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Abstract

As more and more people are starting to use Cellular and PCS services the traffic density
required to be handled by these systems is increasing very rapidly. These systems cope
with this increasing user density by dividing the coverage area into smaller cells known as
microcells. The side effect of using microcells is the increased number of and quite
frequent crossings of cell boundaries by the mobile users. This leads to higher handoff

activity in both Hard handoff as well as Soft handoff.

Soft handoff is natural choice for CDMA system because of the universal frequency reuse
in CDMA. There are three parameters, namely 1,55, Tprop and Ipgop. that control
Soft handoff (SHO) algorithm. Proper settings of these parameters influence the
performance of SHO algorithm thus that of the system itself. An averaging parameter,
namely Length of Averaging Interval d avg that is designed to average out the shadowing
effects of channel, also greatly affects the performance of any handoff algorithm. Current
thesis studies the optimization of these four parameters to find optimal operating ranges
for them in the given environment. The study uses IS-95 based SHO algorithm that uses
carrier-to-interference ratio of received pilots for comparison during the SHO process.
From these results the parameter that affects the system performance the most has been
identified. Later extending our study of the effect of this parameter we estimated
quantitatively the amount of system capacity enhancement due to SHO. A 25-75% of

capacity enhancement has been observed.
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1

Introduction

1.1 Introduction

The concept of cellular mobile radio telephony was first introduced by AT&T Bell
Laboratories [31] in late 1960s and early 1970s. Since the implementation of cellular
systems in late 1970s and early 1980s the demand for cellular communications has grown
enormously all over the world. The reason being the convenience of having a tetherless
connection anywhere, at any lace and at anytime. In the past decade not only there had
been an unprecedented growth in the number of people using cellular services but also
there had been a rzpid increase in demand for a number of new services like voice, data,
etc. to be provided by the cellular services. In North America (NA) in 1983 a 40MHz wide
specttum was allocated in the 800MHz band which was later expanded to 50MHz because
of rapid rise in demand for mobile services. But the rapid growth in demand for cellular
services rendered this SOMHz spectrum insufficient. Thus in early 1995 another 120 MHz
wide spectrum in the 1900MHz band, known as PCS spectrum, was opened up in NA. The
intention was not only to be able to provide new services that would complement the

17



Introduction 18

cellular services but also to compete with them. Similarly in Europe apart from 800/
900MHz cellular band a new spectrum between 1710-1880MHz, called DCS spectrum,
was opened in the early 1990s for services called Universal Personal Network (UPN).
PCS system, first proposed by Cox [32] and later discussed by other eminent authors [33]-
[36], is visioned as a system that will provide us with information at any time, at any place
and in any form. Thus PCS systems also known as third generation systems are expected
to play an important role in future communications, since they should provide a universal
access to a wide range of basic and supplementary services provided by fixed networks as

well as mobile networks.

A cellular or a Personal Communications Services (PCS) system provides a wireless
connection to any user in the radio range of the system. Large number of users over a large
geographic area are accommodated by dividing this geographic area into small coverage
areas known as cells. Each cell has a fixed transceiver called base station (BS), located at
its center or edge, that communicates with a mobile station (MS) or user in its coverage
region. The coverage of each cell is limited to a small geographic area by limiting the
power of the transmitter of its BS. This enables another BS located some distance away to
use same radio channels. Since the main idea of cellular and PCS systems is to serve
mobile users at unspecified locations in the system service area. Thus a mobile user
communicates with a BS using either a hand held portable transceiver unit or a transceiver
unit installed in a vehicle. In any case because of the mobility of users it often happens that

a user crosses into the coverage area of another cell while a call is in progress. Thus for
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such a system it is very important to support services when a subscriber moves from the
coverage area of one BS to that of another BS. A complex switching technique, called
handoff, is required to let a call proceed without any interruption while a mobile moves
from the coverage area of one BS to that of another BS. Thus handoff is an integral part of

any mobile communications system.

