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Abstract- I this paper a multi-state model is
developed for land mobile satellite systems, based
upon measurements in an urban environment at 1.8
GHz, using Nakagami distribution. Multi-state models
can yield more accurate fading amplitude time series
than can single state models. Here pdfs have been
derived using the second order statistics of LCR and
AFD data. This simulator is general, and can be
configured to yield existing models and can be used
in developing computer simulations of mobile satellite
fading channel amplitude time series realizations .
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1. INTRODUCTION

The increasing demand for capacity( integrated voice
and data services) and high required link availability
over wide areas has led to the concept of utilizing non-
geostationary satellite systems as a part of future
universal telecommunications. Constellations of low-
earth orbit (LEO), medium earth orbit (MEO), and
highly elliptical orbit (HEO) satellites have been
proposed to serve the needs for lower path losses and
higher elevation angles. In addition, LEO and MEO
systems often employ satellite diversity to improve
performance. In this case, correlations between links
to multiple satellites must be studied in order to assess
performance. A detailed characterisation of the
mobile satellite channel in all types of environments
over the whole range of elevation angles and for all
frequency bands allocated to mobile satellite services
(MSS’s) is of great importance to system engineers.
Many experiments have been conducted in suburban,
rural, open, wooded, and

mountainous areas for elevation angles from 13°

to 80° [1] at UHF, L and S bands. A number of
researchers. e.g., Loo [4] and Lutz [5], have attempted

to use empirical data to develop fading probability
density functions (pdfs) for modeling mobile satellite
channels. The Lutz model distinguishes between time

intervals with high-received signal power (“good” or
unshadowed channel state) and time intends with low
power levels (“bad” or shadowed channel state). The
good channel state corresponds to an unobstructed
(unshadowed) signal path between the transmitter and
the receiver, and the bad state corresponds to areas to
where the direct (or “line-of-sight”) signal is
shadowed by obstacles. In the Lutz model a Markov
model is used to approximate the characteristics of the

switching process between the good and bad states.
The multi-state model of [2] provides analytical
expressions for the probability density function (pdf)
of received signal envelope in a mobile satellite
channel, using average fade duration (AFD) and level
crossing rate (LCR) data obtained from land mobile
satellite system (LMSS) propagation experiment
conducted at 1.8 GHz, at the Athens city center for
high-elevation angle channels [3]. The transmitter
platform used was a helicopter flying in predetermined
paths to simulate high-elevation angle (60°, 70°, and
80° ) communication. A land vehicle specially
prepared to accommodate the receiver system was
performing the channel recordings. Four narrow
streets with large building blocks were selected as
representatives, and the statistical analysis presented
included cumulative distributions functions, level
crossing rate (LCR), average duration of fades (AFD),
and fade and unfade duration distributions. A
composite pdf model based upon a Nakagami
distribution was developed. This multi-state model
divides the fading pdf into two “regimes” similar to
the Lutz model, an unshadowed regime and a
shadowed regime. The composite pdf is the sum
of these two pdfs, weighted by their respective
probabilities of occurrence. The differences between
the model in [I] and those in [4] and [5] lies first in
that in [2], the data for an urban environment is used
and moreover, a different approach is employed,
based upon measured data for level crossing rate
(LCR) and average fade duration (AFD). In this
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simulation Nakagami-m model has been used for
fading amplitude distribution in each of the states:

2m” 2m-1 2
_ — P
r(m)P'" X exp( mx / ()1)

where P, the average power in the distribution is equal

P, (x,m,P) =

to E(xz), and the parameter m is the “shape”
parameter. The parameter m is somewhat analogous
to the Rician k-factor in Rician fading [6]. The
Nakagami distribution has been used here as it is more
general in nature and can accommodate both Rayleigh
and Rician model as a special case. Also, it offers
great flexibility and accuracy in matching both
experimental data and various well-known theoretical
distributions [6] -

2. MODEL DEVELOPMENT

In this simulation firstly, a random fading time

series is generated according to the analytical model
derived in [2], using the technique given

in [7].Thus time series represents the channel
amplitude process within a single state. The statistics
of the generated Nakagami time series have been
extensively verified against theoretical statistics for
the given parameters. The fading time series is used to
represent the fading amplitude during periods the
channel is in a single “state”. To create the multi-state
fading time series Markov model is used for the

Vol. 1, Issue 3, pp.519-523

switching process, that switches between fading states
(shadowed or unshadowed), with a given set of
transition probabilities. These transition probabilities
are also based upon the measurements to the largest
extent possible. This two-state simplification of the
wireless channel behavior is also known as a Gilbert-
Elliot model [6], Nakagami distribution can model
conditions varying from Rayleigh to Rician and
beyond, although here we have Nakagami fading
within each state, in addition to transitions bctwcen
states. Putting together the single-state fading
generators and the Markov switching generator yields
a new multi-state time series that represents the fading
channel envelope time series. The pdf for this model
can be represented as

Pz(x):ZaKPN(x,mK,PK) )

where the values of m and P for the shadowed state
are denoted mL and PL, and subscript ‘“2” is
analogously employed for the unshadowed state. The
constants a;, and a, are normalized to agree with the
measured cumulative fade probability (probability that
the channel is in a given fade state), and also ensure
the composite pdf has unit area. A block diagram of
the fading simulator is given in Fig. 1
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Generator 2
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|
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Samples Transition
Probabihties
| LCR | ‘ AFD ‘

Fig. 1. Multi-state fading simulator model.

