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Abstract

This report presents an analysis of the wideband propagation channel in Mobile
Broadband System, for a typical scenario of this system: an urban street with buildings on
both sides. The analysis is based on simulations, by using a ray-tracing tool previously
developed. The signal propagation within the street is modeled by Geometrical Optics,
accounting for reflections up to the third order. The mean delay and delay spread along the
street are used to characterize the propagation channel. It is observed that these parameters are
a function of street’s width, walls’ roughness, receiver’s bandwidth, and type of antennas,

among other parameters. An analytical approximation for these dependencies is presented.
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1. Introduction

Mobile communications systems give ability to communicate to users being in motion.
Users can use them in different places and be independent of public fixed systems. The
cellular concept, by using the same frequencies in spatially separated cells, allows to increase
systems capacity. There are many new communication services being available for fixed and
mobile users [1]:

1. digital data transmission

2. videotelephony

3. multimedia

4. moving pictures with high quality

5. teleworking, etc.

There is a trend in telecommunications to integrate in the future all these services in one

system. In Europe, for mobile users, the Mobile Broadband System, MBS, will be such a

system, giving its users access to all broadband services available in the future [2]. System

performances, techniques and technology required for this system was the subject of the

RACE Il R2067 - MBS project [3]. It will be a cellular system with small cells, able to

transmit with a data rate up to 155 Mb/s and working at the 60 GHz band. This band is chosen

because:

1. There is an oxygen absorption peak in it, which it unusable for fixed communications
systems, but appropriate for MBS, where the cells size is small. Additionally, the high
attenuation of signals for large distances is a natural barrier to cochannel and adjacent
channel interferences.

2. The relative bandwidth, necessary to the signal transmissions with such a high bit rate, is
small.

3. The technological progress in microelectronics will allow to produce devices working in
this band at a reasonable cost.

In mobile system design the propagation channel is a very important issue. This
channel is quite different from the propagation in the free space and its parameters can vary in
a large range in a short time. The signal arrives at the receiver as a large number of waves
from different directions (multipath propagation), which can cause time dispersion and signal
level variations. The received signal strength can vary more than 30 dB for small changes of

the mobile position (less than 10 wavelength) [4]. For digital transmissions it can cause a
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large increase of the bit error rate, BER, to a value of 1072, which is 10° times worse than in
typical wire transmissions [4]. Additionally in mobile systems, the properties of the channel
change in time due to the receiver or surrounding objects motion, which can cause signal
distortion. Multipath propagation and receiver’s motion impose fundamental limitations to
the mobile system performance: the former leads to maximum and the latter minimum values
of the signal bandwidth. In order to a mobile system to work properly in such disadvantageous
conditions, the knowledge of these channel properties is necessary during the system design.
In this work it is presented a simple analysis of the mobile propagation channel in 60
GHz band, using a simple deterministic model. For these frequencies, wavelength is much
smaller than the surrounding objects dimension, so the geometrical optics approach can be
used for the signal propagation modeling. Simulations have shown which of system (types and
height of the BS and MS antennas) and surrounding scenario (width, length of the street,
buildings materials) parameters have the most influence on the properties of the propagation
channel. In the second chapter it is presented the theoretical aspects of the signal propagation
in mobile multipath channels and a short description of the method for the channel modeling.
The last section of this chapter presents the geometrical optics description of the signal
propagation at the 60 GHz band, which is used in simulations. Chapter 3 describes the
simulation program and simulation assumptions, and presents the results from the simulation

for different scenarios. The final chapter contains the conclusions.



2. Theoretical aspects of signal propagation in mobile

systems

2.1 Mobile multipath propagation channel

2.1.1 Channel description

In mobile communications systems the signal transmitted by a base station, BS, arrives
at the receiver as a large number of waves from different directions. This effect is called
multipath propagation an it is caused by [5]:

1. Reflection from surrounding objects

2. Diffraction on sharp edges of objects

3. Scattering on rough surfaces

Due to the different delay, amplitude and phase of each multipath component, the received
signal is different from the transmitted one, Fig.2.1, and can change with the position of the

receiver or surrounding objects.

Transmitted
Pulse PJB
.:—’_'--'_F o ’ JI
t L ) Received
v_fttif—“"---“=———=“-0 |
5 - . i
- o - ) lr
Base =
station BN _—
antenn:a Hﬁ““ "

T IR

Figure 2.1 Multipath propagation environment (extracted from [6])



The multipath propagation channel can create the following effects in the received
signal:

1. Rapid changes of the signal strength over a small distance or time. Variations of the signal
amplitude occur because each multipath component has different phase, depending on the
path length, so these components can be summed at receiver in a constructive or
destructive way. It causes changes of the signal level larger than 20-30 dB when the
receiver changes its position about one wavelength distance [7]. This effect is dominant for
narrowband signals, in which case, from the receiver point of view, all signals components
arrive at the same time (delay of multipath components can be neglected). For wideband
signals, variations of the received signal power are smaller. The locations of the points
where the signal fades depend on surrounding scenario objects and on the signal frequency.
When the receiver is in a fade point, the communication between it and the BS may be
impossible. To prevent losing the communication a fading margin in the transmitted power
and diversity techniques are used[4]

2. Time dispersion of the received signal, due to the different delay of each multipath
component, causing the received signal duration to be larger than the transmitted one. It
can cause errors in wideband transmissions, when the time of the signal symbols repetition
is smaller than the delays of the multipath components. In this case the MS receives at the
same time one symbol and delayed echoes of previous one, intersymbol interference occurs

and it is necessary to use an equalizer to receive a free error signal.

Figure 2.2 llustration of Doppler effect (extracted from [5])

Additionally in mobile systems the receiver position is not fixed. The relative motion

between the base station and the receiver causes Doppler frequency shift, which is



proportional to the receiver velocity and to an angle between the direction of movement and

the direction of an incoming wave, Fig.2.2.

The frequency shift is given by:
v .
fo =zcos(9/ (2.)

where:
f, - Doppler shift
V- mobile velocity
A - wavelength
6 -angle as in Fig.2.2
The motion of the receiver through the multipath environment causes two effects [8]:
1. Frequency dispersion of the received signal. Each multipath component coming from
various directions has different frequency shift, which causes a frequency stretching of the
signal, specially visible for narrowband signals. That is to say, a harmonic signal is

transmitted, but the received signal contains components in the band [, -f,.f,+f,

where f is transmitted frequency and f , maximum Doppler shift. This frequency range is
called Doppler spread B,

2. Time variation of the channel properties. Due to the motion of the receiver through the
multipath environment, the channel changes when the signal propagates. The channel seen
by the leading edge of the symbol is not the same as the one seen by the trailing edge, and
distortion of the signal can occur if this difference is large. For signals with short duration
(wide band) these changes are not significant, but for signals with large duration the
channel cannot be treated as constant within one symbol transmission. Additional
variations of the channel can be caused by motion of surrounding objects (trucks, buses,
etc.).

The multipath propagation channel in mobile systems can be presented as a linear
filter with a time variant impulse response [8]. The lowpass characterization of the channel is
used to do the channel description. Complex lowpass impulse response h, ¢, r: [5] describes
the channel properties in both delay and Doppler domains in a full way: t represents the time
variations of the channel due to motion, and 7 represents the multipath delays for a fixed
time. Physically this function can be interpreted as the response of the channel at time t to a

unit impulse 7 seconds in past.



