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Abstract

Development of realistic channel model that efficiently and accurately describes spatial
characteristics of the wireless channel is one of main research area in the field of communication
engineering. Spatial characteristics of the wireless radio channel include Angle of Arrival (AoA)
and Time of Arrival (ToA) statistics. To utilize the spatial domain parameters effectively it is
vital to have reliable understanding of radio propagation path between base station (BS) and
mobile station (MS). Moreover, in the past years, it has been shown in theory and practice that
with the use of smart antenna technology, performance of the wireless communication systems
can be improved. The use of smart antenna can improve the quality of service and enhance
system capacity at affordable cost.

In this thesis, 3D Hemisphere Model with Antenna Array at the BS is proposed for a wireless
radio environment, and AoA statistics at the MS are analyzed. Proposed model assumes
uniformly distributed scatterers around the MS, located at the center of the hemisphere. Whereas
the BS is located outside the hemisphere, and no scatterers are assumed around it, because of its
height. Close form expressions for the joint and marginal PDF of AoA at MS are derived
mathematically, for both azimuth and elevation planes. Results are analyzed and it is shown that
the proposed 3D model deduce all preVious models that assume uniform distributions of
scatterers around MS found in literature for macrocell environment. It is shown that when the
beamwidth of the directional antenna at BS is set to its maximum, i.e. including complete
scattering region of hemisphere, the spatial statistics are found to be the same as those found in
3D model by Janaswamy for omnidirectional antenna at the BS. In a similar way, all 2D models
that assume uniform distributions of scatterers, whether directional or omni-directional found in
literature for wireless radio environment can be deduced from proposed 3D model by
substituting elevation angle equal to zero. The derived expression for the AoA statistics can be
useful in the analysis of Doppler Shift in 3D radio environment, and the effect of directional
antenna can be investigated. Also the proposed model can be further used to find the effect of
directional antenna for which the beamwidth is controlled in elevation plane, on spatial

characteristics of the wireless channel.
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Chapter No. 1
Introduction

1.1 Overview

During the past few decades the world has observed tremendous development in the
telecommunication industry due to ever increasing demands for capacity enhancement, higher
data rates and quality of service. Capacity enhancement is one of the bigger research issues in
cellular and mobile communication [18,20]. In the past years, resources of power and frequency
have been used professionally with spectral signal processing techniques to accomplish the goal
of capacity enhancement and quality of service. However, less concentration has been given to
the spatial aspects of the wireless radio channel [1]. Development of realistic channel model that
efficiently and accurately describes spatial characteristics of the wireless channel is one of main
research area in the field of communication engineering [12]. Spatial characteristics of the
wireless radio channel include Angle of Arrival (AoA) and Time of Arrival (ToA) statistics. To
utilize the spatial domain parameters effectively it is vital to have reliable understanding of radio
propagation path between base station (BS) and mobile station (MS) that leads to the design of
efficient signal processing techniques [2]. Moreover, in the past years, it has been shown in
theory and practice that with the use of smart antenna technology, performance of the wireless
communication systems can be improved. The use of smart antenna can improve the quality of

service and enhance system capacity at affordable cost [3].
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1.2 History of Capacity enhancement in wireless systems.

In wireless communication systems the increasing demand of capacity has always been an
essential objective [18]. The concept of cellular concept was introduced at Bell Labs in 1980.
The idea of frequency reuse was introduced by AT&T in 1968- 70 to attain high capacity in
analog cellular telephone system called the Advanced Mobile Phone Services (AMPS). AMPS
was the first U.S cellular telephone system that uses frequency division multiple access (FDMA)
technique to enhance capacity. First cellular system was Nordic Mobile Telephony (NMT) in
Europe. It was developed in Sweden in 1981 but mainly for Sweden, Denmark, Finland &
Norway. U.K developed an indigenous standard called Total Access Communication System
(TACS) in 198S. The analog cellular mobile systems belonging to that era of time are known as
the First Generation (1G) wireless technologies. Since then wireless systems has seen rapid
progress using digital communication technology and transformed into a new era of the Second
Generation (2G) wireless systems. The 2G wireless technologies cbmprise Global System for
Mobile Communication (GSM), IS — 136 and IS — 95. GSM was initially called Groupe Spatial
Mobile and was develop in the early 1980s. The GSM launched in 1990 using time division
multiple access (TDMA) to accommodate a large number of subscribers. On the other hand IS —
136 and IS— 95 uses Code Division Multiple Access (CDMA). Application such as multimedia
service and mobile internet require high capacity and data rates. These demands have led to the
development of the Third Generation (3G) wireless technologies. 3G systems are more
sophisticated in terms of capacity, data rates, security and services. The most important
technology in 3G is Universal Mobile telecommunication Systems (UMTS). Other standards
include Wideband CDMA (WCDMA) and CDMA 2000.

