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Abstract

Accurate attenuated signal parameter estimation in mobile communication broadband networks is critical to
ensuring that adequate signal coverage are provided to mobile network subscribers at every locations and
effective utilization of expensive resources are delivered. In this work, the radio channel characteristics of LTE
broadband system are studied and analyzed using Maximum Likelihood Parameter Estimation technique based
on realistic channel measured field strength data acquired in microcellular urban terrains. Based on the
estimated log likelihood results, it is found that the measured electric field strength can be characterized by
lognormal distribution function in shadowed microcell locations. For locations 3 to 5 which are open urban
microcells, the normal distribution provided better fittings the observed field strength data. In general, the
maximum likelihood estimated variance values for the study site locationsreveal that normal distribution
provided a better attenuation mapping to the measured field data compared to the lognormal function. The
results from this works can serves as the foundation and firsthand information for effective planning and
improving present and future broadband communication systems.
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INTRODUCTION The authors in[6] worked on realistic predictive
In recent decades, there has been considerable modelling of stochastic path attenuation losses in
attention in the task of improving the performance wireless channels over microcellular urban, suburban
deployed broadband mobile communication systems and rural terrains using probability distribution

in hostile build-up environments. When there is high functions. The results of their study revealed the
level gap between the planned broadband networks normal distribution was most suitable for the
and the performance of operational broadband statistical predictive modelling signal path loss data.
networks, both the network operator and subscriber Similar predictive analysis and reports in [7-9].

frown. Generally, wireless cellular communication
systems are very susceptible to the fading The main contributions of work involves conducting
characteristics of the propagation channel, which the realistic field strength coverage measurement in
causes poor radio frequency coverage and degrades built-up urban terrain scenario, the predictive
system performance [1, 2].Compared to rural or investigation of normal and Lognormal probability
suburban settings, the urban built-up terrain is usually modelfitting to the field measurement, and the
filled the uneven proliferation natural and man-made application of the Maximum Log-likelihood
obstructions, causes bothlarge-scale and small-scale Estimation (MLE) algorithm to field measurement.
signal fading [3]. MLE is a distinctiveparameter estimation technique
for studying many stochastic probability distributions
In the past years, scholars have employed a number owing to the fact it picks the relevant parameter
of methodologies toinvestigate stochastic signal values of the distribution that make the observed data
fading phenomenon. For example, in [4], transmit more likely describable. The results from this
power estimation centered on Signal Strengthof — workscan serves as the foundation and firsthand
wireless network with cooperative receiver nodes is information for effective planning and improving
presented using Maximum Likelihood (ML) present and future broadband communication systems.
estimation technique. Their results reveals that
numerical experiments validate the explored ML Measurement Campaign
theoretical discoveries. In [5], the authors explored Robust field drive tests have been carried out in five
maximum likelihood estimation method combined key pre-identified locations to obtain the data,
with signal statistics is explored to determine the sampled at every 450 ms. While locations 1 and 2
intensity modulated fiber optic links. depicted high shadowed microcellular terrain,
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location 3 to 5 portrayed typical open urban
microcells.The drive test tools includes version 15.0
Test Mobile software (TEMS), HP Laptop, one Sony
Ericson cell mobile phone, one Samsung cell mobile
phone, GPS,connecting cables, inverter and a saloon
car. All the tools were connected together and then
then housed in the saloon car, before performing the
drive test. The acquired data log-files collected
during the tests contain radio signal strength, signal
quality, mean user throughput and many other RF
parameters. With the aid of Map info and excel
spread sheet, the radio signal data were extracted
from the log-files for further processing.

The measured signal power, which is called RSRP, is
related to electric field strength, Ers by [2]:

E,(dBuV | m)=RSREdBm)— Ae+1458 (1)
1.64&}

4
where, G is the antenna gain in dB, A is the signal
transmitting wavelength in m and RSRP indicates
Reference Signal Receive Power.

Ae = G+1010g[ )

C
Considering (2) in (1) and taking A = 7 , gives:
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where, f is the transmitting frequencyat speed, c.

