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This contribution presents a modeling method of the fade duration caused by multipath propagation on a land mobile satellite
channel. The model is based on the measurement of a satellite channel and applied to calculate the model parameters. The
proposed model is based on a partitioned Fritchman's Markov chain which is applicable to calculate the complementary cu-
mulative distribution function of the fade duration process. The dependency of the model parameters on the attenuation thres-
hold will be also shown. Therefore the model will be available to calculate the fade duration distribution for any threshold what

can be applied later in attenuation time series synthesis.
1. Introduction

The propagation on a Land Mobile Satellite (LMS) radio
link is highly influenced by the shadowing effects of build-
ings and vegetation, or by the multipath propagation.
This kind of fading arises due the multiple reflexions of
the radio waves on the surrounding objects; therefore
not only the direct signal is received. The characteris-
tics of fading highly depend on the surroundings. Dur-
ing the design of LMS radio links one can apply the dis-
tribution function of the attenuation or the fade duration
statistics to determine the fluctuation of the received
signal. The fade duration is an important dynamic para-
meter of the path attenuation which gives the duration
of fading higher than a given attenuation threshold.
Therefore the fade duration is always calculated for mul-
tiple threshold levels.

In our contribution a digital model with Markov chain
will be introduced, which is also applicable to determine
the statistical parameters of the fade duration. The mo-
del is based on the measurement data of a real LMS
channel what has been used to calculate the model
parameters.

The proposed model is a partitioned Fritchman’s
Markov chain which is applicable to describe the sto-
chastic fade duration process and also to calculate the
Complementary Cumulative Distribution Function (CCDF)

Table 1. Parameters of the measured LMS channel
Satellite MARECS (d=39150 km)
Elevation 24°

Frequency 1.54 GHz
Sampling rate 300.5 Hz
Channel ID 14
Environment Highway
Duration 81.2 min
Vehicle speed 60 km/h
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of the fade duration. The expressions to calculate the
model parameter dependency on the threshold level
will be also introduced. Therefore the model will be app-
licable to calculate the CCDF of fade duration for any
desired threshold level which may lead us to the syn-
thesis of attenuation time series in the future.

2. Description of
the measured LMS channel

To investigate and model the LMS radio channel we app-
lied real measurement data as a starting point. The mea-
surements have been performed by the DLR (Deutsch-
es Zentrum fiir Luft- und Raumfahrt) between 1984 and
1987 [1], the parameters are detailed in Table 1.

The connection is the radio channel of the geosta-
tionary satellite Marecs operating at 1.54 GHz in the L-
band. The measurement has been performed on high-
way on the board of a vehicle moving with 60 km/h
speed, the measurement duration was 81.2 minutes.
During the measurement the received power has been
sampled with 300.5 Hz frequency and the data were
recorded after normalization. The normalization was so
performed that the average received power of 0 dBm
represents the level of the fading-free signal.

During the measurement described above, due the
movement of the receiver the receiving path has been
crossed with different objects and as a result of the
changing in the reflexion environment the signal arrived
to the receiver on multiple paths. The above effects re-
sult in multipath fading which can be stochastically mo-
deled as it will be described in the next sections.

3. Fade duration on the radio channel

The fade duration is one of the most important dynam-
ic parameter of the attenuation on radio connections; it
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gives the time length when the attenuation is higher
than the given threshold. The precise estimation of fade
duration is essential when designing wireless commu-
nication systems like BFWA, B3G, 4G mobile systems
or LMS channels. In calculations of the system outage
or availability time or when sharing the resources or
selecting different coding methods, the measured or
modeled fade duration statistics plays an important role.
The interfade duration is of similar importance, which is
the duration between two consecutive fadings and its
calculation and modeling is very similar to the method
what we apply in the case of fade duration.

long fading, respectively. In the model we apply an N=5
state partitioned Fritchman’s Markov chain [3], where 4
states are representing the fading and one state the
inter-fading events (Figure 2).

