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Abstract—In this paper a model is used for electromagnetic Experimental data had been gotten in that environment to
propagation waves in suburban environment densely arboreous adjust the considered model. Simulation for a GSM system

to evaluate the covered efficiency of a cellular mobile communi- had been carried through to evaluate the covered and the BER
cation system. The compromise with the covered area and the

Bit Error Rate (BER) is identified as the key in the propagation of the system. The_ measurement campaign ,'S described in
characteristics that have the potential to influence the perfor- Section Il, the details of the outdoor propagation loss rhode
mance of the system. After that, the Bit Error Probability and is in Section I, in Section IV is made a comparison between
the c0\_/ered area is studie_s numerically for different heig_hts of the measurement and predicted data, aiming to validate the
transmitter antenna. Experimental data had been gotten in one proposed model, the BER is studied in Section V, the results

densely arboreous environment to adjust the considered model. . . . .
Simulation for a GSM system had been carried through to '€ shown in Section VI and some conclusions are made in

evaluate the covered and the BER of the system and the results Section VII.
obtained indicate the performance of the system for the QoS

requirement. Il. MEASUREMENTCAMPAIGN

Index Terms—Mobile Communication, Propagation Model, The model was developed for the studding the electro-
Random variable, BER. magnetic waves propagation in mixed of forest and buildings
environment Fig.1. This way, a measurement campaign was
I. INTRODUCTION carried out in a suburban area of the Marituba city, distant
With the recent rapid growth in demand for person@Pproximately 20 km of Bém-PA. This environment presents
wireless mobile communications services, it is becomidgW buildings, narrow streets and areas densely arboreatks;
increasing|y important to deve|0p new and more efﬁcieﬁypical Amazonian Forest Vegetation. The transmitter ramde
systems for handling greater capacity requirements. One Used was an omnidirectional with a gain of 2 dBi, irradiating
the key objectives in system development is to allow man@W wave in the 890.43 MHz frequency. This antenna was set
users to coexist in a cell maintaining the efficiency, systell & tower of a local cellular company. Three heights (14,
capacity, and channel quality. The increasing number of t4¢ and 70m) were used for best study the trees effect on
potential cellular users in suburban environments, maee fie received signal loss. The mobile receiver antenna is an
radio systems engineer faced with a number of prob|erﬁy)nopole with a gain of 3 dBi, it was set on a car. Some streets
when designing such systems. The focus of this paper is@bthe base station area, were covered using a car moving
relate the covered area with the Bit Error Rate (BER) in With constant speed along the streets. Received power and
densely arboreous suburban area. To achieve these requftg-geographical coordinates data were stored in a notebook
ments, knowledge of how the environment affects the radi@mputer equipped with a data acquisition and storage data
signal propagation must be obtained. Numerous studies h&jggram [6].
been developed to predict outdoor propagation charatitsris
with reasonable accuracy [1]- [5]. However, these appresch I1l. M ODEL
usually require a significant amount of detailed informatio To calculate the cell radius to obtain an appropriated power
about the specific environment. For this reason, this papevel, associated with a coherent bit error rate (BER), aehod
investigates the accuracy of system performance estimaigspredict the received power by the mobile terminal was
made using a simple empirical propagation model to estimateveloped. The general equation of the model is [7]:
mean signal path loss. The simple propagation model is
extended to evaluate the covered area and the Bit Error Rate P, = Ky — 10vlog(d) — 8.686as,d + x 1)
(BER). The Bit Error Probability and the covered area is
studies numerically for different transmitter antennaghés. Wwhere

K, = a term dependent of the environment and the
The authors are with the Applied Electromagnetism LaboyathEA), height of the transmitter and receiver antennas;
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da Amadnia(IESAM) ap = specific attenuation(1/m);
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x = random variable that characterizes the measuremembde. In the vegetation case, the specific attenuation meghsu
environment. is independent of the distance of the wave path and the mode

propagation if the environment considered is homogendbus.
the forest is not homogeneous, the specific attenuatioesari
point-to-point and, consequently, influence significaimlyhe
transmission loss and the respective mode propagatioectdir
wave, reflected or lateral wave).

The specific attenuation is defined in the asymptotic limit
like:

o = Jim {n/[L(@)]} ©

where:
L(d) = the propagation loss with the distanée
In' = the derivative of the natural logarithm [7].

The attenuation can be expressed in terms of the received
power in function of distance:

G = —0.5 lim {1'[P, ()]} (@)

That definition is in agreement with the theoretical studies

Each component in this model will be described in thg] showing that in a homogeneous propagation environments

following subsections. the variation of the power received with the distance assume
the following form:

Fig. 1. Picture of Marituba City, 44m antenna height.