Maximum Likelihood Estimators

Maximum Likelihood is a standard parameter
estimation technique for studying many stochastic
probability distributions owing to the fact it picks the
relevant parameter values of the distribution that
make the observed data more likely describable. This
is realised by maximizing the log likelihood function
of the key parameters in the observed data. Besides,
the logarithm is monotonic, and in view of that,
maximizing the logarithm of the likelihood function
is equivalent to maximizing the joint probability
density function (PDF) of the observed data. In other
words,Maximum Likelihood estimator finds its
solution by exploiting the parameter values that
maximizes the pdf ofthe observed data.

In this work, the Normal andLognormal PDFs are
employed to determine the MLE parameters that
maximizes the observed electric field strength data.

Probability Distribution Function
Consider a set ofNstatistically independent observed
field strength data (xl s Xy peeey Xy ) .The joint

Normal PDF of the observations is thengiven by:
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where x and N indicate the measured sample and the
measurement sample number.
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For Lognormal, joint PDF of the observations is

given by:
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and they represent the shape and scale distribution
parameters for the lognormal. The 1z and @ can be
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RESULTS AND ANALYSIS

Shown in Figs. 1 to 5 are theplots of measured field
strength acquired over Site locations 1 to 5.The plots
reveals attenuating field strength pattern across the
measurement points and this is roughly constant
across the study locations; the scenario can be
attributed to the uneven proliferation of natural and
man-made obstructions between the transmitting and
mobile station antenna.

Figs 5 (a) to 5(f) display the PDF and CDF of whole
electric field strength data in (dBuV/m) acquired in
the five study locations with its fitted statistical
distributions. The estimation of the parameters for all
probability distributions employed to investigate the
stochastic characteristics of measured data was
performed by means of MLE technique wherein the
set of parameters that maximise the likelihood
function are obtained [10][11]. Thus, the Ilog
likelihood function value can employed to compare
the distributive fittings of various probability function
models and the distribution with the largest value is
the best fit for the acquired electric strength data
statistically. Displayed in table 1 are the estimated
log likelihood value for each probability distribution
compared to the acquired electric field strength data 5
locations. Based on the log likelihood value in Table
1, it found that the measured electric field strength
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can be represented by lognormal distribution function
in locations 1 and 2. For locations 3 to 5, the normal
distribution provided a better fit the observed field
strength data. The plot in figure 6 is provided to
measure thevariance of the estimator.Statistically, an
estimator with smaller variance is reasonably superior
to the one with larger variance. Thus, in general
figure 6 reveals that the estimated variance for
normal distribution fit to the measured field data is
smaller in three out the five study locations
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Fig. 1: Measuredattenuating field strengthacquired
overSite location 1
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Fig. 2: Measured attenuating field strength acquired
over Site location 2
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Fig. 3: Measured attenuating field strength acquired
over Site location 3
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Fig. 4: Measured attenuating field strength acquired
over Site location 4
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Fig. 5: Measured attenuating field strength acquired
over Site location 5
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Fig.5 (a): Normal and Lognormal distribution fit to
field strength data in Site location 1
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Fig.5 (d): Normal and Lognormal distribution fit to
field strength data in Site location 4
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Fig. 6:Log Likelihood Estimate base Normal and
Lognormal distribution fit to field strength
measuredin Site locations 1 to 5
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Normal and Lognormal distribution fit to field
strength datain locations 1 to 5

CONCLUSION
In broad-spectrum cellular mobile communication,
propagated radio signals are very susceptible to the

varied complex characteristics nature of the
propagation channel, which causes poor radio
frequency  coverage and  degrades  system

performance. Compared to rural or suburban settings,
the urban built-up terrain is usually filled the uneven
proliferation natural and man-made obstructions, thus
causing both large-scale and small-scale signal fading.
In this work,the stochastic fading characteristics of
LTE broadband wireless channel in microcellular
urban terrain are studied and analyzed from realistic
channel measured field strength data. This work also
made to investigate how different statistical
probabilityfunctions and models fit the measured data
using maximum log likelihood estimators. Based on
the log likelihood estimated value parameters, it
found that the measured electric field strength can be
represented by lognormal distribution function in
locations in shadow urban microcells. For locations 3
to 5, which are typical open urban microcells, the
normal distribution provided better attenuation
fittings the observed field strength data. The results
from this workscan serves as the foundation and
firsthand information for effective planning and
improving  present and  future  broadband
communication systems
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