First-generation of cellular systems like Advanced Mobile Phone System (AMPS) used
relatively less sophisticated handoffs but the second generation digital cellular systems,
like Global System for Mobile Communications (GSM) in Europe and IS-54 in NA, use
more superior handoffs by means of sophisticated Digital Signal Processing (DSP)
techniques and algorithms. GSM and IS-54 use Time Division Multiple Access (TDMA)
type of air interface and the handoff technique used by these systems is known as the Hard
handoff (HHO). This is a consequence of “break before make” handoff between two BSs,
and as the name suggests communication link between the mobile and current BS is
broken at the same time while establishing link with another BS. Thus while the call is
being handed over from one BS to another BS the communication link is not available
momentarily which is noticeable to the user as a “click sound” and is quite annoying.
Apart from that hard handoff is also known to have the problem of “Ping-Pong” effect that
occurs near the cell boundaries where a constant handing back and forth of a mobile takes
place between two BSs. This happens due to the inherent and unavoidable fading

fluctuations in the Received Signal Strengths (RSSs) of BSs at the MS receiver.

In recent years another second generation North American cellular system known as IS-95
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has emerged. It is based upon Code Division Multiple Access (CDMA) as its air interface
and uses a different handoff technique known as Soft handoff (SHO). Soft handoff is
facilitated by the universal frequency reuse characteristic of CDMA since it doesn’t
require a MS in handoff to switch frequencies. In IS-95 based CDMA cellular system a
MS constantly monitors the signal strength from nearby BSs. As the MS approaches the
cell boundary a link is established with another BS in a neighboring cell. The call is now
carried by two or more BSs. Link with old BS is broken only once the link with another
nearby BS with stronger signal is firmly established as a result the handoff process
becomes seamless. Thus the handoff process by soft handoff technique not only appears
seamless to the user but also is free from the “Ping-Pong™ effect problem as experienced
in HHO. This is a consequence of “make before break™ handoff between the BSs. At the
MS the signals received from each BSs are combined for a reliable communication link.

Soft handoff technique is the subject of investigation of the current thesis.

1.2 Motivation
In IS-95 CDMA system, MS is designed to support the SHO process by measuring and

reporting to the serving BS the strength of different received pilots. Pilot here is the
carrier-to-interference or £, ratio of the pilot channel associated with the forward
CDMA traffic channel. Every MS maintains a pool of active BSs called Active Set (AS).

The AS is updated based upon the result of comparison of the received pilot strengths to

thresholds T, ,, and Tpgop in combination with drop timer fppp. The threshold T, py
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controls adding a pilot to the AS and threshold Tj,,p controls dropping a pilot from the
AS. The third parameter f,p,p is a drop timer and is used to prevent a MS from dropping
a pilot prematurely.

All types of handoffs including Soft handoff are expensive processes since they consume
substantial processing power not only at MSs but at BSs and Mobile Switching Center
(MSC) as well. Apart from that, in SHO, additional resources in terms of more than one
traffic channels for single call are being used during the SHO process. On the other hand,
because of the involvement of multiple BSs in communication with one MS that is in
SHO, the channel diversity is used to enhance the quality of signal at the boundaries
between two or more BSs. Therefore a trade-off has to be made between diversity
advantage and resource utilization. Apart from that the process of adding and dropping of
a BS from the Active Set (AS) of a MS, known as AS Update process, is not a single shot
process. A number of signalling messages between the MS and the BS have to be
exchanged for a substantial period of time before the BS is firmly assigned to (or dropped
from) the AS. This complete process of signalling messages between MS and BS accounts
for one AS Update event. Thus the larger the number of AS updates (NAUs) the larger
will be the traffic on the control channels which implies more processing overhead on the
network.

Moreover in digital cellular systems and more importantly in PCS systems, which are
mostly deployed in urban or metro areas, the most effective way of combating the

increased demand for service is by decreasing the cell area, called microcells, which leads
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to high number of frequent crossings of boundaries of one or more cells by a MS while a
call is in progress. Note that microcells are characterized by smaller cells, 0.4-2 km
diameter and powers as low as 20 mW. As cell dimensions get smaller the mobiles cross
cell boundaries and get involved in SHO more frequently. Consequently not only NAUSs
per call increase but the time mobile occupies more than one channel to carry single call
also increases. From a network operator’s point of view it is highly desirable to reduce the
handoff time as much as possible. But on the other hand to ensure the link quality of a
connection near boundary and to maintain the continuity of a call across the boundary
between the cells an overhead in terms of handoff is unavoidable. Thus in a CDMA
system the network operator is not only interested in keeping low the number of BSs
talking simultaneously to a MS (i.e., smaller average size of AS) and the time for which
multiple BSs talk to a MS during the soft handoff but also interested in keeping low the

number of times an AS is updated (i.e., lower NAUs).