To improve reliability at the transmitter and receiver sides multiple antennas are used for
diversity. Through the use of multiple antennas and intelligent signal processing e.g. the
knowledge of angle of arrival, it is possible for smart antennas to adjust its beam pattern to a
particular area and hence provide optimal gain and minimize interference [3]. The use of MIMO
(multiple-input multiple-output) technology, has rapidly gained popularity over the past decade
due to its influential performance enhancing potentials. The use of adaptive antenna array in the
next generation mobile communication has raised significant interest during last year’s [1]. Their

capability of capacity enhancement is considerable but realistic channel modeling that describe
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both temporal and spatial characteristics, is one of the primary requirement for performance
evaluation of the wireless systems [12]. With the use of smart antennas multiple user can share

the same air interface and hence improve capacity of the system [4]

1.3 Multipath Propagation

In wireless systems received signal strength and phase are change rapidly because of the varying
nature of the wireless radio environment. Moreover the transmitted signal gets reflected by
different objects (buildings, different means of transportation on the ground, etc) as shown in
Figure 1.1 leading to different paths to the receiver with different individual path parameters.
The presence of scatterers in radio environment causes fading. Fading is the rapid fluctuation in

signal amplitude of a radio signal over short instant of time or traveled distance [5].

Scatterers
Q0

8¢

Tx Antenna

Rx Antenna

Refractid Diffraction

Figurel. 1: Different Causes Multipath in Wireless Communication
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Base Station

Figurel. 2: A Typical Wireless Radio Environment

The effect of fading on signal strength is shown in Figure 1.3. When two or more versions of the
transmitted signals are received with a slightly different time at the receiver, interference is
experienced [5]. Multipath signal combines at the receiving antenna to give a resultant signal

which can vary in delay, amplitude and phase.
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Figurel. 3: Effect of Fading on signal strength

A good understanding of the physical channel is necessary in order to observe the spatial
characteristics of the multipath components. To accomplish this objective different 2D and 3D

Geometric models have been presented in literature for mobile radio environment. In wireless
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radio propagation, the multipath components coming from scatterers that are closer to mobile
station are more dominant than those which are at a larger distance. Furthermore, in almost all
2D and 3D models proposed in the literature, single bounce scattering is assumed because

multiple bounce diminish the signal power rapidly.

1.4 Background

1.4.1 AoA estimation

For macrocell cell radio environment shown in Figurel.2 it is obvious that even for a single
source there are many possible multipath and angles of arrival. Therefore it is necessary for the
receiving array to be able to have knowledge of the AoA in order to determine the angular
location of the emitters present. Such information is useful to reduce signal of greater fidelity and
for interference suppression [3]. AoA estimation is also known as spectral estimation or direction

of arrival estimation [4].

Smart Antenna

7

£

Fast
Space Division
Multiple Access

Adaptive
Tracking

Same Tene and
Frmpmrey

Figurel. 4: Smart Antenna Technology

Spectral estimation is the capability to select a range of frequency components from a set of
signal. There are different algorithms proposed in literature for AoA estimation. If a transmitter
is employed with antenna array and prior knowledge of AoA, it can adaptively adjust it
parameters to radiate its beam pattern in a particular direction as shown in Figurel.4. Hence

interference can be reduced and quality of service will improve.
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1.4.2 Smart Antenna

Smat antenna refer to any antenna array with digital signal processing capability that can
adaptively adjust its beam pattern in particular area of interest and minimize interference[4]. The
use of smart antennas can improve the quality of service and enhance system capacity at
affordable cost [3]. Smart antennas generally include both switched beam and beamformed
adaptive systems. Switched beam systems have several available fixed beam patterns. The access
of any beam among the fixed pattern at any time instant is based on the system requirements.
Beamformed adaptive systems allow the antenna to adjust the beam to any direction of interest
while at the same time nulling interfering signals. Figure 1.4 shows how smart antenna

technology is used in beam tracking and adaptive beam formation for a particular area of interest.
1.4.3 Spatial Channel Modeling

Development of a realistic channel model, that can efficiently describe the spatial and temporal
characteristics, is one of the major objectives of communication engineering [12]. In almost all
geometrical models proposed in literature, it is assumed that one scatter between the transmitter
and receiver. The spatial characteristics for wireless radio channel have been investigated
extensively in two dimensional (2D) models. In a typical macrocell environment, the distance
between the MS and BS is large and hence the effect of elevation angle is minimal. So in 2D
models the channel spatial characteristics have been observed in azimuth plane only. BS antenna
is assumed to be surrounded by a scattering free region because of its high altitude. Whereas, the

MS is assumed to be surrounded by scattering objects either in circular or elliptical geometry.
1.5 Problem Formulation

In order to meet the increasing demand with respect to capacity, the resources of frequency and
power have been used extensively. The spectral signal processing techniques alone cannot meet
the increasing demand of capacity [1]. The spatial characteristics of the mobile channel are
proven to be helpful in order to furnish and accommodate such needs. Therefore, an
understanding of the physical channel is required to exploit these spatial characteristics [2]. It has
been observed that PDF of AoA at MS is found rigorously in 3D scattering model. Some authors

use the directional antennas at BS in 2D scattering model. However to the best of the author’s
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knowledge, adaptive antenna array has never been used at BS for a 3D hemisphere model.
Moreover, in 3D scattering model the PDF of AoA in closed form simultaneously in azimuth and
elevation plane has never been observed using directional antenna. The problem can be
formulated to investigate the spatial characteristics in closed form simultaneously in azimuth and

elevation plane using directional antenna at BS in 3D scattering model.
1.6 Methodology

To derive the expression for PDF of AoA for wireless radio environment while directional
antennas used at BS the result of [6] for beamwidth calculation are used in modified form. The
2D geometrical model [7] is also used for modeling and characterization of mobile radio
channels. 3D semi-spheroid model proposed by Janaswamy [11] is modified to 3D hemisphere
with antenna array at BS is used for the derivation of the PDF of AoA in close form

simultaneously in azimuth and elevation plane.

