 2.
Here, it is considered that cell 2 is in an area that has more traffic coming to it from cell 1.
It can be seen from the graph that the loss probability of cell 2 increases more than the
loss probability of cell 1. The same thing will happen to cell 1 by increasing 7,4; which is

the handoff rate from cell 2 to cell 1.
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Figure 3.13 : Loss Probability in the network by increasing the handoff rate between the
cells

3.4 Summary

In this chapter, the analytical model for priority handoff mechanisms has been derived
and validated, with new calls and handoff calls captured by two different traffic arrival
processes. Also, the model has been used to optimise the number of channels assigned to

50



handoff calls, which minimises the dropping probability of handoff and the blocking

probability of new calls under given network scenarios.

Also in this chapter, a performance model has been derived for two-cell and the
different QoS parameters for the network found. The analytical model has been validated
through a simulation. Each cell in the network is represented by a single queue with finite
capacity. This queuing model can be developed in the future to represent each cell in a
multiple server queuing system. Also, this work can be extended and study can be done

on more cells. Work in the future will focus on a cluster of 7 cells.
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Chapter 4

Bandwidth Re-Allocation Management in

3G Wireless Cellular Networks

4.1 Introduction

Bandwidth Management in wireless cellular networks is a critical issue, especially if the
mobile node is a multimedia one and wants to transmit video information or video and
data together. In wireless mobile cellular networks, if bandwidth is not managed properly,
either it gets wasted or does not reach to the needy sources that want to connect to the
network. Also, the dropping probability of handoff calls and blocking probability of
locally generated calls will be increased. With proper bandwidth management, the service
provider can gain benefits from generating more revenue and the network could
accommodate a greater number of users.

Solutions available for wire line networks cannot be applied to wireless mobile
cellular networks, due to the unpredictable movement of the mobile node, changing of
signaling power and frequent migration of calls from one cell to another. Certain

mechanisms are needed in allocation of bandwidth and managing the bandwidth in the
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cell, which can tackle the above problems so that network resources can be utilised

properly.

Many solutions have been proposed regarding bandwidth allocation and management.
Scalable QoS architecture for mobile Ad Hoc networks is proposed in [63], and
increasing the utilisation of resources through accurate prediction by using mobile
tracking methods is mentioned in [64]. An online load balancing solution for multimedia
cellular network is proposed in [65] and [66]. Adaptive bandwidth allocation to increase
system utilisation with degradation of QoS is shown in [67]. In [68], a distributed
adaptive bandwidth allocation and admission control scheme is proposed, where the
authors attempt to limit the dropping probability for handoff calls based upon the number
of successes and failures of handoff calls. In [69], a novel QoS management scheme
based on per class degradation is proposed. In [70], an admission control and Daynamic
Bandwidth Management scheme that provides fairness in the absence of distributed link
level weighted fair scheduling is proposed. A dynamic and adaptive bandwidth
management scheme is proposed to provide a satisfactoty QoS guarantee as possible for
wireless multimedia services under variable traffic conditions is suggested in [71]. An
Adaptive Bandwidth Management and Reservation Scheme in Heterogeneous Wireless
Networks is proposed in [72]. A resource Management strategy for heterogeneous
adaptive-rate traffic which is a combination of CAC management strategy and bandwidth
management is propsed in [73].

In this chapter, a new solution is proposed to manage the bandwidth. In this
solution, bandwidth, which is not utilised by fewer mobile nodes, will be re-allocated to

the needy ones. In order to maintain the Quality of Service (QoS) for the higher priority
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handoff call (multimedia call), the focus here is on allocating the required bandwidth to
this call and maintaining constancy during its connection life time. For the lower priority
handoff call (data call) at least minimum bandwidth will be allocated in the worst-case
scenario. The unutilised bandwidth will be distributed fairly among active lower priority
nodes, which will be utilised later on by either handoff calls or incoming local calls. With
this method, maximum bandwidth in the cell will be reached; it will remain available
whenever there is a new call, either handoff or locally generated, and the wastage of
network resources could be avoided. The dropping probability of handoff calls will be
reduced to a minimum and blocking probability of newly generated calls will be
maintained at a minimum through this method. In this scheme, QoS could be maintained
for multimedia calls, and flexibility in changing the bandwidth for data calls will keep the

network always at maximum utilisation of network resources.

4.2 Channel Allocation Schemes

Bandwidth is allocated in the form of channels. Channels are allocated to cells and these
channels are used to communicate within the cell by mobile nodes. Three major
categories are used for assigning the channels. They are: 1. Fixed channel allocation
(FCA); 2. Dynamic channel allocation (DCA), and 3. Hybrid channel allocation (HCA).
Fixed channel allocation (FCA) is a widely used channel allocation method. In
fixed channel allocation (FCA), fixed numbers of channels are assigned to each cell in a
network. It is a static channel allocation method and cannot be changed. In this method, if
calls arrive in excess of the allocated number of channels, the assignment of channels to

these calls become difficult, and the dropping and blocking probability of handoff and

54



local calls will be increased. Also, if a large enough number of calls is not available in the
queue, then some channels will not be used and it is a waste of resources. This is not an
appropriate method for non-uniform traffic in the cell. In dynamic channel allocation
(DCA) method, the channels are allocated whenever needed by the cell, following the
channel reuse distance rules, which should not be violated. The bandwidth in the network
will be utilised in a more efficient manner and this can avoid the wastage of resources.
Whenever bandwidth is needed, channels can be assigned from a pool cell if enough
channels are not available in the cell. Many schemes have been proposed in dynamic
allocation of channels [74 — 78]. In the hybrid channel allocation (HCA) method, both
techniques, static and dynamic, are used in assigning the channels [79, 80]. Many sub
schemes have been proposed in this hybrid method. One of them is channel borrowing
from neighbouring cells [46, 81]. If the fixed allocated channels are exhausted, then
channels will be borrowed from a neighbouring cell following the non-violation of

frequency reuse.

4.3 Proposed Architecture and Bandwidth Management

Scheme

4.3.1 Architecture

In this proposed architecture, all base stations (BS) in cells are connected together wirily
and communicate to one another regarding their status of bandwidth information as
shown in Figure 4.1. There is no centralised managed system used in this architecture.

The main drawback to the centrally controlled system is that if any problem occurs in the
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central system or central controller, the whole network will be affected. To overcome this
problem, each base station in a cell should be given the responsibility to manage its own
bandwidth with the knowledge of bandwidth available at other base stations in the
network. To do this, all base stations in network should be connected together and should
be capable of communicating with one another. With this method, if any problem occurs
in network, only a part of the network will be affected and the number of users in other
parts of the network can utilise the resources without being interrupted.

Every base station maintains its bandwidth table, as shown in Table 4.1 below, and
updates at every averaging interval according to the changing conditions of the network.
The bandwidth table in each cell contains information about the bandwidth negotiation,
allocation and utilisation of each multimedia node (higher priority node), minimum
guaranteed bandwidth for each data node (lower priority node) and unutilised bandwidth

of both types of nodes, as well as if there is any freely available bandwidth in the cell.

Figure 4.1: Cellular Network Architecture
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Table 4-1: Bandwidth Table

Bandwidth Table

Node Negotiated & Utilised B. W | Minimum Un Utilised B.

Allocated B. W Guaranteed B. W | W
Nodeiy |2 2 0
Nodery |2 1 1
Node;p | 0.75 0.75 0.5 0
Node,p | 0.75 0.75 0.5 0
Node;, | 0.75 0.5 0.5 0.2
Nodey, | 0.75 0.5 0.5 0.2
Nodesp, | 0.75 0.75 0.5 0
Nodeg, | 0.75 0.75 0.5 0
Node;, | 0.75 0.75 0.5 0
Nodeg. | 0.75 0.5 0.5 0.2

Nodey : Multimedia node (Higher Priority Node)

Node; : Data node (Lower Priority Node)

4.3.2 Proposed Bandwidth Management Scheme in Three

Scenarios

Bandwidth Management for different services in wire line ATM networks is proposed by
the Raj Jain group. In this paper, the basic idea was adapted from ERICA algorithm [82 —
87] and modified to suit handoff calls in mobile wireless cellular networks. A bandwidth
management scheme is proposed here in three scenarios:

e Bandwidth managed for existing calls.

e Bandwidth managed when higher priority handoff calls arrive.

e Bandwidth managed when lower priority handoff calls arrive.

In this proposal, two types of calls are used, one is higher priority calls and the

other one is the lower priority call. Higher priority calls are multimedia calls and are
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delay sensitive, and negotiated bandwidth has to be allocated and maintained during
connection lifetime. Lower priority call is a data call whose bandwidth is flexible and
changes according to the changing network conditions; it is delay tolerant and minimum
bandwidth has to be maintained for this call. Lower priority calls will utilise the
maximum freely available bandwidth if the network is not having many higher priority
calls. As the number of higher priority calls increases, the lower priority calls are asked to
reduce their transmission rates.

Each higher and lower priority call can be in any one of three forms. The first one is
an active form (active call), which will fully utilize the 100% allocated bandwidth. The
second one is a semi active form (semi active call), which will utilise a portion of
allocated bandwidth, and the third and final one is the passive form (passive call), which

will never utilise the allocated resource.

4.3.2.1 Bandwidth Management for existing calls

All the calls in a cell may not use fully allocated bandwidth (semi active) during their
connection period due to various reasons, such as due to bottleneck problems for some
calls, and other calls they may not need part of the allocated resources. Also, some calls
may not use any allocated bandwidth (passive calls) at all due to line of sight problems or
large variation in their signalling power. It is assumed that no calls are waiting in the
queue and no request for channels has been received from neighbouring cells as shown in
Figure 4.2. In this situation, part of the bandwidth will get wasted. In order to avoid the
wastage, this portion of unutilised bandwidth will be distributed fairly among active

lower priority calls. If any part of allocation is not being used after this distribution, it will
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be left in the unutilised Section. With this method, the network condition changes from

under load to normal load.

Lower Priority
calls B. W.

Figure 4.2: Bandwidth in Cell with no Handoft Calls in Queue

4.3.2.2 Bandwidth Management when Higher Priority Handoff Calls

Arrive

If the higher priority call wants to travel from one cell to another neighbouring cell, the
base station in the existing cell will inform the base station in neighbouring cell, where
this mobile node is expected to migrate to, about the bandwidth requirement. The
neighbouring cell will reserve bandwidth following the procedure specified below.

For higher priority handoff calls, initially the base station will check if enough
bandwidth is available in the unutilised section. If it is available, then that will be
reserved for this call; otherwise, a portion of bandwidth from lower priority calls will be
added to this unutilised bandwidth in order to fulfill the request. If at this stage the
requirement is still not fulfilled, then it will borrow part of the bandwidth from a
neighbouring cell and this will be added to the above sum. This bandwidth will be

reserved and allocated for this call.
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Since it is a higher priority call, this bandwidth will be allocated and maintained
constantly during its connection lifetime. Priority will be given to this call against lower

priority handoff calls and locally generated calls.

Lower Priority
calls B. W.

‘Mg paziin un

Figure 4.3: Bandwidth in Cell with Handoff Calls in Queue

4.3.2.3 Bandwidth Management when Lower Priority Handoff Calls

Arrive

If the migrated call is a lower priority one, the base station in the cell will first check, as
above, in the unutilised section for enough availability of bandwidth, or at the least
minimum amount. If available, that will be allocated to this call. If this bandwidth is not
enough or not even minimal, then part of the bandwidth from active lower priority calls
will be added to the unutilised part as above and will be reserved. If at this stage, it is still
not obtaining the minimum then part of the bandwidth from a neighbouring cell will be
borrowed and added. This bandwidth will be reserved and allocated to this call. If it has
not obtained the minimum, this call has to negotiate the minimum bandwidth or wait in
the queue as shown in Figure 4.3. Preference will be given to this handoff call against

locally generated calls.
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4.4 Proposed Algorithm

The following is the proposed algorithm for the mentioned three scenarios of the

bandwidth management scheme.

Begin
IF (no calls in queue & no bandwidth requests from neighbour) Then
add bandwidth leftover by semi active calls with total unutilized
bandwidthfrom passive calls and distribute among active calls
Else IF (the call in queue is higher priority) Then
Reserve & allocate enough badnwidth either from unutilized
portion or from part of active lower priority calls or borrow
from neighbour or combination of all
Else IF (the call is lower priority call) Then
Allocate at least the minimum either from unutilized portion or
from active lower priority calls or borrow from neighbour
Else
Negotiate Bandwidth or wait in queue

End

4.5 Analytical Evaluation

Analytical evaluation has been done for three Scenarios: for existing calls; when a higher

priority handoff call arrives, and when a lower priority handoff call arrives.
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4.5.1 Bandwidth Management for Existing Calls

In this scenario, it is assumed that no calls are waiting in queue and no bandwidth is
requested from neighbours.

