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ABSTRACT

This thesis describes experimental and theoretical work undertaken to
characterize the narrowband and wideband propagation channels for various
transmission conditions in the line-of-sight (LOS) and non-line-of-sight (NLOS)
regions of a typical urban microcell. A comprehensive evaluation of empirical
modelling techniques such as the COST231 model, dual-slope-plus-corner-loss model
etc., proposed for use in the 800-900MHz and 1700-2200MHz frequency bands for
microcell pathloss characteristics, has been carried out using an extensive database
of signal strength measurements at 900MHz and 1800MHz. Results indicate that the
combined dual-slope model with Fresnel zone breakpoint distance in LOS areas and
the single slope corner loss model in NLOS areas is capable of predicting pathloss
with an RMS error of 5dB. Furthermore, coverage area control mechanisms,
including height, directivity and downtilt of the base station antenna and the frequency
dependence of pathloss have been investigated. Antenna downtilting has been
identified as the most favourable method of coverage area control.

Experimental and theoretical investigations of the time dispersion
characteristics have been undertaken at 1800MHz. The use of a wideband channel
sounding system with a time delay resolution of 33ns, incorporating automatic gain
control circuitry in the RF stage, permitted the observation of the spatial variation of
the RMS delay spread and the influence of height, directivity and downtilt of the base
station antenna on delay spread. The results indicate that the RMS delay spread
increases with antenna height and with the use of a directional antenna, but decreases
with downtilt. Furthermore, the RMS delay spread has been found to be higher at
intersections than in midblock areas and no direct correlation was observed with
distance. The environment has the most significant effect on the RMS delay spread.

An investigation of the feasibility of employing ray theory - specifically
geometrical optics (GO) and the uniform theory of diffraction (UTD) - in the
prediction of signal strength and RMS delay spread in the LOS and NLOS areas has
been carried out. The formulation also includes the three-dimensional radiation
patterns of the antennas used, a "Manhattan grid" representation of the environment
and comparisons have been made with measured data generated in this investigation.
For signal strength predictions, the results have indicated that in the LOS areas, very
good agreement is obtained between measured and predicted profiles for distances less
than the breakpoint distance; however, beyond this distance, there is a 5-15 dB
deviation with the predicted signal being the higher of the two. In NLOS areas, the
predicted signal strength is almost always lower than the measured data. For RMS
delay spread, the results have indicated that the model, with its simplified
representation of the environment, cannot predict the long excess delays observed in
the measured data and therefore predicts lower RMS delay spread. It has been noted,
however, that with a better representation of the environment, the differences between
the measured and predicted data can be reduced.

Recommendations are made for further investigations and possible extensions
of the dual-slope-plus-corner loss model for pathloss estimation and for further
analytical investigations of time dispersion characteristics using a more detailed and
accurate representation of the environmental clutter.
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LIST OF SYMBOLS

The following list contains those symbols which have been used consistently throughout
the text. Because of the large number of quantities to be represented and the
undesirability of using symbols other than English and Greek, it has been found
necessary to use some symbols to represent different quantities at different times. In
every instance, the symbol has been defined where introduced to avoid

misinterpretation of its meaning.

GSM Global System for Mobile Communications
DECT Digital European Cordless Telecommunications System
1S54 American Digital System (also ADC)

CDMA Code Division Multiple Access

UMTS Universal Mobile Telecommunications Systems
ISDN Integrated Services Digital Network

DCS1800 Digital Cellular System 1800MHz

12 Cordless Telephone System - 2

COST Cooperation in Science and Technology in Europe
AGC Automatic Gain Control

LOS Line-of-Sight

STDCC Swept Time Delay Cross Correlation

NLOS Non-Line-of-Sight

UTD Uniform Theory of Diffraction

GTD Geometrical Theory of Diffraction

CCIR International Consultative Committee on Radio
L) Propagation path loss, (dB)

d,y Distance in metres unless otherwise stated

(i Breakpoint or turning point distance (m)

n;,m, Slope before the breakpoint

nay,m, Slope after the breakpoint

A Wavelength (m)