1.3 Thesis Objectives

The settings of SHO parameters are expected to influence the overall system performance
quite significantly. In this thesis we study the effect of SHO on the system performance.

To address this problem three objective have been set for the thesis. First objective deals
with the optimization of the three SHO parameters, T, p5p, Tprop» @d Ipgppp, and an
averaging parameter, davg. Parameter davg is designed to average out the long-term

fading and also affects the performance of the system substantially. The first objective is
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to study in detail the process of optimization of the above parameters and to find the
optimum operating ranges for them in the given PCS environment. The second objective
is to identify the parameter that affects the performance the most. The third objective is to
estimate the amount of capacity improvement that can be achieved due to Soft handoff in

an IS-95 based CDMA system.

1.4 Thesis Organization

Including the current chapter the thesis has been organized into six chapters as follows.

Chapter 2 discusses briefly the evolution of Cellular and PCS wireless systems. An
overview of CDMA and discussion on PN-sequences have been provided. Later the
chapter discusses the Soft Handoff process, its advantages and disadvantages, the soft
handoff parameters and the performance indicators for measuring the performance of a
system. The chapter concludes with brief discussion on related work done by other
authors.

Chapter 3 describes in detail the implementation of the simulation model. The chapter first
describes the shift register model to generate the family of Gold codes. It also describes
the structures of the transmitter and receiver including Rake receiver. In terms of channel
model the chapter discusses different phenomena, like Frequency selective fading, short-
term fading, long term fading and pathloss, that cause different types of channel
impairments to a spread spectrum signal. Later mathematical models used to model these

channel phenomena have been described. Finally the algorithms for Soft handoff and
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power control have been discussed.
Chapter 4 presents the results of the optimization part of the problem. Effect of the three
soft handoff parameters, T4pp, Tprop . 204 Ippop. and an averaging parameter, d,,,,

on the performance of the CDMA system has been studied on both Up and Down links in
Scenario I as discussed in the same chapter. The performance indicators have been defined
and monitored during simulations to measure the performance of the system. Later by
making trade-offs between appropriate performance indicators the optimum operating
ranges for above four parameters have been found in a given environment. From these
results we also found out that of the four the parameter T, is the one that affects the
performance of the system the most.

Recognizing the fact that CDMA capacity is limited by Up link only and that parameter
T,pp is the one that affects the CDMA performance the most, in chapter 5 we extended
our study of the effect of parameter T, 5, over Scenario II. Scenario IT covers all possible
situations over a cell including Scenario I. Later by deriving a capacity equation for
CDMA that reflects the effect of soft handoff and using this equation along with results of
Scenario II it has been shown that soft handoff in fact enhances the capacity of CDMA
system by almost two times.

Chapter 6 summarizes the results from chapters 4 and 5, and draws conclusions from the

research findings. It also suggests topics for future work.
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1.5 Thesis Contributions

There are two major contributions of thesis. First one being providing a better
understanding of the mechanism of Soft handoff and the effects of the three Soft handoff
parameters on the performance of system. By means of simulations it not only shows how
different parameters improve the available diversity thus reduce the average required
Transmit powers on both Up and Down links, but it also bring to our attention the cost we
have to pay in terms of increased network signalling load to achieve this improvement.
Later by means of trade-off curves between different performance indicators the thesis
emphasizes the importance of optimization of the Soft handoff parameters in order to
achieve optimum performance of the system. Apart from the three Soft handoff
parameters the thesis also studied in detail the effect of averaging parameter. Steps for the

optimization of the overall performance of the system have been suggested.

The second contribution of the thesis is to provide a better understanding of the effect of
Soft handoff on the capacity of CDMA system. By deriving a capacity equation for
CDMA that takes into account the tendency of Soft handoff of lowering the required
Transmit powers the thesis depicts the capacity enhancement effect of the Soft handoff.
Later by means of trade-off curves the thesis highlights the unavoidable costs, namely
fixed cost in terms of required number of more channel elements and variable cost in
terms of load on signalling infrastructure, that are required to be incurred in order to take

advantage of the capacity enhancement effect of Soft handoff.