Let Total Bandwidth allocated to calls = BW;

Total Bandwidth utilised by calls = BW

Total Bandwidth not utilised BWyyr = BWy — BWyr

Total number of Active Lower Priority calls Cy;y = [Caz1Car2Carg e oo o Carn]
Bandwidth for Active Lower Priority call = BWCy;,

Total Bandwidth utilised by Active Lower Priority calls = BW Cyra;,

Bandwidth Distribution among Active Lower Priority calls = BWyyr/Carn

New Total Bandwidth for Active Lower Priority calls = BWCyra, + BWyyr
Added Bandwidth for each Lower Priority Call = (BW; — BWyr)/Carn = BWyyr/Carn
New Total Bandwidth for Active Lower Priority calls

= (BWyyr/Carn) + [BWCy 1 BWCy12BWCyy3 . oo .. BWCyyn ]

New Total Bandwidth for Active Lower Priority calls:

BW CALN
BWar = (<) + > BWCun (.1)
CALN CALl

Bandwidth Management when Local call generated within the cell

Bandwidth reduction from each Active Lower Priority Call =

__ Total Bandwidth of Active Lower Priority Calls after Minimum _ BW 41

Total Number of Active Lower Priority Calls CALN
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New Bandwidth for each Active Lower Priority Call

= (Carn) — [BWCyp1 BWCy 2 BWCyy 5 . .. BWCypy]

BW,.r(0ld) = BWy r(New)

In this scenario, every averaging interval base station in the cell will evaluate, as shown

above, and try to keep its unutilised section to a minimum.

4.5.2 Bandwidth Management when Higher Priority Handoff

Call Arrive

Bandwidth Requested by Higher Priority Handoff Call = BW,..qy
Total Bandwidth utilised by Active Lower Priority Call = BWyr4;,
Total Bandwidth of Active Lower Priority Calls calculated after minimum = BW)y;

Bandwidth Borrowed from Neighbouring Cell = BWg,ow

IF BWyeqn < BWyirm

BWy.equ < (obatin from BWyry)
IF BWyeqn = BW,irm

BWyequ < BWairm
IF BWyeqy > BWayry

BWreqH < (BWALTM + BWborrow)

4.5.3 Bandwidth Management when Lower Priority Handoff

Call Arrive
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Bandwidth Requested by Lower Priority Handoff Call = BW,..q,,

IF BWyeqr, < BWyrry
BW,eqr < (obatin from BWy, 1)
IF BWreqL = BWairm
BWiyeqr < BWarrm
IF BWyeq, > BWyirm
BWyeqr < (BWarrm + BWhorrow OR BWyiru)

BWreqL < BWmin < BWALTM

4.6 Performance Evaluation, Simulation & Results

4.6.1 Performance Evaluation for Bandwidth Management for

Existing Calls

Performance has been evaluated at different intervals of time t. CH refers to Higher
Priority calls and CL refers to Lower priority call. Bandwidth utilised by different calls at
different time intervals is shown in the following table.

Total Bandwidth in the cell is fixed as 10Mbps. CH; and CH, are allocated data rate
as 2Mbps and rest of lower priority calls are allocated 1Mbps. At Time t = 1.1 the data
rate for CH,, has dropped to 1.6Mbps and data rate for CL; and CL, has dropped to
0.8Mbps and Call CL¢ has not at all used its rate from ¢t = 1.1 onwards. Cell utilisation

becomes under load. At time t = 1.2 Base station in cell distributes the unutilised
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bandwidth fairly among active Lower priority calls CL;, CL, and CLs. Their bandwidth
changes from 1Mbps to 1.6Mbps. It can be seen from the evaluation as shown in Figure
4.4 that the network has been brought back from under load to normal load condition. The
base station in the cell always tries to ensure 100% utilisation of the bandwidth in the cell.
Figure 4.5 shows the total bandwidth for all the calls fromt = 0to t = 2.

Table 4-2: Bandwidth Management for Existing Calls

CH1 |CH2 | CL1 | CL2 | CL3 | CL4 | CL5 | CL6
1 1 1 1 1 1
1 1 1 1 1 1

1.6 | 0.8 | 0.8 | 1.6 | 1.6
1.6 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
16 | 0.8 | 0.8 | 1.6 | 1.6
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4.6.2 Performance Evaluation for Bandwidth Management

when Higher Priority Handoff Calls Arrive

Performance has been evaluated under the following five conditions:

1. When Higher priority call arrived & B.W allocated at t = t;, B. W allocated from
local cell.

2. When Higher priority call arrived & B.W allocated at t = t,, B. W allocated from
local cell.

3. When Higher priority call arrived & B.W allocated at t = t3, B. W allocated from
neighbouring cell.

4. When Higher priority call left the cell & B.W managed at t =¢t,, BW
distributed equally among active lower priority calls.

5. Bandwidth management when channel requested from neighbouring cell.

Table 4-3: Bandwidth table for High Priority calls

CH1 |CH2 | CL1 | CL2 | CL3 | CL4 | CL5 | CL6 | CH3 | CH4 | CH5
1.8 | 087 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 0.87 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 0.87 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 0.87 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 087 | 087 | 0.8 | 0.8 | 0.87
1.8 | 087 | 087 | 0.8 | 0.8 | 0.87
1.8 | 087 | 087 | 0.8 | 0.8 | 0.87
1.8 | 087 | 087 | 0.8 | 0.8 | 0.87
1.8 | 087 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 087 | 0.87 | 0.8 | 0.8 | 0.87
1.8 | 1.53 | 1.53 | 0.8 | 0.8 | 1.53

-
Il
&
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t=11| 2 1.8 | 087 | 087 | 0.8 | 0.8 | 0.87 0 1.98

=12 | 2 1.8 | 087 | 087 | 0.8 | 0.8 | 0.87 0 1.98

=13 | 2 1.8 | 087 | 0.87 | 0.8 | 0.8 | 0.87 0 1.98

t=14| 2 1.8 | 087 | 0.87 | 0.8 | 0.8 | 0.87 0 1.98

=15 2 1.8 | 0.57 | 0.57 | 0.5 0.5 | 0.57 0 198 | 1.5

t=16 | 2 1.8 | 0.57 | 0.57 | 0.5 0.5 | 0.57 0 198 | 1.5

=17 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5

=18 | 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5

t=19 | 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5

t=2 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5

=21, 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
=22 2 1.8 | 0.57 | 0.57 | 0.5 0.5 | 0.57 0 198 | 1.5 1.5
=23| 2 1.8 | 0.57 | 0.57 | 0.5 0.5 | 0.57 0 198 | 1.5 1.5
t=24| 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
=25 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
t=2.6 | 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
=27 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
=28 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
=29 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
t= 2 1.8 | 0.57 | 0.57 | 05 0.5 | 0.57 0 198 | 1.5 1.5
t=3.1 2 1.8 | 0.57 | 0.57 | 0.5 0.5 | 0.57 0 198 | 1.5 1.5
=32 2 0 1.17 | 1.17 | 0.5 0.5 | 1.17 0 198 | 1.5 1.5
t=33| 2 0 1.17 | 1.17 | 0.5 05 | 1.17 0 198 | 1.5 1.5
t=34| 2 0 1.17 | 1.17 | 0.5 05 | 1.17 0 198 | 1.5 1.5
t=35| 2 0 1.17 | 1.17 | 0.5 05 | 1.17 0 198 | 1.5 1.5
t=3.6 | 2 0 0.67 | 0.67 | 0.5 0.5 | 0.67 0 198 | 1.5 1.5
t=3.7| 2 0 0.67 | 0.67 | 0.5 0.5 | 0.67 0 198 | 1.5 1.5
=38 2 0 0.67 | 0.67 | 0.5 0.5 | 0.67 0 198 | 1.5 1.5
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Figure 4.6: Allocation within the Cell when Higher Priority Handoff Call Arrived
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Figure 4.7: Allocation from Neighbouring Cell
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Figure 4.9: Bandwidth Management when Channels are requested from Neighbour

70




Two higher priority calls (CH; and CH,) are allocated the bandwidth of 2Mbps
each, and CH, uses 1.8Mbps and 0.2Mbps left in the unutilised section. As can be seen
from Figure 4.6, Bandwidth allocated to lower priority calls (CL; to CLg) is less than
IMbps. (CL,,CL, and CLg) are utilising their allocation fully, and two calls
(CL; and CL,) are utilising part of allocation, and one call CLg is not utilising its
allocation at all. This part of the bandwidth is fairly distributed among active lower
priority calls. Att =1, the wunutilised part has been distributed fairly
among CL,,CL, and CLs. CH5 arrived at t = 1.1 and bandwidth allocated to this call is
from lower priority calls. CH, entered att = 1.5, again bandwidth allocated as above
but the minimum bandwidth is maintained for these active lower priority calls. For
call CHs in Figure 4.7, the bandwidth is borrowed from a neighbour as a minimum is
maintained for lower priority calls. At every averaging interval, the base station calculates
the bandwidth and brings back the cell from under load to normal load condition. At
t = 3.2 as shown in Figure 4.8, CH, has completed the call and bandwidth is again
distributed among lower priority calls. When bandwidth is requested from a neighbour at
timet = 3.6, a portion of lower priority calls have been transferred to the requested
neighbouring cell as shown in results in Figure 4.9. If a higher priority call is going to
enter, the lower priority calls are asked to reduce their rates, and in absence of higher

priority calls, they are asked to increase their rates.
4.6.3 Performance Evaluation when Lower Priority Handoff
Calls Arrive

1. When lower priority handoff call arrived & B. W allocated from local cell.
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2. When Lower priority handoff call arrived Bandwidth allocated minimum (worst
case).
3. When lower priority handoff call arrived & B.W allocated from neighbouring
cell.
4. When higher priority handoff call arrived Bandwidth allocated from lower priority
calls.
Table 4-4: Banwidth table for Lower Priority calls
CH1 |[CH2 | CL1 | CL2 | CL3 | ClL4 | CL5 | CL6 | CL7 | CL8 | C19 |[CL10 | CH3 | CL11
=0 2 2 1 1 1 1 1 1
t=0.1 2 2 1 1 1 1 1 1
t=0.2 2 2 1 1 1 1 1 1
t=0.3 2 2 1 1 1 1 1 1
t=0.4 2 2 0.83 0.83 0.83 0.83 0.83 0.83 1
t=0.5 2 2 0.857 | 0.857 | 0.857 | 0.857 | 0.857 | 0.857 | 0.857
t=0.6 2 2 0.712 | 0.712 | 0.712 | 0.712 | 0.712 | 0.712 | 0.712 1
t=0.7 2 2 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
t=0.8 2 2 0.625 | 0.625 | 0.625 | 0.625 | 0.625 | 0.625 | 0.625 | 0.625 1
t=0.9 2 2 0.666 | 0.666 | 0.666 | 0.666 | 0.666 | 0.666 | 0.666 | 0.666 | 0.666
t=1 2 2 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 1.5
t=1.1 2 2 0.655 | 0.655 | 0.655 | 0.655 | 0.655 | 0.655 | 0.655 | 0.655 | 0.655 | 0.655
t=1.2 2 2 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 1
t=1.3 2 2 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 | 0.555 1 1
t=1.4 2 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
t=1.5 2 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
t=1.6 2 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
t=1.7 2 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
t=1.8 2 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 0.5
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In this scenario, CH; and CH, are allocated 2Mbps and CL,to CLg are allocated
IMbps. CL, entered at t = 0.4 and bandwidth has been allocated from a portion of
CL,to CLg and adjusted as shown in Figure 4.10. In the same manner, bandwidth was
allocated to CLg and CLg. CL;, entered att = 1, and requested for 1.5Mbps. Bandwidth
allocated to this call is equal to the portion of bandwidth of lower priority calls plus
bandwidth borrowed from the neighbor as shown in Figure 4.11. When CH; entered
att = 1.2 as shown in Figure 4.12, the allocation is done from lower priority calls, but

maintained the minimum (0.5Mbps) for all lower priority calls. For CL;; at t = 1.3,

bandwidth 1Mbps was borrowed from a neighbour which was later adjusted. At t 1.4,
bandwidth is requested and transferred to neighbouring cell and is adjusted for all lower

priority calls so that all lower priority calls can maintain the same amount of bandwidth

as shown in Figure 4.13. The same procedure could be applied to locally generated calls.