A. Ky Term o
This term is related to antenna height: Pr=Kd e ®)
9 where:
Ko =a <ht> —b (ht> +e ) K e~ = parameters that depends of the environment;
Dy hy a = specific attenuation (1/m);
where h, is the transmitter antenna height armg is the d = radio distance between the
receiver antenna height. transmitter and receiver(m).

The values a, b and c were obtained according to following

methodology: for each transmitter antenna height, it was The power received [7], in dB is:
predicted the received power by the model without g
term, this way were found three error values between the P, = Ko — 10vlog (d) — 0.8686ad (6)
measurement and the model. A graphic was made with th
error versus the relation between the transmitter andvedei
antennas. A quadratic fitting was, then, obtained to mirémiz P,

L = 10log <) @)

eBy definition the transmission loss or path loss is given for:

the errors. For the studied environment this coefficienes ar
a=0.039061, b=2.7551 and c=77.225.

T

where:
N ] P, = the power transmitted by the transmitter antenna;
B. Specific Attenuation e, P, = the maximum power that can be extracted of the
The electromagnetic properties of the attenuation in the receiver antenna (received power).

forest don't depend only of it density and others physicg-cha Usually, in forest environments the transmitter can bedigsi
acteristics, for example, quantity of trees and its distidn in  or out of the forest. So, the signal arrives to the receiver fo
the forest. They depend too of the kind of the trees existenta path direct and/or, reflected, diffracted or through &ter
the forest. The vegetation quantitative effect in the radiwe waves. In this work, the antenna transmitter height will beé p
attenuation is considered along of the wave path: the samethree situations: a lot above the of treetop; a little abov
path with a environment with vegetation has larger attéonat and; in the top of the trees. The receiver antenna will be fixed
than an environment with absence of the vegetation, for thbove a car and will be moved in the streets enclosed by
same system setup and the same communication parameteess and houses. It is noticed then that the reflection and
The loss in excess, in this case, will consider the foliaghffraction phenomena are, clearly, presents in this sgene
presence[7]. The specific attenuation is obtained throhgh tEquation (6 describes the power received in homogeneous
transmission loss by distance unit and it is expressetBim. environments. For propagation in non homogeneous environ-
The specific attenuation shows two different charactessti ments this formulation can be used since makes modifications
one for the vegetation and other for the wave propagatiomainly in the specific attenuation, for the effects of the path
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. TABLE |
not homogeneity to be compensated. For example, S.S. Selﬁg:ar
RROR BETWEEN THEPREDICTED AND MEASURED RECEIVED POWER

and A. Schneider [7] have been showing that forests with

predominance of trunks has the specific attenuation djrectl Transmitter Height(m)  Error(dB)
proportional to the density of the number of trees’s trunks. 14 3.03
is considered that, the chosen scenery for the proposition o ?g ggé

the radio propagation model is typical of small cities in the
State of Paa, prevailing forests, houses and streets. For this
case, the specific attenuation will be given for:

Through the analysis of the obtained errors is possible to
o= Qaop (8) verify that the proposed model presented a good prediction o

Here,«y is a constant that depends of the path loss exponéﬂ? measured dalta. EESIdES the pOWﬁI’ Ievsl rtlacelved, howeve
of the environment~) and p are factors that correlate thet'€r€ are several other parameters that should be analgzed t
antenna transmitter height and forest effects. determine the quality of the channel communication between

the transmitter and the receiver.
1
Qg = (20> ; (9)
i V. CHARACTERIZATION AND EVALUATION OF THE

hy 1 MoBILE RADIO CHANNEL

P= 777 7 v [7]7 (10)
he (he + hyp) " m The information (voice or data) sent of the transmitter to
where: the receiver is contaminated and distorted by five destricti
hy = transmitter height; influences: the modulator, the transmission medium, noise
hy = forest mean height. sources, fading phenomena and the demodulator. Everything
that corrupts a signal originating in the way between the
C. Random Variable y transmitter and the receiver is called of channel [9]. Thg Fi

3 show a schematic mobile radio system, where it is has the
VYP&?nsmitter, the receiver and the channel. Depending on the
communication sense, if uplink or downlink, the base statio
(BS) can be the transmitter or the receiver, the same happeni
with the mobile station (MS). In this paper, the mobile chelnn
radio is characterized by the model described in the previou
The received power in the measurement campaign wsaction and that it have some parameters that charactbsgze t
separated in the short and long terms using the moving awer&gvironment and the system studidd; is dependent of the
method [8]. The long term component of the power receivétRnsmitter and receiver heightg,is a random variabley,
by model and by measurement was compared. The FigclRaracterizes the non homogeneities.
shows this comparison for the transmitter antenna at 14m onl
For the other transmitters height (44 and 70m) is present ji
the error while compared with experimental data (see TatPI

D — o OO0 =

I I I
Kg r4 Olagn

The signal randomness of the measured environment
described better for Rayleigh probability distributiométion
(PDF).