1.7 Organization of the Thesis

The rest of the thesis is organized as follows: Literature Study is presented in Chapter No.2. In
Chapter 3 the proposed 3D Hemisphere Model with Antenna Array at BS is presented with
mathematical derivations of the PDF of AoA. Results and discussions are presented in Chapter

No.4. Finally, conclusions and future research plans are given at Chapter No.5
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Chapter 2
Literature Review:

The performance of wireless system has improved in recent years as the demand for capacity has
increased. One area of interest within wireless communication is the development of realistic
channel models that efficiently describe the characteristics of the channel. Channel models that
correctly provide the spatial and temporal characteristics are mostly used for performance
evolution of wireless systems [12]. A rich literature exists on rigorous mathematical derivations
of spatial and temporal characteristics. The angle of arrival statistics have been widely studied in
azimuth plane for mobile radio environment mostly in 2D geometrical models. To minimize the
effect of interference because of the multipath components, adaptive antennas with phase shift
techniques are proposed in literature. The use of smart antenna can improve quality of service
and enhance system capacity at affordable cost [3]. However to achieve the objective of capacity
enhancement and quality of service fixed beam directional antennas are also a good option.

In most of the models proposed in literature a single bounce scattering is assumed around the MS
with different distribution. In Single Bounce Models, single scatterer is assumed in the
propagation path between the MS and BS as shown in Figure 2.1. The signal power decreases
rapidly with multiple bounces, and that is the reason why most of the model proposed in
literature assumes single bounce of the signals. The study of spatial characteristics of the
wireless channel are available in 2D [3,4,7,8,9,14&21] as will as for 3D [11,12,13,14,15]

geometrical models.

scatterer

Figure2. 1: Single Bounce Geometrical Model
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In 2D geometrical model MS is assumed to be located at the center of the scattering region
which may be a circle or an ellipse in azimuth plane, while the BS is usually located above the
ground.Circular and elliptical channel models are shown in Figure3.2 and 3.3 respectively. In
models proposed in literature for macrocell environment, the BS antenna is assumed to be
surrounded by scattering free region while MS is assumed to be surrounded by scattering objects
[18]. In microcell environment the scatterers are assumed in the region around the BS because

the antenna height is low.

A ymh
Baw Satien ’
‘ ¥ x axix
Figure2. 2: 2D circular model
¥ axix

Figure2. 3: 2D elliptical model

In [6] Paul Petrus, proposed a geometrically based single bounce macrocell (GBSBM) channel
model using directional antenna at BS. His proposed model is shown in Figure 2.4. Petrus model
is based on the assumption that scatterers are uniformly distributed around the MS in a circular
region with radius R. D is the distance between the MS and BS, and is greater than R for a

macrocell radio environment. The BS is assumed to be elevated at some height and is assumed

23



to be in a scattering free region. The direction of arrival (DoA) as seen from BS can only be

calculated in azimuth plane as the signals are assumed to be plane waves from different horizon.

Figure2. 4: Petrus proposed model [6}

Power of the multipath components in addition to probability distribution function (PDF) of the
angle of arrival ( AoA) and time of arrival (ToA) of multipath components are presented in [6].
It has been concluded in [6] that the level crossing rate of the fading envelope decreases and the
envelope correlation increases significantly if the base station antenna is employed with

directional antenna.
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Figure2. S: Ertel’s Model [8]

Geometrical Based Single Bounce Elliptical Model (GBSBEM) is proposed by Leberti and
Rappaport in [8] for a microcell radio environment. This model assumes the scatterers are
distributed uniformly around the MS and BS that are placed at the foci of the ellipse. For a

microcell radio environment the BS is assumed to be located at a low antenna height and hence
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the scatterers are assumed around BS unlike macrocell environment where it is elevated at some
height Ht. Figure 2.3 illustrate the geometry of the GBSBE Model.

In [7], Richard B. Ertel and Jeffrey H. Reed, proposed 2D single bounce elliptical and circular
models and derived the PDF for AoA & ToA, where marginal PDF in angle and time is found
from joint distribution of angle and time. In their study a common approach is used for both
circular and elliptical model in the derivations of PDF for AoA & ToA, where in the Base station

is assumed to have omni directional antenna.

2®

o

Base Station

Scatterer Region

Figure2. 6: Richard B. Ertel Circular Model [7] for AoA PDF

Scatterer Region

Base Station
®

Figure2. 7: Richard B. Ertel Elliptical Model [7] for AoA PDF

In [9] a 2D circular and elliptical scattering model are proposed by Janaswamy, where the
scatterers are assumed to have Gaussian density around the MS. PDF for AoA and ToA are

calculated and the results are compared with experimental data measurements both for indoor
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and outdoor environments. Close form expression is provide in terms of standard deviation for
rms delay spread. This model is useful for both macrocell and picocell environments.
A similar kind of work is done in [10] by using Gaussian scatter density around MS where PDF

of AoA is found at BS and MS respectively with directional antenna at the BS.