4.7 Summary

In this chapter, a new solution for bandwidth management is proposed. In this proposed
solution, the unutilised bandwidth will be allocated among active lower priority calls.
Higher priority calls will obtain the bandwidth without any difficulty and be maintained
constant during their connection lifetime. If there are not many higher priority calls in the
cell, lower priority calls will utilise the maximum bandwidth, and during network
overload condition, the lower priority calls will be asked to reduce their rates. Also,
bandwidth will be borrowed from a neighbouring cell if enough bandwidth is not
available in the cell. In the worst-case scenario, minimum bandwidth will be allocated

and maintained for lower priority calls. At every averaging interval, the base station will
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check its table and bring back the network to normal condition. In this method, bandwidth
in the cell will be utilised to its maximum (100%) and wastage of resources can be
avoided. With this scheme, the dropping probability of handoff calls will be minimised,
and the blocking probability of locally generated calls will be decreased. QOS can also be

maintained.
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Chapter 5

Performance Design and Analysis of
Handoff in Hierarchical Wireless

Networks

5.1 Introduction

A hierarchical cellular network (HCN) approach was considered as a solution to
increase the system capacity [88, 89]. In HCN, cells of different sizes are organised into
separate layers. For example, in the two-layer (micro/ macro) hierarchical structure [91,
95], several small cells called microcells, with a radius of a few hundred meters are
organised as a microcell layer, which is overlaid by a large macrocell whose radius is a
few kilometers. The macrocell/ microcell overlay architecture provides a balance between
maximising the number of users per unit area and minimising the network control load
associated with handoff. Macrocell provides wide-area coverage beyond microcell service
areas, and ensure better intercell handoff. Microcells provide high capacity and cover

areas with high traffic density.
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Furthermore, handoff call handling is an important topic in cellular networks. In
wireless cellular networks there are many ways to prioritise handoff calls for reducing the
dropping probability: reserved guard channel, queuing, channel transferred, genetic and
sub-rating schemes. Many variations or combinations of the aforementioned schemes
have been proposed. The key idea is to combine the different prioritisation policies in
order to further decrease the blocking and dropping probabilities, or to improve the
channel utilisation. Then they can effectively reduce the dropping probability of handoff
calls, but it is at the cost of increasing the blocking probability of new calls.

In HCN, upon entering the system, the mobile terminals can select the service layer
based on their mobility or traffic patterns. In the speed-sensitive strategy, the mobile
terminals travelling at high speeds (fast-mobility subscribers) are normally serviced by
the macrocell, whereas low-mobility subscribers are handled by the microcells [51, 90,
91, 92, 93]. Under the speed-sensitive layer selection strategy, the overflow operation can
be used to transfer calls to the other layer if there is not sufficient resource in the current
service layer [94, 95].

For call admission control (CAC) in HCN, handoff call handling is particularly
important because, generally, the dropping of an ongoing call is considered less desirable
than the blocking of a new call. Thus, handoff calls have higher priority than new calls
during the call admission control process. Several approaches have been proposed for
handling handoff calls in HCN. Guard channels [91, 96] are reserved for serving the
handoff calls in both microcells and macrocells. [91] propose a mobility-dependent call
admission control scheme whereby new calls are accepted according to some mobility-

based acceptance probability, while handoff calls are admitted when there are free
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channels available. [93] Considered hierarchical cellular CDMA networks support users
with different mobility, soft handoff, and handoff queuing strategy, where slow users are
assigned to the associated microcell, and fast users are assigned to the associated
macrocell. The analytical method is derived in order to compute the performance
measures of interest, such as new call blocking probability, handoff failure probability,
and forced termination probability for the studied system. [96] allows the queuing of both
overflow slow-mobility calls (from the lower layer microcells) and macrocell handover
fast-mobility calls that are blocked due to lack of free resources at the macrocell. [90, 97]
propose using sub-rating for handoff calls in the microcell and macrocell to reduce the
dropping probability of handoff calls. Sub-Rating means that an occupied full-rate
channel can be temporarily divided into two channels at half of the original rate: one to
serve the existing call and the other to serve the handoff request. The dropping probability
of handoff calls is eliminated by using of SRS under the penalty of a slight increase in the
blocking probability of new calls. The channel sub-rating scheme has been used in [98] to
improve the performance of handoff packets for the cellular radio network. The proposed
scheme, which combines fixed channel assignment, sub-rating, and directed retry, gives a
significant improvement in the QoS of the cellular radio network. In [99], the author has
applied channel sub-rating for handoff calls in CDMA cellular networks. However, apart
from the few studies mentioned above, the channel sub-rating is only used in a single-tier
system.

In this chapter, a two-layer macrocell/ microcell HCN system model is considered.
Performance models for macrocell and microcell are developed respectively. In our

proposed CAC, the HCN system supports both fast and slow mobility users. The
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macrocells handle the fast-mobility users, while the microcells serve the slow-mobility

users.

In the microcells:

Slow newly originated or handoff calls will be served with a full-rate channel on

their arrival.

When all channels in the microcell are full, the slow new and handoff calls are
handled by using a sub-rating that is for an occupied full-rate channel, and will be
divided into two channels at half of the original rate; one to serve the existing call

and the other to serve the slow new call request or slow handoff call request.

When the number of sub-rated channels reaches a certain threshold, the base
station will block all kinds of slow new calls originating in the microcell and will

reserve the rest of the channels that can be sub rated for slow handoff calls.

When all the channels are already sub rated in the cell, a slow handoff call will
wait in queue until a channel or a half of a channel is free. The queue size should
be kept small and the time spent in the queue should be below a certain threshold,

since handoff attempts and waiting should not last forever.

Blocked slow new and slow handoff calls are allowed to overflow to the

overlaying macrocell.

In a macrocell:

The fast new calls and overflowed slow new calls will be served until the number

of busy channels reaches a certain threshold, and then they will be blocked.
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e The rest of the channels in the macrocell will be used by the fast handoff calls and

the slow handoff overflow calls.

e The overflow of fast calls from macrocell to microcell is not allowed to prevent
the incurring of frequent handoff of the fast calls in the microcell layer, due to the

small size of a microcell.

The rest of this chapter is organised as follows. The proposed system model and the
performance analysis of microcell and macrocell are presented in Section 5.2, and the
degradation ratio in the microcell resulting from using sub-rating the channels is
presented in the same Section. In Section 5.3, numerical results, validation and

discussions are presented. Finally, Section 5.4 summarises the chapter.

5.2 System Model and Performance Analysis

5.2.1 System Model

In the proposed system model, a macrocell in the macrocell layer is overlaid completely
by N microcells in the microcell layer and there is no macrocell-only or microcell-only
area. All the microcells under the macrocell have the same shape and size. The slow-
mobility calls are first directed to a microcell, and fast-mobility calls are directed to a

macrocell. The following assumptions are considered in the proposed CAC:
e Each macrocell contains C,, channels and each microcell contains C,,, channels.

e [t is assumed that the velocity of mobile terminals (MT) will not change during its

call lifetime.
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e The total new call arrivals to the macrocell and its associated N microcell follow a

Poisson process with mean 4,,.

e The slow/fast new call arrival to a given cell at each layer is assumed to be an

independent Poisson process with mean arrival rate A7}, /1%1, respectively.

e The portion of slow new calls to the overall new calls is a.

e Slow new calls, which cannot be served at the microcell, will overflow to the
overlaying macrocell layer with a Poisson process and mean arrival rate AY},; the
slow handoff call, which cannot be served in the microcell layer, will overflow to

the macrocell with a Poisson process and mean arrival rate A7},,.

e The call holding time in a microcell or macrocell is exponentially distributed with

mean rate 1/ U

As there are N number of microcells and it covers a from the total coverage of the

cluster, therefore, the slow and fast newly originated call arrival rates can be obtained as:

1
A = 5 @n M =01-a), (5.1)

Based on the system model, it is possible to carry out the performance analysis of the
proposed call admission control (CAC) in the two-layer. The analysis is performed for the

microcell and the macrocell layers separately.
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5.2.2 Performance Analysis of the Microcell

Table 5-1: Proposed Scheme for the Microcell

State Variables

Events/ Action

No. of Calls No. of Handoff Call
No. of Calls (1) with split Calls in New Call Arrival .
Arrival
channels the queue

0<i<Cy 0 0 Accepted (full rate) Accepted (full rate)
Cn<i<Cp+tg Cntg 0 Accepted (split rate) | Accepted (split rate)
Cntgsi<2Cy 2 Cn 0 Blocked Accepted (split rate)
2C<i<2CytQ 2 Cy Q Blocked Accepted (split rate)

1= 2N+k 2N Q Blocked Blocked

The proposed scheme combines the idea of Sub-Rating (SR), Call Bounding (CB), and

Queuing (Q), which is described as follows:

e Each cell consists of C,, channels that can be used by slow newly originated calls

and slow handoff calls.

e When a slow newly originated call arrives and all C,,, channels are busy, a used

channel in the cell will be sub rated and half of it will be used by the new arrived

call. When the number of sub rated channels is equal to threshold g, the slow

newly originated calls will be blocked.

e  When a slow handoff call arrives and all C,,, Channels are busy, a used channel in

the cell will be sub rated and half of it will be used by the new slow handoff call.

When all the channels in the cell are sub rated, the slow handoff calls will be

placed in a queue with size Q until a time at which either it gains a channel for

service or it disconnects from the system because of the user’s impatience, or the

mobile moves out of the current cell. If a handoff call finds the handoff queue full

when it arrives, it will be forced to terminate and is cleared from the system.
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A description for the proposed scheme is given in table 5.1 above.

It is assumed that the channel holding time T, and the mean dwell time T, in the
whole covering area of a microcell follow exponential distributions with means (us”;)_l

and (uggc)‘l, respectively. The channel holding time is the time duration between the
instant that a channel is occupied by a call and the instant it is released by either
completion of the call or cell boundary crossing by a portable- whichever is less.

The purpose of the proposed scheme in the microcell layer is to incorporate the
commonly used schemes SR, CB and Queuing in a way which decreases the handoff
dropping probability but at the same time keeps the new calls blocking probability as

minimum as possible.

The state diagram of the birth-death Markov chain is shown in figure 5.1 below.
The slow newly originated calls will be blocked if the number of busy channels is equal
to C,, + g, then the rest of the channels that can be sub rated will be used by slow handoff
calls until all the C,, channels are sub rated, which is at state 2C,,. After that, the arriving
slow handoff calls will wait in the queue. A handoff attempt that joins the queue will be
successful, if both of the following events occur before the mobile moves out of the
handoff area: All of the attempts which joined the queue earlier than the given attempt
have been disposed, and a channel or a half of it becomes available when the given

attempt is at the first position in the queue.
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Figure 5.1: State Transition Diagram of the Microcell

By solving the birth-death Markov chain in the state transition diagram in Figure 5.1

above and because Z,zli"gw P™ = 1 obtained:

Cmtg=1 2Cm " (m+9)
P = Z — + ubm*g Z — Tt
n! n!
n=0 n=Cm+g
Cmtg o Cm=g 2Tk myn-2N B
Lwmttow™ Z (A5h) (5.2)
2C,! [N 2Cui + i(ui + p)

m?
N S

am am . .
Where: AT* = Ag;, + A7, u == u; = =2 Then we can obtain the expression of A"

n

u
FPO n<Cp+g
u;l—(Cm+g).ucm+g p C. +g<n<?2C
0 m g=n= m
Bt =1 nC! 2Cm+Q G
ubmt,ugn= (i) Poi2Cn +1<n
20mt L T 2CT + G + ) T
<2C,+Q

The slow new originated calls will be blocked after C,, + g channels are busy. Then the

Blocking probability of slow new calls (P}s,):
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2C,,+0Q

P = Z pm (5.4)

n=Cpn+g

2c, . n-(Cy+g) C Cog  2C -2,

Ve ¢ ul + u 7 (Ay)"
' n +g l’l' 2C ' . n +1 =l m m m

=C, m = .
’ 2leus + l(lusc + Aushd
Pm — =

bsn = C 4g-1 u" 26y n-(C,+g) Cotg ,, Cu=g8  2C,+0 ( /Ynh )n—ZCm

b S,

C u u
ol v 2 1 ! ¥ ZCI' : n-2G
w0 M n=C, +g n m* n=2C,, +1 ’, m ooom m
Hzcn1ﬂx + l(lusc +Aushd)
i=

The slow handoff calls will be blocked in the microcell when all the C,,, channels
already sub rated which is at state 2C,,, and there are Q calls waiting in the queue at

state 2C,, + Q. The expression of the Blocking probability of slow handoff calls (Pjy;,) is:

m __ m
Ppsn = Pacm+o (5.5
C C,—
u m+g'u] =8 )L,?
2Cc,! 1
m* m . m m
Hzcmtus + l(tusc + tushd)
P = i=1
bsh C,+g-1 2C,, —-(C C C - 2C,,+k -2C
4 u" C oo Mln (Ctg) U m+g'ulm g 7L,'Z n
— tu"". : n-2C,
‘1! < n! 2C,! ZaTT " moom
n= n=C,+g m n=cCp+ ]
H 2leus + l(lusc +Aushd

i=1

According to the system model CAC scheme, the slow new calls that are blocked at

the microcell layer are not dropped but overflow to the overlaying macrocell. The

aggregate mean arrival rate Ajy, of the overflowed slow new call from N microcells to

the overlaying macrocell can be determined as Ajy, = NP}, Ath. The mean arrival rate

o of the overflowed slow handoff call from N microcells to the overlaying macrocell

can be determined as AL, = NPy, Av,.
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5.2.3 Performance Analysis of Macrocell Layer

The macrocell will handle the fast new calls and fast handoff calls, plus the overflowed
slow new and handoff calls from the microcell. In the macrocell, the call bounding
scheme is used for new calls. Let K be the threshold for the new calls and C,;, the number
of channels in the macrocell. The state space from the two — dimensional markov chain is
shown in Figure 5.2 below:

S={(,);0<i<Ki+j<Cyl

where i denotes the number of new calls initiated in the macrocell and j is the number of

handoff calls in the macrocell. Let q(i,j; i, j") denote the probability transition rate from

state (i, j) to state (i’,j").

