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Abstract: Path loss models are crucial in the planning of wireless network as they assist in interference
estimations, frequency assignments and evaluation of cell parameters. This paper reports measurement results
of the propagation path loss in four locations in the suburban area of Kuala Lumpur. The measured path loss
at each location is extracted from the data and compared with the corresponding results obtained from the six
models:  Log-normal  shadowing,  Lee model, Stanford University Interim model (SUI), COST231 Hata model,
Egli model and the Electronic Communication Committee (ECC)-33. The measured results show that the SUI and
the log-normal models give in general a better prediction and can be used to estimate path loss for prediction
of mobile coverage in a microcell in Malaysia.
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INTRODUCTION Malaysian environmental conditions. This paper will

Propagation path loss models are an essential step in measured data in four locations in the suburban area of
planning a wireless communication system. It is crucial in Kuala Lumpur the capital of Malaysia.
interference estimations, frequency assignments and The structure of this paper is as follows. Section 2
evaluation of cell parameters. These models are divided presents an overview of six common path loss models.
into three basic classifications: theoretical, empirical and The tools used for obtaining the measured data are
physical [1]. Actual environments are too complex to described in Section 3, along with the locations where the
model accurately. In practice, most simulation studies use data is collected. Section 4 discusses the results and the
empirical models that have been developed based on main conclusion is summarized in Section 5.
measurements taken over a given distance for a specific
frequency range and in a particular geographical area or Empirical Models for Propagation Path Loss: Many
topology. Many propagation path loss models for mobile propagation empirical path loss models are available to
radio communication system were published in the predict path loss over irregular terrain. However, their
literature. However, choosing the most suitable model for approach differs in terms of its complexity and accuracy.
a given geographical and morphographical area is not a This section discusses the most common propagation
simple task because descriptions of terrain and land-use empirical path loss models used to predict attenuation
information can vary widely from country to country. between transmitter and receiver.
Furthermore, the efficiency of the existing path loss
models suffers when they are used in an environment Egli Model: Egli Model is a terrain model for radio
other than the one for which they have been designed. frequency propagation. It is suitable for use in mobile
Several studies conducted in Malaysia and other tropical systems in the bands of 3MHz- 3GHz and is normally used
countries have found that many common path loss when there is LOS between one fixed antenna and one
models perform  less  efficiently  when  compared to mobile antenna [6]. The model takes into consideration
measured data [2-5]. Hence, this prompts the necessity to the frequency, antenna height and polarization, forcing an
investigate and determine the models that suit the agreement between the plain earth loss and the measured

investigate the performance of six common models with
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values by using the correction factors that consider all approach is based on appropriate curves or analytical
these elements. This model predicts the total path loss for expressions that recreate a set of measured data. Both
a point-to-point link and it is suitable for cellular theoretical and measurement-based propagation models
communication scenarios where one antenna is fixed and indicate that average received signal power decreases
other is mobile. It is applicable to the scenario where the logarithmically with distance, whether in outdoor or
transmission has to go over an irregular terrain. Egli model indoor radio channels [12]. Such models have been used
is not applicable to a scenario where some vegetative extensively in the literature. The average large-scale path
obstruction is in the middle of the  link.  This  model  is loss for an arbitrary transmitter receiver (T-R) separation
selected for this study as the Egli model can be used for d, is expressed as a function of the path loss at a reference
path loss prediction in the  frequency  range  which is distance d  by using a path loss exponent, n.
suitable for this study [7]. The formulas for the Egli’s
propagation loss prediction, P , are given in dB as follows (3)L

[8]:

(1) with distance. The value of n depends on the specific

where and when obstructions are present, n will have a larger

Measurements have shown that at any value of d, the

f : Frequency of transmission in MHz. and distributed log-normally about the mean distance-c

h : Height of the base station antenna in meter. dependent value [12]. That ist

h : Height of the mobile station antenna in meter.r

d : Distance from base station antenna in km. (4)