8S

Figure2. 9: Single Bounce elliptical model proposed in [9]

In [13], Insaf Jafar proposed a 2D model in which the scatterers are assumed to be uniformly
distributed around the mobile station in hollow disc and ellipse, and expression for joint and
marginal PDF of the Time of Arrival (ToA) and azimuth angle of arrival (AoA) are derived. In

the elliptical model, the mobile station and base station are assumed at foci points and the
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scatterers are also assumed around the base station hence this is a more suitable approach for the

microcell environment.
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Figure2. 10: Hollow Disc Scattering around MS [13]

In [14] Sami A. Mostafa analyzed the effect of system geometry for GBSBCM and GBSBEM on
the AoA statistics of the multipath components. It has been found that the effect of the maximum
delay time and the distance between the MS and BS on the angle spread decreases in case of
elliptical scattering density i.e for GBSEM. The angle spread changes rapidly in the case of
smaller distance and a smaller delay of the multipath components with the same geometry.
Similarly, for GBSBCM it is found that this model measurements are convincing when the
radius of the circle is equal to the half of the distance between the MS and BS. In [21] Khoa N.le,
new hyperbolic scatterer distribution has been proposed and the probability distribution function
(PDF) for angle of arrival (AoA), time of arrival (ToA), power azimuth spectrum (PAS) and
power delay spectrum (PDS) are derived. The results are compared with the experimental data
along with the results of the previous models. In the comparison of results, it is shown that the
assumption of hyperbolic distribution of scatterers around the MS is a closer match to
experimental data [20].

In 2-D models, the characteristics of the wireless channel can’t be perfectly analyzed because of
the zero elevation planes [12]. The actual scenario can be visualized by 3D models. A typical 3D
model allows us to determine the spatial characteristics both in azimuth and elevation plane. In
3D propagation models found in literature, the mobile radio environment has been visualized
rigorously with low MS antenna. The BS antenna is assumed to be elevated at some height Ht
above the ground with a scattering free region, whereas scatters are assumed to be distributed in
a geometrical region around the MS. In almost all models proposed in literature the MS is

assumed at the center of circular/spheroid geometry. It can be observed that 3D scattering model
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has a close resemblance with realistic wireless mobile radio environment. A typical 3D model is

shown in Figure 1.8.

Z,

v

Figure2. 11: A typical 3D model [11]

A 3D geometrical scattering model is proposed in [11], by Janaswamy to describe the PDF of
AoA of the multipath components as seen from mobile station and base station simultaneously
in azimuth and elevation plane. The scatterers are assumed to be uniformly distributed around
the mobile station in semispheroid geometry. The base station is elevated with omnidirectional
antenna. The geometry of the Janaswamy model is shown in Figure 1.11.

Another 3D Geometric channel model is illustrated in [12], which is derived from a 2D
Geometrical based single bounce macrocell (GBSBM) model, where the comparisons of 2D and
3D models published in literature have been shown in comparison with the experimental data. It
is concluded that that the distance between the mobile station and base station, the height of the
base station antennas and the geometry of the scatterers are more crucial for a 3D than 2D
models[12].
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Figure2. 12: Geometry of the Model propoed in [12]

In [15] PDF of DoA and Time of Arrival (ToA) are derived analytically for uplink/downlink
with the assumption that scatterers are uniformly distributed in a 3D hemispheroid around the
MS located at the center of the geometry.

The power spectral density and PDF of AoA with non zero elevation plane is derived
theoretically in [16] using 3D scattering model, where theoretical results are compared with the
actual field measurement. A similar kind of model for 3D scattering environment is presented in

[15 to 17] using ellipsoidal model for the derivation of direction of arrival (DoA) and direction of

departure (DoD) in azimuth and elevation planes.
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Chapter 3
3D Hemisphere model with antenna array at BS.

3.1 Introduction

3D models are more realistic because they can be completely visualized and closely resemble the
real life scenario of wireless radio channel. Thus 3D model offers more accurate spatial and
temporal characteristics. A 3D semispheroid model is proposed in [11] by Janaswamy and AoA
statistics of the multipath components as seen from BS and MS are derived. The PDF are derived
for both azimuth and elevation planes. A similar 3D ellipsoidal model is proposed in [17], and
PDF of the direction of arrival (DoA) and direction of departure (DoD) are derived
simultaneously in azimuth and elevation planes. Another 3D Geometric channel model is
presented in [12], which is the modified form of 2D Geometrical based single bounce macrocell
(GBSBM) model proposed by Paul Petrus in [6]. In [12] close form expressions are given for the
AoA statistics in azimuth and elevation plane and the results for 2D and 3D models are
compared with the experimental data. In [15] PDF of DoA and Time of Arrival (ToA) are
derived analytically for uplink/downlink with the assumption that scatterers are uniformly
distributed in a 3D hemipheroid around the MS located at the center of the geometry. In [16]
illustrating a 3D scattering model and the power spectral density and PDF of AoA with non zero
elevation plane is derived theoretically, where theoretical results are compared with field

measurement.
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To achieve the objective of higher performance in terms of capacity in wireless systems we
propose the use of directional antenna at BS in 3D scattering model for spatial characteristics of
mobile channel. This is also shown in Figure3.1. The rest of the Chapter is organized as follows:

Proposed 3D hemisphere model with directional antenna used at BS is described in section 3.2.
Section 3.3 shows the joint and marginal PDFs of AoA at MS in azimuth and elevation planes.
Similarly, the joint and marginal PDFs of AoA at BS in azimuth and elevation planes are given

in section 3.4.

