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(ABSTRACT)

The design of cellular wireless communication systems is influenced by the propa-
gation characteristics of the channel and their effect on transmitted signals. The multipath
propagation characteristics of a channel, except under simple transmission conditions,
limits the design of emerging cellular systems. Once the propagation conditions are under-
stood, systems can be designed more efficiently in terms of site layout and frequency plan-

ning, to reduce deployment costs and improve performance.

A software tool for site specific radio propagation prediction is being developed at
the Mobile and Portable Radio Group, Virginia Tech. The objective of this research is to
develop re-usable program modules that can be utilized to implement several functional
features of the software.

This thesis describes the raster and vector programming libraries that have been
developed during this research. These libraries are utilized in the database module, user
interface and graphics module and propagation prediction module of the software. Signifi-
cant among the capabilities that these libraries provide are the ability to store and retrieve
raster and vector data from the database, import measured and predicted data available in
standard data formats into the database, obtain user inputs through an interactive mecha-
nism, display images of site specific information at various resolutions, and enable the

user to view and analyze measured and predicted data.

This thesis also presents the data format, that has been defined during this research,
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to acquire and import contour and elevation information of buildings. The SISP General
Data Format (GDF), that has been developed, to facilitate import of measured and pre-
dicted data has also been described. The Hierarchical Data Format (HDF), developed by
the National Center for Supercomputing Applications (NCSA), has been adopted to store
measured and predicted data in the database. The programming techniques used to retrieve
and display data stored in this format are also outlined in this thesis.

SISP has been developed on Sun Sparc workstations. Details of the function librar-
ies that have been developed, programming methodologies employed, and data formats
that have been defined for site specific and measured and predicted RF data are included in
this thesis.
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Chapter 1. Introduction
1.1 Wireless Communications - An Overview

A phenomenal growth in wireless communications has been witnessed in the past
few years. The demand for mobile radio services has significantly increased since their
introduction in the mid 1980’s. At the beginning of 1993 there were more than 10 million
cellular phone users in the USA. A recent study by the Personal Communications Industry
Association (PCIA) predicts that by the year 1998, broadband 2 GHz personal communi-
cation services (PCS) will have 8.55 million subscribers, paging services will have 36.8
million subscribers, and cellular services will have 33.07 million subscribers [Trw94]. The
anticipated growth requires a more efficient use of the RF spectrum. Additionally, cellular
subscribers expect higher quality services at economical rates [Rap91]. Cellular providers
must adapt themselves to this rapidly changing environment, and utilize the existing net-
work infrastructure efficiently.

The cellular concept was introduced by Bell Laboratories and studied extensively
during the 70°s [Mac79]. Prior to cellular technology, wireless systems consisted of a fixed
number of channels used for transmitting and receiving information over a given geo-
graphic service area. The size of the service area was limited by the range of the base
transmitting antenna. The overall capacity of the system was limited by the number of
radio channels that were allocated to it.

Rather than increasing the transmitted power, cellular systems are based on the
concept of frequency re-use, i.e., the same frequency is used by several sites which are
located far away from each other. This keeps the co-channel interference below acceptable
levels. The system capacity can be increased by decreasing the size of the cells, thereby

increasing the number of times a given frequency can be re-used [Gre92].

In the US the first cellular system, the Advanced Mobile Phone Service (AMPS),
was introduced in 1983 [You79]. This system is capable of tracking mobile units as they

move from cell to cell. This means that calls are delivered to a unit wherever it is located,
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and the connections are maintained with it as it moves within and between cells. “Hand-
off” is the term used to describe how cellular systems transfer calls between channels in
different sites. This first generation cellular system is based on analog narrow band fre-
quency modulation (NBFM) around 900 MHz. Second generation cellular systems, based
on digital technology and advanced networking principles, are being deployed throughout
the world. These systems use either time division multiple access (TDMA) or code divi-
sion multiple access (CDMA) to provide improved quality and increased capacity as com-

pared to the analog systems [Cal88].

Forthcoming wireless systems such as personal communication systems, will pro-
vide individuals with ubiquitous voice and data services. The Federal Communications
Commission (FCC) has defined Personal Communication Services (PCS) as “a family of
mobile and portable radio communications services which can provide services to individ-
uals and businesses and be integrated with a variety of competing networks” [Kob93]. The
implication of this definition is that it allows PCS licensees to provide virtually every con-
ceivable service, short of conventional radio and television broadcasting or non-mobile

services.

Personal Communication Networks (PCN) is a very important member of the fam-
ily of services provided by PCS. These networks will utilize sophisticated hand-held
devices that will work anywhere in the world. In its full realization, PCN requires the sup-
port of a large infrastructure of indoor and outdoor base stations, subscriber location and
service-preference databases, and spectrum efficient radio technologies éapable of provid-

ing & high-volume service.