Ry Pyuse Base antenna height (m)
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Mobile antenna height (m)

Frequency (MHz)

Free space loss (dB)

Roof-to-street diffraction loss (dB)

Street orientation correction factor (dB)

Street width (m), main street width (m), side street width (m)
Average roof-top height (m)

Building-to-building spacing

Multi-screen diffraction loss (dB)

Additional loss due to reduced base antenna height (dB)
Received power (Watts)

Transmitter power (Watts)

Number of rays or taps

Base antenna power gain (dBi)

Mobile antenna power gain (dBi)

Base antenna normalized complex-valued field radiation pattern

Mobile antenna normalized complex-valued field radiation pattern

Path length of the ith ray (m)

Complex-valued coefficient associated with the ith ray
Relative permittivity of ground or building wall surface
Conductivity of ground or building wall surface (S m™)
Archimedes’ constant (=3.14159265)

Azimuthal angle of arrival at the mobile antenna
Azimuth angle of departure from the base antenna
Elevation angle of arrival at the mobile antenna
Elevation angle of departure from the base antenna
Magnetic vector potential

Antenna source current density

mnth element of impedance matrix

Diffracted ray spreading factor

Variable describing the interior angle of the diffracting wedge

Reflection coefficient

viii



CHAPTER 1
INTRODUCTION

The spectacular growth in market demand for mobile radio telephone services
has stimulated rapid growth of the telecommunications systems used for this purpose
in recent years. The 1990’s have witnessed the emergence of second generation
mobile radio systems, such as the pan-European cellular mobile radio system (GSM),
the digital European Cordless Telecommunications System (DECT), the American
1S54 system and the Qualcomm CDMA system, which utilize digital transmission
techniques and have several advantages over their first generation analogue
counterparts. Digital transmissions have been shown to offer greater immunity to co-
channel interference allowing cells to be re-used more frequently leading to higher
capacity. Moreover, the use of digital transmission provides simpler integration of
voice and data services [1.1,1.2]. Already, research efforts are underway to identify
enabling technologies for a third generation system, such as the proposed Universal
Mobile Telecommunications System (UMTS). This system, in its broadest sense, will
be a culmination of telecommunications technology advances bringing together the
attributes and capabilities of cordless systems, cellular radio and wireless offices into
a single communication environment [1.3]. Future systems promise an integration of
voice, video and data services compatible with landline ISDN networks, international
roaming and support for a variety of air interfaces and access to these services in a
multitude of environments including office buildings, shopping malls, airports, train
stations and many other environments [1.4].

The mobile radio market is already very well developed all over Europe,
North America and Japan, with analogue and digital networks providing almost
national coverage and with annual subscriber growth rates as high as 25-30% [1.5].
Presently in the U.K., the subscriber base for both cellular and cordless markets is
in excess of 1.4 million [1.6]. With the rollout of GSM and DCS1800 systems
currently underway and the digital cordless systems (CT2 and DECT) scheduled to
be in operation by 1995, this figure will be expected to increase by an order of
magnitude by the turn of the century. The market penetration and development is also

no longer limited to these parts of the world and variants of the first and second
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Chapter 1 Introduction

generation systems are already in place or in planning stages in many Middle and
South-East Asian countries [1.7,1.8].

