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A Study on the Implementation of Channel Simulator

for Mobile Communications
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Abstract

In this study, the Rayleigh fast fading simulators encountered in channel modelling of
mobile radio have been implemented and evaluated. Two models used for the fading environ-
ment were frequency composition of phase modulated signals and shaping spectrum of noise
sources with filters, The spectrum chosen for our purpose is appropriate to an omnidirectional

antenna.

From results of the experiment with various parameters, we have obtained satisfying results
which are closely agreed to theoretical values.

I. Introduction

The received signal of a mobile radio is
affected by multipath interferences which are
caused by obstacles such as buildings and
terrains. The field strength of the received
signal varies in amplitude and phase, This field
strength variation is called Rayleigh fading.
The amplitude statistics of the received signal
envelope with probability distribution roughly
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from -30 to + 10dB are Rayleigh-distributed,
and the phase is uniformly distributed from -7
to + . This fading has a serious effect on the
performance of mobile radio systems because
it brings about random errors and burst errors.
Especially, it is difficult for us to measure and
regenerate the actual channel data since mobile
propagation environment has non-stationary
process. Upon this, these fading simulators
allow us to carry out propagation test in a
laboratory and greatly help us in the system
design and evaluation.

This paper describes the development of
two models of fading simulators in UHF band
(450 MHz) for channel configuration and the
results of characteristic analysis with several
vehicle speeds (40km/h, 70km/h, and 100km/



h). The Rayleigh envelope statistics such as
power spectrum, level crossing rate (LCR),
and cumulative distribution function (CDF)
are compared to the theoretical prediction,
respectively.

II. Fading Channel Description

The single frequency carrier arrives at the
receiver via multipaths having different angles in
mobile radio communications, and each signal
component would get a Doppler shift, namely,

fi = (v/A) cos@i = f, cos@i §))
where v is the vehicle speed, A is the carrier
wavelength, 6 i is the relative arrival angle of the
ith component, and f is the maximum
Doppler shift.

For an omnidirectional antenna which is the
most common type, the theoretical spectrum of
the received signal is given as follows [1], [2] :

BYnt, (166071, 1<,
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S(f) =
0

where E is the rms value of the received signal
envelope.

The received fading signal may be expressed
as

r(t) = x(t) cos wt+ y(t) sin wct (3)
= R(t) cos (wct +8 (1)
and
x()= 2 A, cos (wit + )
y()= Z A sin(wt +¢) (4)

where x and y are independent, identically
distributed zero mean Gaussian random
variables, and Ai’ w; & ¢i are the amplitude,
frequency, and phase of the i-th  signal [3].
Thus, the envelope of received signal, R, has
Rayleigh distribution, and the phase, 8, is
uniformly distributed from -w to +m.

The Rayleigh probability density function
with mean zero and standard deviation o can be
written as:
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p(R) = R/0? exp (-R?/20%) (5)
And, the cumulative probability distribution of
r(t) which is the probability that envelope of
the received signal is equal to or less than level
A, is given

PR = A) =% (R/o)exp (R%/20%)dR
=1-exp (-A%/20%) (6)

Finally, the level crossing rate is the total
number of expected crossings per second in
a given level A, and this is regarded as a second-
order statistics.

Np = /211, p exp (-p?)

where p =R/ers

M

The cumulative probability distribution and the
level crossing rate are essential parameters in
characteristic analysis of fading simulators.

II1. Implementation

1. Model I : Frequency Composition of Phase
Modulated Signals

To generate Rayleigh approximation, we can
represent signal as superposition of waves [4].

No
>

n=1

Y(t) = [ exp {j(wy t cosa, +¢n)i

+expljlwytcosg +¢ )] (8)

+exp {j(wpt +¢N) I+ expl-(wpt +¢_N)i,

N,=1/2(N/2-1), @ =2mn/N,n=1,2,-- N

From Eq. (8), it follows that the Rayleigh
approximation is good for N 2 6 (N/2:0dd in-
teger), where v, represents the maximum
Doppler shift,

The block diagram of such a simulator
is shown in Fig.1. along with an illustration of
the frequency spacings of the oscillators for
N =8.