Figure 5.2: State Transition Diagram of the Macrocell
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Then we have:

q(i,;i—1,)=iuM(0<i<K,0<j<Cy)
q(i,j;i+1L,)=MO0<i<K,0<j<Cy)

q(i,j;1,j — 1) =juf (0 <i<K,0<j<Cy)

q(i,j;i,j+ 1D =20<i<K0<j<Cy)

Where (i,j) is a feasible state in S. Let P(i,j) denote the steady-state probability that

M M
there are { new calls and j handoff calls in the cell. Let U, = 2—M, U; = i—’,\}, where
h

M=+ =20, + A, and AY = AT, + Af},. From the balance equation
obtained from the state transition, we obtain

i J

u, U
P(i, Y™ = i—f.ji'.P(o,O) (5.6)
Where, 0 <i<K, i+j<Cy,j=0
from the normalisation equation, we obtain
B K U ; C= lU j -1
P(0,0)M = Z 2, U Z—f = (5.7)
0<i<K,i+j<C i=0 j=0 7’

The blocking probabilities of fast new calls P{,‘fcn and overflowed slow new calls PpL

can be expressed as:

k-1 Ut U,c KUZK Uy’
M _ pM —
P, =P, = ZT'(C it Dk | PO (5.8)
i=0 j=0

88



The dropping probability of fast handoff call Pg’}h and overflowed slow handoff calls
PM. _ can be expressed as:
K

v Ut U, Y oo

i=0

From equation (5.7) and (5.8) above, the total slow new call blocking probability

including microcell and macrocell P, can be obtained as:
Pysn = PP PR (5.10)

Also, the total slow handoff call dropping probability including microcell and macrocell

Py, can be obtained as:

Pgsn = PI;T;h'P(%‘hO (5.11)

5.2.4 The Degradation Ratio in the Microcell

As the sub-rating scheme in the microcell is being used, the voice quality degradation is
calculated to see the effect when the number of sub-rated channels is increased. The sub-
rating scheme is efficient under the limited channel resources because more new and
handoff calls can be served. However, it is necessary to consider the degradation of the
voice quality due to the employment of sub-rating. In the following, the degradation
ratios of voice quality for the microcell are evaluated. The expected number E [Hbusy] of

the busy channels in the microcell is expressed as:

2Cm

E[Hpusy| = Z ipm (5.12)

i=0
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The expected number E[H,,;] of the sub-rated channels in the microcell is obtained as

follows:

2Cm

Hawl = ). 20— Cu)B" (5.13)

i=Cp+1

The degradation ratio of the voice quality in the microcell, DR, is the portion of the call
holding time that the mobile user experiences the degraded voice quality. The mean
degradation ratio of the voice quality, E[DR}}], for slow new originated calls in the

microcell can be expressed as:

H T
l—

E[DR™] =E[M = z ( : m) (5.14)
Hop 1 1

The mean degradation ratio of the voice quality, E[DR}'], for slow handoff calls in the

microcell can be expressed as:

2Cm
H 2(i —
E[DR,T]:E[M - Z 20— Cn) pm (5.15)
Hsup i=Cp+1 !

5.3 Numerical Results, Validation and Discussion

For evaluation of the proposed analytical models, a system with parameters has been
considered, as shown in table 5.2 below. The analytical model is validated by a discrete

event simulator using Java language.
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Table 5-2: Modelling Parameters for the HCN

Symbol Assumed value
total new call arrivals An Varied from 0 to 0.8
Modelling parameters for N Varied from 4 to 6
Microcell a 0.8
Cn 5
g 3
Q 2
oh 0.05
ps* 0.04
Hse 0.01
T 0.03
Modelling parameters for Cu 10
Macrocell K 7
,1%1 0.03
uM 0.04
ul 0.02

First, the slow new call blocking probability was studied as well as slow handoff
call dropping probability performance in the system. The study has been done by varying
the total new call arrival rates to the system and by varying the number of microcells, in
order to see the effect on the system’s performance. It can be seen from Figure 5.3 and
5.4, that the blocking probability of slow new calls and dropping probability of slow
handoff calls decreases when the number of microcells in the system is increased, as it

will accommodate more slow calls, and at the same time it will decrease the number of
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overflowed calls to the macrocell. Note the good agreement between the analytical and

simulation results in both figures.
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Figure 5.4: Dropping Probability of Slow Handoff Call

Figures 5.5 and 5.6 show the blocking probability of fast new calls and the dropping
probability of fast handoff call respectively. It can be seen that increasing the number of
microcells decreased the blocking probability of fast new calls in the macrocell, and also
decreased the dropping probability of fast handoff calls in the macrocell. That is because
the number of overflowed calls from microcell to the macrocell decreased. In these two
figures, it is possible to also see the close agreement between the analytical and

simulation results.
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Figure 5.7 shows the degradation ratio of voice quality in the microcell as the sub-
rating scheme in the microcell is being used. It can be seen that the slow new calls have a
lower voice quality degradation ratio because the slow new calls use less numbers of sub-
rated channels than the slow handoff calls. It can also be seen from the figure that when
all the channels are sub-rated in the microcell, the low voice quality degradation ratio of
slow handoff calls reaches the maximum. Increasing the number of microcells in the
system makes the voice quality better as can be seen in the figure. Therefore, to meet the
QoS requirements of the system on the blocking probabilities and dropping probabilities
and Voice degradation ratio, the number of microcells should be increased, and sub-rated

channels should be chosen carefully to achieve the best trade-off.
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Figure 5.7: Degradation Ratio of Voice Quality for Slow New and Handoff Calls in the
Microcell
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5.4 Summary

In this chapter, a two-layer macrocell/ microcell HCN system has been studied. The 1-D
markov process has been used to develop the Performance models for microcell and 2-D
markov process to develop a performance model for the macrocell. In the proposed CAC,
the HCN system supports both fast and slow mobility users. The macrocells handle the
fast-mobility users, while the microcells serve the slow-mobility users. In the microcells,
a combination of sub-rating, call bounding and handoff queuing schemes have been used,
while in the macrocell the call bounding scheme has been used. The proposed analytical
model was validated by a discrete event simulator, and the results of both show a very
close agreement. The results show that the proposed scheme reduces both the dropping
probability of slow and fast handoff calls and the blocking probability of slow and fast
new calls, compared to the handoff calls sub-rating scheme and guard channel scheme for
HCN. The effect of sub-rating in the microcell on voice quality has been studied, and the
results show that the voice quality will degrade when the number of channels sub-rated is

increased, and voice quality can be improved by increasing the number of microcells.
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Chapter 6

Modelling of Prioritised Vertical Handoff

Scheme in Integrated UMTS/WLANS

6.1 Introduction

In the evolution of 3G networks, one obstacle is that the data rates in these networks are
limited. The complementary characteristics of UMTS networks (slow, wide coverage)
and WLANSs (fast, limited coverage) make it attractive to integrate the two technologies
to provide ubiquitous wireless access. The UMTS networks provide global coverage,
mobility and quality of service (QoS), while WLANs are designed to cover localised hot-
spot areas, such as airports, shopping centers, hotels, and so on. Although the WLAN
coverage is small and it has limited mobility, it can increase the capacity and the
performance of the UMTS network it is located in.

In the integrated wireless networks, both UMTS and WLAN access are available to
mobile terminals (MT) within the coverage of the WLANSs that reside within the UMTS
cells. In a network with limited capacity, the carrier uses handovers between the UMTS
and the WLANSs to enhance QoS, reduce cost, or balance traffic load [100] [101]. The

handoff from the UMTS networks to a WLAN is called a vertical handoff (VH).
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Similarly, a back- vertical handoff by UMTS users is defined as the handoff from a
WLAN to the UMTS network.

There are two types of handoff in the integrated UMTS/WLANs network: a
horizontal handoff which takes place between points of attachment supporting the same
network technology, such as between two neighbouring base stations of a UMTS, or
between two access points of a WLAN. On the other hand, a vertical handover occurs
between points of attachment supporting different network technologies, such as between
a WLAN access point and a UMTS base station.

There has been some work carried out in 3G/WLAN integrated networks [104,
108]. A simple admission strategy is to have an unconditional preference for WLAN:S,
since WLANSs are cheaper and have more bandwidth compared to the 3G (UMTS)
networks [104]. In [108], the authors consider that users with high mobility tend to spend
a short time in the double coverage area of 3G and WLANSs, and they require a back
vertical handoff to the UMTS network shortly after they have a vertical handoff from
UMTS to WLAN. Guard channels are reserved for handoff and mobility [101] in the
cellular network, and fixed amount of resources is allocated to the WLAN users; the
remaining resources can be assigned to the cellular users who request connection to the
WLAN [101, 102, 107]. In [102] and [107], channel occupancy times; horizontal and
vertical handoff rates, as well as blocking probabilities of vertical handoff and new calls,
have been derived and calculated. An analytical model for integration of UMTS and
WLAN which uses queue capability to reduce the blocking probability of an originating
data call and the dropping probability of a data call is presented in [105]. In [106], a

scheme to allow selection of the most suitable network while preventing frequent
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handoffs in integrated UMTS/ WLAN is presented. This improves utilisation by using a
combination of AHP and GRA to evaluate user preferences and service classes. To
relieve traffic congestion in cellular networks, an optimal channel searching and
replacement algorithm (oCSR) is further developed to balance total system traffics
between WLAN and 3G cellular networks, as well as to reduce average system QoS
costs. A novel joint call admission policy has been derived in [109]. [110] proposes multi-
service load sharing for resource management in the Cellular/WLAN integrated network.
It has investigated the load sharing problem for the cellular/WLAN integrated network so
that the interworking is exploited to enhance multi-service provisioning.

In this chapter, a scheme is proposed for integrated UMTS/WLANS to decrease the
blocking probabilities of new calls and horizontal handoff calls in the UMTS cell, by
allowing them to have a vertical handoff to the WLANs. Consideration has been given to
the type of user class, UMTS users with relative low bandwidth requirement and arbitrary
mobility feature, while the WLAN users have a high bandwidth requirement and limited
mobility feature. The work has been built by looking to the analytical model developed in
[102] and [107]. In the UMTS-only coverage, the maximum numbers of channels that can
be used by a newly originated call are m and the rest M — m are reserved exclusively for
the handoff calls. The strategies of the proposed CAC are as follows. In the UMTS-only

coverage:

e A new call of UMTS users is rejected and attempts a vertical handoff (directly or
indirectly) when there are m ongoing new calls of UMTS users or all the M

channels are busy.
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e A horizontal handoff call of UMTS users is rejected and attempts an indirectly
vertical handoff when all the M channels are busy.
e A back vertical handoff call of UMTS users is rejected when all the M channels

are busy.

In the WLANSs coverage K — C channels are shared by both WLAN users’ calls and
UMTS vertical handoff users’ calls, where there are C channels reserved for the UMTS

vertical handoff users’ calls. The CAC strategies in the WLAN coverage are as follows:

e A new call from WLAN users is rejected when there are K — C ongoing calls of

WLAN users and UMTS vertical handoff users in the WLANSs.

e A vertical handoff call of UMTS users is rejected when there are already K

ongoing vertical handoff calls and WLANSs calls in the WLANS.

The rest of the chapter is organised as follows: Section 6.2 describes the proposed
model. In Section 6.3, the performance analysis is provided by estimating the handoff
arrivals rates, deriving the steady state probability and channel holding time and it
indicates the performance measures. Validation of the model is explained in Section 6.4.
The numerical results and discussion are presented in Section 6.5. Section 6.6, gives a

summary of this chapter.