With the proliferation of a variety of mobile radio networks across the globe
and demand projections in all areas consistently showing an upward trend, a key issue
to be addressed in any future system will be the provision of adequate subscriber
capacity at all times. System capacity is inextricably related to the amount of
frequency spectrum allocated and how efficiently this spectrum is utilized. Many
procedures have been adopted to improve spectral efficiency including low bit rate
speech coding, reduction of channel spacing, dynamic channel assignment, a variety
of multiple access techniques and greater frequency reuse over a wide geographical
area. Amongst all these methods, greater frequency reuse would appear to provide
an immediate solution to the problem of spectrum limitation. Traditionally, this has
been achieved through the use of cell splitting and sectorisation. Recently,
microcellular coverage has been proposed as a means of realizing capacity [1.9].
Microcells are small in size, typically between 0.2 and 2.0 km in diameter compared
to 5-20 km for conventional cells, and the cell shape is governed by the topology of
the area. In urban areas where roads form a rectilinear grid and contiguous buildings
are on either side of the road, the cell shape is rectangular. The small size of the cells
increase their number for a given coverage area thus increasing the number of times
allocated spectrum may be reused.

The microcell concept is somewhat different from cell splitting and
sectorisation. In the latter, base antennas are still mounted high above the surrounding
terrain and transmit fairly high power (tens of watts) and the cell shape is
conceptually hexagonal. Greater reduction in co-channel interference is achieved in
microcells because the base antenna will usually be mounted below the average height
of the surrounding buildings, typically at street lighting level, much lower transmit
powers are used and signal is contained within the cell. Moreover, the rectangular
rather than hexagonal shape of microcells means that cell boundary detection will be
different in microcells.

Microcellular coverage has a number of advantages over conventional cellular

coverage. Each microcell will generally operate with a line-of-sight path because of
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Chapter 1 Introduction

its size and structure. As a result the transmitted signal is subjected to less severe
fading and only minimal power is required for sufficiently high quality
communications. The smaller coverage area will also lead to lower levels of delay
spread. This will allow the radio channel to carry higher bit rates before equalization
or other anti-multipath techniques are required. This is a very important consideration
for future high data rate cellular networks. Moreover the low transmit power will
lessen the hazardous effects of microwave radiation on living tissue as well as help
to conserve battery power for the mobile receiver [1.1].

However its use is not without drawbacks. These include increased system
complexity with more base stations resulting in extra cost and an increased number
of handoffs between base stations that occur during one phone call as the user travels
through the coverage area. These disadvantages suggest that achieving 100% coverage
in all environments with the microcellular coverage scheme alone is an impractical
and uneconomical goal. Microcells will however find applications in areas where a
high demand exists and which cannot be met by conventional cellular systems -
typically dense urban areas. Microcells will also find applications in areas which are
hard to serve using conventional coverage such as canyons, train tunnels and coastal
areas [1.10]. Systems operators will initially deploy large cells and will gradually
reduce cell size through cell splitting, sectorisation and will finally move towards
microcells. A group of microcells will be overlaid by a macrocell which will be
responsible for wide area background coverage and for handling traffic for high speed
mobiles to reduce the number of handoffs. The reader is referred to references
[1.4,1.5,1.11] which provide excellent and in-depth discussions of likely scenarios for
integration of microcells in an erstwhile macrocell structure, covering architectural
issues, connectivity between microcells and central base stations, handoff and channel

resource allocation strategies.
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Chapter 1 Introduction
1.1 Measurements and Modelling:
An Overview of the Contributions of this Work

In common with other cellular systems, frequency planning and deployment

of microcells requires accurate measurement and modelling of signal propagation
characteristics to enable reliable estimation of system performance in typical
environments. Owing to the relatively low elevation at which the base antenna will
be mounted, the influence of the propagation environment will be much more
pronounced in microcells than in conventional cells. Traditionally, the prediction of
median signal strength in built up areas has involved the use of empirical or semi-
empirical models usually derived from the free-space or plane-earth equations or from
multiple regression analysis and the addition of appropriate correction factors to
account for different environments and terrain types, degrees of urbanization, street
orientation, antenna heights, frequency, etc [1.12]. The correction factors dependent
on the terrain or land usage are usually derived by dividing the service area of
interest into rectangular sections of appropriate dimensions and obtaining statistical
and quantitative representations of the terrain type, vegetation cover and building size,
height and locations in each section. These well-known models, whilst offering
reasonable estimates of median signal strength in propagation scenarios with high base
station antennas and cell dimensions greater than 1 km, have been found to yield
inaccurate results for microcells where base antenna heights and cell dimensions are
very much smaller [1.13]. The significant effect buildings have on propagation in
microcells is exemplified by the phenomenon called "corner loss" effect in which the
received mean signal strength could decrease by as much as 30 dB when the mobile
receiver turns around a corner from a region where it had line-of-sight [1.14]. With
the signal subject to such large variability over very short distances, propagation
prediction using the above methods could be in error by as much as 30 dB when
employed for microcells.