Figure3. 1: Proposed 3D Hemisphere Model
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3.2 Proposed 3D hemisphere model with antenna array at BS

To achieve the goal of capacity enhancement and quality of service, a 3-D hemispheroid model
is proposed in which adaptive directional antenna are positioned at BS and the beam-width is
controlled in azimuth plane. The proposed 3-D propagation model used for the derivation of
angle of arrival statistics with assumption that the scatterers are uniformly distributed around the
MS. In this model mobile station MS is located at the center of the hemisphere as shown in
Figure 3.1. The base station is employed with adaptive antenna array with beam width a at

height Ht above the ground. The angles made by the direction of signal arrival in azimuth and

elevation planes at MS are symbolized by ®ms and 6ms and respectively as shown in Figure 3.2.

BS

Figure3. 2: Azimuth and Elevation Plane view of the proposed model

When BS is equipped with adaptive antenna array the scatterers present in the complete
hemisphere would not be illuminated, i.e. the hemisphere is partially illuminated. The volume of
the region, whose scatterers are illuminated, is represented as ¥ and the volume of the region,
whose scatterers are not illuminated by the beamwidth of the directional antenna, is Vi. The

geometry of the illuminated and clipped region is shown in Figure 3.3.
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Figure3. 3: Volume of the scatterers (llluminated and eliminated)

B A=R-D »Sin[a]

D

Figure3. 4: Geometry of the truncated volume
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3.3 Derivation of the Scatterers Volume and limits

Volume of the sphere is given by following equation

V sphere = .%- X R3

(3.1)

It can be seen from the geometry that the length A and B can be derived as

A= R-DSin[a] B=Y R -D?si z
: ‘\l in[«a] (3.2)

The volume of the truncated region is given by
2

V1= - pi (R-DSin[a])? (R +D Sin[al)
3 (3.3)

Volume of the scatterers around the MS will be

v = (";’P;E’l‘i_) -2(v1)
(B4
Hence substituting the values from equation 3.1 and 3.3 in equation 3.4 give the following

reation

v-2 pi (R’ - 2 (R -DSinfa])® (R + DSin[a]))
3 (3.5

Equation 3.5 give the volume of the region around the MS where the scatterers are distributed
uniformly shown in Figure 3.3. When the beam width of the directional antenna is set equal or
greater than amax all the scatterers inside hemisphere get illuminated. If we substitute @ = amax in
(3.5) the volume deduces to V = 2/3 = R? which is the volume of the hemisphere. The maximum

beamwidth is given by

o]

(3.6)

34



»

h hl
¢‘ res Cbthresh?

Figure3. 5: Azimuth Angles ¢threshl and ¢thresh2 Geometry

Threshold angles ®threshl and ®thresh2 cut these two different portions in azimuth plane of
illuminated region as shown in Figure 3.6. These angles can be found as a function of elevation

angle and beamwidth. The two angles are helpful in understanding the azimuth geometry of the

3D hemisphere model.
" Sec[oms] (n Sin[a]% Cos[a] \/ R? Cos[@ns]’- D? sn[aﬂ ]
cod [ ] 0 < @ns< Cos I (D Sinfa] /R)]
R kY
¢th.resl=1i<
n/2-a - Cos (D Sin[a] /R)] $OME<T/ 2
\*‘_ ¥
3.7
"~ Sec [ans] [D Sin[a]% Cos[a] \[ R? Cos [ams]*- D? Sin[a]z] )
les:l = ] . os&mn:(:osl[ {DSin{a] /R)]
Ct’t)'a.res?l;
nI2-a - Cos'[ (D Sin[a] /R)] SEmE< 7 /2

(3.9)
Similarly we can found the threshold elevation angle 6thresh as a function of azimuth angel and

the beamwidth a. The geometry of the threshold elevation angle is illustrated in Figure 3.7
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Figure3. 6: Threshold Elevation Angle Bthresh
Close form equation for the threshold elevation angle 6thresh is presented below.

P
0 : -dplsdms <l or $ZSdmsS-¢2

8 thresh = =<

D Cecla + gus] Sinfal
ArcCot [ ] otherwise
u \/ 12 - p? Ccscla + ¢ma]? Sinf[a)?

3.9
The limits in the azimuth and elevation angles can be grouped as limitl and limit2 for both

regions which are given as follow

Othresh < Oms <n/2
Limit 1 = & (3.10)
0<Pms<2n '
~
0 < 8ms < Othresh
Limit 2= ﬁ & (3.11)
|P1] < Pms < |[P2]
-

It is very clear from Figure3.4 that if the elevation angle Oms is less than Othresh then the
geometry of the model is solved by the proposed model using adaptive antenna array at the BS.
This means that for this condition the beamwidth is less than amax and the volume of regionl

and region2 will be truncated and hence avoiding some of the scatterers of volume V1. Similarly
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if the elevation angle Oms is greater than 6thresh, then no volume is truncated and the scatterers
of the complete hemisphere get illuminated. In this case the beamwidth of the directional antenna
will be greater than or equal to amax.

