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Abstract. In this paper we will present increased accuracy measurement method for the
Nakagami-m m parameter estimation, based on implementation of space diversity reception.
Parameter m will be estimated in real time, based on the obtained values of first, second and
third order moments of signal, measured by a proposed system. The obtained results will
show an increase of accuracy obtained by using this method over the results obtained by
using a standard measurement procedure, so it creates a potential to apply this measurement
method for estimation of fading parameters in various propagation environments.
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1. INTRODUCTION

The Nakagami-m distribution is considered as one of the most important fading models
among all the statistical ones that have been proposed to characterize the random envelope
due to multipath propagation in wireless communications. The Nakagami-m fading model
describes multipath scattering with large delay-time spreads, and different clusters of
reflected waves, and provides good fits to collected data in indoor and outdoor wireless
environments [1]. The Nakagami-m fading model exploits the Nakagami-m probability
density function (PDF) for the envelope of received signal, which is written in the terms of
two parameters: the scale parameter and shape parameter. The shape parameter is more
important and is called the fading parameter or m-parameter. In order to use the Nakagami-m
distribution to model a given set of empirical fading data, one must determine or estimate the
value of m from these measured data. Accurate estimation of the m parameter is for example
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required by the receiver for optimal reception of signals in the Nakagami-m fading. An
estimated value of the m parameter in such a case is feedback to the transmitter side, so that
the transmission is adapted by taking account of the channel information [2]. The most well-
known methods used for the estimation of the Nakagami fading parameter m, are the
maximum likelihood (ML) estimation and moment-based estimators. However, the ML
estimation procedure reduces to a problem of solving a complicated transcendental equation
written in the termsof a logarithmic function and a gamma function [3]. Moment based
estimation has been widely considered in technical literature, recently [4-5]. A method for
estimation of parameter m based on both integer sample momens and non-integer sample
moments, along with simulation study was proposed in [6].

Various drawbacks occur within wireless transmission. These drawbacks that affect a
desired signal could be identified, mathematically modelled and minimized by corresponding
methods obtained by observing adequate measurements [7-10] and processing by recorded data
series [11]. In this paper we will present the moment-based m parameter estimation method
with increased accuracy, based on the measurement method performed by applying of space
diversity reception. Parameter m will be estimated in real time, based on the obtained values of
first, second and third order moments of signal, measured by the proposed system.

2. SUBJECT AND METHODS

The probability density function (PDF) for a Nakagami-m distributed channel can be

expressed as [1]:
2r2Mtmm mr2
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where the channel amplitude R > 0, Q = E(R?) is average fading signal power, E() is the
expectation operator, and I'() is gamma function [12]. Above, m is the Nakagami fading
parameter which determines the severity of the fading. The value for m ranges between
1/2 and . When m—oo fading channel converges a static channel. As special cases,
Nakagami-m includes Rayleigh distribution when m = 1, and one-sided Gaussian
distribution for m = 1/2. This basically means that, if m < 1, the Nakagami-m distributed
fading is more severe than Rayleigh fading, and for values of m > 1, the fading
circumstances are less severe. For the values of m > 1, the Nakagami-m distribution closely
approximates the Rician distribution, and the parameters m and the Rician factor K (which
determines the severity of the Rician fading) can be mapped via parameter m.

From the previous text, it is evident that for a reasonable estimation and measurement of
Nakagami-m fading parameters, it is necessary to determine its moments. For the n-th
order moment of the Nakagami-m random variable r we have:
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It was shown in [14] that the Nakagami parameter m can be determined in the function
of first order moment my, second order moment m, and third order moment ms, as:

m= 1[—”‘1”“2 ] @3)
2 my—mm,

Let us now also consider diversity reception influence on the relative error in the
process of the n-th moment determination. As already known, with MRC combining, the
received signals are co-phased, each signal is amplified appropriately for optimal combining,
and the resulting signals are added so an envelope at the MRC output R is given with [1]:

R= ZL: R’ @

After L-branch MRC with Rayleigh-fading signals, the resulting signal is Nakagami-m
with parameter m = L. MRC combining of Nakagami-m fading signals in L branches gives
a Nakagami signal with shape factor mL. The resulting pdf of the instantaneous envelope
r, at the output of the MRC combiner is given in the literature in the form of [13]:
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while the n-th order moment of the random variable r at the output of the combiner is

given in the form of:
n
1 fQ 2mL+n
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In [14] theoretical bounds to the relative error expressions are obtained for the cases
with and without MRC diversity combining at the receiver. It is shown that a lower
relative error should be expected when MRC diversity is present at the reception.

The measurement system with applied space diversity for Nakagami m parameter
estimation has been shown at figure 1. It consists of two receiver antennas leaded at two
spectrum analyzers, that are driven by PC, each through RS232 serial communication
port. Data acquisition has been performed by LabVIEW software and followed by
software for space diversity technique realization and corresponding parameter estimation
(mg, my, Mg, M...).
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Fig. 1 System block scheme.
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A measured fading signal, whose parameters have been estimated, is constantly present,
since being the signal used for the purpose of regulating the railway traffic. The signal is
vertically polarized, frequency-modulated with a carrier frequency of f;= 467.88MHz. At the
reception two 7-element 8.5dB gain YAGI antennas, which are adapted for operating in the
UHF frequency range of 390-475MHz bandwidth have been used. The antennas are connected
with measuring devices via an N-connector coaxial cable.