In Fig. 1 mLo and mHi represent the shape factor and
PLo and PHi, the average power in the distribution
respectively. For the first Nakagami generator
(Nakagami 1 in Fig. 1) used to generate the fading
samples corresponding to the bad or shadowed state,
while mHi and PHi represent the “m” and “P” values
corresponding to the good or unshadowed state. From

eq.(2) it can be observed that the pdf of the model
comprises the addition of two different Nakagami
generated time series weighted by their respective
probabilities of occurrence. The switching between the
two Nakagami generators according to their “state
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probabilities” is accomplished using the Markov
switching generator. A brief description of the steps
used in the model development are as follows:

a). The first step is data gathering. The data used in the
initial model development was gathered from
experiments conducted as described in [3]. The Land
Mobile Satellite System (LMSS) propagation
experiment at 1.8 GHz was conducted in Athens,
Greece for high elevation angle channels. A land
vehicle specifically prepared to accommodate the
receiver system performed the channel recordings.
Four narrow streets with large building blocks were
selected as representative and the statistical analysis
presented included time series recordings. Cumulative
distributions functions (cdf), level crossing rate
(LCR), average duration of fades (AFD); fade and
unfade duration distribution. For the model developed
in [2],only the AFD and LCR data and a single point
on the cdf, are required.

b). The second step is curve fitting. Models based on
empirical data, that attempt to find pdf s must make
some assumptions, partition the data and then apply
some sort of curve fit. Here. LCR data is used
obtained from the data by creating thresholds. In
addition to the LCR data, the AFD is used, which is
derived from the LCR and actual fading time series.
These two functions

are directly related to the desired fading pdf via a first
order differential equation. The generic expression for
the average fade duration for a fade below a level of R
dB (beneath the mean amplitude) is [6].

AFD(R)=cdf(R/LCR(R) 3)

3. RESULTS

The output of the simulator is shown in Fig. 2. where
the fading channel amplitude in dB versus time, is
shown for a two-state case. The Nakagami parameter
(m,P) values of (10,1) and (1, 0.01) are used for the
unshadowed and shadowed states, respectively. The
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Fig. 2. Fading amplitude time series illustrating
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where LCR(R) is the level crossing rate at level R and
the distribution function cdf(R) is the integral of the
pdf px(x), from 0 to R. The pdf px(x) is the probability
density function of the time-varying fading envelope
x(t), with R=20log(x). From (3), the explicit
expression for the function, px(x) is then

px(x) = d/d(x)[LCR(x)AFD(x)

L(x)A’(x)+AX)L’(x) @)
Where L denotes LCR , A denotes AFD and the
primes denote derivatives. It is found that the
functional from of the LCR(R) is identical to the
Nakagami form when the pdf was Nakagami. We
curve fit to the LCR and AFD data to obtain the “m”
factor of the Nakagami pdf and the average power “P”
in the distribution using the least mean square error
method. Thus for each state the Nakagami pdf
parameters m and P of eq.(4) have been obtained.

c). These m and P values from step 2 are used as
inputs to the Nakagami (single-state) fading generator.
Thus generator is based upon the development in [7].
d). The final step involves generating the switching
process that models switching between the two
regimes obtained. A markov switching generator is
used similar to the one used in [5]. As noted in step 2
the data from step 2 is used to obtain “state
probabilities”, the probabilities of being in a fading
state.

For the model developed in [2], the choice of two
regimes was made for the following reasons:

(i) convenience and agreement with a visual “fit”

(i) to agree with the physically justified px(x)
division of prior models (Lutz , Loo),

time series is filtered to induce correlation in the time
series which occurs in actual channels also. The filter
bandwidth here is approximately 10% of the sampling
rate. This represents very rapid fading.
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Fig.3 Derived pdfs for 60° elevation angle for three
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two-state fading.

For the identical regime boundaries, multi-state pdf
are derived by obtaining an average value of the pdf
parameters m and P; and an average value of state
probability for each regime. The result for three
streets at 60° elevation angle is shown in Figure 3. The
simulation results are validated against the original
measured data of [3] by comparing the second order
statistics of AFD and LCR gathered from multi-state
simulation with those of the original data [3], where,
the data in [3] has been used in the derivation of the
model in [2]. An example result is shown in Fig.4,
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Fig. 4. Normalized LCR vs relative fade level

CONCLUSIONS

In this paper a multi-state model for the mobile
satellite channel has been developed , based upon
measurements in an urban environment at 1.8 GHz.
The new set of pdfs was derived via the use of level
crossing rate and average fade duration data, using
Nakagami distribution function for the pdf and LCR.
The model development consists of obtaining curve
fits to the measured LCR and AFD data using the
Nakagami and integral function forms obtained from
solution of the differential equation defining the
relationship between LCR, AFD, and the fading pdf.
The curve fits provide the resulting Nakagami pdf
parameters. The procedure has been validated by
comparing the cdfs generated from the model pdfs to
measured cdf data. This simulator is general. and can

be configured to yield existing models and can be
used in developing computer simulations of mobile
satellite ~ fading channel amplitude time series
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streets .

where the LCR for a single-state case is shown, with
the Nakagami parameter m=6.5. Good agreement
between simulation and measured data has been
observed.

Figure 5. shows the LCR plot for a two state case.
Here the first state (bad or shadowed) has the
Nakagami parameters m=1 and P = 0.002, while the
second state parameters are m = 12 and P = 1.1. The
measured data is the data gathered from one of the
streets on which the propagation experiments were
conducted.
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Fig. 5. Normalized LCR plot for a 2-state regime.

realizations The paper concludes that the signal fading
is strongly environment dependent, particularly in
urban streets and is greatly affected by channel states.
The width of the streets, average height of the building
blocks, and vegetation at the edges of the streets
dominate the channel behavior. The signal attenuation
increases as the elevation angle decreases. Indeed, the
presence of tall trees on the sidewalks along narrow
roads may shadow the transmitted signal and therefore
is responsible for increased fade depths even at an
elevation angle of 80° .
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