These limitations in existing propagation models have prompted both
experimental and theoretical investigations of microcell propagation by numerous

researchers and the body of literature on this subject is growing. These investigations
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Chapter 1 Introduction

have led to the development of a new set of empirical and analytical models for
describing propagation in highway and urban area microcells in the 800-900 MHz and
1700-2200 MHz frequency bands with particular emphasis on models which operate
in the point-to-point mode rather than area-to-area mode. Such models include the
empirical dual-path-loss-slope model [1.13], the semi-empirical COST231 (Walfisch-
Ikegami) model [1.15] or the analytical ray models [1.14,1.16]. Analytical techniques
which have been used to predict propagation include simple models such as the plane-
earth or 2-ray model, the 4-, 6-, and 10-ray models based on geometrical optics,
applied to LOS regions; and the geometrical and uniform theories of diffraction
applied to non-LOS regions. Other models include complex ray tracing and launching
algorithms which make use of digital maps [1.17]. It is important to note that the
large coverage area and presence of several buildings and structures in conventional
cells prohibited the use of deterministic methods such as ray tracing for the prediction
of propagation characteristics since computation time would be very excessive.
However, microcells, because of their smaller area and hence fewer structures to
consider in any analytical model, afford systems designers the opportunity to
investigate the use of deterministic methods. The models enumerated above differ in
their complexity and computational load as well as in the environmental and
propagation parameters required as inputs and a survey of the literature has shown
that no particular model is universally accepted. The prediction accuracy realized
from the use of these models can only be checked by evaluating them in a variety of
environments. However, nowhere in the literature has a comparative analysis been
carried out to determine the relative improvements in prediction accuracy obtained in
going from a simple dual-slope empirical model to slightly more involving multi-ray
model. One of the objectives of this study, therefore, is to explore in depth, models
available for microcell prediction and to carry out a comprehensive evaluation of
these models using an extensive database of signal strength measurements at 900 MHz
and 1800 MHz conducted in a variety of locations in the dense urban city centres of
Liverpool and Manchester.

To realize very small cells on the order of 100-300 m in coverage, simply

lowering the transmitter power will not suffice since a high signal level will still exist
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Chapter 1 Introduction

at the cell boundary due to the ducting mode of propagation in microcells. If the
intention is to cover a single street, or to provide spot coverage, there will still be
some spillage of signal into side and parallel streets. Whilst in large cells, cell cluster
size and hence capacity is inversely proportional to the square of the cell radius, in
microcells, lower capacity gains will be obtained for reduced cell size owing to the
carrier-to-interference penalty at the boundary of the cell. The lower capacity gains
may not justify the use of the additional infrastructure required for microcell
deployment and it is imperative that a means of reducing interference be sought. In
addition to transmitter power, the parameters in the control of the systems designer,
which determine the effective coverage area of a microcell include base station
antenna height, directivity and downtilt. The use of base antenna height has been
investigated experimentally in some studies [1.14,1.18] but its influence on coverage
has still not been properly quantified. The use of antenna downtilting has been
investigated for conventional cells and has been proven to be very effective [1.19] but
has received no attention whatsoever for microcell propagation. Moreover, a survey
of the literature has shown that the effect of the antenna radiation pattern on signal
strength has received very little treatment in almost all studies. One of the major
contributions of this work, therefore, is the experimental evaluation of the above
parameters as control mechanisms for coverage in microcells at 900 MHz and 1800
MHz. Furthermore, by making use of a moments method analysis computer program
which enables the analysis of arbitrary wire antenna structures and produces complete
three-dimensional radiation patterns of these antenna structures, we have compared
the mean signal strength prediction accuracy obtained with near-realistic antenna
patterns for both base and mobile antennas over that obtained by simply supplying the
antenna gain to the prediction algorithm.