For systems with a finite bandwidth, impulses separated by a time interval smaller than the
time resolution of system At (inverse to the system bandwidth) are received as one impulse,
so the impulse response can be presented as the sum of Dirac delta impulses for different

excess delays [8]:
~ N ~ P ~ ~
her =Dae e . 5¢-17(t) (2.2)
i=0

where:
N - number of multipath components
a; - amplitude of i-th component
®, - phase shift of i-th component
7, =i-Ar - delay of i-th component

1 .
At < B time resolution of the system

B, - bandwidth of the system
The channel impulse response depends not only on environment properties and system
bandwidth, but also on the types of the transmitter and the receiver antennas that are used.
Using directional antennas some multipath components can be eliminated from the received
signal. Considering the received antenna pattern, the impulse response of the channel can be

written as[9]:
~ N ~ . ~ ~ ~
h¢,7 =2.a¢€ e ™. 5¢-7,1)E (2.3)
i=0

where:
E,(Hi: - value of the receiver antenna pattern for the direction of i-th incoming
component
Fig.2.3 presents an example of the discrete time variant impulse response of the channel.
When surrounding objects are static, the t axis can be described as the mobile station, MS
position or as the distance between the BS and the MS.

From the impulse response of the mobile propagation channel one can calculate
parameters describing the channel in delay and Doppler domains. The multipath propagation
limits the maximum system bandwidth, for which time dispersion of the received signal can
be neglected and use of an equalizer is not necessary. Doppler spread determines the speed of

the channel changes and limits a maximum symbol duration (a minimum signal bandwidth).



Figure 2.3 The time varing discrete-time impulse response of the multipath channel (extracted
from [5])

2.1.2 Time dispersion

In delay domain the spatial average of ‘hb ¢, rf over a local area is called power delay
profile and represents a relative received power as a function of excess delay, when the
transmitted signal is one pulse [5]. Usually it is assumed that the first component, the line of
sight (LOS) one, arrives at the receiver in delay = =0. Examples of power delay profile are
presented in Fig. 2.4.

Many useful parameters, describing the time dispersive nature of the propagation channel are

derived from measured or simulated power delay profiles [5],[10]:

1. mean excess delay -first moment of delay the profile (the power weighted average of
the

excess delay)

Q].TPQBT

7= (2.4)

?PQ’ET

2. delay spread - square root of the second central moment of the delay profile (the power

weighted standard deviation of the excess delay)

o, =Nt’-7° (2.5)



0,

ITZP(r]iT
?

=2 (2.6)
IPQ’]’T

3. maximum excess delay (P dB) - time interval between first and last crossing by the power

delay profile of the threshold P dB below the maximum; in Fig.2.4a) itis

~

l,=G;-7,_ 2.7)

4. fixed and sliding delay window (q%) - the length of the middle (for fixed window) or the
shortest (for sliding window) portion of the power delay profile containing a certain portion
of total energy of this profile; in Fig.2.4a) it is

W,=7,-1, (2.8)
where:
7, and r, are defined in a way that energy outside the window is split into two equal

parts.

b)

Figure 2.4 Power delay profile for system with a)infinite bandwidth (extracted from [10]) and
b) finite bandwidth



These parameters allow to determine how well a digital radio system will work in this
multipath environment. For a given modulation method, BER can be calculate as a function of

delay spread (with the assumption that an equalizer is not used at the receiver). For example

for GMSK modulation the BER is approximately bellow 1073 if the delay spread excess is
one tenth of the symbol interval [11]. When the excess delay is greater than the signal
duration, intersymbol interferences in the received signal occur and usage of the equalizer is
need. Just the sliding delay window parameter determines the necessary equalizer depth to
make the receiver work properly.

Besides these parameters in the time domain, it is defined the coherence bandwidth B,

in the frequency domain [8]. Physically, the coherence bandwidth represents the frequency
difference between two received signals having strongly correlated amplitudes (amplitude
correlation has a certain known value, for example 0.9 or 0.5 - it is dependent on the system
and on the technique used for modulation and detection). For frequencies separated more than
B, signals are differently attenuated when they undergo the channel.
Coherence bandwidth determines the dispersive properties of the propagation channel in the
frequency domain and is calculated from the delay spread, but there is no exact relation
between these parameters, and it is only an estimation. If coherence bandwidth is defined as
the bandwidth over which the frequency correlation is above 0.5 then it is approximated by
[12]:

1
“T 2.0,

B (2.9)

For signals with a bandwidth B, smaller than B, all frequency components of the
signal undergo the channel with approximately equal attenuation. Delays of multipath
components are much smaller than the signal duration. In the light of the receiver all
components arrive at the same moment in time (without delay) and the discrete impulse
response of the channel contains only one Dirac delta for = =0. In frequency domain this
corresponds to the channel having constant gain and linear phase for all signal frequencies. Of
course the module of this impulse can vary in time because of the receiver motion and
changes of surrounding objects, so variation of the received signal can occur.

This type of signal propagation is called flat fading, because the spectrum of the received
signal is the same as that of the transmitted one. Fig.2.5 presents this kind of fading in time

and frequency domains.



Figure 2.5 Flat fading characteristics in time and frequency domains (extracted from [5])

For signals with a bandwidth compared in value or wider than B, frequency
components of the signal undergo the channel with different attenuations, some components
being more attenuated than others. Due to different delays of multipath components, which
cannot be neglected, the time duration of the received signal increases, which causes a
decrease of the signal bandwidth. When B, is much larger than B, time dispersion of the
signal is significant, the received signal bandwidth is limited by the propagation channel and it
is smaller than that of the transmitted one. The discrete impulse response in this case cannot
be simple Dirac delta functions. It must consider the time dispersive nature of the multipath
propagation channel, so it is the sum of Dirac deltas for different time delays.

This type of signal propagation is called frequency selective fading, because the spectrum of
the received signal is smaller as that of the transmitted one. Fig.2.6 presents this kind of

fading in time and frequency domains.

Figure 2.6 Frequency selective fading characteristics in time and frequency domains

(extracted from [5]).
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2.1.3 Time variation of the channel

To describe the channel properties in the Doppler domain one uses the coherence time,
T. parameters [8], which characterizes the time varying nature of channel. Coherence time is
the time duration over which two received signals have a strong correlation of amplitudes, and
the channel can be considered as time invariant during these signals transmission. For signals
with greater time separation the channel can change during the transmission, and received
signal amplitudes will be different.
If coherence time is defined as the time over which the time correlation is above 0.5 it is

approximated by [5]:

T = L (2.10)
© 16-7-f, '
where:
v _ :
f. = rh maximum Doppler shift
Another common approximation for T, is (specially for digital communication systems) [5]:
0423
T="¢ (2.11)

m

For a signal with symbol duration smaller than T, the channel can be considered as
static over one or several symbols duration and distortion does not occur. In this case the
frequency bandwidth of the signal is much greater than the Doppler shift and frequency
dispersion is not observable. This type of signal propagation is called time flat fading or slow
fading. This occurs if:

Ty <<T, and By >>f, (2.12)

If the signal duration is greater than T_ the channel changes over one symbol duration
and the received symbol is distorted. The frequency bandwidth of the signal is smaller than
Doppler shift and frequency dispersion can be observed. This distortion is called time
selective fading or fast fading. This occurs if:

T, >T. and By<f (2.13)

The fast and the slow fadings are determined only by the rate of changes of the propagation

channel in time (depends on the velocity of the mobile or surrounding objects).
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2.2 Modeling of the multipath propagation channel

In order to properly design a mobile communication system the knowledge of the
mobile multipath propagation channel models is necessary. This allows to choose in a design
phase proper modulation and error correction schemes for the system. A short description of
the channel modeling methods is presented next. In general these methods can be divided on:
1. statistical - based on measurements or on statistical scattering models of the signal

propagation in a multipath environment, and give statistical distributions of the received
signal parameters described only by small amount of variables.