The transition probabilities p;; of the Markov chain
are depicted in Figure 2 and its feature is that there are
no transitions between the states in the same partition.
This is the simplification in the Fritchman’s model and it
can be applied because the states in a partition are re-
presenting same type but different length of events —
in our case fade and interfade events — therefore it can
be supposed that there are no transitions between them.
The transition matrix of the model can be

written according to the Equation (1), where we
Median | Can observe the absence of transitions at the
= : specific places.
g ) Threshold
g N Interfade duration P 0 0 0 1- P
g 65 pd |
;5_, Fade duration P 0 0 1- P
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Measured attenuation time series with fading and inter-fading

Figure 1 shows a typical attenuation time series with
multiple fade events indicating the fade and interfade
durations, respectively.

The Complement Cumulative Distribution Function
(CCDF) of the received power on a radio channel is a
first order statistics what is often depicted to qualify the
channel or rather the radio connection. The fade dura-
tion is determined usually relatively to the median level
of the received power for different thresholds, then
the complementary distribution of the number of fade
events are depicted as the function of fade duration.

4. Modeling with partitioned
Markov chain

This model — unlike to the multiple-state models,
where every attenuation level corresponds to a state in
the Markov model — can describe the stochastic behav-
ior of the fading process with the distribution functions
of the partitions. This model has been developed by
Fritchman to characterize burst errors on binary com-
munication channels, what we have been adapted to
the fading process.

The Fritchman’s model can be applied to calculate
the complementary cumulative distribution function of the
fade and interfade duration [3] according to the Equa-
tions (2) and (3):

N-1

}'}{"(”)= Z = Pii (2)
Figure 2.

5 state partitioned Fritchman’s Markov model

The ITU-R (International Telecommuni-
cation Union, Radio communication Sec-
tor) proposes a two-component model
for fade duration [2], which models the
fast fading with log-normal distribution
and the slow fading with power-law one, | p
ensuring the smooth transition between Fading
the two stages. ‘

To model the fading process caused
by the multipath propagation we propose
a Markov model, which can be applied
not only to the stochastic modeling of
the fading process but it allows the ex-
act calculation of the fade duration dis-
tribution for different thresholds. Com-

Fading
state 3

paring with the ITU-R model, this digital
model handles uniformly the short and

Fading partition Inter-fading partition
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where N=5 is the number of states and p;;

is the probability of state transitions.

In Equation (3), Z denotes the steady state proba-
bilities, and Z is the fading partition probability. They
can be calculated using Equations (4) and (5):

1

Iy =% (4)
I+ z&
i=1 Pin
/]
z, =247, )
p;\

Expression (2) gives the probability of a fade event
being longer than the given duration. Earlier investiga-
tions, described in [5], showed that the modeling of the
inter-fade duration and calculating its complementary
distribution with the Equation (3) can not be applied with
proper accuracy because there is only one state repre-
senting it in the Markov chain. Therefore, to model the
interfade duration with appropriate precision, a different
Fritchman’s model must be applied, a similar one as the
one depicted on Figure 2, where multiple states are as-
signed to the interfade duration and one state to the
fade duration.

5. Model parameterization
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e
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Figure 3.
Linear regression of the logarithmic complementary
fade duration distribution at 5 dB

The parameterization process is depicted on the Fi-
gure 3in case of 5 dB threshold level.

The number of regression lines determines the state
numbers in the Markov chain and their number is de-
pending on the required lines to properly approximate
the original logarithmical CCDF. In our case four num-
bers of lines are sufficient, which results in four fading
states in the Markov chain.

Figure 4.
Measured and modeled fade duration distribution at 5 dB
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ally the process of determination of the transition matrix k
elements. The Fritchman’s model is widely used due its 10"
relatively simple parameterization and the correct rep-
resentation of the modeled process. We should also Y
take into account that the Fritchman’s model with a sin- W@
gle error state can be applied only to model communi- =
cation channels with renewing feature [6]. Lt
To determine the parameters of the Markov chain 10"%
(see Figure 2) we apply the gradient method as descri- i
bed in [4]. The point of the method is that the logarith-
mical CCDF of the measured fade duration can be app- 10"
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roximated with linear according to the equation (6), after- Duration [sec]
wards the transition probabilities of the Markov chain
can be determined from the line parameters. Table 2.
[ for small n: Parameters for Equations (7 and 8)
. n1og(p,,y.,)+log(2=L Py Transition probability A b;i
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24 VOLUME LXII. « 2007/7




Multipath propagation fade duration modeling...