With the advent of digital systems which are invariably wideband, there is a
need to adequately quantify the time dispersion characteristics in typical microcellular
environments. Furthermore, as data transmission rates are beginning to approach the
Mbits/s range, the question arises as to whether cell coverage can indeed be
determined exclusively by signal strength. For non-equalized digital systems such as
DECT, it is important to establish the bounds and distance/environment dependence
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Chapter 1 Introduction

of the delay spread and to determine the existence of areas with good signal coverage
but with high delay spreads and hence poor radio link quality. Another objective of
this work, therefore, is to provide information on time dispersion characteristics
obtained from an extensive measurement campaign conducted in both LOS and non-
LOS regions of a microcell at 1800 MHz in the dense urban city centre of Liverpool.
The measurements have examined the spatial variation of the rms delay spread, the
effect of a variation of base station antenna height, antenna directivity and antenna
downtilt for wideband transmission systems. A survey of current literature has shown
that, no work has been done to examine the effect of the antenna radiation pattern or
the effect of antenna downtilt on time dispersion in microcells. The work carried out
in this study will serve to fill in the gaps in these areas.

The prediction of time dispersion characteristics is equally important for the
successful deployment of microcellular systems. It is important, therefore, to
investigate the feasibility of employing simple ray tracing models with appropriate
representations of the environmental clutter to predict time dispersion characteristics
in microcells. The models are evaluated by making comparisons with the time
dispersion measurement data generated as part of the present investigation. It should
be noted that because the channel is indeed a random process and therefore almost
impossible to characterize deterministically, the goal of the investigation is not,
therefore, to achieve an exact one-to-one correspondence between simulated and
measured channel impulse responses, but to have similar cumulative statistics over

an ensemble of impulse responses.

1.2 Review of Thesis Content

This thesis is divided into six chapters. The material presented in the
remaining chapters is organized as follows:

In chapter 2, the propagation mechanisms that are pertinent to microcell
propagation and various empirical and analytical propagation models for signal
strength prediction published in the literature are reviewed. The chapter also
addresses similar prediction models for the microcellular wideband channel and

contains a comprehensive comparison of rms delay spreads measured in conventional
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Chapter 1 Introduction

macrocellular and microcellular environments. Chapter 3 presents a succinct
description of the signal strength and time dispersion measurement equipment and
data acquisition systems utilized, the measurement procedures adopted, the
topography of the measurement locations and the methods of data processing and
storage. In Chapter 4, empirical results for the path loss and time dispersion
measurements are presented and compared with existing empirical models and the
prediction accuracy of these models are assessed. In Chapter 5, ray tracing models
are applied to the propagation problem using suitable representations of the
environmental clutter. A brief summary of the work carried out, the conclusion drawn

therefrom and recommendations for future work are outlined in chapter 6.
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CHAPTER 2
LITERATURE REVIEW

AND BACKGROUND THEORY

2.1 PROPAGATION MECHANISMS IN MICROCELLS
Microcell propagation can be conveniently divided into two categories:

i. Line-of-sight (LOS) propagation in which the base station is within view of
the subscriber’s antenna. The received signal is usually made up of reflections
from the ground surface and off buildings wall surfaces.

ii. Non-line-of-sight (NLOS) propagation in which the path between the mobile
and the base station antenna is blocked by one or more buildings or other
man-made structures along the streets. Signal energy from the base station
reaches the mobile via diffraction processes mainly around the edges of

buildings.