IV. M ODEL VALIDATION

Measurement Data
Predicted Data

Fig. 3. Schematic diagram of the Mobile Radio System.

In this paper the received power level is predicted through
the proposed model, however, as already mentioned previ-
ously, the communication link quality between the trangemit
and the receiver is not only measured through of this parame-
ter. The quality of Sevice (QoS) depend of the others factors
[10]. Among that several parameters, it will be analyzedin t
paper what is called as bit error rate (BER), that it is defiagd
110 : | the probability of the rebuilt bit in the receiver to diffef the

transmitted bit [11]. To evaluate the system was analyzed th
_120 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ worst transmission situation that is in the uplink, becairse
200400000 800 1000 oon oy O 1600 1800 2000, 2200 this situation the power transmitted is smaller and, thoegfit
more subjects to errors of transmission. The BER for systems
Fig. 2. Comparation between the predicted and measured pawehé with modulation GMSK (Gaussian Minimum Shift Keying),
transmitter antenna at 14m. in channels with Rayleigh fading [12] is given by:

Received Power (dBm)

-100
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10°
1 —
BER=-(1— /- 2b (11)
2 1+ Yo -1
10 ¢ E
Where7, = mean signal-to-noise ratio for bit, that for this
paper is estimated as following [12]-[13]: R
10 3
(Pt—Per?r(d)) %
__ 2yasuTE()10\ 7 ,
= 12 >
o G, kT, (12) 10 v
where:
10" E
Yasym = characteristic factor; r=485m
T, = transmitter time for each bit; . / L L
E (x?) = mean value of random variabj¢? %00 400 600 800 1000 1200 1400 1600 1800 2000 2200
for the considered model; Distance (m)

P, = transmitted power;

P2 = transmitted power at downlink;

P.(d) = mean received power in each distance;
G, = received antenna gain; 10
k = Boltzman constant;

T, = noise temperature.

Fig. 4. BER versus Distance for 14m antenna transmitter heigh

VI. RESULTS 10°

o

This section gives a plot of the average BER for a GSM
system as a function of the transmitter-receiver distanidee. 107} E
expression given by (11) was used to simulate the BER and the
parameters values were assumediassys is 0.7 [13], 7} is
3.7us for a transmission rate of 270Kbp, is 300K, E (x?) 10°F 3
is 5.86 x 10 for 14m antenna height,x 103 for 44m antenna r=985m
height,4.44 x 103 for 70m antenna heighf; is -60dBm and /
P¢ is 22dBm. The compromise with the covered area and 1950 200 coo 500 1000 1300 1400 1600 1800 2000
the Bit Error Rate (BER) was performed considering for each Distance (m)
antenna height the radius of the cell, according a threshold
received powerlV,, and a probability of received signal in theFig- 5. BER versus Distance for 44m antenna transmitter heigh
border of the cell,3. In this simulation it is assumed¥,=
-85; B = 90%. The Table Il shows the values of radius of 10?

the cell and the corresponding antennas heights. The Fgs. 4

show the bit error rate (BER) versus covered distance for 14,

44 and 70m of antenna height, respectively. The BEROof? -
was used as reference for the system performance analysis. 1" i

Figs.4-6 the gray area corresponding the distances where th
signal presents a power received level above of the thréshol
power, and a BER below of the fixed value. Therefore, ir@é 107k |
this area the system present a good performance for received
power level and QoS (in this case, bit error rate).

TABLE I 10°F 1
MAXIMUM RADIUS FOR EACH TRANSMITTER ANTENNA HEIGHT
r=1285m
Transmitter Antenna Height(m) Maximum Radius (m) /
14 485 10'6 L L L L L L L L L
44 085 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
70 1285 Distance (m)

Fig. 6. BER versus Distance for 70m antenna transmitter heigh
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VII. CONCLUSIONS

In this paper a model for electromagnetic propagation
waves in suburban environment densely arboreous was used
to evaluate the covered area and the Bit Error Rate (BER) in a
cellular mobile communication system. The compromise with
the covered area and the bit error probability was identidied
the key in the propagation characteristics that has influence
in the performance of the system. The simulations results
obtained by the BER for a GSM system as a function of the
transmitter-receiver distance, associated with the pitiha
of a signal to be received in the border of cell given a good
indicative about the system performance in this envirortmen
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