6.2 Model Description

As can be seen in Figure 6.1 below, it is assumed that there are two user classes in the

network. The UMTS users have a relative low bandwidth requirement and arbitrary
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mobility feature, while the WLAN users have a high bandwidth requirement and limited

mobility feature.

N~ <
UMTS Cell < \ >~

QMT QMT

Back-VH

HH

HH

Figure 6.1: Integrated UMTS/WLANs Network Model

The UMTS users can always attempt a horizontal handoff to neighbour UMTS cells
when they reach the boundary of a cell. In addition, if there is no channel available, the
UMTS users can attempt a vertical handoff to one of the underlying WLANSs. After
successfully making a vertical handoff, the call may complete in the WLAN, or continue
to attempt a back vertical handoff to the UMTS cell when the user moves out of the
WLAN. However, the WLAN users are assumed to move only within the WLAN
coverage, because there are no priorities for horizontal handoff between the WLANS, so
here the entire underlying WLANs have been considered to be as one WLAN. For
simplicity, here it is assumed that the WLAN users do not attempt vertical handoffs to the
UMTS cell due to their limited movement range, and there is no channel exclusively

reserved for WLAN users in the UMTS cell. However, if a WLAN user moves out of the
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WLAN, they can request a call, in such a way he or she will become another class of user
(that is, a UMTS user) and the request will become a new call request in the UMTS cell.
A handoff call is usually given higher priority over a new call, and here it can be
assumed that there are M channels in the UMTS cell, of which m channels is the
maximum number of channels that can be used by new calls, and (M — m) are reserved
for handoff calls. Assuming there are K channels in the WLANS, where C channels are
reserved for vertical handoff call, all the other K — C can be shared by both the vertical
handoff calls of the UMTS user’s and the WLAN user’s calls. Thus, when rejection
occurs under a call admission control (CAC) strategy, a new call from UMTS users may
directly attempt a vertical handoff to the underlying WLAN if it happens to be in the

WLAN’s coverage.

6.3 Performance Analysis

The UMTS cell coverage without the underlying WLAN:S is called UMTS-only coverage.
When a MT moves to neighbouring cell with an ongoing call session, it initiates
horizontal handoff (HH). When a call is blocked in UMTS, it is transferred to WLANS,
and this is called vertical handoff (VH) in WLANs. When a MT with ongoing call session

moves from WLAN to UMTS-only coverage, it initiates VH in UMTS.

6.3.1 Flow diagram

Figure 6.2 below shows the flow diagram of the procedures for the logical coverage in a

mixed cell of UMTS underlined by WLAN:S.
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Figure 6.2: Flow Diagram of the Integrated UMTS/WLANs

UMTS-Only Coverage:

As can be seen in the flow diagram, N-Arrival, HH-Arrival, and VH-Arrival states
represent the origins of new call requests (N), horizontal handoff call requests (HH), and

vertical handoff call requests (VH) respectively. N-Arrival transits to Blocked if it is
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denied and transits to Successful if it obtains a channel. The N-Successful state may go to
completion state when the session is completed or terminated, or it may move to HH-
Arrival state when the MT has a HH to a neighbouring cell. Also HH-Arrival and VH-

Arrival of UMTS will move to other states as shown in Figure 6.2.
WLANSs Coverage:

The origins of new call requests (N), and vertical handoff call requests (VH) are
represented by N-Arrival and VH-Arrival states respectively. The VH-Arrival moves to
either blocked or Successful states. VH-Successful moves to either a completion state or
VH-Arrivals state in UMTS.

It is assumed that the blocking probabilities of N and HH (or VH) in UMTS are b;
and b,, respectively. New call (N) blocking probability in WLAN is b. for simplicity;
variable x ' is represented as the complement of x given that x = (1 — x).

In UMTS-only coverage, N-Arrival moves to Block state and Successful state with
probabilities b and b’, respectively. HH-Arrival and VH-Arrival moves to Block state
with probability b,. Also, HH-Arrival and VH-Arrival moves to Successful states with
probability b,. N-Successful, HH-Successful, and VH-Successful moves to HH-Arrival in
the neighbour cells if the MT initiate a horizontal handoff to the neighbour cell with
probabilities Py, Py, and Pgy respectively, and they move to completion states with
probabilities (PL)', (P%,s), and (PL)" respectively. A blocked N, HH, and VH can be
dropped with probabilities g (P;,,)’, g (Pi,) and 1, respectively. A blocked N and HH in
the UMTS-only coverage can also initiate indirect vertical handoff to the WLANs with
probabilities g P;, and g 'P;,, respectively. P;,, and P;, are the probabilities that blocked N
and HH will initiate indirect VH in WLANSs. g (0 < g < 1) is the normalised WLAN
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coverage given by the ratio of the coverage of all WLAN hotspots to the coverage of a
pure UMTS cell. When the probability that a MT is under the WLANs coverage is
computed, it should be given a weight factor w [102] to describe hot-spot features such
as w =1 and 0 < wg < 1. p denotes the population coverage rate and p = wg. Here
p > g and when the traffic is uniform w = 1.

N-Blocked state occurs in UMTS with WLAN coverage with probability g and in
UMTS-only coverage with probability g .

Here, if it happens that the N-blocked call is already within the WLAN coverage it
will initiate a vertical handoff with probability g. The indirect VH for N calls and HH call
can be written as:

Pp=1-(1-g)"and Py =1-(1—-g)" (6.1)
Also, VH-Blocked will move to drop state with probability 1.

In the WLANSs coverage, N-Arrival will move to blocked and successful states with
probabilities b and b, respectively. The VH-Arrival will move to successful state with
probability b; or to blocked state with probability bs. Both the blocked VH-Arrival and
N-Arrival will be dropped. The successful VH may move to completion states with
probabilities (Py.)" or initiate a vertical handoff to the UMTS coverage with probability
PJ;s. The successful N can move only to completion states with probability 1.

By using the Laplace transform approach as in [102] and [103], these probabilities

can be calculated and may directly be written as:

ffTesidualCRT(t)fSHT(T)det = T'u(l _ }{gRT(h))

u —
PTlS_

(6.2)

105



Phins = Pis = féar(W) = 1 = (1) (hP) (6.3)
hs = w where 1/ru is the mean cell residence time (CRT) of a UMTS cell,

1/ h is the mean session holding time (SHT) in a mixed cell and f z;(h) is the Laplace

transform of probability density function of CRT at s = h.

6.3.2 Handoff Arrival Rate Estimation

The arrival rate of N, HH, and VH is represented by A%, A}, and A}, respectively in the
UMTS. A% and Ay, are the N of WLANS users and VH of mixed users respectively. By

following the flow balance equation at equilibrium state we can get:

Yy = A%by P + Ay Pl + A%,y P, (6.4)
5}1 = A:/Jvhb3’ 1‘74;15 (6.5)
vh = Asbi(g + g Pin) + Anpb2g P (6.6)

We can derive these arrival rates if we know A} and other parameters.

6.3.3 Channel Holding Time

It is assumed that SHT has exponential distribution with mean 1/h sec in the entire cell.
CRT has a hyper-Erlang distribution with mean 1/r* sec in the UMTS-only coverage and
1/r%sec in the WLANS coverage.

FCHT(t) = P(CHT < t) =1- P(SHT >t, T'eSidualCRT > t) (67)

106



d o0 0
feur (@) = PT: 1 _ffSHT(t)dtffresidual—CRT(t)dt (6.8)

Using the Laplace transform approach [102], [103], the mean value of X can be obtained
as follows:

E[X] =(-1) fc*lg;)(O), where fc*lg;)(O) is the first derivative of fc*zg;) (s) at s = 0. From
[102] and [103], the mean channel holding times are obtained for new calls (N),

horizontal handoff (HH) and back vertical handoff (VH) calls of UMTS users are:

1 u
BT = ElTihe] = 3 = 35 (1 = féar () (©9)

1

ElTihs] = 5 (1 = féar(h) (6.10)

For WLAN users, the channel occupancy time is equal to its channel holding time
that is E[Tys] = %, because of limited mobility and is assumed to be active only in the

WLANS. The channel occupancy time of a vertical handoff call of UMTS users in the

WLAN:S is:

w

1
EITghal = = 7 (1 = fer(h)) (6.11)

The Laplace transform of Hyper-Erlang distribution is:

N -

fon () = Y @i () (6.12)

=1

where a; >0, YN, @; = 1, and N, n; and 6; are positive numbers.
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6.3.4 Steady State Probability for Call Sessions

Using the Erlang’s loss-formula for a three dimensional steady state Markov Chain [103],
the probability that there are N-Successful, HH-Successful and VH-Successful states in

the UMTS system is:

(MREITHED! (AR E[Tihs])” (AGnE[TohsD*

T (6.13)

PU(i,j, k) = P*(0,0,0)

where P“(i, j, k) is the steady state probability that i, j and k are the number of new calls,
horizontal handoff and back vertical handoff calls from the UMTS users in the UMTS

cell. Then,

P%(0,0,0) =

e P I

P*(0,0,0)1s the probability that there are no new calls or handoff calls requests in the
UMTS cell. Ty, Tis and T are channel holding times (CHTSs) of successful new,
successful horizontal handoff and successful vertical handoff session, respectively.

The probability of N-Successful and VH-Successful states in the WLANS is:

(A EITeD)" AnE[Tons])’

N (6.15)

P¥(i,j) = P*(0,0)

where PY (i, j) is the steady state probability that i is the number of calls of WLANS users

and j is the number of vertical handoff calls of UMTS users in the WLANS. Then,
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PY(0,0) = (z (AWE[TnVZ ) Zumms (6.16)

and P"(0,0) it is the probability that there are no requests is being processed in WLANS.
Tys and Ty are the channel holding time of successful N and successful VH,

respectively.

6.3.5 Performance measures

The blocking probability of new calls for UMTS users in the UMTS cell will occur when
there is already m of N-Successful states in the UMTS or there are no available channels

in the UMTS cell. Then, the blocking probability of new calls of UMTS users in the

UMTS cell is:
-mM-m—j m-1M-i
Z Z PY(m, j, k) + z PU(i,j,M — i — )) (6.17)
j=0 k=0 i=0 j=0

The Blocking probability of horizontal handoff or vertical handoff in the UMTS
cell will occur when there are already M successful states in the UMTS. In this situation
(j+k)=(M—m) and (i +j + k) = M. The blocking probability of handoff requests

(HH or VH) in UMTS cell is:

m M-i
by=) ) PUGLM—i-)) (6.18)

i=0 j=0

The Blocking probability of WLANs users will happen when there are K — C

successful states in the WLANSs (K — C busy channels):
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Cc
b= ) P¥(K —C,j) (6.19)

The Blocking probability of vertical handoff calls of UMTS users to the WLANS is

the probability that all K channels are busy in the WLANS.

by = iz PY(i,j — i) (6.20)

When a new incoming call to the UMTS cell cannot be served in the cell it will be
dropped and that is because of one of the following reasons:
- The user who is initiating this call is in the UMTS-only coverage area and there

are no other ongoing calls by UMTS users in the WLAN coverage area.

- The user who is initiating this call is in UMTS-only coverage and there is at least
one ongoing call by UMTS users under the WLAN coverage, but all the K

channels of WLANSs are occupied.

- The user initiating this call is under the WLAN coverage but all the K channels of

WLANS are occupied.
Therefore, the dropping probability of a new call is:
Pan = b1g"(Pin)" + b1(g + g'Pin)b3 (6.21)

where b;, and g are positive fractions.
Horizontal handoff arrival moves to dropped state in UMTS and in WLANSs. Then

the final dropping probability of HH is:

Pyp = byg' (Pyp) + byg (Pip)bs (6.22)
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6.4 Validation of the Model

To validate the analytical results, a discrete event simulator has been created using java.
Numerous validation experiments have been carried out with different values of K and C.
Experiments have been carried out to obtain the results of the dropping probability of new
UMTS calls and the dropping probability of UMTS horizontal handoff calls, when
decreasing and increasing the number of channels in the WLAN and the number of
channels which are exclusively used by vertical handoff calls from the UMTS to WLAN.
It can be seen in Figure 6.3 and 6.4 below that the simulation results and the analytical
results show a very good close agreement.
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Figure 6.3 : Dropping Probability of UMTS New Call (Analytical and Simulation)
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Figure 6.4: Dropping Probability of UMTS Horizontal Handoff Call (Analytical and
Simulation)

6.5 Numerical Results and Discussion

Here, it is required to see the improvement of call blocking probabilities and call
dropping probabilities of the UMTS users by having WLANSs integrated in it. The effect
of the C channels in the WLANs which will be used only by the vertical handoff calls of
UMTS users (with A% = 10, p=0.4) will be seen. Also, the effect of increasing and
decreasing the coverage rate (g) of the WLANSs (with, A7) = 10, C=10) will be discussed.
The following parameters have been used: N=2, o¢;= 0.4, «,= 0.6, n; =3, n, = 2,
6, = 045, 0, = 0.35, , mean = 3.31 min for the UMTS, and N=2, ;= 0.2, «,= 0.8,
n, =2,n, =2,60; =0.25, 0, = 0.35, mean = 2.73 min. For WLAN:Ss, the call holding
time is exponentially distributed with mean 2.5 min for UMTS users and 2.5 min for

WLANSs users. M = 30, m = 25, K = 50, C = 10.
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Figure 6.8: Dropping Probability of UMTS Horizontal Handoff Call with Effect of
WLANS coverage Rate (g)
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In Figure 6.5, it can be seen that the blocking probability of UMTS new calls
decreases with the increase of C because by increasing C, more new call users of UMTS
can make a vertical handoff to the underlying WLAN instead of using shared channels
K — C only. To study the system performance of the UMTS system with and without the
WLANS, we set C = 0 and K = 0 and saw that the integrated network has a much better
performance than the conventional network from both the dropping probability of new
calls and horizontal handoff calls. The same thing was noticed in Figure 6.6 as well. For
these two figures, the results were compared with the results obtained in [102] and [107],
and the proposed scheme shows better results in both the dropping probability of new
calls and horizontal handoff because in [102] the 3G users use the reserved channels K, in
the WLANSs only, but in this scheme they use the reserved channels C plus share the other
K — C channels with the WLANSs users.