2. deterministic - based on equations describing the signal propagation, they require exact a
description of the propagation scenario (objects positions and orientations, their electrical
properties) and are complicated to implement.

The scattering models describing the signal propagation in the multipath environment
assume that the signal in every receiving point is the result of N different path waves. Each of
multipath waves is characterized by amplitude, phase shift and spatial angles of arrival (in the
horizontal and vertical planes), which are all random and statistically independent [10]. Other
assumptions are that [7]:

1. the transmission channel is sufficiently random, can be described as a wide sense stationary
uncorrelated channel, WSSUS, which mean that the signal variation for different delays is
uncorrected and correlation properties of the channel are stationary (invariant under
translation in time and frequency);

2. the number of multipath components is sufficiently large, enabling the use of the central
limit theory

Then the received signal is accurately represented by a complex Gaussian process. From this

process, statistics describing the signal properties can be calculated: complex envelope of the

signal, level crossing rate, average duration of fades and spatial correlations between signals

[13]. Exact description of scattering models are presented in literature: Clarke’s model [14],

assumes that the received signal is the sum of horizontally traveled scattering waves (without

direct wave), the phase and horizontal angle of arrival (assumed apriori, it determines spatial

correlation properties of the model) having uniform probability in the interval P27 ; three

dimensional extension of this model is presented in [10].
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The most useful statistic, allowing to model the impulse response of the propagation
channel, is the complex envelope distribution of the received signal. For the narrowband
signals it is modeled like a Rayleigh or Rician distribution.

Rayleigh distribution is used to describe the statistical time varying nature of the signal
envelope when LOS between the transmitter and the receiver does not exist (only multipath
components are received). The probability density function, (PDF) of the signal envelope for

this distribution, presented on the Fig.2.7, depends on only one parameter, o* [5]:

JL r’ O<r<w
p¢j= o & 202 srse. (2.14)
| 0 G<0
where:
r - signal envelope amplitude

o? - mean power

2
r :
Y short-term signal power

The probability that the envelope of the received signal does not exceed a specific value R is

given by the cumulative distribution function (CDF):

2
PR = Pr(r<R]=Fjp(r]ir:1—exp(— R ] (2.15)
0

207

Figure 2.7 Probability density function of the Rayleigh distribution (extracted from [10])

Standard parameters calculated for this distribution are:

e mean value
Mmean = E #I } jrptgr = O-\/g =12533c (216)
0

¢ variance of the envelope which represents the ac power of the signal

13



4—1m
2

o’ =E4*> FE4 3 =0'2( j=0,42920v2 (2.17)

e median value

r, =202 In2 =11774c (2.18)

Rician distribution is used to describe the statistical time varying nature of the signal
envelope when LOS between the transmitter and the receiver exists (or other dominant
stationary component). At the output of an envelope detector this has the effect of adding a dc

component to the random multipath. The PDF of the signal envelope for this distribution is

[5]:

j ' ex (r2+r52jl(n;} O<r<w)
- e (e 0]
p€ =107 "N 252 ) olo? e (2.19)
[ 0 ¢<0>
where:
r - signal envelope amplitude

r, - peak amplitude of the dominant signal
N : the modified Bessel function of the first kind and zero-order

o’ - mean power of the multipath components
This distribution function is often described in term of a parameter K, which is defined as the

ratio between the deterministic signal power and the variance of the multipath:

K=-5 (2.20)
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Figure 2.8 Probability density function of the Rician distribution: a) K = —eo dB (Rayleigh);
b)K =6 dB; ¢) K>>1dB (extracted from [10]).

If K goes to zero (the amplitude of the dominant path decreases), the Rician distribution
degenerates in a Rayleigh distribution, whilst if K >> 1, the distribution becomes a Gaussian
distribution with a mean value r,. The PDF of the Rician distribution is presented in Fig.2.8.
For wideband channels the statistical models base on (2.2) and can be presented as a
taped-delay line, Fig.2.9 [8]. Each delayed component is modeled as a large number of waves
arriving at the same time from different directions (like in narrowband channels) [7], and a
description based on Rician (direct wave) and Rayleigh (multipath waves) distributions can be

used. The delay Az depends on the system bandwidth.

Figure 2.9 Taped-delay line - model of the channel impulse response (extracted from [8])

The real mobile propagation channel is in many cases non stationary and to use simple
mathematical models the channel is introduced as stationary for restricted time T and
frequency B intervals, Quasi-WSSUS channel [8]. For times or frequencies larger than T or B
correlation functions cannot be assumed invariant. The channel is analyzed in small time or
spatial intervals as stationary and then the large scale properties of it are obtained by
examining the small scale statistics over a larger area; in this case the parameters of the
models change in time. That is modeled by considering Doppler spread of each impulse
response [16], or by considering that contains N states and choosing one of them is a random
process [17]. Extraction of statistical models parameters, describing the signal envelope, are
presented in [15] for narrowband channels with existing LOS path (Rician fading) and in
[16], [17] for wideband channels.

Deterministic modeling of the propagation channel is based on equations describing

the signal propagation. An exact analysis can be done by solving Maxwell’s equations with
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boundary conditions representing the physical properties and geometry of the surrounding

environment, but this is possible only for the simplest scenarios. A simpler analytical

approach, commonly used, is the assumption that radio waves propagate as light (ray
propagation) [7]. Under this condition the received signal is the sum of:

1. reflected rays, which can be described by Geometrical Optics method [18] using Snell’s
reflection law to determine the path of a ray and reflection coefficient to determine
amplitude of each ray

2. diffracted rays on sharp edges of objects with dimensions similar to the wavelength, which
can be describe by diffraction theory, for example Uniform Theory of Diffraction, UTD
[19]

For very high frequencies the wavelength is much smaller than the scenario objects

dimensions, thus a model can take into account reflections only.

Deterministic models of the propagation channel in comparison with statistical ones,
described by few parameters, require many complicated calculation (fast computers must be
used) and exact knowledge of the environment (positions, orientations, electrical properties,
roughness of the objects; BS and MS position etc..). Nevertheless they allow to determine the
received signal in specific conditions, for example what changes occur when directional

antennas are used or when the receiver changes its position.

2.3 Propagation channel at the 60 GHz band

2.3.1 Signal attenuation

At high frequencies signals are additionally attenuated by oxygen, water vapour and

rain, Fig.2.10 [11].
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Figure 2.10 Oxygen absorption and rain attenuation (extracted from [21],[22])

These effects are negligible at the UHF band, but at higher frequencies they must be
considered. In 60 GHz band there is a peak of oxygen absorption. which causes a large signal
attenuation, about 15 dB/km [21].

