A Wireless Channel Simulation Method Using
Doppler Spectrum Models
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ABSTRACT

It is very important to simulate various mobile communication channels for the reliable system
design and performance tests. Therefore, a new method is proposed in this paper to improve the
conventional one for the purpose of the efficient channel simulation having various characteristics. A
newly proposed method can simulate any narrow band channel very efficiently from the given
Doppler power spectrum model. Also, it has many simulation advantages considering the variety of
wireless channel conditions since parameters related with channel characteristics, such as a signal
power, signal to noise ratio, direct signal power ratio, etc., can be easily changed according to
various propagation environments to be tested.
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1. Introduction

The best way to check the mobile systems. Gaussian noise filtering and Jakes model

communication system design and performance
is the field test and measurements. However,
it is very difficult to perform the complete
field test under the various environments.
Therefore, the efficient channel simulator is
essential for the laboratory tests to verify the
reliability and characteristics of implemented

are conventional methods for narrowband channel
simulation™?. Jakes model to represent the channel
as the sum of complex sinusoids is very popular.
However, this method requires the large number of
complex sinusocids to be summed for an accurate
simulation and the weights for sinusoids should be
appropriately adjusted to get the desired Doppler
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spectrum model. A very careful consideration is
needed in using the Jakes model. Therefore, it is
not easy to obtain the simulation channels having
various characteristics as they are desired.

In this paper, a new method is suggested to
It simulates Rayleigh
and Rician mobile channels from the desired
Doppler spectrum models. The
method is very convenient and efficient for the

solve these problems.
proposed

channel simulation under the  various

propagation environments.

1. Channel Simulation from Doppier
Models

Rayleigh and Rician channels are very widely
used and considered to be appropriate in most
cases. is proposed

Therefore, a new method

considering these two mobile channels.
1. Simulation of Ralyleigh fading channels

The envelope R(t) of a received signal is
described by a well-known Rayleigh distribution

which is given by®

R R
Fr(R) = =5 exp(-—)

o 20 1
where o7 is the average power. The probability
distribution of a power P represented by K
can be shown to have an exponential distribution,

P(p) = —5exp(- 55,

o 4 2
Therefore, representing the Doppler power
spectrum and white Gausian noise components as
Sk and N respectively, the probability distribution
of a received signal, Px is given by

5
Sk+Nk

P(P,) = exp(- )

Sk+Nk 3)

The received Doppler power spectrum can be
obtained using the power spectrum sample, S; and
the noise, Ni. Considering a basic probability
theory, the probability distribution of P, P(Py)
has the following relationship with a uniformly
distributed random variable X, of which value is
located between 0 and 1,

P(P,)dP, = P.(X,)dX
(P )dFy, = P (X} )dX, @)

Integrating both sides, Py can be written as

P =—(8, + N, )In(X
% = (S +Np)In(X,) &)

Using this method, any Rayleigh channel can be
simulated for the desired Doppler spectrum and the
background noise. Hence, The simulated channel in
time domain is given by

o 1L ) 2m
10+100 = X [P xptio) oxpi ki ©
where #x is a uniformly distributed random
variable between 0 and 2x. Here, L is the
of Doppler power spectrum data.
Therefore, As mentioned before, Rayleigh channels

number

of various characteristics can be easily simulated

from equations (5) and (6).

2. Simulation of Rician fading channels

It is generally supposed that LOS(line of
sight) propagation path does not exist in mobile
communication channels. However, LOS paths
can exist as cells are divided into smaller
areas. The envelope of these signals are described
by a well-known Rician probability distribution
which is
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2 2
P B = —%—exp[— 5——1;—?‘—}10 S
4 20 4 0]

where R; is the envelope of a dominant component
with a LOS Path and [y is a zero-order first kind
modified Bessel function. Therefore, for the
Rician channel simulation, the components of an
arbitrary Doppler spectrum model can be divided
into a direct component with LOS path, y,(t) and
an indirect component vt} as described in
Rayleigh channels. The total Doppler power
spectrum model, S7(f) is represented by

S = G+ U+ B
2 2 '
=R +HH| + 2R () =5, +5,(D  (g)

Here, * means the complex conjugate and
Re(YoAfs)) is the real part of YAfy) The Doppler
power spectrum of yAt), ie., SAf) is given by

S5 () = S5 (1)~ 24,55 (fy) cos(8(fy) .

where 4(fy) is the uniformly distributed phase at
Doppler frequency fo . It should be noted that the
spectrum shape of S’xf) is same with that of SAf)
except the added constant value. Hence, S2(f)
can be easily obtained by simple manipulation.
Also, using (6), vi(t) from LOS path is given by

1 2z
1)+ QW) =~ Aexp(j8, Yexp(i = kyj)
L N0 (10)

where di is a constant phase and kg is an
integer between 1 and L. For the Rician case, if
the number of sample is L, the sum of LOS signal
and indirect signal with a total system background
noise Nt can be represented by

So=alr §£5, N.=FN
= + =
r P P = an

Also, a variable K which determines the shape of
Rician distribution, can be expressed as
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k=1 (12)

Here, it can be seen that the distribution shape
becomes Rayleigh as K goes to zero while it
becomes a Gaussian distribution if the value of K
is much greater than one. By varying K and SNR,
various Rician channels can be easily simulated

using the method given here.

ill. Simulation Results

1. Rayleigh channel

Assuming outdoor environments, Rayleigh
channels are simulated using the newly suggested
method in this paper based on the Clarke and
Parson Doppler spectrum models“™. Of course,
Channel simulation is very easy for any Doppler
spectrum model to be tested. Here,
simulations are done for the popular outdoor
Doppler spectrum models, the Clarke model and
the Parson model. Figure 1 shows the envelope
signal of the simulated channel from the Clarke
model example and Figure 2 is obtained from the
Parson model example where the maximum
Doppler frequency and SNR are 186 Hz and 10 dB

respectively.
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Fig. 1 Rayleigh channel simulation for the Clarke
mode
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Fig. 2 Rayleigh channel simulation for the Parson
model

2. Rician Channel

If the LOS path does exist, the received power
at certain frequency is much greater than that of
other frequencies. Therefore, in the Rician case,
the popular Doppler spectrum models are almost
same except that they contain an impulse power at
a certain frequency f. Of course, channel
characteristics are changed as K in Equation (12)
varies, where K represents the power ratio of LOS
path to indirect paths. Simulated channels will be
Gaussian or Rayleigh distributed if K becomes too
large or very small. Figure 3 and Figure 4 show
the simulated channels of the Clarke and Parson
model examples for K=1 which is a typical value
to get a Riclan distribution. Here, a certain
frequency fy is chosen as 2049 Hz and the
maximum Doppler frequency and SNR are same as
used in the Rayleigh cases, Figure 1 and Figure 2.
Figure 5 shows the channel simulation results for
the Clarke model example as K varies. As seen in
Figure 5, the simulated channel characteristics are

improved as K gets larger.
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Fig. 3 Rician channel simulation for the Clarke model
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Fig. 4 Rician channel simuiation for the Parson model
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Fig. 5 Channel simulation results as k varies in the
Clarke model
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IV. Conclusions

In this paper, an efficient channel simulation
method is newly suggested. It is very simple and
convenient since users can simulate various mobile
channels directly from any arbitrarily chosen
Doppler spectrum model. As seen in simulation
results, various Rayleigh and Rician channels can
be simulated according to chosen parameters and
Doppler models. Therefore, using this new method,
the reliability and performance tests of mobile
systems can be done
completely in the laboratory level. It is very simple

communication more

and much easier than conventional methods to
simulate various specific mobile channels which
are desired to be investigated.
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