Figures 6.7 and 6.8 show the study of the effect of the WLAN coverage rate g with
uniform traffic and hot-spot traffic on the system performance. It can be seen that the
dropping probability of new calls decreases by increasing the coverage rate g. This is
because increasing g gives more chances of vertical handoff, so that the calls that are
blocked will not necessarily be dropped. It is also noticed that the performance
improvement will be reduced when the coverage rate is increased to a certain value, as
noted in [102] and [107] as well. Also, when the coverage area has a higher population

density (hot-spot), the integrated network will gain better performance.
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6.6 Summary

In the proposed modelling of a prioritised vertical handoff scheme in an integrated
UMTS/WLANSs network, the call residence times are modelled by general distribution to
adapt to the flexible mobility environments. In this scheme, the horizontal handoff and
new calls rates have been derived and calculated. The channel occupancy times and the
blocking and dropping probabilities have been derived and calculated as well. From the
numerical results, it is shown that the performance of the integrated UMTS/WLAN is
improved, especially when the WLANS are in hot-spot areas. The analytical model has
been validated by a discrete event simulator, and the results from both analytical and
simulations show a close agreement. The results also show that this model provides better
call-dropping performance than the model it was compared too. Integration of UMTS and
WLANS can help in creating Mobile Hot-Spot that can provide high-speed wireless data

solution to areas that require it.
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Chapter 7

Conclusions and Future Directions

In this thesis, firstly, an analytical model has been developed for priority handoff
mechanisms and optimised number of channels assigned to handoff calls, with the aim of
minimising the dropping probability under given network scenarios. A performance
model has also been developed and provided for a two-cell network system and the
different performance parameters have been measured for each of the cells in the network
and altogether as one network system. Secondly, a solution has been developed for re-
allocation of the unutilised bandwidth to be used fairly by all nodes that request a
bandwidth. Finally, a new performance model for a Macro/ Micro cells network has been
developed, which supports fast and slow mobility users. The microcell has also been
replaced by WLANSs and a performance model proposed for prioritising a vertical handoff
scheme in an integrated UMTS/WLAN network. In the following section, the results of

this research are summarised, followed by a discussion of future research directions.

7.1 Summary of results

The main contributions of this thesis are summarised as follows:
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In Chapter 3, an analytical model has been developed for priority handover
mechanisms, whereby new calls and handover calls are captured by two different
traffic arrival processes respectively. The comparison between the results obtained
from the analytical model and those obtained by the simulation has shown that the
derived analytical model possesses a good degree of accuracy to predict the network
performance under different network scenarios. Using the blocking probability of the
new calls and the dropping probability for handoff calls derived from the analytical
model, the optimised number of channels assigned to handoff calls has been
calculated with the aim of minimising the dropping probability under given network
scenarios. Also in this chapter, a performance model for a network with two-cells has
been developed to measure the different performance parameters for each of the cells
in the network, and altogether as one network system. The results obtained from the
analytical model have been compared to results obtained by simulation experiments
and they show the accuracy of the analytical model in predicting the network

performance parameters.

In Chapter 4, a new solution model has been proposed to manage the bandwidth in a
3G wireless cellular network. To manage the bandwidth in the network properly, a
higher priority has been given to multimedia calls to keep them constant during their
connection lifetime. A bandwidth, which is not utilised by fewer mobile nodes, has
been re-allocated to the needy ones. For the lower priority handover call (data call) at
least a minimum bandwidth has been allocated for the worst-case scenario. The
unutilised bandwidth has been distributed fairly among active lower priority nodes,

which will be utilised later on by either handoff calls or incoming local calls. With
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this method, maximum bandwidth in the cell will be reached, it will remain available
whenever a new call, either handoff or locally generated comes in, and therefore, the
wastage of network resources can be avoided. The dropping probability of handoff
calls has been reduced to a minimum and the blocking probability of newly generated

calls has been maintained at a minimum by this method.

In Chapter 5, analytical performance models for a two layer microcells/ macrocell
Hierarchical Cellular Network has been developed by using a 1-D and 2-D markov
process for microcell and macrocell, respectively. This analytical model’s results
have been compared to simulation experiment results, and they show a very good
agreement. The macrocells handle the fast-mobility users, while the microcells serve
the slow-mobility users. In the microcells, a combination of sub-rating, call bounding
and handoff queuing schemes has been used, while in the macrocell, the call
bounding scheme has been used. As sub-rating the channel effects the voice quality,
the degradation ration of the voice quality has been studied in the microcell, and the
results show that increasing the number of microcells will reduce this degradation

ration and it will improve the performance of the network at same time.

In Chapter 6, a new performance model has been developed to prioritise vertical
handoff schemes in an integrated UMTS/WLAN network. In this model, the call
residence times have been modelled by general distribution to adapt to the flexible
mobility environments. The new originated and horizontal handoff call of UMTS
users that are blocked in the UMTS-only coverage can attempt a vertical handoff to
the underlying WLANS. In the WLAN:S, these calls were given more priority than the
WLANS users call by reserving some channel for them, plus they shared the rest of
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the channels with the WLANSs users. The channel occupancy times and the blocking

and dropping probabilities have been derived and calculated. The results obtained

from both the analytical model and the simulation experiments, show a very good

agreement. The results also show that by increasing the coverage size of the WLAN:S,

the network performance has been improved and the dropping probability of new

calls and horizontal handoff calls of UMTS users have been reduced.

7.2 Direction of Future Work

In this Section, several interesting issues have been discussed and problems addressed

that require further investigation. These are briefly outlined below:

As mentioned at the end of chapter 3, where a performance model for two-cell in
cellular network was developed, this work can be extended and a new
performance model can be developed for a cluster of seven cells. This will allow
the study of handoff and performance parameters between clusters of seven cells
each, instead of studying the handoff and performance parameters of a single cell
or between two cells. Further study can be carried out on the user movement
between the cluster cells. Some intelligent tools can be used such as fuzzy logic,
and genetic algorithms and this will help in predicting the motion of the MT in an

accurate way.

As future wireless networks will be integrated into different technologies, work on
the study of integration between UMTS and WLANs should be extended to

develop some analytical models for integration of LTE and WiMAX with the
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Cellular networks. Different resource allocation schemes which support multiple
traffic in an integrated wireless networks can be used. The different traffic flow
from and to different wireless or mobile networks can be combined together to
achieve a better QoS (that is, maximum throughput, minimum delay, minimum
packet errors, and so on).

The integration of WLANs and UMTS can also be extended to do a study on

multiple class traffic where there will be data calls and voice calls.

121



References

[1]

[2]

[3]

[4]

[3]

[6]

D. E. Everitt, Traffic engineering of the radio interface for cellular mobile

networks, Proc. IEEE, vol. 82, no. 9, pp.1371-1382, 1994.

D. Hong, S. S. Rappaport, Traffic model and performance analysis for cellular
mobile radiotelephone systems with prioritized and non-prioritized handoff
procedures, IEEE Transactions on Vehicular Technology, vol. 35, pp. 77-92, Aug.

1986.

B. Li, C. Lin, S. T. Chanson, Analysis of a hybrid cutoff priority scheme for
multiple classes of traffic in multimedia wireless networks, Wireless Networks,

vol. 4, no. 4, pp. 279-290, July 1998.

Y.B. Lin, S. Mohan, A. Noerpel, Queuing priority channel assignment strategies
for handoff and initial access for a PCS network, /EEE Transactions on Vehicular

Technology, vol. 43, no. 3, pp. 704-712, Aug. 1994.

R. Ramjee, R. Nagarajan, D. Towsley, On optimal call admission control in

cellular networks, Wireless Networks, vol. 3, no. 1, pp. 29-41, March 1997.

Y. Fang, Y. Zhang, Call admission control schemes and performance analysis in
wireless mobile networks, IEEE Transactions on Vehicular Technology, vol. 51,

no.2, pp. 371-382, March 2002.

122



[7]

(8]

[9]

[10]

[11]

[12]

[13]

M. D. Kulavaratharasah, A. H. Aghvami, Teletraffic performance evaluation of
microcell personal communication networks (PCNs) with prioritized handoff
procedures, IEEE Transactions on Vehicular Technology, vol. 48, no. 1, pp. 137-

152, Jan. 1999.

R. A. Guerin, Queuing-blocking system with two arrival streams and guard
channels, /[EEE Transactions on Communications, vol. 36, no. 2, pp. 153-163,

Feb. 1988.

E. D. Re, R. Fantacci, G. Giambene, Handover queuing strategies with dynamic
and fixed channel allocation techniques in low earth orbit mobile satellite systems,

IEEE Transactions on Communications, vol. 47, no. 1, pp. 89-102, Jan. 1999.

C. H. Yoon, C. K. Un, Performance of personal portable radio telephone systems
with or without guard channels, [EEE Journal on Selected Areas in

Communications, vol. 11, no. 6, pp. 911-917, Aug. 1993.

C. Chang, C. J. Chang, K. R. Lo, Analysis of a hierarchical cellular system with
reneging and dropping for waiting new calls and handoff calls, /EEE Transactions

on Vehicular Technology, vol. 48, no. 4, pp. 1080-1091, July 1999.

V. K. N. Lau, S. V. Maric, “Mobility of queued call requests of a new call queuing
technique for cellular systems,” IEEE Transactions on Vehicular Technology, vol.

47, no. 2, pp. 480-488, May 1998.

A. S. Acampora, M. Naghshineh, Control and quality of service provisioning in
high-speed micro-cellular networks, IEEE Personal Communications, vol. 1, no.

2, pp. 36-43, 1996.

123



[14]

[15]

[16]

[17]

[18]

[19]

[20]

M. Naghshineh, S. Schwartz, Distributed call admission control in mobile/wireless
networks, IEEE Journal on Selected Areas in Communications, vol. 14, no. 4, pp.

711-717, May 1996.

D. Levine, I. Akyildiz, M. Naghshineh, A resource estimation and call admission
algorithm for wireless multimedia networks using the shadow cluster concept,

IEEE/ACM Transactions on Networking, vol. 5, no. 1, pp. 1-12, Feb. 1997.

C. Oliveira, J. B. Kim, T. Suda, An adaptive bandwidth reservation scheme for
high-speed multimedia wireless networks, IEEE Journal on Selected Areas in

Communications, vol. 16, pp. 858-874, Aug. 1998.

P. Ramanathan, K. M. Sivalingam, P. Agrawal, S. Kishore, Dynamic resource
allocation schemes during handoff for mobile multimedia wireless networks, /EEE
Journal on Selected Areas in Communications, vol. 17, no. 7, pp. 1270-1283, July

1999.

D. Saha, A. Mukherjee, 1. S. Misra, M. Chakaraborty, Mobility Support in IP: A

Survey of Related Protocols, IEEE Network, vol. 8, no. 6, 2004, pp. 34-40.

W. Shen, Q.-A. Zeng, A Novel Decision Strategy of Vertical Handoff in Overlay
Wireless Networks, In the Proc. 5th IEEE International Symposium on Network
Computing and Applications (NCA 06), Cambridge, MA, USA, July 2006, pp.

227-230.

Stojmenovic, Handbook of Wireless and Mobile Computing, ISBN 0-471-41902-

8, John Wiley & Sons, 2002.

