Open Science Index, Electronics and Communication Engineering Vol:6, No:1, 2012 publications.waset.org/4205.pdf

World Academy of Science, Engineering and Technology
Internationa Journal of Electronics and Communication Engineering
Vol:6, No:1, 2012

Developing a Statistical Model for
Electromagnetic Environment for Mobile Wireless
Networks

C. Temane Nyar

Abstract—The analysis of electromagnetic environment using The available tools for frequency terrestrial pliagn

deterministic mathematical models is characterizbg the

impossibility of analyzing a large number of inwting network
stations with a priori unknown parameters, and ihisharacteristic,
for example, of mobile wireless communication netgoOne of the
tasks of the tools used in designing, planning aptimization of
mobile wireless network is to carry out simulatifrelectromagnetic
environment based on mathematical modelling methoattuding

computer experiment, and to estimate its effect @adio

communication devices. This paper proposes thelogvent of a
statistical model of electromagnetic environment af mobile
wireless communication network by describing theapeeters and
factors affecting it including the propagation cheh and their
statistical models.

considerably simplify and increase the effectivenafsmobile
wireless network design, planning and optimizafioocesses.
One of the tasks of the above tools is to use madtieal
models of radio transmitter stations emissionsioraeceiver
stations receptivity, antenna feeder units, radi@avev
propagation, and different noise and interfereneelanisms
to simulate the electromagnetic environment (EMB) &0
estimate its effect on network stations. In geneitlis

necessary to evaluate the aggregate action of many

independent signals on the network stations cheniaed by
different operational structures and algorithmsj] afso by
the presence of a set of random parameters like rdmedom

Keywords—Electromagnetic Environment, Statistical model, "Umber, their operating time, the position of mekstations,

Wireless communication network.

I. INTRODUCTION

HE electromagnetic environment (EME) is the sum of

electromagnetic fields from various radio commuticoa
devices and natural electromagnetic processes given
geographical location in space. The intensive dgraknt of

radio communication systems has led to a significan

concentration of radio communication devices white
sources of electromagnetic radiation, especiallaiige cities.
The consequence of this is the increase of botha-Bystem
and intersystem interferences and the complicatan
electromagnetic environment. The ability of a
communication device to adequately function at wemi
location is completely defined by the EME and

characteristics and specifications. The prospeétsadio
communication systems development,
wireless communication networks, depend to a cenahlle

degree on correct and rational planning. Howevée t

technological development of radio communicatiostems
planning lags behind the developmental rate ofettsystems,

and this complicates further systems developmend an

consequently leading to accumulation of plannirrgrst
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radio

including mobilep

random physical processes in the radio channel pfineipal
unavoidable, drawback in the deterministic approdch 4]
to the description of EME is the impossibility afayzing a
large number of interacting network stations withprori
unknown parameters, and this is characteristic.ef@mple,
of mobile wireless communication networks.

The statistical approach to the description of Eligiven
in [5-7]. It is based on defining the statistical distribatiof
the parameters of network stations (coordinatguiacy, the
power of radiations, etc.), the calculation of thtatistical
characteristics of electromagnetic environment stadistical
evaluation by analytical methods of the action of
electromagnetic environment on the network statioftse
main disadvantage of the above mentioned workshés
essential simplification in the models of the dimition of the
stations random parameters for the purpose of mhtaitheir
statistical characteristics by analytical methoddich in
ractice leads to incorrect statistical conclusions
Therefore, developing a statistical model of EMEilevh
adequately accounting for the set of the randoramaters of
the network stations in practice is impossible withthe use
of special statistical methods, one, of whichhie Monte
Carlo method. By describing the parameters andofact
affecting the electromagnetic environment, inclgdithe
propagation channel and their statistical modehg tvell
known Monte-Carlo technique [8] can be useddevelop a
statistical model of EME according to the stepswahadn
figure 1 and this is the main focus of this paper.
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Input network and system data AP(n-1A)