After the determination of the transition matrix ele-
ments using Equation (2), the complementary distribu-
tion function of fade duration can be calculated and by
depicting it together with the original measurement one
can see the proper approximation (see Figure 4).

The method described above can be also applied to
model the fade duration for different threshold levels,
usually in the range of 1-30 dB.

6. The threshold dependency of
the model

If we perform the modeling process for other different
thresholds and depict the transition matrix elements of
p;;i and ps; one can see that with the cubic equations
given in (7 and 8) the threshold A dependency of the
matrix can be well approximated:

pi(A)=a; * A+ b, (7)
pri(A)=ay; * A%+ by (8)

In Table 2 we can see the parameters necessary to
calculate the transition matrix threshold dependency.

With applying the above constants it is possible to
calculate the elements of the transition matrix for any de-
sired threshold level and the CCDF of the fade duration
can be also computed.

In Figures 5 and 6 one can see the threshold de-
pendency of the model parameters and the approxi-
mations applying the Equations (7 and 8).

By this method we can calculate the transition prob-
abilities for the 5 state Fritchman’s Markov chain of the
fade duration at different threshold levels. It allows com-
puting the CCDF of fade duration which is depicted in
Figure 7 for 2-10 dB thresholds.

The cumulative complementary fade duration distri-
bution functions can be also applied to calculate the
statistics of a radio channel for a desired time period.
Depicting of the total number of fade events longer than
a given duration is also a common graphic method. To
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Figure 7.

Modeled fade duration complementary distributions
for 2-10 dB thresholds

create this kind of statistics the modeled fade duration
CCDF functions must be multiplied with the total num-
ber of fade events on the actual channel. This para-
meter is available from measurements and statistics
and it is also applied by the earlier mentioned ITU-R
model [2].

7. Summary

In our contribution we proposed a partitioned Fritchman’s
Markov chain to model the fade duration process caus-
ed by the multipath propagation on a Land Mobile Sa-
tellite radio channel. The parameterization of the model
is the determination of the transition matrix elements of
the Markov chain what can be performed from the ori-
ginal measurement data of the channel. This kind of
Markov model is applicable to calculate the CCDF of
fade duration which is an important statistical data for
the radio channel designers.

Figure 5-6. Threshold dependency of pii and p5i transition probabilities
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The threshold dependency of the Markov model pa-
rameters are also shown, which results that the comple-
mentary distribution functions can be calculated for any
desired thresholds. This may lead us to develop atten-
uation time series generators and synthesize measure-
ment data for any required duration.
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to Budapest, Hungary, is scheduled for 2008.

12-14 March, 2008 - Intercontinental Hotel, Budapest, Hungary

DVB World 2008 will be held in Budapest,
Hungary in one of Budapest’s premier hotels - the Intercontinental - on the banks of the Danube.

DVB World, now in its eight edition, is the premier annual conference dealing with digital tele-
vision in Europe. It deals with all aspects of Digital Video and is an event that all involved in
broadcasting and telecommunications should attend. Aspects such as Digital Terrestrial Trans-
mission (DVB-T), Digital Satellite Transmission (DVB-S), Transmission to Mobile Devices (DVB-H)
and more are covered; the experts specialising in each aspect presenting up-to-date news and
analyses. The conference has been held in Dublin for the past seven years, but a change of venue

The programme, together with registration and hotel booking forms,
will be published in September and will be available on the website
www.dvbworld.eu

For additional information please contact:
seminar@iab.ch

\DVB World is organised by the International Academy of Broadcasting in conjunction with the DVB Project.)
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