The attenuation for a path d[km] is given by

LB, d (2.21)
where:

d - distance in km

7, - the attenuation coefficient for oxygen absorption, at the [p0,66 GHz band one has
[20]:

1510-0104- € —60 > for 60 GHz < f <63 GHz

¥ B/ km = 2.22
o - {11.35+ ¢ 637" -553.¢ 63" for 63GHz < f <66 GHz (2:22)

where:
f isin GHz

In this particular of 066 GHz band the oxygen attenuation decreases when the frequency

increases (inversely to the behavior of the UHF band). So this fact should be taken into
account when frequencies will be chosen for the up and down transmission links.
The water vapour absorption can be neglected at these frequencies [11], because it is much
smaller than oxygen absorption (about 0.2 dB/km).

The rain attenuation coefficient is proportional to the fall rate R [21], and for a very

intense rain it can be higher than the oxygen one.

7. BB/ km (F,R =k (f R (2.23)
where:

y, - rain attenuation coefficient

R - fall rate

k and a - constants depended on the wave polarization.

For 60 GHz band these variables are described by following expression [20]:
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L |101eret 2497\ olarisation

kdf _= 1.203-log(f -2.290 P — (2.24)
S O e H polarisation
- |1647-0.463-logdf =V polarisation

alf = olr v polarisat (2.25)
~ |1703-0493-log{f = H polarisation

where:
fisin GHz
Attenuation of signal caused by fog, snow, sleet and others can be neglected because
their attenuation coefficients are small and they occur with a very low probability [20].
The average received power depends on the distance between the transmitter and the

receiver and on attenuation by oxygen and rain [20]:

Pr pem~= 32430 + R me;+ Gy pgi~+ Gr pisi~—10crlog @ . o)
~ 20109 5z~ ~ 7 o pskem @ an ™= 7 r perkm @

where:

P. - received power

P, - transmitted power

G, - receiver antenna gain

G, - transmitter antenna gain

d - distance between the transmitter and the receiver

f - signal frequency

a - is from range (2;2,4)
For small distances between the receiver and the transmitter the signal propagation is similar

to a free space propagation

2.3.2 Model for the signal propagation

In MBS, cells will be small (typical a few hundreds meters) and LOS between the BS
and the MS must exist. The wavelength (about 5mm) is very small in comparison with the
dimensions of the surrounding objects and the geometrical optics approach (only reflections)
is used to obtain the propagation model [23]. The received signal is the sum of the direct ray
with many reflected ones (one and multiple reflections). Each of these rays has different
delays, depending on the distance between the transmitter and the receiver and surrounding
objects scenario, different amplitudes and phase shifts, which depend on following factors:
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1. transmitted field (magnitude and polarization)

2. transmitter and receiver antennas gain and radiation pattern

3. path length

4. reflection coefficient of the surfaces

5. oxygen and rain attenuation

The electrical field around the receiver antenna is sum of the direct ray field with the fields of

reflected rays[23]:

g

N
EC=Eq€-7¢ C+ D Eri€-7 C (227)
i=1

The assumption that all surrounding objects in the scenario are static and only the MS is
moving is done, thus the dependence of parameters in (2.27) on time is caused only by the

receiver position:

N
EQr =Eq€-rq €+ > Eri€-7i € (2.28)

i=1

where:

r - distance between BS and MS

The amplitude of each reflected ray is determined by reflections on objects’ surfaces. It
is impossible to give a exact description of the reflecting objects at the wavelength scale, so a
statistical description by standard roughness deviation of these objects is used. In this case
reflections depend not only on the electric properties of surface (relative dielectric constant
and loss tangent) but also on its roughness (the non flat surface causes non-coherent

reflection). For the small roughness case the reflection coefficient is [10]:

v
ré=r.e? (2.29)
where:
I - the Fresnel reflection coefficient
y - parameter associated to the Rayleigh criterion of roughness

A surface can be considered as smooth if ¥ <0.3:

y:4-ﬂ%-sin(9: (2.30)

where:

o,- surface height standard deviation
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6 - incidence angle (measured to the surface tangent plane)
A - wavelength

The Fresnel reflection coefficient is [5]:

sin@ —/g, —cos” @

for L polaristion
sin@ ++/g, —cos” @ P (2.31)

~
r@’g): . 2
g sin@ —,/g, —cos” 0 .
: > for‘ ‘ polaristion
g, sin@ +/e, —cos” 0
where:

g =&, — g, -tano -complex relative dielectric constant

g, - the relative dielectric constant

tand - loss tangent
Due to different reflection coefficient for waves with orthogonal polarization, depolarization
of signal can occur.
Each multipath component of the electrical field produces in the receiver a signal which
depends on the receiver antenna gain in the direction of the incoming component, so using
directional antennas it is possible to minimize the number of multipath components which are
received, in this case the delay spread of the channel decreases. But there is a problem when
the antenna is not pointed towards the transmitter, since in this case communication can be
lost.
The signal produced by each incoming wave is given by:

V,=E -h (2.32)
where:

h; - effective antenna height, in a direction of the i-th incoming component

E, - electric field amplitude of the i-th component
Due to the finite bandwidth of the receiver, all signals which are received in a time interval
smaller than the time resolution of the system are represented in the receiver as a single signal.
For the system with a bandwidth of 200 MHz (MBS) the time resolution is 5 ns and all rays
arrived at the receiver in the same 5 ns beam are received as one ray which is characterized by

its delay z,. One can write the receiver signal in one beam as:
Nb
Vo = vai (2.33)
bi=0

where:
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Nb - number of rays within one delay beam
The power in each delay beam is given by:

_ AW

" 8r-Z

R, (2.34)

where:
Z - free space characteristic impedance
A- wavelength

The power delay profile of the received signal and total received power for each position is:

N
P¢r =) Rt-7,6¢ (2.35)
b=1
~ T ~ Nb <>
Pe = [Perit=) P, XS (2.36)
0 b=1

This approach, considering a discrete description of time, has some errors associated to it.
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3. Analysis of results from simulations

3.1 Simulation scenario

The simulations have been done by using a programme based on the deterministic
geometrical optics model, described in the previous last section, with additional assumptions
[18]:

1. Rain attenuation is not considered

2. Only reflected rays up to third order are considered. This is because higher order reflected
rays are strongly attenuated, and different orientations of buildings in a real scenario
produce more rays with one and two reflections; the importance of high order reflected rays
is much smaller then [23].

The simulation scenario, was taken as the typical for MBS: a street with walls on both sides, is

presented in Fig.3.1. Ground and walls are described by their electrical parameters (dielectric

constant and conductivity) and by the standard deviation of their roughness. It is possible to

simulate discontinuous properties of these surfaces, which allows to model different buildings

materials, crossings etc. The BS and the MS positions are described by their distances from

the wall and by the antennas heights. The BS is fixed (typically placed on a lamp) and the MS

moves along the street parallel to the walls. Radiation patterns and orientations of the antennas

have been taken account.

Figure 3.1 Simulation scenario

The following rays reach the receiver (with the assumption that the BS antenna is higher than
the MS one) [11]:
e one direct ray

o three first order reflected rays (two walls reflections and one ground reflection)
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o four second order reflected rays (two wall-wall reflections, two ground-wall reflections)

e six third order reflected rays (two wall-wall-wall reflections, two wall-wall-ground
reflections, two wall-ground-wall reflections)

This signal propagation model has been verified by comparison of its results with

measurement data for the same propagation scenarios [23].