P(0.A)=— i)
* 1+ AP(n-1A), (2)
n
Traffic model p(Q A):l
The distribution of active channels when the maxmu
v number of BS channel&lma)< =16 and load ofA= 35,7

Model of MS and BS parameters

v

is shown in figure 2.
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Fig. 2 Distribution of active channels WheNmaX =16 and
! A= 357

Model of EME
The distribution of active channels for differerglwes of

Nmay for a given value of A is shown in Fig. 3.
Fig. 1 Structure for the formation of statisticabael of EME
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The remainder of the paper is organized as follole
next section considers the traffic model developsithg the os

Erlang-B traffic model. Section Il outlines howetistatistical

modek used in describing the MSidaBS parameters are
developed In section 1V, an algorithm of obtaining the

statistics of the propagation loss by modeling stev and
fast fading as log-normal and Nakagami
respectively is proposed. In section V, the stmectdor
developing the statistical model of EME is presdnte

Il. TRAFFIC MODEL
The Erlang-B model probabilitP(n, A) of occupation of

distribution

Fraetility
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Fig. 3 Distribution of active channels wheh=5Er| and

N

ax = 4816

n channels for a given BS loa8l is given by the expression

AN The probability of occupying n out ONmay channels for
P(n,A): nl <Ny, 1) different v:alues of A are shown in Fig. 4.
n m 2= T T T T T T
Ai | | | | | | :222
o M e i N e
Where Ny,s — Maximum number of MS, providing a N I R A N w N i R R
specified blocking probability value for a given Rfad, A. § ! ! ! ! ! ! !
Whenn= Ny, the Erlang-B model probabilityP(n, A) I Ay N \UE U
equals the blocking probability. oosl L/U /0 NC N N
The recurrent expression (1) can be expresseceifiotim ; | | | | : |
represented by expression (2) which is used to coenthe o l l l l ‘ ‘
required number of M3, for a given blocking probability. ° 7Y Rbedchames o 0"

Fig. 4 Distribution of active channels whédumax = 16 and
A=357
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The total number of MSN,,5is determined by summing

all the maximum allowable number of MS for all tB& or
BS sectors in the network as follows:

NBS

NMS = ns!otsz Ni '
i=1
Nyqs - NUMber of time slots in each frequency channsédqu
for TDMA network). For FDMA and CDMA networks,
Nguis =1. Note that the value oN,s must not be greater
than the number of grid points in the region tabalysed.

®)

I1l. MODEL OF MS AND BS PARAMETERS

A. Freguency Distribution

Cellular network based on FDMA / TDMA technology
consists of a collection of BS grouped in clustefs.cluster
represents a group of BS, in which any frequen@naokl is
used by only one BS.

The transmission frequency for a given signal
interference transmitter is obtained as a randoraiz from
a set of possible frequenci{esl, fy ,...fn} for that transmitter

according to a discrete uniform distribution [7].

B. Mobile Sations Spatial Distribution

In any given region of analysis, the spatial cooatks of
the location of the MS (latitude, longitude) ardfinied as

pairs of independent random numbe(nq,yi) distributed
over a uniform distribution with probability densfunctions:

X:

I>X

Ov for X < Xmin 1 max

for Xmin < X; < Xmax

, (4)
O, for Yi < Ymin: Yi > Ymax

f(Yi):

Ymax ~ Ymin

In a city, however, there is non-uniform distrilmutiof MS
(users) depending on the time of the day. Duringking
hours, the maximum number of users is located atcity
business center, while in the evening they arestgbluted in
the living areas of the city. Therefore, in thiseave use the
exponential distribution model of MS [9]. The prbiday
density function in this case is express as:

for Ymin < Yi < Ymax

Oy, for 0<r<R
f (I’) = -a(r-R) ' (5)
Ooe for R<r <Ry
where
0,— user’s constant density at the center of théonegf
analysis;

R — radius of the circular part defining the centérthe
region of analysis;
a — parameter defining the decrease of the numbasefs
with distance from center.

