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SLOVENIA
Abstract: Path loss models are widely used in wireless network planning, mainly during an initial deployment.
Empirical path loss models are frequently used because of their simplicity and limited reliance on a detailed
terrain data knowledge. The appropriateness of different path loss models for broadband wireless access
(BWA) network planning has not been properly evaluated by commercially deployed systems so far. One of the
potential promising candidates is the Erceg path loss model, which was evaluated with extensive field
measurements taken in the city of Ljubljana. Results show that the model is rather successful in the path loss
prediction for a typical suburban area of the city while for the urban environment it should be modified.
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1 Introduction
Path loss models play a significant role in planning
of wireless cellular systems. They represent a set of
mathematical equations and algorithms that are used
for radio signal propagation prediction in certain
areas. They can be divided in three basic groups [1]:
• empirical,
• semi-deterministic and
• deterministic.
Equations for the empirical path loss models are
derived from statistical analyzes of large numbers of
field measurements. These models are easy to use as
there is no request for detailed information about a
particular environment. Parameters for these models
are qualitative and not very site specific, however
without additional modifications these models are
rather useless in a different type of environment.
Exactness of the empirical path loss models depends
mainly on the accuracy of the measurements and the
similarity between the environments where the
measurements were taken and those where the
models are used.
Deterministic models are based on the
fundamental mechanisms of radio wave propagation.
To determine the precise received signal power at a
particular location, a database with the geometrical
and electrical properties of the environment is
needed. Because of the large amount of input data
and radio propagation diversity, deterministic
models are computational consuming and therefore

used only for radio propagation prediction in small
areas such as indoor and micro-cells.
Semi-deterministic models are a combination of
both previously described approaches. They are
based on simplified equations acquired from the
application of deterministic models, with the
accuracy improved through additional field
measurements. Consequently, the semi-deterministic
models are less computationally consuming than the
deterministic ones and more precise than the
empirical ones.
Another classification of path loss models is
according to the type of the environment. There are
three types of environment to consider (macro-cells,
micro-cells and pico-cells), and they are additionally
distinguished by the size of the cell. The empirical
and semi-deterministic models are suitable for
macro and micro-cells while the deterministic
models are appropriate for smaller areas like pico
and micro-cells.
In this paper we compare areas of coverage
calculated by the empirical path loss model proposed
by Erceg [2] with field measurement results for
WiMAX. WiMAX is a set of profiles based on the
IEEE 802.16-2004 standard. It uses OFDM with 256
carriers in the frequency range 2 - 11 GHz.
Currently, two licensed bands, at 3,5 and 2,5 GHz,
each about 200 MHz wide, are proposed for the
WiMAX usage. Their choice depends on local
regulations.
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The simulation results have been calculated by the
Matlab simulator with the Erceg model implemented, and the field measurements have been taken
in the city of Ljubljana. The applicability of the
empirical model for the 3,5 GHz band is evaluated
by calculating the mean absolute error (η) and
standard deviation (σ).
The following section describes the Erceg
empirical path loss model. Section 3 presents the
simulation tool developed at our department. Section
4 includes a description of the field measurements,
simulation results and evaluation of the acquired
data. Finally, the last section contains the directions
for further work and concludes the paper.

2 Empirical path loss model
The most widely used path loss model for macrocells is the Hata - Okumura model [3, 4]. The model
is valid for frequencies between 150 and 1500 MHz
and receiver distances of more than one kilometre
from the base station. The height of the base station
antenna can be between 30 and 100 meters. In the
COST 231 project the model has been extended to
cover frequency bands up to 2000 MHz [5]. These
models are inappropriate for the higher frequencies
such as those proposed by WiMAX.
The Erceg path loss model has been initially
designed for suburban areas, receiver antenna
heights close to 2 meters, base station heights
between 10 and 80 meters and for frequency bands
at 1,9 GHz. The model distinguishes three different
terrain types, A, B and C. Terrain type A is a hilly
terrain with moderate-to-heavy tree density and is
associated with the highest path loss. Terrain type C
is a flat terrain with light tree densities, producing
the lowest path loss. Terrain type B is in between,
characterized as either a mostly flat terrain with
moderate-to-heavy tree densities or a hilly terrain
with light tree densities.
The basic path loss equation in decibels presented
in [2] is

L = A + 10γ log10 (

d
)+s,
d0

(1)

where d is the distance between a base station and a
subscriber station (receiver), d0= 100 m and s is the
shadowing fading component with a value between
8,2 dB and 10,6 dB. Parameter A represents the freespace path loss and is given by

⎛ 4πd 0 ⎞
A = 20 log10 ⎜
⎟.
⎝ λ ⎠

γ is the path loss exponent defined as

(2)

γ = a − bhb +

c
hb

(3)

where hb is the base station antenna height in meters.
The values of constants a, b and c depend on the
terrain category as defined in Table 1.
Table 1: Numerical values used in the model
Model
parameter
a
b (m-1)
c (m)

Terrain
Type A
4,6
0,0075
12,6

Terrain
Type B
4,0
0,0065
17,1

Terrain
Type C
3,6
0,005
20

To use this model for higher frequencies and
different receiver antenna heights, correction factors
must be included [6]. The path loss with the
correction factors is
Lmod = L + L f + Lh .
(4)
The correction factors for the operating frequency
(Lf) and for the receiver antenna height (Lh) are
given by

⎛ f ⎞
L f = 6.0 log10 ⎜
⎟
⎝ 2000 ⎠

(5)

and

⎛ h ⎞
Lh = −10.6 log⎜ r ⎟ for type A and B , (6)
⎝ 2000 ⎠
⎛ h ⎞
Lh = −10.6 log⎜ r ⎟ for type C.
(7)
⎝ 2000 ⎠
In the above equations f represents the transmission
frequency in MHz and hr stands for the subscriber
station height.