The distance between the MS and the scatterer, denoted by L, is calculated as
R ; Limitl

D Cos[¢ns] Sin[a] V'1- Sin[ous] ; Limit2
(3.12)
It is clear from equation 3.12 that if the beamwidth is greater than or equal to amax then the
distance between the MS and the scatterer is equal to R, which is the radius of the hemisphere.
When the beamwidth is less than amax then the distance between the scatterer and the MS can

be found using expression for limit2

3.3 Derivation of Joint AoA Statistics

The joint expression as a function of L, azimuth angle ®ms and elevation angle 6ms given by [7]

g{x, ¥, 2)
P (L, ¢ns, 03y 2 ——0—m—
IJ (x, ¥, z}l x = L Cos8ns Cosgus
¥ = L CogPfns Singnus
z = L Sinfns
(3.13)

Where (x,y,z) and (L, ®ms, 6ms) represent the position of the scatterer in the Cartesian and

Spherical coordinates respectively.

The Jacobian Transformation J(x,y,z) is given by

-1
Cos@ns Cosgns -L CosOns Singns - I Sindns Cos¢ns

J {x, ¥, z)= |CostusSingns L Cog8ns Cos¢gns -L Sinfns Singns

Sinfns Cosbns
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1
-
L" Cosfns

Jx, ¥, 2)=

(3.19)
As the scatterers are assumed to be distributed uniformly around the MS in a hemisphere, the
scatterer’s density function can be written as
1 (%, ¥, 2) € IMuminated Volume
g(x,y,z)-
0 ; Otherwise
(3.15)
Using equation 3.13 and 3.14, the joint density function given by equation 3.12 can be rewritten

as

L2 cor[Ons)

(L ,d$ms, Oms) = v

(3.16)
Putting the values of L and V from expression from 3.12 and 3.5 we have

In case of limit! we have L=R so

R2 Cos [813]
2pi (R3 -2 (R-DSinfal)® (R+D Sin{al))

P (L, ¢ms, Bm3) =

(3.17a)
In case of limit2, L is given by expression 3.12, and substituting the values in equation 3.15, we

get

3 (D Cos[¢] Sin[a] V'1-Sin[0] )2costen

P(L, ¢, 8=
2 (pi (R’ -2 (R-DSin[a])® (R +DSin[a]}))

OR

D? Cos[8] Cos[¢]2 Sin[a)? (1-Sin[6]1)

P(L, ¢ 0.) = e - 3 -
2pi (R’ -2 (R-DSin[a])* (R+DSin[a]))

(3.17b)

So the joint function
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R2 Cos [6nd]
) - 3 - ; Limit 1
2pi (R ~2(R-DSin[a]) (R +DS1n[a]))
P (L, ¢ms, Bms) ==
D? Cos[ens] Cos[¢ns]? Sin[a]? (1 - Sin[6us]) Limit 2
2pi (R’ - 2 (R-DSin[a])? (R +DSin[a]))

-
(3.18)

The joint PDF of AoA in azimuth and elevation planes is found by integrating the above
expression with respect to L or R with appropriate limits. The close form expression in
simplified form after tedious calculations for joint PDF of AoA both in azimuth and elevation

plane is given by

{ﬂﬂ

R® Cos [Ous]
; Limit 1
2pi (R’ -2 (R-DSin[a])? (R+DSin[al))
P [MS; t?ms] =<
D® Cos[éms] Cos [¢n3]® Sin[a]® (1 - Sin[Bns])3/2 ]
: Limit 2
2pi (R’ - 2 (R-DSin[a])? (R +DSin[a]))

(3.19)
3.4 Derivation of Marginal AoA Statistics

The marginal PDF of the AoA in azimuth plane found by integrating the above expression with
respect to elevation angle 6 with appropriate limits. The close form expression after tedious

simplification for the marginal PDF of AoA seen from MS are presented in expression below
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R Sin[Aus]
s - Y - ; Limit 1
2pi (R’ - 2 (R-DSin[a]) (R +DSin[a]))
P (¢w3) =
3 3o 3 =] _cinfom i\r—:m.*m—-—-
_n Cos[¢us]’ Sinfa] (Cos[ . ] S:Ln[ . ]) 1-sin[eus]  Lisads 2
g Spi (R’ - 2 (R-DSin[al)* (R+DSin[a]))

In the above

(3.20)
expression Limitl is valid when {- 1< ® < ®1 and $2< O<- P2} and Limit2 is

valid when { P1<O< P2 and — P2<P<-P1}
Similarly marginal PDF of the AoA in the elevation plane is found by integrating equation 3.16

with respect to azimuth angle ¢ with appropriate limits. The close form expression after tedious

simplification for marginal PDF of AoA at MS are given below

P (8ws) =.<

'
R? ¢ns Cos[Aus] : Limit 1
2pi (R’ - 2 (R-DSin[a])® (R +D Sin[a]})
D? Cos[8ns] Sin[a)® (1 - Sin[fus])3/2 (9Sin[¢ns] + Sin[3 ons]) L.
; Limit 2

24 pi (R® - 2 (R-DSin[a])? (R +DSin[a]))

-
(3.21)

In the above expression Limitl is represents {Othresh < 6ms< w/2} and Limit2 is represent
{0<Oms<Othresh}.
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Chapter 4
Results and Discussions

In this chapter the results for different equation derived in chapter3 for the proposed 3D
Hemisphere Model with Directional Antenna at BS are presented.

4.1 Threshold Elevation Angle Othresh as function of Azimuth Angle:

The threshold angle Othresh given by equation 3.9 is plotted in Figure 4.1 as a function of
azimuth angles from 0 to 2z, for the beamwidth of the directional antenna a = 3°.