All the above mentioned issues are very important for a network operator where as some
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of them are important for a systems designer and network optimization engineer. Though
the tendency of a network operator is to operate its network at maximum possible capacity
to maximize its returns but he/she might also like to operate at lower operating costs in
terms of lower network signalling load. The thesis provides him/her a better understanding
of where and how to draw line to get the most optimum performance of the system. A
network optimization engineer also shares the same concern and in addition wants to
know the Soft handoff parameter to which the system performance is most sensitive. This
thesis accomplishes this objective. From system designers point of view not only he/she
must be able to know how much capacity enhancement is there but also how many
additional channel elements or channel modems per cell he/she needs to provide in the
design of a Base Station to account for the capacity enhancement advantage of the Soft

handoff. The thesis has also covered that aspect appropriately.



2

CDMA Concepts: Background and
Literature Survey

The current chapter discusses briefly the evolution of cellular and mobile telephony
followed by an overview of CDMA technology. A discussion on properties and generation
of PN-sequences has been included. Finally the chapter concludes with a discussion on
Soft Handoff, its parameters, different performance indicators and related work done by

other researchers.

2.1 Evolution of Cellular and Mobile Telephony

Cellular systems obtain high spectral efficiency by reusing frequency pairs within the
system which is accomplished through the use of a grid of low-power transceivers
physically deployed throughout the system in groups of channels called cells. A channel is
defined as a frequency band or a time-slot or a code word depending if the multiple access

scheme being used to share the propagation medium is FDMA or TDMA or CDMA.

In the beginning stages of wireless communications services, in late 1970s and early

27



CDMA Concepts: Background and Literature Survey 28

1980s, the first generation analog cellular systems like Advanced Mobile Phone System
(AMPS) in NA; NMT in Scandinavian countries; TACS in UK, Italy, Australia, etc.;
Radiocom in France; C-450 in Germany and Portugal; and NTT-800/JTACS in Japan;
were deployed to cater to the needs of relatively smaller group of cellular subscribers [34],
[35]. The first generation analog systems employed FDMA to share the common
transmission medium. With the increasing popularity of cellular services in last decade it
became increasingly difficult to accommodate this increasing demand with then existing
analog systems. Thus in the early 1990s, to satisfy the increasing demand of wireless
services, the first generation systems were followed by more robust second generation

cellular systems that are based upon digital transmission techniques.

Digital cellular systems, by means of relatively inexpensive DSP integrated circuit
technology, not only provide increased capacity in the same bandwidth but also the
superior voice quality, more privacy and wide range of data services. Four TDMA based
digital cellular standards came up all over the world. In NA IS-54 was designed to coexist
with AMPS. Its frequency upshifted version called IS-136 with additional capabilities has
also been standardized. A single very comprehensive standard called Global System for
Mobile communication (GSM) has been developed to replace different existing analog
systems in Europe. GSM and its frequency upshifted version Digital Cellular Service-
1800 (DCS-1800) has become quite popular in Europe, Asia, Australia and some Latin
American countries. Japanese developed their own standard called Personal Digital

Cellular (PDC). All these TDMA based systems are narrowband systems and improve
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capacity relative to their first generation counter parts by allowing several time
multiplexed users on one frequency channel. However these narrowband systems do not
perform that well on a time dispersive or frequency-selective channel thus suffer from ISIL.
Thus TDMA based systems require complex adaptive equalization techniques to mitigate
the effect of ISI [37].

Recently in United States (US), new CDMA based digital cellular systems IS-95 for use in
the 800MHz band and IS-95+ for use in the 1900 MHz band have been developed. These
wideband direct sequence (DS) spread specttum (SS) CDMA systems can resolve and
combine to their advantage the mulipaths that cause ISI in TDMA and FDMA based
systems [17], [21]. This CDMA does by using multiple correlating receivers called Rake
receivers that have been discussed in section 3.4 where we discuss the structure of receiver
for our simulation model. After the widespread success of cellular CDMA in US the Joint
Technical Committee (JTC) is considering CDMA as strong contender for air interface for

standard for PCS systems. An overview of CDMA follows in the next section.

2.2 CDMA: An overview

On the basis of the type of spreading technique used spread specttum systems can be
classified into three type: Frequency-hopping (FH) spread spectrum (SS), Time-hopping
(TH) SS and Direct Sequence (DS) SS. In a FH-SS system the allocated spectrum, known
as total hopping bandwidth, is divided into M frequency channels of bandwidth wide

enough to include most of the power in a narrowband modulation burst. The hopping takes






