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Abstract— Several traditional models exist to describe the modeling for the Nakagammn and Rice fading parameters
multipath phenomenon in wireless communications, such as have also been presented. In [8] the: extreme distribution
Rice, Nakagamim, Hoyt, and Rayleigh. There are other new g jis statistics obtained, nonetheless, works depidtieg

ones that propose a generalization in order to better fit fadng L o .
environments, such asa-pz, k- and 1-pi. In this work, the r-s statistical characterization of the fading parameter & th

extreme distribution, a special case of thes-u: fading channel, is  distribution, using practical data, are not known by thénars.
investigated. The statistical characterization of thex-u extreme The main purpose of this paper is to obtain the empirical
fading parameter, m, is presented, considering both indoor probability density function (PDF) and its best theordtfita
and outdoor field trial measurements. More specifically, the 5.4 the autocorrelation function of, which is the fading
empirical probability density function and the autocorrelation fth distributi b d field
function of the fading parameter of the x-p extreme distribution parameter of the-/ extreme distri Ut!on* ased on neld mea-
are obtained. Moreover, from the empirica| data, the range [} surements. Furthermore, the evaluation of the range OfmSSS
possible practical values is also obtained and discussedinglly, practical values assumed byand its instantaneous magnitude
the instantaneous magnitude variation of m considering the yariation are estimated from the empirical data considgttiie
mobile receiver displacement is estimated. The results psented ;o1 cement of the mobile receiver in different indoor and
here provide important information about the actual usefulness of d . The k led fth 's PDE
the x-p extreme fading model in mobile communication systems. out oorenv'_ronmems' e_‘ nowle ge_o t e_parameters

autocorrelation, and magnitude range is significant becthes
value of m is a multipath clustering indicator of the radio
channel [7] and can be used in the evaluation and design
of different wireless communications techniques, suchias d
versity combining techniques, adaptive modulation scleeme
|. INTRODUCTION modeling and analysis of interferences, outages proliakili

HE performance of wireless communications systems gesign and simulation of adaptive antennas systems, among
T harshly depreciated by the multipath fading phenomen8#ners.

caused by different types of obstacles between transmitte he remainder of this work is structured as follows. In
and receiver. Various important statistical models cherame Section 1, K-l extreme distribution is revisited. In Section
this phenomenon, notably Rayleigh [1], Rice [2], [3], Hoytll: indoor and outdoor field trial measurements are con-
(Nakagamig) [4], [5], Nakagamim [5], and Weibull [6]. In ducted in order to investigate first- and high-order stasst
[7], the k- extreme fading distribution was proposed as @f the m fading parameter. Specially, the empirical PDF
particular case (its parameters assume extreme valuesf{8]gnd autocorrelation of the: fading parameter are presented
the x-y distribution, which describes small-scale variations ¢ind discussed based on the measurement campaigns. The
the fading signal under a light-of sight (LOS) condition €T instantaneous variation of the magnituderofvith distance is

w distribution regards important other models as speciasadlso obtained and analyzed, and the practical value range of
such as Rice (Nakagam)-and Nakagamin [7]. Hence, One- is estimated. Finally, in Section IV, some conclusion rekaar
Sided Gaussian and Rayleigh also constitute special chites dife presented.

Its flexibility renders it suitable to better fit field measoment

data in a variety of scenarios, both for low- [7], [9] and high Il. THE k-p EXTREME DISTRIBUTION REVISITED

order statistics [10]. The same happens for the extreme S _

distribution which is suitable to better fit trial measurertse  1h€ #-p extreme distribution is one of the various cases of
in several environments when the dominant componenttrle”'ﬂ distribution, which is a general fading distribution that
very high and the multipath clustering is extremely low [8c&n be used to better represent small-scale variationseof th
Experimental data supporting the usefulness of the Nakagaf@ding signal under a LOS condition [7]. They distribution

m and Weibull fading models have been vastly reported in tfacludes as special cases important other distributionsh s
literature (e.g., [11]-[14]). Recently [15]-[17], some tke @S Rice (Nakagami) and Nakagamin [7]. (Therefore, One-

presenting the performance analysis and first-order ttatis Sideéd Gaussian and Rayleigh are also special cases of it).
As its name connotes, it is defined in terms of two physical
C. L. Selvati and U. S. Dias are with the Microwave and Wirel8ystems parameters, namely and . The parameter > 0 refers to
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extreme distribution is obtained by manipulating thesesjdaj
parameters for a certain amount of fading [8]. Specificditig,
Nakagamim parametemn is obtained wherns — 0. In such
case,u = m.

For ax-u fading signal with envelop& and a normalized
envelopeP = R/#, with # = /E(R?), thes-u envelope PDF,
fr(p), is written as [7]

2u(l+ kK =N
folp) = 205 2 e [t + m)?] X
Kk 2 exp(kp)

Lioy [20/R(T+ R)p) . ()

for which 1 > 0 is given by [7]
_ E*(R?) (142k)
= Var(R2) (1 + )2 @

I, () is the modified Bessel function of the first kind and order
v [18, Equation 9.6.20], Vdr) and E-) denote the variance
and the expectation operators, respectively.

Moreover, it is known from [7] thatx and i can be
expressed in terms of the normalized variance of the power of
the fading signal, usually defined as In other words, [8]

_ p(l+k)?