Low-frequency oscillators with frequencies
equal to the Doppler shift w, cos(2mn/N), n=
1, 2, - - -, 8, and one with frequency w, are
used to generate waveform. The amplitude of
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Fig.1. Block Diagram of Model I.

all the components are made equal to unity
except for the one with frequency w, which
is set equal to 1/ \/7 The phase Bn are chosen
appropriately so that the probability distribu-
tion of the phase will be as close as possible to
a uniform distribution. The proper oscillator
phases are provided by amplifiers with gains set
equal to 2coan or 2sin §,.

The output of the individual oscillator with
the appropriate gain factor are summed to
produce in-phase (x(t)) and quadrature (xs(t))
components,

From the block diagram, we get

Y(t) = xc(t) cosw t + xs(t) sinwct
8

where x (t) = 2 b
n=1

/2 cosa coswpt

cosﬁn cosw t +

8
xs(t) =2 nz=1 smﬁn cowew t +

v 2 sina coswy t.
b 9)

The phase of Y(t) is probably random and
uniformly distributed from - to n.

In Fig. 2. baseband frequencies are generated
by using x-tal oscillator and divided properly
to provide eight frequencies and the maximum
Doppler frequency. This output passed
through an analog low pass filter for smoothing
waveform,
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2. Model I : Shaping Spectrum of Noise Source

Simulation of the fading spectrum appro-
priate to mobile radio is obtained by properly
shaping spectrum of the independent noise
source, The block diagram of this model is’
shown in Fig. 3, and this model used to obtain
the Rayleigh fading singals is published in [5].
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Fig.3. Block Diagram of Model II.

Fig. 4. is the circuit diagram of one of the
noise sources and shaping filters. The spectrum
of the Doppler spread S(f) can be obtained by
passing the output of each Gaussian noise
source through a shaping filter whose response
approximates the spectrum of the Doppler
spread [6]. The Gaussian noise is obtained
from zener diode operating near breakdown
voltage, The power spectrum of this diode was
measured from 2 Hz to 500 KHz.

To generate a Rayleigh fading signal, several



methods are available for realizing the shaping
filter. These methods include using active filter,
switched-capacitor filter, and digital filter. For
the convenience of implementation, the active
RC filter method has been used. The cut-off
frequency of this filter is same as the maximum
Doppler frequency. The shaping filter consists
of two active filters: a 0.1dB ripple low pass
filter and a multiple-Q band pass filter that is
used for peaking the maximum Doppler fre-
quency [7].
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IV. Numerical and Experimental Result

The performance of the channel simulators
has been evaluated by comparing the envelope
statistics of the simulated fading signals with
those of the theoretical Rayleigh signal, specifi-
cally in points of LCR, and CDF,

Fig.5.and 6. depict the baseband spectrum
for frequency composition and shaping filter.
Additionally, we have found that the output
spectrum of modulated signal is analogous
to the baseband spectrum.

We have measured and analyzed the
Rayleigh fading distributed data which was
obtained for scores of seconds using micro/
mini-computer with tools of simulation and
test. All data has been normalized and ana-
lyzed after having A/D conversion in in-phase
components and quadrature components as
shown in Fig. 7.

The experimental results of parameters of
two simulators are shown in Fig. 8 and 9. We
can deduce from these figures that experiment-
al results slightly diverge from the theoretical
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Fig.5. Spectrum of Model 1.
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Fig.6. Spectrum of Model II.
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values as increasing the maximum Doppler
frequency owing to the number of N oin model I
and the characteristics of shaping filter in
mode] II. Photographs of two simulators are
shown in Fig, 10 and 11.

We have confirmed that LCR is very signific-
ant parameter in the measurement of the
characteristics of fading simulators. Finally, it
is recommended that we can improve the
performance of simulators as increasing of N o
and amelioration of shaping filter, respectively.

V. Conclusion

In this paper, we have developed fast fading
channel simulators for mobile radio and presen-
ted the performance comparisons between the
two models. We have confirmed that these fad-
ing simulators could be used for channel
modelling of mobile radio communications
owing to nearly agreement of experimental
data with theoretical values.

We have recognized that the model of
frequency composition of phase modulated
signals is more flexible in a viewpoint of per-
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Fig.8. Experimental Result of Model I.

formance because this device could be easily
improved as increasing the number of phase
modulated signals, on the other hand, the
model of shaping spectrum of noise sources
has more expandability. These models can be
readily applicable to different types of antenna
as rearranging of phase and designing shaping
filter of noise sources, respectively. These
fading channel simulators are very useful to
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Fig.10. Simulator Model L.

carry out various propagation tests in a labor-
atory without field test and to evaluate mobile
radio systems.
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