This model is most appropriate to describe theritigion
of MS within a city with radial structure of builts.
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or

As an example, the city of Moscow has the following
parameters [9]7, =1685 Erl/km2 ,R=145km, a = 048.

C.Transmitter Model

The transmitter emission’s power in practice is cmistant
but depends on many factors, amongst which inclubes
frequency dependence of the channels being useils to
instability, variations in transmitter supply vaj&® the impact
on the transmitter output stage of the radiatioathér closely
located transmitters etc. Some of these factorsramdom,
and this is confirmed by experimental measuremjdnts

Therefore, in the description of the transmitterismion’s
power a statistical distribution of power is us€te statistical

model of the BS transmitter's main emissﬁﬁ%mn is based
on the assumption of normal distribution of power

= 2
1 (PBSmain - PBS,main)
f\Pss rain | = ———€Xpg ——
Bs,mam) /_ZITO'P 20'p2

and is defined as:

(6)
where, EBS,main — mean value of BS main emission power
indicated in the technical documentation of trarars; Ap

— Gaussian variable with zero mean.
The statistical model of the BS side frequency eiuis at
harmonicspIBSside is defined as:

PBS’nEjn :F"BS,main + Ap ,

Pas,side = Pes,main * Xs, side (7)
where, Xgs 44 — attenuation (relative to carrier's power) of
the BS side frequencies emissions at harmonics.

Usually the emissions at the side frequencies ahbwics of
the fundamental frequency have the highest poweel le
compared to the emissions of other side frequend@s
Therefore, in most cases, the emissions of ther otioe
frequencies can be neglected.

D.Antenna Model

Considering that there are no perfect matchingeesedith
the antenna, and also that the antenna radiatitierpais
affected by various surrounding objects, the B®ignaitter
antenna gainGgg is defined as a random variable with
normal distribution express as:

GBS :GBS +Ag, (8)
were,Ag — Gaussian variable with zero mean and standard
deviation —g, , numerically equal to the value the spread,
which is contained in the technical characteristicantennae;
Ggs — average gain of BS transmitter antenna and ean b
expressed by the formula:

Ges =Gy +C+H, )
G, — Receiver antenna gain for the working frequency

range and given polarization with radiation patteken into
account;

C — correction for the frequency dependence of rae
pattern (for the frequencies of side emissions ermbiver
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spurious channel)H — correction for different polarizations [7]

of the transmitting (interference) and receivingeamae.

IV. CHANNEL MODEL

(8]

The well known propagation models such as Hata inode

ITU-R P.529-3 and ERC Report 68 with sufficienttagty
predict the median loss for mobile communicatioysteams in
urban areas, but do not give the statistics, dubdaeffects of
slow and fast fading. We propose a technique ddioltg the
statistics of propagation losses in the channehbmyerical
simulation, taking into account the effects of hatlow
(lognormal distribution) and fast (Rayleigh, Ridajling thus
improving the accuracy of the estimated losses.

For the case when the lognormal distribution,
Nakagami distribution characterizes the slow arsd fading
respectively, the loss statistics is obtained by generation
of the instantaneous value of propagation IQ§$rom thej -

th BS to the location of the-th MS is as follows:

1. Calculate the median value of the lagg from BS with

index j to the location of MS with index .

2. Generate the slowly varying local mean value of ltes
Lsaccording to normal distribution with meal,;; and

given standard deviatian_ .

3. Generate the instantaneous value of propagatian ligs
according to gamma distribution with fading paraeneh

and scale paramet@/m = [(r(m)/ r(m+12) ﬂo'-s/lo]z_
4. Calculate the instantaneous loss by the formula:

Ly =10|oglo(\/|__g )

V.CONCLUSION

The proposed procedure for developing a statistioadel
for EME can be used in the algorithm for the stiatid
estimation of electromagnetic compatibility of
communication network and also in organisationsgiragn
from telecommunication authorities and network plens
carrying out services requiring computation in sefte tools
for Radio Network Planning, Optimisation of Radietiorks
and Spectrum Management.

(10)
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