Several services compete for a limited amount of the electromagnetic spectrum.
The North American cellular systems have 50 MHz of the spectrum allocated to them.
The 12 VHF channels television channels require 72 MHz of the spectrum. The NCR
WaveLAN system uses 12 MHz of the spectrum and the current generation of cordless
telephones operate in approximately 1MHz of the spectrum [Cha93]. The lack of available

spectrum is a serious impediment to the development and introduction of new services.
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This issue is further compounded by differing wireless communication standards,
artifacts of the strategies of various governments around the world and intense competi-
tion. In Europe, the Nordic Telephone system (NMT450) was developed in 1981 for the
450 MHz band. This system is presently being deployed in many countries, including
Russia. Cordless telephone technologies, such as CT-2 and CT-2+, are being considered
by many countries as a low-cost alternative to PCS [Lar94], [Swa90]. The Digital Euro-
pean Cordless Telephone (DECT) is also a Pan-European standard for cordless telephony
[Och89]. The Group Special Mobile (GSM) is a Pan-European digital cellular system
offering both voice and data services [Mou92]. An extension of this system is the DCS
1800, which is expected to provide the next generation PCS services [Cal88], [Tia90]. In
North America the Cellular Telecommunications Industry Association (CTIA) members
decided to adopt the IS-54 standard [Cox88]. The Japanese Digital Cellular (JDC) air
interface standard is closer to the United States IS-54 TDMA standard than to other digital
cellular standards [Cox88], [Kuw85], [Rai91].

Regulatory solutions complement spectrum-efficient technologies to alleviate this
problem. Microwave radio spectrum is being allocated by regulatory bodies, like the FCC,
to new, high-capacity, digital telephone and computer networks. Still, many technical and
policy hurdles have to be resolved. Key among them are decisions about which parties
will be allowed to hold the government granted licenses for new spectrum. Other consid-
erations are in reallocating the spectrum, hitherto used for point-to-point use, for mobile

and portable use.

Moreover, the FPLMTS (Future Public Land Mobile Telecommunication System)
standard body is an international group of connectivity standards, that is considering how
the PCS networks, in various countries, can be linked to form an universal personal tele-
communications system. This system includes the functions of cordless telephony, paging,
and private branch exchanges, and is expected to support and extend existing and future
generations of cellular mobile systems [War92].

Rapid progress in digital wireless technology promises to make voice, data, and
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video services available anytime, anyplace. Progress in technology, along with establish-
ment of standards and regulatory rule making might make the “wireless vision” a reality
within the next decade.

1.2 Cellular Systems - General Aspects

Cellular radio systems do not represent a completely new technology, but a stage
in the process of logical development, to handle problems faced in radio system design.
The traditional problem in mobile radio system design has been to handle conflicting
requirements in system capacity and area coverage. A proven solution is to divide the geo-
graphic area to be covered into smaller segments called “cells”, and to re-use frequency
throughout the area. Frequency re-use is therefore the fundamental objective of cellular
radio systems. For system planning, the given geographical area is divided into cells in a
regular fashion. Each cell is represented by a hexagon and each hexagon is chosen such

that the cells completely cover the desired area.

Implementation of such systems requires a careful engineering approach [Rap91a].
A radio transmission channel tends to degrade the transmitted signal. The success of these
systems depends on keeping mutual interference levels between the cells to a minimum.
Moreover, if the mobiles need to communicate to their base or to other terminals, all of the
transmitters involved must be capable of providing enough signal strength to cover the
area. Future PCS will likely use low power and low antenna heights to limit the propaga-
tion outside the cells. In these systems, it will be essential that the propagation characteris-
tics be known in advance. Hence, it is important to have fast and accurate propagation

prediction techniques.

1.3 The Significance of Propagation Prediction

A major challenge in the design of cellular systems is to overcome the effects of
the varying radio link. The characteristics of the radio channel, which exists between the

transmitter and receiver, are complex and heavily dependent on the nature of the physical
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environment in which the equipment operates. The radio propagation between adjacent
cells must be kept to a minimum so as to reduce the interference signal. It is crucial that,
for the efficient use of the allocated frequency band, the designer should be able to predict
the minimum power to be transmitted from a base station. It is essential that in these sys-
tems, the propagation characteristics of the channel be known ahead of time. This will
help in determining the power to be transmitted from the base station in order to provide

the optimum coverage for a given cell.

Wireline systems use transmission lines to connect communication terminals. The
effect these transmission lines have on a signal are well known [Lia85]. Unlike in physical
media (such as copper or fiber) which have a controlled transmission environment, in a
mobile channel, the impulse response of the channel is constantly changing. Thus system
design for mobile telephony is a considerably complex task. The propagation models aim
to characterize the channel accurately, by considering several site specific phenomena

which are likely to affect the signals transmitted in this environment.