The programme used in the simulations, calculates discrete power delay profiles
(considering system bandwidth) for each position (at a given step) of the receiver along the
street. Using these results the average discrete power delay profile of the street has been
calculated by averaging the power in the same delay beam for different positions of the
receiver. Then, from this profile, mean delay r and delay spread o, have been calculated

using the following formulas:

7= i 3.1)
I:)i

o =Vr’-1° (3.2)

_ i:l:)ifi2

7?2 =1 (3.3)

where:
P - relative power received in i-th beam
7, - delay of the i-th beam
N - number of beams in the average power delay profile
The standard street corresponding to a typical propagation scenario in a MBS cell has been

defined and used in simulations. It has been described as:
e concrete ground and walls with gy =6,14 and tand =0,0491, with roughness
o, =1mm
e street width W =10m
e street length L =200m
e BS position dg =5m and height hyg =5m
e MS position d,,; =3,5m and height h,,; =1,8m
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¢ both antennas isotropic

e system bandwidth B, = 200MHz

Power delay profile of the standard street
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Figure 3.2 Discrete delay profile of the standard street.
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Figure 3.3 Continuous power delay profile for the standard street and its exponential

approxymation

The discrete power delay profile of the standard street is presented in Fig.3.2, and its envelope
(continuous extension for infinite system bandwidth) in Fig.3.3. The envelope of the profile is
a decreasing function of the delay: the large delay components of the profile are produced by

multiple reflected rays, so that their amplitudes are smaller in comparison to the direct ray,
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due to reflection and higher attenuation (longer path length). The components with the larger
delays are received for small distances between the transmitter and the receiver (larger length
differences between reflected and the direct rays), Fig.3.4. Amplitudes of these components
depend mainly on reflecting surfaces properties. When the distance between BS and MS
increases the path length differences between these rays and the direct ray is smaller and the
received signal contains only components with small delays, so in this case the propagation

channel is less dispersive.

BS MS MS

Figure 3.4 llustration of path length difference between LOS and wall reflected rays for a

small and a large distance between the BS and the MS

The profile can be approximated with good accuracy (mean square error lower than 1

dB) by an exponential function (linear in logarithmic scale):

p¢:: e—mT (3'4)
where:

m - slope of power delay profile in logarithmic scale

For this approximation parameters 7 and o, can be calculated in an analytical way, and they
have the same value:

- 1
O ranalit = Tanalit = m (3.5)

This value corresponds to an infinite bandwidth of the receiver. Tab.3.1 presents the
parameters calculated from the different profiles, obtained from simulations, their exponential
approximation, using (3.1) and (3.2) and the analytical value from (3.5). The parameters

Tapprox @Nd O approx have larger value than parameters z and o . It is caused by small

differences between obtained profile and its approximation (for small delays, (components
with high amplitudes) the approximating function is above the obtained profile). These
parameters are a function of the system bandwidth and are different from the analytical value.

But 7 approxand o approx are similar to this value. Delay spread o gpprox is smaller about 2%
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from onqit difference for mean delays is larger (because (3.2) converges faster than (3.3) to

their boundary given by (3.5)); in the results to follow the analytical value of mean delay and

delay spread is omitted.

3,33 4,75 6,95 6,14 6,80 6,95

Table 3.1 Delay parameters for the standard street

Simulations for different street scenarios and system parameters have been done in
order to determine their influence on the time dispersive properties of the propagation channel
(caused by multipath propagation of the signal). The defined standard street scenario has been
used in these simulations, considering different values for one parameter and keeping the
others constants. the following parameters have been considered:

1. system bandwidth

2. walls materials (electric properties and roughness)

3. width and length of the street

4. position of the BS and the MS (distance from the wall) in the street

5. antennas height

6. type of antennas

Results from these simulations are presented in next sections of this chapter. The

approximating delay profile has been used to characterize the profile for different conditions.

3.2 Dependence on system bandwidth

Simulations have been done for values of the system bandwidth ranging form 20 MHz
to 1 GHz. When the system bandwidth increases the time resolution of the system decreases
and the discrete power delay profile contains more delayed components, Fig.3.5. However the
envelopes of these profiles are independent of the system bandwidth (in the limit when

By — o0, the discrete power delay profile tends to its continuous approximation). Profiles for

different system bandwidth are presented in Fig.3.6. The difference for By =20 MHz (time
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resolution 50 ns) is because the discrete profile in this case has only two components: the
direct one and one delayed, so small errors of these components powers lead to large changes

on the approximating profile slope.

Power delay profile of the standard street
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Figure 3.5 Discrete power delay profile for different system bandwidths: a) 200 MHz; b) 50
MHz
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Different system bandwidths
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Figure 3.6 Power delay profiles for different system bandwidths

20 0,02 0,02 6,20 0,88 0,88 6,20
50 0,59 1,16 6,88 3,54 4,95 6,88
100 2,10 3,24 7,10 5,30 6,55 7,10
200 3,33 4,75 6,95 6,14 6,80 6,95
500 5,65 6,24 7,19 7,25 7,17 7,19
1000 6,82 6,71 7,19 7,48 7,19 7,19

Table 3.2 Delay parameters for different system bandwidths
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Different system bandwidths

7 é
— N

6 / ] —

s

14

.

/ —e—tau

2 / —B— tau_approx

1 ’// —&— sigma

0 —— sigma_approx

0 200 400 600 800 Bx[MHz] 1000

Figure 3.7 Delay parameters as a function of system bandwidth
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The delay parameters are presented in Tab.3.2 and in Fig.3.7. Their values are a function of

the system bandwidth and increase from 0,1 ns for By =20 MHz to above 7 ns for
By =1GHz, but for large bandwidths these changes are smaller (parameters seek to their
boundary, for 7 approx @nd o approx it is analytical value presented in table, for B, >200 MHz
delay spread is very similar to this value). For larger system bandwidth differences between
parameters calculated from simulated profile and from its approximation are smaller.
Dependence of the delay parameters on the system bandwidth can be approximated (for values
of By considered in simulations) by the following function:

o=a-tanh@- By (3.6)
where a and b depend on the street scenario, and o represents the mean delay or the delay
spread. For the delay parameters calculated from simulation profile the approximation is:

r=7tanhQ,0024 - By (3.7)

o =7,7tanhQ,0055- By _ (3.8)
where:

mean delay 7 and delay spread o are in ns

By - system bandwidth in MHz

8 1
— &—— 4.;
61~ S
0 /
c 4
= 4 —o—tau
p —&— approx_tau
/ —A— sigma
0 —— approx_sigma
0 200 400 600 800 1000
Bx [MHz]

Figure 3.8 Approximation of delay parameters by hiperbolic tangents function of system
bandwidth

Results of these approximation are presented in Fig.3.8. Some differences are observed for the

delay spread for small By, where the approximation gives smaller values for this parameters;

for the mean delay this approximation is very good.
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3.3 Dependence on walls materials

Simulations have been done for different walls materials, electrical parameters of the
materials being taken from [11]. Electric parameters of walls and ground determine reflection
of rays from these surfaces. Results are presented in Fig.3.9 and in Table 3.3. Reflected rays
have larger amplitude for materials with larger &, and tan¢d, but the dielectric constant has a
larger influence. For example, aerated concrete in comparison with acrylic glass has almost a
four times larger loss tangent and only slightly smaller dielectric constant, but for it better
channel characteristics (larger slope of the power delay profile) than for acrylic glass are

obtained.