70 r ; : ; : T !

9o

Figured. 1: Threshold Angle Othresh in Azimuth Plane
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4.2 Threshold Azimuth Angle “®thresh” as function of Elevation Angle:

The threshold angle (thresh given by equation 3.7 and 3.8 is plotted in Figure 4.2 as a function
of elevation angles from O to n/2, for the beamwidth of the directional antenna a = 4°. Other
parameter for this plot are, distance between the MS and BS, D = 800meters, Radius of the
hemisphere R= 100meters

?

(&)
n

Figure4. 2: Threshold Angle Qthresh in elevation plane

4.3 Plot of length L “Distance between the MS and Scatterers”

Figure 4.3 shows the plot of length L in both azimuth and elevation plane derived in equation
3.12. From this plot the effect of directional antenna used at the BS can be observed. From the
plot it is seen that for any particular azimuth angle ¢ there is a threshold angle Othresh in
elevation plane. For 6 > 6thresh, the length L plotted here is seems to be uniform or constant, and
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equals to the radius of the hemisphere which is taken 70m for this plot. In that case when it
seems to be uniform, it follows the case of Omni directional antenna as shown in [11].

Figure4, 3: Langth L as a Joint Function of Azimuth and Elevation Plane

The distance between the MS and the boundary of the hemisphere is same for 6 > 6thresh in the
azimuth plane, this means that all the scatterers would be illuminated. To elaborate this effect of
directional antenna the same distance L derived in equation3.12 is plotted in Figure 4.4 in
elevation plane for different azimuth angles i.e p=0°, 27°, 35° and 55°.
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Figured. 4: Distance L in Elevation Plane.

It is clear from the above plot that when the azimuth angle ®=0°, then the L is constant.
Similarly L is plotted in azimuth plane for different elevation angle i.e 6=0°,30°,45 °and 55°, in
Figure 4.5
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Figure4. 5: Distance L in Azimuth Pane for Different Elevation Angles

4.4 Analytical Results of PDF of AoA at MS.

In this section, the PDF of AoA derived in chapter 3 are plotted. The joint PDF of AoA at MS is
given by equation 3.16 and plotted in Figure 4.6. The parameters for the proposed 3D
hemisphere model with antenna array at the BS for all the plots presented in this section are as
follow;

The distance D between the MS and BS = 600m, Radius R of the Proposed Model= 70m, the
beamwidth of the direction antenna used at BS = 3°, Height Ht of the BS= 60m
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Figured. 6: Joint PDF of AoA at MS for proposed 3D model

The AoA statistics at the MS with 3D uniformly distributed scattering region around the MS
shown in the above figure as function of azimuth and elevation angles. The effect of directional
antenna employed at the BS can also be analyzed with and help of this plot. The directional
antenna used at the BS can adjust its beam patteren according to the AoA distribution and hence
the same frequency can be used for multiple users at the same time interval (SDMA). And hence
the capacity of the system will improve. Similarly the delay spread of the multipath components
will decrease with its ability to adjust its beamwidth in a particular area of interest and avoid
scatterers located away from the MS.
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Figure4. 7: Marginal PDF of AoA in Elevation Plane

Accurate knowledge of AoA statistics will help adaptive antenna array to avoid interference.
And hence the quality o service will improve. In the proposed model used adaptive antenna array
at the BS and also the scatterers are assumed to be uniformly distributed in a 3D hemisphere
geometrical region, so the AoA statistics derived here are more precise as compare to 2D model.
So taking the advantage of both directional antenna and 3D scattering, the proposed model will
improve the quality of service by reducing interference and the capacity of the wireless system
will enhance by using SDMA technique efficiently with the precise knowledge of the AoA
statistics.
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Figured. 8: Marginal PDF of AoA in Azimuth Plane

Closed form expression 3.18 derived for the PDF of AoA in section 3.3, is plotted in Figure4.7
for different azimuth angles. Figure4.7 shows the marginal PDF of AoA in elevation plane for
$=0°, 35°, 45° and 50°. Similarly the Marginal PDF of AoA in azimuth plane is plotted for
expression 3.17 derived in section3.3 for different (6=0 °25°40 ° and 6 > 6thresh) elevation
angles. Figure 4.8 shows that when © > Othresh this mean that the beamwidth “a” of the
directional antenna is greater than or equal to the maximum beamwidth “amax” as in case of
omnidirectiona antenna used in [11]. Hence the effect of directional antenna for different
elevation angles can be analyzed in Figure4.8 in azimuth plan for the proposed model.

4.5 Comparison with some notable models found in Literature

The results for marginal PDF of AoA obtained for the proposed model plotted in section4.4
deduces the results of Janaswamy Model proposed in [11] and GBSBM Petrus Model proposed
in [11}. In 3D Spheroid Model proposed in [11] the MS is assumed to be located at the center of
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semi-spheroid with uniformly distributed scatterers, whereas the BS is located outside the semi-
spheroid in a scattering free region with omni-directional antenna as shown in Figure 2.11. The
PDF of AoA in elevation plane for Janaswamy model is plotted in Figure 4.9.