3 Simulation tool
The WiMAX Coverage Simulator is a software
simulation tool with graphical user interface (GUI)
developed to evaluate the coverage of the WiMAX
signal in different NLOS (Non-Line Of Sight)
environments. It is based on the Erceg et. al. model
[2].
The main window of the application is called
WiMAX coverage (Fig.1). The Network manager
section is used to create, change or remove base
stations and to load/save the network from/to the
disk. For defining the parameters of the subscriber
station the SS parameters section is used. The
Simulation section is used to run a number of
different simulations based on the parameters set for
the base stations and for the subscriber station.
Additional simulations, e.g. presentation of maxi-
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mum signal strengths over a specific territory and
distribution of the coding-modulation modes over
the analyzed area, can be found in 2D Network
simulation section. On the bottom right side there is
the Measurements analyses section, which enables
presentation of the measured values and locations,
and their comparison with the simulated results.
BS 1

BS 2

Fig.2: BS coverage area
Fig.1: WiMAX Coverage Simulator - main window

4 Field measurements and simulation
results
The measurements were taken in the city centre and
in the suburb of Ljubljana. The first WiMAX base
station (BS 1) antenna was installed 55 m above the
ground level on the roof of the Telecom building,
covering a typical urban environment. It was
directed toward the north part of the city. The
second base station (BS 2) antenna was placed 22 m
above the ground. The region covered by this base
station was suburban. Both base stations had only
one active 90° sector, the antenna gain was 16 dBi
and the average transmit power 27 dBm. According
to the WiMAX specifications, the central frequency
and channel bandwidth were set to 3,394 GHz and
3,5 MHz, respectively. The subscriber station (SS)
antenna had an omni-directional azimuth pattern and
its gain was 5 dBi. It was mounted in a car 1,5 m
high.

The simulation results, as will be seen later, are
useful only for a rough determination of the
coverage area and for the estimation of potential
interference between the base stations. For more
accurate results and for its use in urban
environments the model should be modified.

4.2 Measurements
To accelerate and simplify field measurements, a
special tool was developed in Visual Basic (Fig.3).
This application communicates with a subscriber
station attached via a serial port, collects the
required data and saves them into a text file.

4.1 Simulations
The WiMAX Coverage Simulator, among others
functionalities, predicts the coverage region of the
WiMAX signal. Fig. 2 shows the coverage area for
both base stations based on the Erceg model for a
moderate (type B) terrain. The parameters (antenna
height, direction, gain, down tilt, sector width, etc.)
were set according to the field BS and SS parameters
at the time of measurements.

Fig.3: Tool for automatic field measurements
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The car with the subscriber station was driven
around the coverage area of each WiMAX base
station, measuring and recording RSSI (Receive
Signal Strength) in dBm and CINR (Carrier To
Interference Noise Ratio) in dB every few seconds –
typically two. In addition, data from a GPS (Global
Positioning System) receiver were also recorded and
used for an accurate determination of the
measurement locations. The measurement route was
based on the base station coverage map obtained by
simulations (Fig.2).
The measured data (including GPS data) were
imported into the WiMAX Coverage Simulator.
Fig.4 shows measurement route around BS1. The
received signal strengths in dBm at specific receiver
locations could also be shown on the same map.

BS1

Fig.4: Base (BS 1) and subscriber station locations
for centre and north Ljubljana
For the first field test of the WiMAX equipment
(base and subscriber stations) in February 2006, over
3000 measurements were taken. Such measurements
are especially useful for testing of newly developed
equipment and optimization of its settings. They
were also used for evaluation of the appropriateness
of the implemented Erceg model and its future
modifications.

4.3 Result comparison
At the time of the field measurements, only two base
stations with one active sector each were available.
The base station 1 covered a typical urban
environment while the base station 2 covered a

suburban environment. Predictions were made by
the Erceg model for the terrain type B.
In order to provide a quantitative measure of the
accuracy of the applied empirical model, the mean
absolute error (η) and its standard deviation (σ) were
calculated, with error defined as the difference
between the simulation results and the field
measurements. The first parameter shows the
systematic error of the path loss model while the
second one indicates the accuracy of the predicted
path loss for different locations within the coverage
area. The error statistics are presented in Table 2.
Table 2: Prediction accuracy
Terrain
type
BS 1
BS 2

B
η [dBm]
8,78
5,10

σ [dBm]
11,20
6,37

As shown in Table 2, for the base station 2 the
empirical path loss model gives a significantly
smaller mean absolute error and standard deviation
compared to the results for the base station 1. This
confirms that the model is especially suitable for the
path loss prediction in the suburban and rural
environments. High buildings presented in the urban
areas, which are not considered by the Erceg model,
considerably attenuate the radio signal. On the other
hand, the presence of reflections and diffractions
additionally constructively contributes to the
received signal strength. It was also noticed that the
model over-predicts path loss in LOS conditions,
which are also present but not considered in the
model, and under-predicts it in NLOS situations.

5 Conclusion
The model was validated with a large number of
measurements for two typical base station locations.
It was shown that the model is more appropriate for
the suburban than for urban areas. For further use,
the analyzed path loss model should be adapted. In
the future modifications the influence of high
buildings, which significantly contribute to the radio
signal attenuation, should be considered.
Future work includes development of the
simulation environment in C++, which would make
it possible to quickly implement different path loss
methods and ray tracing techniques that will be
analyzed and adapted for an efficient and accurate
determination of the WiMAX coverage area.
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