Two spectrum analyzers, which precisely measure the power level of the received
signal at a specified frequency, in corresponding time instants are used as measuring
devices. Spectrum analyzers are driven by PC, and PC works as a master device, which
can set corresponding value at its serial communication port and trigger acquisition of
data from each spectrum analyzer. In that manner data acquisition is performed on PC,
and values of the power level signal are measured at exactly the right frequency and in
relatively short time intervals (max 20 times per second).

Software for acquisition performs two major functions: 1) At a certain period of time, it
triggers spectrum analyzers, by sending an appropriate sequence, to set the corresponding
values on them 2) Take the data from spectral analyzers via serial communication ports, and
memorize it in a separate file. Depending on the type of diversity technique that is implemented
(MRC, EGC..)), series of samples input signals x;; and xy are processed by corresponding
algorithm and novel series of samples vy, is formed, which now represents the output of
diversity system. Further, special software calculates the first, second and third order moments
for observed series of data [11]. Now, since dependence of fading severity parameter estimation
m depends of the measured values of the sample series order moments, then accurate
calculation of order moments must be provided in both cases, with and without diversity
implemented. Measurement system realization has been presented at Fig. 2., while LabView
implementation of measuring system was presented at Fig. 3.

Fig. 2 Measurement system
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Fig. 3 LabView block-scheme implementation of measuring system

3. RESULTS

After practical realization of measurement system based on the applied space diversity
we acquired real data and showed how sensitivity of parameter m estimation on the
estimation error of sample moments indeed reduces when diversity is applied. Estimation
accuracy is presented and analyzed in the function of the size of acquired data.

Series of 100,000 samples, sampled at 10sample/second, are acquired by a corresponding
measurement system in order to provide a reliable analysis of Nakagami-m parameter [15].
Different intervals of this sample series (0-20000,..., 0-100000), are divided into frames of 1000
samples. For each frame of samples, first, second and third order sample moments values are
determined, first when observing only the data collected from a single antenna.

Based on their values, the parameter m value was estimated according to (3). Then,
first, second and third order sample moments values, my,,, Mo, and ms,, are determined,
and based on their values the parameter m,, value was estimated when the whole series of
100000 collected samples, was observed. Now aberrations from these values [11] are
calculated observing values obtained for each frame according to:

1 N
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where N denotes number of frames that series has been divided to. Sensitivity of
parameter m estimation error on the estimation error of sample moment of first order m1
can be now expressed as:
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As already mentioned in [14], it is expected that by applying the MRC diversity

system, the effects of measurement errors in the determination of the values of moment of

the first order m; are incorporated in the estimation of the Nakagami parameter m are at

most two times lower (theoretical bound) than the effects of the measurement error of the

first order moment m; incorporated in the estimation of Nakagami parameter m for the
case when no diversity technique has been applied, i.e.:

Am(© Aam™ ) s 1 ©
Am,® am®™ |8, 2
where n = 1, 2, stands for a number of the antenna (the input to the diversity system), while
out - the output of the diversity of the system. In table 1, are shown the effects of
measurement errors of the first order m; on the estimation of the Nakagami parameter m for

different intervals of this sample series (0-20000,..., 0-100000), with intervals divided into
frames of 2000 samples, for both cases with and without diversity model implementation.

®)

As it can be seen from the Table 1, when diversity method is applied, accuracy increases,
i.e. sensitivity of parameter m estimation error on the estimation error of sample moment of
first order m; decreases when samples of combined signal are observed. As evident this
sensitivity measure is lower in the whole range of observed samples, which means that more
accurate estimation of parameter m should be obtained by observing combined acquired data.

The parameter m values obtained based on combined acquired data are shown in Figure
4. Since we are observing fast fading on corresponding carrier frequency, random process
that changes in time, the values of parameter m are estimated for a corresponding series of
samples. The major advantage of this approach is its generality in fading characterization.
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Fig. 4 Values of parameter m obtained by proposed measurement method
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Namely, since the Nakagami-m fading model includes in itself other fading models, that
can be obtained by setting corresponding values to the Nakagami-m model parameters, by
estimating parameter m we are at the same time estimating the parameters of other fading
models. For example in the area of higher values of a parameter m, from its estimated value,
we can easily obtain the value of parameter K which characterizes Rician fading distribution
model with strong line-of-sight (LOS) component, by using relation between above mentioned
parameters as m=(1+K)%(1+2K). In a similar manner when estimating smaller values of the
parameter m, the fading process can be modelled with Hoyt model, whose determination
parameter g can be derived by using its well-known relation to estimated m value.

Table 1 Effects of measurement errors of the first order m; on the estimation of
the Nakagami parameter m for different intervals of this sample series
with and without diversity model implementation

Number of samples 0-20K 0-40K  0-60K  0-80K  0-100K

o1 4161 7.234 101 122E-3 141
E-4 E-4 E-3 E-3

Sout 2.53 4.84 6.969 8.91 1.029
E-4 E-4 E-4 E-4 E-4

Sout/ On 0.61 0.67 0.69 0.73 0.73

4. CONCLUSION

We have presented the increased accuracy measurement method for the Nakagami-m m
parameter estimation, based on implementation of combining acquired data. By applying
the presented method, the parameter m can be estimated in real time, and fading
propagation environment can be efficiently characterized. Further, capitalizing on the
measurement and estimation characteristics, wireless link parameters can be adapted in
order to meet predetermined grade-of-service and quality-of-service values at the
reception, by using minimal transmission power and minimizing channel capacity.
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