124



[21]

[22]

[23]

[24]

[25]

[26]

[27]

I. F. Akyildiz, J. McNair, J. Ho, H. Uzunalioglu, W. Wang, Mobility Management
in Current and Future Communications Networks, IEEE Network, vol. 12, no. 4,

1998, pp. 39-49.

A. E. Leu, B. L. Mark, Modeling and Analysis of Fast Handoff Algorithms for
Microcellular Networks, In the Proc. 10th IEEE International Symposium on

Modeling, Analysis and Simulation of Computer and Telecommunication Systems

(MASCOTS 2002), Fort Worth, Texas, USA, October 2002, pp. 321-328.

P. Jung, P. W. Baier, A. Steil, Advantages of CDMA and Spread Spectrum
Techniques over FDMA and TDMA in Cellular Mobile Radio Applications, /EEE

Trans.Vehicular Technology, Vol. 42, No. 3, pp. 357 — 364, 1993.

P. Marichamy, S. Chakrabati, S. L. Maskara, Overview of Handoff Schemes in
Cellular Mobile Networks and Their Comparative Performance Evaluation, In the
Proc. IEEE Vehicular Technology Conference (VTC-99), vol. 3, Houston, TX, pp.

1486-1490, May 1999.

N. D. Tripathi, J. H. Reed, H. F. VanLandingham, Handoff in Cellular Systems,

IEEE Personal Communications, vol. 5, no. 6, pp. 26-37, 1998.

Y.B. Lin, S. Mohan, A. Noerpel, Queueing priority channel assignment strategies
for PCS handoff and initial access, IEEE Trans. Veh. Technol., vol. 43, no. 3, pp.

704-712, 1994.

M. Sidi, D. Starobinski, New call blocking vs handoff blocking in cellular

networks, ACM J. Wireless Networks, vol. 3, no. 1, pp. 15-27, 1997.

125



[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

N. Shinagawa, T. Kobayashi, K. Nakano, M. Sengoku, Teletraffic characteristics
in prioritized handoff control method considering reattempt calls, IEICE Trans.

Commun., vol. E83-B, no. 8, pp. 1810-1818, 2000.

J. Diederich, M. Zitterbart, Handoff Prioritization Schemes Using Early Blocking,

IEEE Communications Surveys and Tutorials, vol. 7, no. 2, pp. 26-45, 2005.

N. Bartolini, Handoff and Optimal Channel Assignment in Wireless Networks,

Mobile Networks and Applications, vol. 6, no. 6, pp. 511-524, 2001.

D. Hong, S. S. Rappaport, Traffic Model and performance Analysis for Cellular
Mobile Radio Telephone Systems with Prioritized and non- Prioritized handoff

procedures, IEEE Trans. Veh. Technol., vol. 35, no. 3, pp. 77-92, 1986.

R. A. Guerin, Channel occupancy time distribution in a cellular radio system,

IEEE Trans. Veh. Technol., vol. 35, n0.3, pp. 89-99, 1987.

J. Hou Y. Fang, Mobility-based call admission control schemes for wireless
mobile networks, Wireless Communications and Mobile Computing, vol. 1, no. 3,

pp. 269-282, 2001,

S. Tekinay, B. Jabbari, A Measurement-Based Prioritization Scheme for
Handovers in Mobile Cellular Networks, IEEE J. Select. Areas Commun., vol. 10,

no 8, pp. 1343-1350, 1992.

Q.-A. Zeng, K. Mukumoto, A. Fukuda, Performance Analysis of Mobile Cellular
Radio System with Priority Reservation Handoff Procedures, /n Proc. IEEE Veh.
Technol. Conference (VIC-94), vol. 3, Stockholm, Sweden, pp. 1829-1833, June

1994.

126



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

C-J. Chang, T-T. Su, Y-Y, Chiang, Analysis of a Cutoff Priority Cellular Radio
System with Finite Queueing and Reneging/Dropping, IEEE/ACM Trans.

Networking, vol. 2, no. 2, pp. 166—175, 1994.

J. Li, N. B. Shroff, E. K. P. Chong, Channel Carrying: A Novel Handoff Scheme
for Mobile Cellular Networks, IEEE/ACM Trans. Networking, vol. 7, no. 1, pp.

38-50, 1999.

J. S. Engel, M. Peritsky, Statistically Optimum Dynamic Server Assignment in
Systems with Interfering Servers, /IEEE Trans. Veh. Technol., vol. 22, no. 4, pp.

203-209, 1973.

Y.-B. Lin, A. Noerpel, D. J. Harasty, The sub-rating resource assignment strategy

for PCS hand-offs, IEEE Trans. Veh. Technol., vol. 45,no. 1, pp. 122-130, 1996.

F. A. Cruz-Perez, L. Ortigoza-Guerrero, Flexible Resource Allocation Strategies
for Class-Based QoS Provision in Mobile Networks, IEEE Trans. Veh. Technol.,

vol. 53, no. 3, pp. 805-819, 2004.

W. Zhuang, B. Bensaou, K. C. Chua, Adaptive Quality of Service Handoff
Priority Scheme for Mobile Multimedia Networks, IEEE Trans. Veh. Technol.,

vol. 49, no. 2, pp. 494-505, 2000.

D.A. Goldberg, Genetic Algorithms in search, optimization and machine learning,

Addison-Wesley, Reading, MA, 1989.

F. Barcelo, Performance Analysis of Handoff Resource Allocation Strategies
through the State-Dependent Rejection Scheme, IEEE Trans. Wireless Commun.,

vol. 3, no. 3, pp. 900-909, 2004.

127



[44]

[45]

[46]

[47]

[48]

[49]

[50]

Q.-A. Zeng, D. P. Agrawal, Modeling and Efficient Handling of Handoffs in
Integrated Wireless Mobile Networks, IEEE Trans. Veh. Technol., vol. 51, no.6,

pp. 1469-1478, 2002.

J. Wang, Q.—A. Zeng, D. P. Agrawal, Performance Analysis of a Preemptive and
Priority Reservation Handoff Scheme for Integrated Service-Based Wireless

Mobile Networks, IEEE Trans. Mobile Computing, vol. 2, no. 1, pp. 65-75, 2003.

W. Li, H. Chen, D. P. Agrawal, Performance Analysis of Handoff Schemes With
Preemptive and Nonpreemptive Channel Borrowing in Integrated Wireless
Cellular Networks, IEEE Trans. Wireless Commun., vol. 4, no. 3, pp. 1222-1233,

2005.

S. Rappaport, L. R. Hu, Microcellular communications systems with hierarchical
macrocell overlays: Traffic performance models and analysis, Proc. IEEE, vol. 82,

Sept. 1994.

L.-R. Hu, S. S. Rappaport, Personal communications systems using multiple
hierarchical cellular overlap, in Proc. IEEE Int. Conf. Personal Commun.

(ICUPC’94), 1994.

X. Lagrange, P. Godlewski, Performance of a hierarchical cellular network with
mobility-dependent hand-over strategies, in Proc. [EEE Veh. Technol. Conf. (VIC

"96), 1996.

D. Lee, D. Cho, Performance analysis of channel-borrowing handoff scheme
based on used mobility in CDMA cellular systems, [EEE Trans. Vehicular

Technology, vol.49, no.6, pp.2276-2285, 2000.

128



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

J. Lee, S. Chung, Mobility-dependent call admission control in hierarchical

cellular networks, Computer Communications, Vol. 25 , 700 — 713, 2000.

T. B. Zhariadis, K. G. Vaxevanakis, C. P. Tsantilas, N. A. Zervos, Global roaming
in Next-Generation Networks, /EEE Communications Magazine , vol. 40, no. 2,

pp.145-151, 2002.
A. Mishra, Performance and Architecture of SGSN and GGSN of General Packet

Radio Service (GPRS), IEEE Global Telecommunications Conference, 2001.

GLOBECOM '01., Vol. 6,pp. 3494 -3498, 2001.

S. Tekinay, B. Jabbari, Handover policies and channel assignment strategies in
mobile cellular networks, IEEE Commun. Mag, vol.29, 42-46, Nov. 1991.

G. Haring, R. Marie, R. Puigjaner, K. S. Trivedi, Loss formulae and their
optimization for cellular networks, IEEE Trans. on VT, 50(3), 664-673, May

2001.

R. Fantacci, Performance evaluation of prioritized handoff schemes in mobile

cellular networks, IEEE Trans. Veh. Technol, 49(2): 485-493, 2000.

Y. Lin, S. Mohan, A. Noerpel, Queueing priority channel assignment strategies for

PCS handoff and initial access, IEEE Trans. Veh. Technol, 43(8): 704-712, 1994.

Y. Cao, H. -R. Su, K. S. Trivedi, Performability Analysis of TDMA Cellular
Systems, in Proc. International Conference on the Performance and QoS of Next

Generation Networking, PQNet2000, Nagoya, Japan, Nov. 2000.

129



[59]

[60]

[61]

[62]

[63]

[64]

[65]

E. Del Re, R. Fantacci, G. Giambene, handoff and dynamic channel allocation
techniques in mobile cellular networks, /IEEE Trans. Veh. Technol Vol. 44, No.5,

pp. 224-234, 1995 .

H. Sun, Y. Cao, K. S. Trivedi, Availability and Performance evaluation for
automatic protection switching in TDMA wireless system, Proc. Pacific Rim

Inter. Symp. on Dependable computing (PRDC'99), 1999.

K. S. Trivedi, D. Selvamuhu, X. Ma, Analytic Modeling of Handoffs in Wireless
Cellular Networks, CACC, Department of ECE, Duke University, Durham, NC

27708, Jan. 2002.

J. M. Gimenez, M. J. D. Benlloch, J. M. Bauset, V. Pla, V. G. Giner, Analysis of
handover Procedure with Queueing, Retrials and Impatient Customers, HET-
NETs, llkley, West Yorkshire, UK, July 2005.

K. Xu, K. Tang, R. Bagrodia, M. Gerla, M. Bereschinsky, Adaptive bandwidth

management and QoS provisioning in large scale ad hoc networks, Proc. IEEE

Military Communications Conference MILCOM 2003, pp. 1018-1023, 2003.

S. Shenbagaraman, B. Prabhakaran, S. Venkatesan, Mobile Tracking and
Resource Reservation Scheme for Cellular Networks, Proc. IEEE Conference on

Vechicular Technology, Vol. 2, pp. 1273-1277, 2003.

S. Kim, P. K. Varshney, Adaptive Load Balancing with Preemption for
Multimedia Cellular Networks, Proc. IEEE Wireless Communications and

Networking Conference (WCNC), pp. 1680-1684, 2003.

130



[66]

[67]

[68]

[69]

[70]

[71]

[72]

S. Kim, P. K. Varshney, An Integrated Adaptive Bandwidth-Management
Framework for QoS-Sensitive Multimedia Cellular Networks, /EEE Trans. on

Vehicular Technology ,Vol. 53, No. 3, pp. 835 — 846, 2004.

C. -T. Chou Shin, K. G., Analysis of Adaptive Bandwidth Allocation in Wireless
Networks with Multilevel Degradable Quality of Sevice, IEEE Transactions on

Mobile Computing ,Vol. 3, No. 1, pp. 5-17, 2004.

H. B. Kim, An adaptive bandwidth reservation scheme for multimedia mobile

cellular networks, Proc. IEEE International Conference on Communications, ICC

2005, pp. 3088-3094, 2005.

X. G. Wang, G. Min, J. Mellor, K. Al-Begain, A QoS-Based Bandwidth
Management Scheme in Heterogeneous Wireless Networks, International Journal
of Simulation Systems, Science & Technology , Vol. 5, No. 1-2, pp. 9-18, 2004.

S. H. Shah, K. Chen, K. Nahrstedt , Dynamic Bandwidth Management for Single-
hop Ad hoc Wireless Networks, Proc. First IEEE International Conference on
Pervasive Computing and Communications (PerCom'03), pp. 195-203, 2003.

H. -B. Guo, G. -S. Kuo, A dynamic and adaptive bandwidth management scheme

for QoS support in wireless multimedia networks, Proc. IEEE 61st Vehicular

Technology Conference, VTC 2005, Vol. 3, pp. 2081-2085, 2005.

I. S. Hwang, B. -J. Hwang, L. -F. Ku, P. -M. Chang, Adaptive Bandwidth
Management and Reservation Scheme in Heterogeneous Wireless Networks,
Proc. IEEE International Conference on Sensor Networks, Ubiquitous, and

Trustworthy Computing, pp. 338-342, 2008.

131



[73]

[74]

[75]

[76]

[77]

[78]

[79]

G. Schembra, A resource management strategy for multimedia adaptive-rate
traffic in a wireless network with TDMA access, [EEE Trans. on Wireless

Communications , Vol. 4, No. 1, pp. 65-78, 2005.