Under simple transmission conditions, the signals from the transmitter to the
receiver might travel along a single path. However, in practice, the signal can travel to the
receiver via more than one path. This situation is called ‘multipath’. It occurs because the
signal undergoes reflection and scattering from the surfaces of buildings, and other obsta-
cles along the path. Additionally, since the terminals are mobile, the channel from the
transmitter to the receiver is constantly changing and the radio waves arrive at the receiver
at different times. These are vectorially summed to give the resultant signal at the receiver
[Par89]. A deep fade occurs when these signals arrive at the receiver out of phase. This
type of fading is time-selective, since the fade varies with time depending on the position
of the mobile unit. Fading can also be frequency-selective, in which a portion of the spec-
trum occupied by the signal is subject to a deep fade.

If a fixed number of radio channels are available for use in a system, they can be
divided into a number of sets, each set being allocated for a small area, served by a single

base station. Since the area over which the mobile units transmit is small, the frequencies
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can be re-used. Radio signals could be interfered with by other systems nearby using the
same frequencies. This phenomenon is called co-channel interference. The propagation
models help to estimate the degradation in system performance, due to co-channel inter-

ference, resulting from the frequency re-use techniques.

Accurate propagation models can allow researchers to determine the appropriate
modulation, equalization, and multiple access techniques that are most suited for wireless
systems in multipath propagation environments. System throughput and acceptable bit
error rate will likely be application specific, and the appropriate propagation models will
be needed to efficiently design these systems.

1.4 Outline of the Thesis

This thesis describes the implementation of re-usable program libraries, utilized in
the development of a software tool for site specific propagation prediction and wireless
communication system design--SISP. SISP is being developed by graduate students and
researchers at the Mobile and Portable Radio Group.

Chapter 1 of this thesis provides an overview of wireless communications, and the
significance of propagation prediction. The various propagation models that currently
exist are discussed in Chapter 2. This discussion serves as an overview of the models, and
introduces the resources that the computer models for propagation prediction utilize. The
need for site specific propagation prediction software is emphasized, and the functional
specifications for SISP, that have been established to serve as guidelines for the work
described in this thesis, are also discussed in this chapter. Chapter 2 also includes a survey
of the tools for site specific propagation prediction and wireless communications system

design, that currently exist.

Chapters 3 and 4 discuss the raster and vector programming libraries respectively,
that have been developed as re-usable program modules to implement several functional
features of SISP. Chapter 3 includes a brief introduction to geographical information sys-
tems in general, and the Geographical Resources Analysis Support System (GRASS) in

1.4 Outline of the Thesis Page 6



Software for Site Specific Propagation Prediction

particular. The functional similarities that exist between GISs and site specific propagation
prediction software are highlighted. The process model of GRASS is compared to the pro-
cess model of SISP, and the modifications that were made to GRASS programs incorpo-
rated into the raster library have been presented. This chapter also details the functional
capabilities of the raster programming library.

Chapter 4 discusses the vector programming library that has been developed for
the visualization of vector data. The difficulties in handling the diverse data formats in
which building contour and elevation data exist are presented; a standard building data
format for SISP has been defined to overcome this problem. A detailed description of the
format and the filters that have been implemented to import building data files into the
SISP database are also included in this chapter. Additionally, this chapter discusses the
capabilities of the plotting library that has been developed to display antenna patterns and
RF measured and predicted data.

Data formats for measured and predicted data are discussed in Chapter 5. This
chapter briefly describes the SISP General Data Format (GDF), developed at the Mobile
and Portable Radio Group (MPRG), for measured and predicted data. This format serves
asa standard, user-readable, ASCII format for data to be imported into the SISP database.
Since rapid access and retrieval of data from the database is critical for analysis and dis-
play operations, a indexed binary format is utilized for storing measured and predicted
data in the SISP database. The Hierarchical Data Format (HDF), developed by the
National Center for Supercomputing Applications (NCSA), has been adopted for this pur-
pose. A brief overview of this format and its programming interface is provided in this
chapter. Description of programs that have been developed to store and retrieve data in
HDF is also presented in Chapter 5.

This chapter has described the growth and the emerging scenario in wireless com-
munications. The importance of accurate and computationally efficient propagation mod-
els and the need for software tools that aid research and commercial system design was

emphasized. Sample outputs from SISP are shown in Figures 1-1 through 1-7.

1.4 Outline of the Thesis Page 7



Software for Site Specific Propagation Prediction
]

igure 1-1. P opening screen

1.4 Outline of the Thesis Page 8