Different walls materials
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5
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1—=— aerconcret

-60 1{—A— glass
70 1/ arcglas
—O— plaster

Figure 3.9 Power delay profiles for different walls materials

concrete 6,14 0,0491 3,33 4,75 6,14 6,80
aerated concrete 2,26 0,0449 2,06 3,76 4,59 5,74
glass 5,29 0,0480 3,17 4,63 5,96 6,68
acrylic glass 2,53 0,0119 2,23 3,90 4,82 5,89
plasterboard 2,81 0,0164 2,39 4,03 5,02 6,03
stone 6,81 0,0401 3,44 4,82 6,25 6,88

Table 3.3 Delay parameters for different walls materials
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Delay parameters are presented in Tab.3.3. For the usual materials (typical for buildings) they

vary in a small range: B, 35 ns for mean delay = and |5, 6,3 ns for delay spread o . So

the electrical properties of walls’ materials do not have a great influence on the propagation

channel properties.

3.4 Dependence on the roughness of reflecting surfaces

Simulations have been done for the standard street scenario with changes in the walls

and ground roughness deviation in the range I) , 2: mm. The obtained power delay profiles

are presented in Fig.3.10. When the roughness of the reflecting surface increases, the
reflection coefficient decreases very fast due to noncoherent scattering of the signal, and the
slope of the profile increases. So the power delay profile is much more sensitive on the
changes of the walls roughness than on the changes of their electrical properties. For a small
distance between the receiver and the transmitter amplitudes of the multipath components
reflected from flat surfaces can be high, which causes worse properties for the channel. For
larger distances these components have smaller delays and, additionally in this case, the
dependence of reflected rays amplitudes on reflecting surfaces roughness is smaller (T" is

almost one due to a small incidence angle).

Different walls roughness
0 20 40 60 80 tIns] 400
0 3 T T T T l
-20 ‘ \x\ ;\‘ """""""""""" a— .
-40 X
T \ll\‘
-60
S 100 ‘\\
o -120 - —— Omm \K
_ |—%—0,5mm \sn\
140
—A— 1mm \a‘\
-160 -
—»—1,5mm \"\
-180 A ~
—%— 2mm
-200

Figure 3.10 Power delay profiles for different roughness of reflecting surfaces
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Delay parameters are presented in Tab.3.4. and Fig.3.11. They change in a large range from a
fraction of ns for rough reflecting surfaces to more than 20 ns for flat surfaces.
The variation of these parameters for the considered range of the roughness deviation o, can
be approximated by the exponential function:

c=a-e % (3.9)
where:

a and b constants dependent on the street scenario

0 27,15 23,44 26,03 22,01
0,5 13,05 13,46 17,47 15,24
1 3,33 4,74 6,14 6,80
15 1,23 1,73 3,04 3,41
2 0,54 0,61 1,84 1,84

Table 3.4 Delay parameters for different roughness of reflecting surfaces

Different walls roughness
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Figure 3.11 Delay parameters for different roughness of reflecting surfaces

For the parameters calculated from simulations results one has:

r=27¢ 1950, (3.10)
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o =29¢ 135 (3.11)
where:

7 mean delay and o, delay spread in ns

oh - standard roughness deviation in mm
Results of these approximations are presented in Fig.3.12. There are differences between
calculated parameters and their approximations for small roughness (o}, <1mm). In this

2
range of roughness better results are obtained with function gD , but the small amount of

simulation points does not allow to verify this hypothesis ( this function gives worse results

for larger oy,).

30
l\ —e—tau
25 \ —=— approx_tau
20 \
215 N
10 \
5 \‘\‘\’
0 1 : .
0 0,5 1 15 2
Roughness [mm]
30
\ —aA— sigma
25 A .
\ —— approx_sigma
20
) \\
£ 15
10 \
K

0 0,5 1 15 2
Roughness [mm]

Figure 3.12 Approximation of delay parameters by exponential function of reflecting surfaces

roughness
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3.5 Dependence on the width of the street

Simulations have been done for the following conditions:

1. changes of the street width in the range p, 50 m

2. other scenario parameters as in the standard street (for situations when W<10 m the
receiver has been positioned on the street middle, in other cases 3,5 m from the wall)
Results of simulations are presented in Fig.3.13. When the width of the street increases the
channel is more dispersive (slope of the profile is smaller, so it is moved up). It is caused by
the increase of the path length difference between the direct and reflected rays. The length of
the direct ray for each MS position along the street is not changed, but the lengths of rays
reflected from walls increase for wider street. So these components are more delayed and have
almost the same amplitude (changes of the length are small for higher attenuation of the

signals), and the profile is moved up.
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Figure 3.13 Power delay profiles for different streets widths
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Delay parameters are presented in Tab.3.5 and in Fig.3.14. They are very sensitive on the
street width and change from single ns for the narrow street to about thirty ns for the 50 m
wide street. When the width increases five times, mean delay increases above seven times
and delay spread increases above five times. Dependence of mean delay and delay spread on

the street width, for the considered range of widths, can be described by a power function:

oc=a - (3.12)
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where a and b constants depended on other scenario parameters; the value of b is larger than
one.
For the simulations that have been done these functions are:

r=0,158W 132 (3.13)

o =052W 07 (3.14)
where:
mean delay 7 and delay spread o are in ns

W - the street width in m

0,66 0,94 2,07 2,36
5 1,34 2,02 2,93 3,76
10 3,33 4,75 6,14 6,80
20 8,25 11,13 12,86 13,40
30 13,61 17,69 19,23 20,03
40 20,66 23,91 27,15 26,30
50 26,33 29,85 35,06 32,14

Table 3.5 Delay parameters for different streets widths

Different street widths
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Figure 3.14 Delay parameters for different streets widths
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Figure 3.15 Approximation of delay parameters by power function of the streets width

Delay parameters obtained from simulations and their approximations given by (3.13) (3.14)
are presented in Fig.3.15. These approximations give values almost identical with calculated

values.

3.6 Dependence on the length of the street
Simulations have been done for changes in the street length in the range 00, 1000

m. Results are presented in Fig.3.16.
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Figure 3.16 Power delay profiles for different streets lengths

36



When the distance between the transmitter and the receiver is large, the reflected components
have small delays to the direct ray. For example for the simulated street (10 m wide and 200
MHz system bandwidth) when the distance is longer than 300 m all reflected rays and direct
ray arrive at the receiver in the same delay beam (the discrete delay profile has only one direct
component). Due to a longer path, these components are highly attenuated, which causes that
the averaged received power along the street in each delay beam is smaller for small delays
(specially for direct beam). This effect causes a larger importance of the higher delay
components in the power delay profile for longer streets (due to normalizing to the smaller
direct component).

Calculated delay parameters are presented in Table 3.6 and in Fig.3.17. They are larger
for a longer street (due to the decrease of power of the direct beam), but when the street is ten
times longer mean delay 7 increases about two times, others parameters: delay spread ¢ and

O approx aNd 7 approx , Calculated from exponential approximation, increase in a smaller range.

Different streets lengths
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Figure 3.17 Delay parameters for different streets lengths

100 2,71 4,44 5,38 6,47
300 4,09 5,01 6,65 7,08
500 5,24 5,40 7,12 7,49
700 5,80 5,60 7,27 7,70
900 6,27 5,78 7,36 7,89

Table 3.6 Delay parameters for different streets lengths
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The dependence of delay parameters on the street length (for the considered range of changes)
can be described by a power function (similar as the one for different widths of the street, but

in this case b is much smaller than one):
o=a ¢ (3.15)

where a and b constants depended on scenario parameters.