4
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Figure4. 9: Marginal PDF of AcA in Elevation Plane for Janaswamy Model [11]

Note that when length of ‘a’ is equals to the length of ‘b’ for Spheroid in [11], the resultant
geometry is equal the hemisphere of the proposed model. So the statistical result for AoA shown
for this particular case (Figure 4.9 with red line) can be compared with the results of the
proposed 3D Hemisphere Model. This comparison is shown by Figure 4.10.
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Figured. 10: Comparison with Janaswamy Model [11}

It is clear from this comparison that probability of multipath components arriving from different
angles are much lower than that of Janaswamy Model. This shows the effect of adaptive antenna
array used at the BS for the proposed model. So with the use of smart antenna some of the
muitipath components can be avoid and hence less will be the interference so increased the
quality of service.

Similarly the results of the PDF of the AoA in azimuth plane obtained for the proposed 3D
hemisphere model deduces the results of 2D GBSBM proposed by Paul Petrus in [6]. The
geometry of the GBSBM is shown in Figure 2.4. If we put elevation angle 6ms = 0°, the propped
3D model reduces to 2D circular model, and hence it is almost equal to Petrus model. The PDF
of AoA in azimuth plane plotted along with that of Petrus model in Figure 4.11. This plot shows
that the proposed model verify the results of Petrus model.
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Figure4. 11: Comparison with 2D Petrus Model [6)

4.6 Effect of Adaptive Antenna Array on AoA Statistics

The effect of adaptive antenna array used at the BS for the proposed 3D Hemisphere Model can
be analyzed by the plot shown in Figure 4.12. If we assume the beamwidth & equals to Qmax, all
of scatterers inside hemisphere gets illuminated. In such case the directional antenna used at the
BS act as a omni-directional antenna. And hence the probability of multipath components arrived
at the MS increases. Similarly if we assume beamwith a=30, some of the scatterers of volume
V1 gets eliminated as illustrated in section 3.2, and hence the probability of multipath
components arrives at the MS decreases. This scenario is shown in Figure 4.12. So with the use

of adaptive antenna array at the BS quality of service will improve because of the mitigation of
multipath components.
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Figure4. 12: Effect of Adaptive Antenna Array of AoA Statistics
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Chapter 5§
Conclusions and Future Research Plans

The summary of the work carried out for the thesis is presented in this chapter with some future

research plans base on the results of the proposed model.

5.1 Summary of the Thesis

In this thesis we proposed a 3-D Hemisphere Model with Antenna Array at BS for the wireless
radio environment and AoA statistics at MS are analyzed. It is assumed that the scatterers are
uniformly distributed around the MS in the volume defined by the geometry of the hemisphere. It
is also assumed that the MS is located at the center of the hemi'sphere and the BS is elevated at a
height Ht with a Distance D from the MS. Joint and Marginal AoA statistics at the MS are
mathematically derived in both azimuth and elevation planes. The main focus of the research
was to investigate the effect of directional antenna on the spatial characteristics of the wireless
radio channel in the presence of three dimensional scattering

In Chapter No.1, an overview of the wireless systems is presented with the history of capacity
demand in wireless communication. It is described that how smart antenna technology can be
used for capacity enhancement of the system. The importance of channel modeling is described
with an introduction to AoA estimation. The overview of geometrical channel model is described
with 2D and 3D geometrical channel models proposed in literature. The issues of the physical
channel were discussed and the problem was formulated with the proposed methodology.

In chapter No.2, literature study has presented. 2D and 3D geometrical channel model proposed
in recent literature were discussed. |

In Chapter No.3, the proposed model is presented. The wireless radio environment is modeled
with the assumption that the scatterers surround the MS in 3D hemisphere geometry. For the
issue of capacity enhancement and quality of service the model is proposed with adaptive
~antenna array at the BS. The effect of directional antenna on the 3D is illustrated with some

mathematical derivations. The volume of the scattering region is calculated and used for the
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mathematical derivation of the PDF of AoA. Close form expression derived for the AoA
statistics simultaneously in azimuth and elevation planes. Similarly close from expression are
derived for marginal PDF of AoA at the MS.

In Chapter No.4, the results based on the mathematical derivation in chapter 3 are presented and
discussed. In Figure 4.1 one the elevation threshold angle is plotted with respect to azimuth
plane. In figure 4.2 the distance between the MS and the scatterer is plotted as a joint function of
azimuth and elevation plane. Similarly the same function is plotted in azimuth and elevation
plane in Figure 4.3 and 4.4 respectively. The PDF of AoA is plotted in Figure 4.5 as a joint
function of azimuth and elevation angles. In Figure 4.6 the PDF of AoA is plotted in elevation
plane and in Figure 4.7 the PDF of AoA is plotted in azimuth plane. The effect of directional
antenna is discussed with the analysis of all the result in the same chapter.

It is concluded that with the use of directional antenna used at the BS for the proposed model,
and the precise knowledge of the AoA, will enhance the system capacity and will improve the

quality of service.

5.2 Future research plans

The future research planes are as follow

5.2.1 Research Plan 1

In the proposed 3D hemisphere model with directional antenna at the BS the beamwidth is
controlled in azimuth plane. The spatial characteristics of the wireless channel have never been

investigated where the beamwidth is controlled in elevation plane.

5.2.2 Research Plan 2

The PDF of the AoA derived [11] are used in [19] to analyze the Doppler Shift distribution of the
received signal in 3D wireless environment. Similarly results of the present thesis particularly by
section 3.3 can be used to analyze the effect of directional antenna of Doppler shift as done by

Shouxing in [19].
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