Propagation in the street containing the base station, generically referred to as the
"main street", is predominantly of the LOS type. Streets which are perpendicular to
the main street or which simply cross it at any other angle (referred to as "side
streets") and streets parallel to the main street ("referred to as "parallel streets") are
characterized by non-LOS propagation. Figure 2.1 graphically illustrates the different
propagation mechanisms through which energy reaches the mobile antenna in the
different regions. These mechanisms include the direct, reflected, diffracted and
scattered paths from building walls and ground surfaces. The relatively low elevation
at which the base antenna will be mounted has a number of consequences. Firstly, the
channelling effect of the buildings on signal energy [2.1] in the area is enhanced and
the contributions to the signal level in one street from all other streets intersecting it
will depend on the orientation of these streets, whether perpendicular or otherwise,
their number as well as the building layout of the area. Secondly, rooftop diffraction
will not be appreciable in microcells. Furthermore, the relatively short distance
between the base and mobile antennas in the main street ensures that there is a clear
line-of-sight path for most of the time and hence less severe multipath fading

characteristics.
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2.2 NARROWBAND CHANNEL CHARACTERISATION

The statistical analysis of narrowband mobile radio signals requires the separation

of the received signal into three main components:

i.  Small-scale or short-term fading which describe the variations due to signals
arriving from many paths over short distances where the mean signal is
reasonably constant,

ii. Large-scale or long-term fading which describe the variations in the overall
mean which are the result of the movement of the mobile over distances large
enough to produce gross variations in the terrain and building structures in the
path between the transmitter and receiver, and,

iii. Propagation path loss in the form of an n-th power distance law which
accounts for the degradation in the signal level as a function of distance

between the transmitter and receiver.

The emphasis in this work is on the prediction of propagation pathloss. It suffices
to say that the short-term fading is characterized by a Rician distribution with a
specular-to-random component ratio (or K-parameter) which depends on the location
in the street in LOS areas and by a Rayleigh distribution in NLOS areas [2.2-2.5].
Very few results have been published on the statistics of the local mean for urban
microcells. This may be attributable to the fact that the method of extracting the path
loss dependence on distance, frequency and antenna heights is as yet uncertain,
particularly because of the existence of a turning point in the path loss characteristic
in LOS regions and the corner attenuation effect in the NLOS regions which
precludes the use of simple single- line regression analysis to remove the effect of
these parameters. Berg [2.4] conducted experimental work in microcells to determine
pathloss and fading characteristics and concluded after assuming a dual-slope path loss
model that the standard deviation of the local mean varies between 3.5 and 4.5 dB
(typically 4.0 dB) for LOS regions and between 2.7 and 3.5 dB (typically 3.5 dB) for
NLOS regions.
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2.3 THE EFFECT OF COVERAGE CONTROL MECHANISMS ON
PATH

2.3.1 Base Antenna Height
Measurements for large cells with high base station antennas typically indicate a

6dB per octave increase in signal level with base antenna height [2.1,2.6]. However,
the results of experimental investigations conducted by a number of workers [2.7] on
the effect of base antenna height in microcells seems to suggest that the coverage is
almost independent of antenna height when low elevations (<9m) are employed
although no quantitative analysis of the measured data was produced to verify the
observations made. Others [2.8] have reported that the antenna height exerts a strong
influence on propagation characteristics. Since only very few experimental studies
have been conducted to disprove or verify this fact, it is apparent that a
comprehensive study is needed to investigate the antenna effect thoroughly for

microcells.

2.3.2 Base Antenna Directivity

By making the antenna radiation pattern at the base station more directional, the
path loss characteristics can be changed significantly and co-channel interference in
neighbouring cells can be reduced. The effect of the antenna radiation pattern is very
significant for microcells since the base antennas will be mounted very close to the
subscribers antenna. Moreover, the presence of several reflectors in the vicinity of
the base station will influence this radiation pattern significantly. Very few
experimental results have been published with the use of a directional antenna [2.7].
Intuitively the signal strength in the main street ought to be higher, with reduced

signal energy in the side and parallel streets.