M. Gupta, A. K. Sachan, Distributed Dynamic Channel Allocation Algorithm for
Cellular Mobile Network, Journal of Theoretical and Applied Technology , pp.

58-63, 2007.

J. Yang, D. Manivannan, M. Singhal , A fault-tolerant dynamic channel allocation
scheme for enhancing QoS in cellular networks, Proc. the 36th Annual Hawaii

International Conference of System Sciences, pp.10 ,2003.

H. -Y. Shin, J. -L. C. Wu, The study of dynamic multi-channel scheme with
channel de-allocation in wireless networks, Computer Networks, Vol. 45 No. 4,

pp. 463-482, 2004.
H. -W. Ferng, H. -J. Lin, W. -C. Tsai, C. -C. Peng, A Channel Allocation Scheme

with Dynamic Priority for Wireless Mobile Networks, Proc. IEEE 60th Vehicular

Technology Conference, 2004. VTC2004, Vol. 2, pp. 1143-1147, 2004.

Q. Guo, Y. Wang, X. Xu, C. Li, Q. Chen, An Efficient Vertical Borrowing and
Dynamic Resource Allocation Scheme for Wireless Overlay Network, Proc. 2nd
IEEE Conference on Industrial Electronics and Applications, ICIEA 2007, , pp.

2870-2873, 2007.

R. E. Ahmed, A Hybrid Channel Allocation Algorithm using Hot-Spot
Notification for Wireless Cellular Networks, Proc. Canadian Conference of

Electronic and Computer Engineering CCECE '06, pp. 891-894, 2006.

132



[80]

[81]

[82]

[83]

[84]

[85]

[86]

A. Hac, C. Zhengping, Hybrid channel allocation in wireless networks, Proc.
IEEE VTS 50th Vehicular Technology Conference, VIC 1999, Vol. 4, pp. 2329-

2333, 1999.

X. Wu, K. L. Yeung, Efficient channel borrowing strategy for real-time services in
multimedia wireless networks, IEEE Trans. on Vehicular Technology , Vol. 49,

No. 4, pp. 1273-1284, 2000.

L. Mendes, P. R. Guardieiro, Proposal and evaluation of ERICA switch algorithm
as explicit rate mechanism in GFR backbones with ABR flow control, Proc. 5th
IEEE International Conference on High Speed Networks and Multimedia

Communication, pp. 152-156, 2002.

M. M. Macedo, M. S. Munes, H. Duarte-Ramos, Adaptation of the ERICA

algorithm to HFC networks, /IEEE Proc. of ATM Workshop, pp. 169-174, 1999.

S. Kalyanaraman, R. Jain , S. Fahmy, R. Goyal, B. Vandalore, The ERICA switch
algorithm for ABR traffic management in ATM networks, IEEE/ACM Trans. on

Networking , Vol. 8, No. 1, pp. 87-98, 2000.

I. Chong, S. H. Lee, Cell rate update algorithm for ABR traffic control in ERICA
switch scheme, Proc. International Conference on Communication Technology
ICCT 98, Vol. 1, pp. 434-440, 1998.

S. S. Petrovic, Comparative evaluation of adaptive stochastic and ERICA switch

algorithms for ABR traffic management in ATM networks, Proc. International

Conference on Parallel and Distributed Systems, pp. 406-413, 1998.

133



[87]

[88]

[89]

[90]

[91]

[92]

[93]

L. Wang, L. Wang, S. Jia, A flow control scheme for wireless ATM with hybrid
ARQ and weighted ERICA algorithm combined, /4th IEEE Proc. on Personal,
Indoor and Mobile Radio Communications, PIMRC 2003, Vol. 3, pp. 2538-2542,

2003.

C. Hartmannn, O. Schelegelmilch, Hierarchical cell structures with adaptive radio
resource management, Proc. IEEE Vehicular Technology Conference, Vol. 4,

pp-1764-1771, Sept. 2000.

S.H. Lee, J.S. Lim, Performance analysis of channel allocation schemes for
supporting multimedia traffic in hierarchical cellular systems, [EICE Trans.

Commun., Vol. E§6-B, No.3, pp.1274-1285, 2003.

X. WU, M. HE, F. Wang, J. Zheng, E. Regentova, G. Hao, Performance Analysis
of Sub-Rating for Handoff Calls in HCN, Int. J. Communications, Network and

System Sciences, Vol. 1, pp. 21-29, 20009.

W. H. Shan, P. Z. Fan, Performance evaluation of a hierarchical cellular system
with mobile velocity-based bidirectional call-overflow scheme, IEEE Trans. on

Parallel and Distributed System, Vol. 14, pp. 72-83, 2003.

S. S. Tang, W. Li, Modeling and analysis of hierarchical cellular networks with
bidirectional overflow and take-back strategies under generally distributed cell
residence times, Journal of Telecommunication Systems, Vol. 32, No. 1, pp. 71-

91, 2006.

S. P. Chung, M. T. Li, Performance evaluation of hierarchical cellular CDMA
Networks with soft handoff queueing, /IEEE Trans. on Vehicular Technology, Vol.
54, No. 2, pp. 652-672, 2005.

134



[94]

[95]

[96]

[97]

[98]

[99]

[100]

G. Boggia, P. Camarda, N. D1 Fonzo, Teletraffic analysis of hierarchical cellular
communication networks, /EEE Trans. on Vehicular Technology, Vol. 52, No. 4,

pp. 931-946, 2003.

Y. Zhang, B. H. Song, Handoff counting in hierarchical cellular system with
overflow scheme, Int. Journal of Computer and Telecommunications Networking,

Vol. 46, No. 4, pp. 541-554, 2004.

X. Liu, A. O. Fapojuwo, Performance analysis of hierarchical cellular networks
with queuing and user retrials, Int. Journal of Communication Systems, Vol. 19,

No. 6, pp. 699-721, 2006.

X. Wu, J. Zheng, E. Regentova, Y. Jiang, Analysis of the effect of channel sub-
rating in unidirectional call overflow scheme for call admission in hierarchical

cellular networks, Proc. Vehicular Technology Conference, pp. 1265-1269, 2007.

M. J. Rakhee, A subrating channel assignment scheme for cellular radio network
with directed retry, Computers & Operations Research, Vol. 32, pp. 2407-2417,

2005.

S. Yamanaka, K. Shimohara, Performance analysis of CDMA cellular networks
with channel sub-rating, Int. Journal of Communication Systems, Vol. 19, No. 3,

pp. 317-333, 2006.

D. Astely, E. Dahlman, A. Furuskar, Y. Jading, M. Lindstrom, S. Parkvall, LTE:
the evolution of mobile broadband, /IEEE Communication Magazine., Vol. 47, No.

4, pp. 44-51, Apr. 2009.

135



[101]

[102]

[103]

[104]

[105]

[106]

[107]

D. K. Kim, D. Griffith, N. Golmie, A novel ring-based performance analysis for
call admission control in wireless networks, IEEE Communication Letter., Vol.

14, No. 4, pp. 324-326, 2010.

S. Tang, W. Li , Performance Analysis of the 3G Network with Complementary
WLANs, Proc. I[IEEE Global Telecommunications Conference, 2005.

GLOBECOM '05., Vol. 5, pp. 2637-2641, 2005.

Y. Fang, , Hyper-Erlang Distribution Model and its Application in Wireless
Mobile Networks, Intl. Journal of Wireless Networks: Special Issue: Design and

Modeling in Mobile and Wireless Systsems, Vol. 7, No. 3 ,211-219, 2001.

W. Song, H. Jiang, W. Zhuang, Performance analysis of the WLAN first scheme
in cellular/WLAN interworking, IEEE Trans. Wireless Commun., vol. 6, no. 5, pp.

1932-1943, May 2007.
W. Xia, L. Shen, Modeling and Analysis of Handoffs in Cellular and WLAN

Integration, Proc. IEEE International Conference on Communications, ICC '07.,

pp. 385-391, 2007.

Q. Song, A. Jamalipour , Network selection in an integrated wireless LAN and
UMTS environment using mathematical modeling and computing techniques,

IEEE Wireless Communications , Vol. 12, No. 3, pp. 42 — 48, 2005.

S. Tang, W. L. , Modeling and Evaluation of the 3G Mobile Network with Hot-
spot WLANSs , Int. Journal of Wireless and Mobile Computing (IJWMC) , Vol. 2,

No. 4, pp. 303 - 313, 2007.

136



[108]

[109]

[110]

[111]

[112]

[113]

[114]

S. Lee, K. Kim, K. Hong, D. Griffith, Y. H. Kim, N. Golmie, A probabilistic call
admission control algorithm for WLAN in heterogeneous wireless environment,

IEEE Trans. on Wireless Communication, vol. 8, no. 4, pp. 1672-1676, 2009.

C. Liu, C. Zhou, N. Pissinou, K. Makki , Resource Management in the Next
generation Integrated WLAN/3G Cellular Networks, Proc. IEEE Wireless
Communications and Networking Conference, WCNC 2007., pp. 3341 - 3346,

2007.

W. Song, W. Zhuang, Multi-Service Load Sharing for Resource Management in
the Cellular/WLAN Integrated Network, [EEE Trans. on Wireless

Communication, Vol. 8, No 2., pp. 725-735, 2009.

A. Salkintzis, Interworking Techniques and Architectures for WLAN/3G
Integration Toward 4G Mobile Data Networks, /IEEE Wireless Communications,

vol. 11, no. 3, pp. 50-61, 2004.

E. Stevens-Navarro, V. W. S. Wong, Resource sharing in an integrated wireless
cellulat/yWLAN system, Proc. of Electrical and Computer Engineering,

CCECE’07, pp. 631-634, 2007.
Y. B. LIN, S. K. Devries, Supporting interconnection with the PSTN, PCS

Network Signaling, IEEE Personal Communications, pp. 44 - 55, 1995.

A. Bugsch, M. Schroter , Network management for a Public Land Mobile
Networks, IEE Colloquium on Network Management for Personal and Mobile
Telecommunications Systems (Digest No. 1994/195), pp. 5/1-5/14, London , UK,

06 August 2002.

137



[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

Y. B. Lin, Mobility management for cellular telephony networks, /EEE Parallel

& Distributed Technology: Systems & Applications, Vol. 4, PP. 65, 1996.

L.LF. Akyildiz, J. McNair, J. S. M. Ho, H. Uzunalioglu, W. Wang, Mobility
management in next-generation wireless systems, Proc. of the IEEE, Vol. 87 , no.

8, pp. 1347- 1384, 1999.

G. Brasche, B. Walke, Concepts, Services, and Protocols of the New GSM Phase
2+ General Packet Radio Service, IEEE Communications Magazine Vol. 35, no.

8, pp. 94-104, 1997.

A. -C. Pang, J. -C. Chen, Y. —K. Chen, P. Agrawal, Mobility and session
management: UMTS vs. cdma2000, /IEEE Wireless Communications , Vol. 11, no.

4, pp. 30, Aug. 2004.

M. Zeng, A. Annamalai, V.-K. Bhargava, Harmonization of Global Third-
Generation Mobile Systems, /[EEE Commun. Mag., Vol. 38, No. 12, pp. 94104,

Dec. 2000.

J.-F. Huber, D. Weiler, H. Brand, UMTS, the Mobile Multimedia Vision for IMT-

2000: A Focus on Standardization, [EEE Commun. Mag., pp. 129-36, Sept. 2000.

Y. -B. Lin, Y. -R. Haung, Y. -K. Chen, 1. Chlamtac, Mobility Management: From
GPRS to UMTS, Wireless Commun. and Mobile Comp., vol. 1, no. 4, 2001, pp.

339-60.

R. Verdone, and A. Zanella, Performance of Received Power and Traffic-Driven
handover algorithms in Urban Cellular Networks, /IEEE Wireless Commun., vol.

9, no. 1, pp. 60-71, 2002.

138



[123]

[124]

[125]

K. Pahlavan, P. Krishnamurthy, A. Hatami, M. Ylianttila, J. Makela, R. Pichna, J.
Vallstron, Handoff in Hybrid Mobile Data Networks, /EEE Personal Commun.

Magazine, vol. 7, no. 2, pp. 34-47, 2000.

E. S. Navvaro, V. W. S. Wong, Comparison between Vertical Handoff Decision
Algorithms for Heterogeneous Wireless Networks, In the Proc. 63rd IEEE
Vehicular Technology Conference (VIC 06 Spring), vol.2, pp. 947-951, March

2006.

J. McNair, F. Zhu, Vertical Handoffs in Fourth-Generation Multinetwork

Environments, /IEEE Wireless Commun., vol. 11, no. 3, pp. 8-15, June 2004.

139



	cover_sheet_thesis
	University of Bradford eThesis

	zaid_zabanoot