M=o (3)

Given thaty > 0 andx > 0, and that a relationship among
k, 4 and mis found through Equation 3, for a fixed, as
u — 0 thenk — oo. In such case, it can be shown that the
k-p extreme PDF is given by [8]

Fig. 1. Building 'E’ — Faculty of Electrical and Computing gneering.
Transmitter on the rooftop.

Fig. 2.  Gymnasium. Indoor measurements.

felp) =

M B 2mm o
exp[2m(1 + p?)] l exp(m) Los( )] 5(p)-

(4)

[1l. FIELD TRIALS AND STATISTICAL ANALYSIS

A series of field trials was conducted at the University
of Campinas (Unicamp), Brazil, in order to (i) estimate the
value range of then parameter, (ii) characterize the amplitude
variation with distance of then fading parameter, (iii) obtain
the empirical PDF and the theoretical fit of the parameter,
and (iv) obtain the empirical autocorrelation function ath
fading parameter. To this end, the transmitter was placed on
the rooftop of one of the buildings as shown in Figure 1, and
the receiver traveled through campus in different envirentsr  _. _ -

- . ...Fig. 3. Hospital das Clinicas. Outdoor measurements.
such as the ones shown in Figures 2 to 4 as well as withirl
the buildings. The mobile reception equipment was esggcial

assembled for this purpose. Basically, the setup consisied Gz The local mean was estimated by the moving
of a vertically polarized omnidirectional receiving amen ,yerage method, with the average being conveniently taken
a low noise amplifier, a spectrum analyzer, data acquisitigger samples symmetrically adjacent to every point. Froen th

apparatus, a notebook computer, and a distance trans@ucegfected data, the long term fading was filtered out, then th
carrying out the signal sampling. The transmission coedist,, fading parameter could be estimated.

of a continuous wave (CW) tone at 1.8 and 5.5 GHz. The

spectrum analyzer was set to zero span and centered at the . )

desired frequency, and its video output used as the ingt The Empirical Autocorrelation

of the data acquisition equipment with a sampling interval The normalized empirical autocorrelation was computed
of A/14 [19]-[21] for 1.8 GHz and\/180 [22], [23] for according to
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Fig. 4. Cora Coralina Street. Outdoor measurements. 00
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ZN_A Fig. 5. m magnitude with distance. Indoor measurements at 1.8 GHz
n i=1 TiTi+A
Ar(A) = 7IZN’A o (5)
i=1 '3

3.0

in which r; is the i-th sample of the amplitude sequencé, ,
is the total number of samples is the m discrete relative  2s;
distance difference, andy (.) denotes an empirical estimate |
of Ag (). 201
m 1.5}
B. Numerical Results and Discussion i
Figures 5 to 7 show sample plots of the magnitude variation1of
of the m fading parameter with distance for the same indoor |
and outdoor environments presented in Figures 2 to 4. It*%f
must be said that peak values (highest values assumed byt L
m) occur when the dominant component is weak and there © 5 10 15 20
is a prevalence of multipath clusters. Conversely, the ftwe Distancefm]
:’:'Ues form t(')ccur \;\;]h([?En thégominam component appears fy ., magnitude with distance. Outdoor measurements at 1.8 GHz
e propagation pa qg. .
Figures 8 to 10 present sample curves of the empirical
PDF for the same environments of Figures 5 to 7. Also, it 307
is shown the PDF fitting with the theoreticaly extreme '
PDF. The values that, assume for which the-u extreme
theoretical PDF fits the empirical PDF af vary from 0.96 .
to 1.27. At 1.8 GHz, the average estimated median and |
mean values ofn considering all measurement campaigng ;s
are respectivelyl.351 and 1.345, with standard deviations of
0.359. Whereas at 5.5 GHz, the average estimated median.of
and mean values of. considering all measurement campaigns
are respectivelyl.217 and 1.319, with standard deviations of %5}
0.491. The range of possible practical valuesraf as found
here, vary from).586 to 2.362 for 1.8 GHz and).605 to 2.588 o 1w aw s
for 5.5 GHz. The knowledge of possible practical levelsrof Distancia[m]
%nd?r:tgs ri)e(lf’)glzt?: \\//v?rI;eeéSS \s/g;mgortam to better estintate tFig. 7. m magnitude with distance. Outdoor measurements at 5.5 GHz
Finally, Figures 11 to 13 depict sample plots of the em-
pirical autocorrelation function of thex fading parameter for

different indoor and outdoor environments and frequencigsyohability density function and the autocorrelation ftiow
Interestingly, observe how the autocorrelation curvesi ten o the m fading parameter. In addition, the range of possible

250

keep track of the changes of the concavity. practical values for the fading parameter was estimatenh fro
the empirical data, and the instantaneous variation of its
IV. CONCLUSIONS magnitude was evaluated considering the displacementeof th

This work presented the statistical characterization ef ttmobile receiver in indoor and outdoor environments. The
fading parameter of the-u, extreme distribution. More specifi- results obtained here provide important information atibet
cally, the results of field trials aimed at investigatingtfisnd practical usefulness of the . extreme fading model in mobile
second-order statistics were obtained, such as the emlpiriwireless communication systems.
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Fig. 8. Theoretical and empirical PDFs of the fading parameter. Indoor Fig. 11.  Empirical autocorrelation of the: fading parameter. Indoor

measurements at 1.8 GHz
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Fig. 9. Theoretical and empirical PDFs of the fading parameter. Outdoor Fig, 12.  Empirical autocorrelation of the: fading parameter. Outdoor
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