For the simulated street scenario, delay parameters are described by:
r=0511031 (3.16)

o =321913 (3.17)
where:

mean delay 7 and delay spread o are in ns

L - the street length in m
Results of these approximations are presented in Fig.3.18. For 7 the approximation is very
good , and for o there are some differences for small and large value of the street length, but

they are smaller than 10%.

)

—o—tau

—B— approx_tau
—A— sigma

—— approx_sigma

100 300 500 700 | [y 900

Figure 3.18 Approximation of delay parameters by power function of the streets length

3.7 Dependence on base and mobile stations position

To determine the influence of the transmitter and the receiver position in the diagonal
street plane on the delay parameters of the channel, the following simulations have been done:
1. Changes of BS distance from the wall.

2. Changes of MS position from the wall.
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The transmitter or the receiver have been placed from near a wall to the middle of the street.
The obtained power delays profiles for different positions of the BS are presented in Fig.3.19.
When the transmitter is near the wall, the delay of rays reflected from the other wall is larger,

so in this case the profile is moved up (slope is smaller).

Different BS postions

0 20 40 60 80 100 t[ns]

p [dB]

—*—5m

-70

Figure 3.19 Power delay profiles for different BS positions

When the BS is not on the street middle there are two cases for the MS position: either it is on
the same side of the street or it is on other one. These situations are not significantly different,
but slightly better results are obtained when the receiver and the transmitter are on the same
side of the street, specially for the BS near the wall. In this case first order reflected ray from
this wall has a larger amplitude (I" ~ 1 because the angle of incidence is near zero) and very
small delay to the direct ray (smaller than the delay beam), so they are received by the receiver
as one signal with higher amplitude and the importance of delayed rays is smaller. When the
receiver is on the other side of the street this reflected ray arrives to the receiver in a different
delay beam than the direct ray.

Mean delay and delay spread are presented in Tab.3.7 and in Fig.3.20. They are larger when
BS is nearer the wall. When the BS changes position from near a wall to the middle of the
street 7 decrease from 5 to 3,3 ns, and o decreases from 8 to 6 ns. Changes of these

parameters can be described by a linear function of the BS distance from the wall.
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0,1 4,93 5,57 7,92 7,67
1 4,70 5,45 7,47 7,55
2 4,06 5,12 6,90 7,20
3 3,50 4,95 6,69 7,02
4 3,43 4,84 6,30 6,90
5 3,33 4,75 6,14 6,80

Table 3.7 Delay parameters for different BS positions

Different BS positions
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Figure 3.20 Delay parameters for different BS positions

For the street considered in the simulations these dependencies are given by:

T= —0,33d BS T 4,9
o=-0,39dps +7.9

where:

mean delay 7 and delay spread o are in ns
dgs - the BS distance from the wall in m
These approximations are presented in Fig.3.21 and as it is seen they give a good accuracy and

can be used to describe changes of delay parameters caused by changes of the BS position.
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Figure 3.21 Approximation of delay parameters by linear function of the BS position

Results for different MS positions are presented in Fig.3.22. The profiles are almost
independent of this parameter, excepted in situation when the receiver is on middle of the
street (in the symmetric scenario because the BS is on the middle too). In this case, rays
reflected from both walls (mirror reflection) have the same delay (coming in the same delay
beam) and power received in this beam is larger, so the slope of the profile decreases. When
the receiver is not in the street middle these rays have different delays (coming in different
delay beams when the path length difference is larger than 1,5 m for a system bandwidth of
200 MHz - time resolution of the system 5 ns). For changes on the MS position the results
obtained are different from those corresponding to changes on the BS position because the
transmitter and the receiver have different antennas heights, so these situations are not

symmetric for multiple reflected rays with last reflection from the ground.

Different MS positions
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Figure 3.22 Power delay profiles for different MS positions
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Calculated delay parameters are presented in Tab.3.8 and are almost constant when a distance
of the MS from wall changes, Fig.3.22 (excluding situation when the MS is in the middle of

the street; in this case these parameters are larger).

0,5 3,47 5,01 6,47 7,08
1 3,58 4,93 6,58 6,99
2 3,42 4,84 6,27 6,90
3 3,23 4,87 6,12 6,93
4 3,41 4,81 6,21 6,87
5 4,12 5,30 6,75 7,39

Table 3.8 Delay parameters for different MS positions

Different MS positions
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Figure 3.23 Delay parameters for different MS positions
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3.8 Dependence on base and mobile stations antennas’ heights

The following simulations have been done:

1. changes on the BS antenna height in the range p, 30 m
2. changes on the MS antenna height in the range |, 3" m

Power delay profiles for different BS antenna heights are presented in Fig.3.24. When the
height increases the profile is moved down, because the direct distance between BS and MS
antennas increases and delays of reflected rays are smaller (multiple reflected from the walls

components have larger delays).

Different BS antenna heights
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Figure 3.24 Power delay profiles for different BS antenna heights

p [dB]
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Delay parameters are presented in Tab.3.9 and in Fig.3.25. They decrease when the BS
antenna height increases: mean delay z in the range |2,5, 3,5:ns and delay spread o in the
range E 6,5:ns when the antenna height varies from 30 to 5 m. The dependence of these

parameters on the BS antenna height can be approximated by a linear function. For the
simulated street these are:

r=-0,023hgg + 34 (3.20)

o =-0,049hgg + 6,4 (3.21)
where:

mean delay 7 and delay spread o are in ns
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hgs - the BS antenna height in m

Results of these approximations are presented in Fig.3.26.

5 3,33 4,75 6,14 6,80
10 3,45 4,12 5,78 6,13
15 3,21 3,63 5,54 5,59
20 3,06 3,10 5,36 5,01
25 2,87 2,46 517 4,28
30 2,74 2,14 4,93 3,91

Table 3.9 Delay parameters for different BS antenna heights

Different BS antenna heights
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Figure 3.25 Delay parameters for different BS antenna heights
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Figure 3.26 Approximation of delay parameters by linear function of the BS antenna height
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Power delays profiles for different MS antenna heights are presented in Fig.3.27. In
this case the slope of the profile is larger for lower antenna positions because the direct
distance between both antennas increases (inversly as for changes of the BS antenna height),
which causes that rays reflected from the wals have smaller delays. Additionaly for a lower
antenna height the length of the ray reflected from the ground is smaller. Delay parameters
are presented in Tab.3.10 and they increase with the MS antenna height increasing, but these
changes are so small that parameters z and o can be considered as constants or as linear
function of the MS antenna height (considered changes of hysg in the range [ , 2:m):

r=013hpy;s + 32 (3.22)

o =0175d 5 +59 (3.23)
where:

mean delay 7 and delay spread o are in ns

hpms - the MS antenna height in m

These approximations are presented in Fig.3.28. Delay parameters increase slightly when the

MS antenna height increases (excluding the case when hyg =1m).