2.3.3 Base Antenna Downtilt

Antenna downtilting is another method of achieving favourable control of the signal
attenuation rate. Beam tilting can be achieved mechanically by actually tilting the
antenna or electrically by feeding variable phase currents to the elements of an array

antenna [2.9]. When a highly directive base station antenna with low sidelobes is
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tilted in the direction of the mobile station, its main lobe is tilted and it illuminates
an area closer to it (the antenna) with increased signal strength but with lower signal
strength in regions away from it. This has the effect of improving signal quality
within the cell but increasing the rate at which it attenuates farther away from the
base station and therefore reducing co-channel interference in neighbouring cells
[2.10]. Figure 2.2 shows the E-plane antenna radiation pattern of a 22-element Yagi-
Uda array antenna for various downtilt angles . These have been computed using
MININEC™ which is a standard numerical antenna analysis program. To compute
the patterns for an inclined antenna, the dimensions of the antenna supplied to
MININEC were calculated as a function of the tilt angle. This clearly demonstrates
that as the tilt angle increases, the antenna E-plane radiation pattern is tilted. It should
be noted, however, that the beam tilting effect is accompanied by a slight distortion
in the radiation pattern e.g. slight broadening of the pattern.

Theoretical and experimental studies undertaken in Japan [2.11] have found the
beam tilting technique to be very effective in large cells. Using an antenna with a
vertical half-power beamwidth of 9° and downtilt angle of 8°, the received signal
level was 15 dB lower with tilt than without tilt in an area 3-7 km away from the base
station. Mechanical antenna downtilting is presently employed in most mobile radio
communication systems [2.12].

No theoretical or experimental results have been published for low base antenna
microcells and it is useful to carry out an investigation of propagation characteristics
with downtilted antennas. Because of the smaller dimensions of microcells (radius <
1km), large beam tilt angles (> 20°) will be required to achieve appreciable
reduction in co-channel interference on the periphery of the cell. The experimental
studies undertaken to investigate antenna downtilt in this work are documented in
Chapter 4.

2.4 MODELLING THE PROPAGATION PATHLOSS

The models employed for the prediction of propagation path loss characteristics in

LOS and NLOS regions in urban microcells fall into three categories. The first

category comprises empirical models which are derived directly from measured data
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recorded in the field through regression analysis and therefore implicitly account for
all environmental influences. The second category comprises models which have some
deterministic basis but are supplemented with empirically determined correction
factors and are therefore essentially semi-empirical. The third category contains the
analytical or deterministic models which have foundation in electromagnetic theory
and are appropriately adapted to the local environment. These analytical methods can
offer reasonably accurate results and direct correlation with features of the local
terrain, provided that a sufficiently detailed terrain/building database is used. It was
highlighted in Chapter 1 that the prediction of propagation characteristics in
microcells would of necessity require models which operate in point-to-point rather
then area-to-area mode because the coverage area of a microcell is very small and
particularly because the microcell consists of LOS and NLOS regions which are
characterized by different propagation mechanisms. A succinct review of empirical,

semi-empirical and deterministic models proposed for microcells is now presented.

2.4.1 LOS Regions
In contrast to conventional cells where propagation is usually characterized by a

near-fourth power-distance dependence, propagation in LOS microcells has been
shown to consist of two distinct regions characterized by separate exponential laws.
Near the base station, the signal attenuation rate has been found to be close to the
free-space value of 2; further away from the base station, the signal fall-off rate is
much higher. The transition from one exponential law to the other occurs at the
“turning point" or "breakpoint" distance away from the base station. This

phenomenon may be attributed to the following reasons [2.3, 2.13]:

i.  Close to the base station, a line-of-sight path is almost always present and near
free space conditions exist; further away from the base antenna, buildings,
vehicular and human traffic in the path between the transmitter and receiver
cause significant shadowing.

ii. Free-space propagation conditions will exist provided about 55.7% of the first
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