Different MS antenna heights
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Figure 3.27 Power delay profiles for different MS antenna heights
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1 3,68 4,58 6,26 6,62
1,4 3,29 4,74 6,12 6,80
1,8 3,33 4,75 6,14 6,80
2,2 3,41 5,16 6,29 7,24
2,6 3,45 5,25 6,33 7,33

3 3,64 5,34 6,57 7,43

Table 3.10 Delay parameters for different MS antenna heights
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Figure 3.28 Approximation of delay parameters by linear function of the MS antenna height

3.9 Dependence on antennas types

Simulations for different types of antennas, both BS and MS, have been done. The
propagation scenario has been considered as the standard street, and the following types of
antennas have been considered:

1. isotropic antenna - the same gain in every directions

2. lower - isotropic in the lower hemisphere BS antenna, and zero everywhere else

3. upper- isotropic in the upper hemisphere MS antenna, and zero everywhere else

4. ideal - BS antenna, which allows to obtain an equal received power independent of the

distance between MS and BS (omnidirectional in the horizontal plane)
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5. MBS antenna - special type of antenna for BS and MS, allowing to obtain the equal
received power along the street and attenuate reflected rays [24](radiation patterns used in
simulations are presented in Annex A). It is an antenna with fixed orientation: in the BS it
looks down and in the MS it looks up (BS antenna height is higher than MS antenna
height)

6. directive - antenna with narrow beam; the pattern of this antenna used in simulation is
presented in Annex A (the same in both planes). This antenna must change its orientation
when the receiver moves along the street, and it intends to simulate an adaptive array
antenna at the MS.

Fig.3.29. presents power delay profiles for different antennas types. The worst case is when

both antennas are isotropic, the rays transmitted and received from different directions having

the same gain. Using other types of antenna, with more directional patterns, it is possible to
eliminate some multipath components. The upper antenna in the MS does not receive
components reflected from the ground (which come from lower hemisphere), so the profile is
moved down. Another improvement of the channel properties can be obtained by using the
ideal antenna in the transmitter. Signals for the small distances between BS and MS are less
“amplified” by this antenna (these signals produce large delays components of the profile) in

comparison with signals for larger distances, so their influence on the profile is smaller. The

best results are obtained for directional antennas: MBS and 20° beamwidth directive antenna,
these antennas allow to eliminate or highly attenuate multipath components. Best results
obtained for MS antennas are caused by additional attenuation of signals for small distances
between the receiver and the transmitter (like ideal antenna), so the contribution of these
components to the average power delay profile is smaller. The disadvantage of the beam
directive antenna is that it must follow the source of the signal by changing its orientation
when MS moves along the street.

Using directive antennas, properties of the channel can be improved, but there can be
problems when the direct ray is obstructed by trees, big cars or other obstacles. In this case
communications can be lost, because the power of received multipath components can be to
small to enable the proper functioning of the receiver.

Delay parameters are presented in Tab.3.11. They vary in the range from fractions of ns for
the MBS antennas to few ns for isotropic antennas, which means that influence of antennas

types on the channel properties is high.
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Different antennas types
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Figure 3.29 Power delay profiles for different types of BS and MS antennas

isotropic-isotropic 3,33 4,75 6,14 6,80
isotropic-upper 3,58 3,65 571 5,62
lower-isotropic 3,33 4,75 6,15 6,80

lower-upper 3,58 3,65 571 5,60
ideal-isotropic 3,43 4,25 5,54 6,27
ideal-upper 2,37 2,73 4,25 4,59
MBS-MBS 0,01 0,98 0,12 2,43
MBS-directive 0,38 1,33 1,53 2,90

Table 3.11 Delay parameters for different types of BS and MS antennas

3.10 Dependence on traffic in the street

Simulations for traffic on the street have been done in order to determine its influence
on the propagation channel properties. It has been used a simple model of the street full of
cars: metal surface 1,5 m above the ground (by decreasing in the simulation scenario the
antennas heights). Obtained profiles for street without traffic and with traffic are presented in

Fig.3.30. The metal surface causes an increase on the amplitude of the rays, that reflected
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from it (specially for small distance between the receiver and the transmitter), but appropriate
decreasing of the antennas heights (smaller path length for the ray reflected from the ground)
compensate this effect (specially the MS antenna, which in this case is only 0,3 m above the
ground surface. The delays parameters are presented in Tab.3.12. Values of parameters
calculated from simulation profile are slightly larger for traffic on the street due to larger

power for small delays in this case.

Traffic in the street
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Figure 3.30 Power delay profiles for traffic in the street

without traffic 3,33 4,75 6,14 6,80

traffic 3,70 4,56 6,37 6,60

Table 3.12 Delay parameters for traffic in the street
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4. Conclusions

An analysis of the wideband propagation channel in MBS has been presented. The
simulations have been done using a geometrical optics approach and considering a typical
propagation scenario: an urban street with buildings on both sides. The dependencies of the
delay parameters (mean delay and delay spread) used to characterize the dispersive nature of
the channel on different propagation scenario conditions have been considered, and
approximations to these dependencies have been developed. Tab.4.1 presents the considered
scenario parameters, the ranges of their changes, the values of the delay parameters and the

types of dependencies.

Mean deay 1 Delay spread o
Dependence on | Range of [ns] [ns] Approximation
changes min. max. min. max. function of delay
parameters
System bandwidth |[20,1000]MHZ4 0,02 6,8 0,9 7,5 hyperbolic tangents
Street width [3,50Im 0,7 26,3 2,1 35,1 power (increasing)
Street length [100,1000lm] 2,7 6,3 5,4 7,4 power (increasing)
Roughness of wall§  [0,2]mm 0,6 27,2 1,8 26,0 | exponential (decreasing)
BS antenna height] [5,30]m 2,7 3,3 4,9 6,1 linear (decreasing)
MS antenna height [1,3]m 3,3 3,7 6,1 6,6 linear or constant
BS position [0,5]m 3,3 4,9 6,1 7,4 linear (decreasing)
MS position [0,5]m 3,5 4.1 6,2 6,7 constant
Walls materials 2,1 3,3 4,6 6,2
Antennas types 0,01 3,3 0,1 6,1
Traffic 3,3 3,7 6,1 6,4

Table 4.1Considered scenario parameters and their influence on delay parameters

Delay parameters depend on the system bandwidth: for wideband systems the channel is more
dispersive and parameters have larger values, the dependence being approximated by an
hyperbolic tangent function. Delay parameters increase when the width and length of the street
are larger, but the channel is more sensitive to changes of the street width rather than its
length; these dependencies can be approximated by a power function. The influence of the BS
and the MS positions and antennas heights on the delay parameters can be approximated by a
linear function, the most influent parameters being the BS antenna height (it can vary in the

large range). Generally when the BS antenna is high or near the middle of the street the delay
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parameters are smaller. These parameters are less sensitive to changes in the MS position and
antenna height, and as a first approximation they can be considered as constants ( changes
caused by the MS antenna height variation can be approximated by a linear function,
parameters increasing for larger antenna heights). The types of used antennas has influence
on the delay parameters: directional antennas allow to eliminate reflected rays and the channel
is less dispersive. Additional influence on the channel properties comes from the roughness of
the reflecting surfaces; for rough surfaces, the amplitudes of reflected rays decrease very fast.
The dependence of the delay parameters on the roughness can be approximated by an
exponential function. The influence of the electrical parameters of the reflecting surfaces on
the channel properties is small. Results for a street full of cars (modeled by a metal surface
1,5 m above the ground) are almost identical as for an empty street.

In general the delay parameters of the propagation channel are most sensitive to:

1. width of the street

2. bandwidth of the receiver

3. types of the used BS and MS antennas

4. roughness of reflecting surfaces

5. BS antenna height (if it changes in a large range)

Other scenario conditions have a smaller influence on the channel properties.
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Annex A. Radiation patterns of antennas used in

simulations

Radiation patern of the MBS antenna
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Figure A.1 Radiation paterns in E plane (along the street) and H plane of the MBS antenna

used in simulations
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Figure A.2 Radiation pattern of the directive antenna with 20° beamwidth in both planes, used

in simulations
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