ECC-33 Path Loss Model: The ECC-33 path loss model is where X  is a zero-mean Gaussian distributed random
developed by the Electronic Communication Committee variable in dB with Standard deviation  also in dB.
(ECC). It is extrapolated from original measurements by The log-normal distribution describes the random
Okumura and modified its assumptions [9]. The initial shadowing effects which occur over a large number of
experimental of Okumura model were carried out at the measurement locations which have the same T-R
suburban areas of Tokyo. In the Okumura model, it separation, but have different levels of clutter on the
subdivides the urban areas into large city and medium city propagation path [12]. This phenomenon is referred to as
categories and gives correction factors to suburban and lognormal shadowing. The close-in reference distance d ,
open areas [10]. A typical European city is quite different the path loss exponent n and the standard deviation ,
from the environment characteristics of Tokyo which is a statistically describe the path loss model for an arbitrary
highly build-up city. The ECC-33 path loss model is an location having a specific T-R separation and this model
empirical model composed from four terms [11] and it is may be used in computer simulation to provide received
defined in dB as: power levels for random locations in communication

(2) and  are computed from measured data, using linear

where, A , A , G and G are the free space attenuation, and estimated path losses is minimized in a mean squarefs bm b m

the basic median path loss, the base station (BS) antenna error sense over a wide range of measurement locations
height gain factor and the mobile station (MS) antenna and T-R separations [12].
height gain factor respectively. The detailed expressions
for these terms can be found in [11]. Lee Model: Lee model is one of the most broadly used

Log-Normal Shadowing Model: The majority of radio good prediction accuracy as still remaining relatively
propagation models are derived employing a combination simple and intuitive [13]. In addition, its prediction
of empirical and analytical methods. The empirical aptitude can be significantly improved by the

0

where n indicates the rate at which the path loss increases

propagation environment. In free space, n is equal to 2

value [12].

path loss P (d) (in dB) at a particular location is randomL

0

system design and analysis. In practice, the values of n

regression such that the difference between the measured

propagation models because of its aptitude to achieve
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incorporation of measurement data. The Lee model was
initially developed for use at 900 MHz and has two modes:
area-to-area and point-to-point [14]. A frequency
adjustment factor is an important feature characterizes this
model. This factor can be used to increase the frequency
range analytically. The Lee model is a modified power law
model with correction factors for antenna heights and
frequency and has the ability to be customized to the local
environment easier than other empirical models [15].

For Lee area-to-area mode which will be used in this
study, Lee uses a reference median path loss L at a rangeo

of 1 km, the slope of the path loss curve  in dB/decade
and an adjustment factor F . The median loss at distanceo

d is given by:

(5)

A number of empirical values for the reference median
path loss L  and the slope of the path loss curve _  areo

given in [14]. The adjustment factor F  is comprised of0

several parameters and can be expressed as,

(6)

where F , F , F , F  and F  represents the respective1 2 3 4 5

correction factors for the base station antenna height, the
base station antenna gain, the mobile antenna height, the
frequency and the mobile antenna gain. The expressions
of these factors can be found in [15].

Stanford University Interim (SUI) Model: The SUI Model
is based on extensive experimental data collected at 1.9
GHz in 95 macro cells across the United States. This model
is adopted by the IEEE 802.16 group as the recommended
model for fixed broadband applications [16]. This model is
an extension of the Hata model with correction parameters
for frequencies above 1900MHz. SUI model is proposed
as a solution for planning the WiMAX network on a
3.5GHz band. SUI model can be used for the height of
base station antenna from 10m to 80m, the receiving
antenna height between 2m and 10 m and the cell radius
between 0.1km and 8km [17].

The SUI model is used for path loss prediction in
rural, suburban and urban environments. The model
distinguishes three types of terrain, called A, B and C.
Type A is associated with maximum path loss and is
suitable for hilly terrain with moderate to heavy foliage
densities. Type C is associated with minimum path loss
and applies to flat terrain with light tree densities. Type B
is  characterized   with   either   mostly   flat   terrains   with

Table 1: Model parameter and terrain types [17]

Model Parameter Terrain A Terrain B Terrain C

a 4.6 4.0 3.6

b (m ) 0.0075 0.0065 0.0051

c (m) 12.6 17.1 20

moderate to heavy tree densities or hilly terrains with light
tree densities [18]. However, due to the availability of
correction factors for the operating frequency, this model
is selected for this study. The basic expression for path
loss calculation according to the SUI model is given by
[19]:

(7)

where d is the distance in meters between the base station
and the receiving antenna, d  is smaller than d, X  is ao f

correction for frequency above 2 GHz, X  is a correctionh

factor for the receiver antenna height and S is a correction
for shadowing because of trees and other clutters on a
propagation path. The novelty of this model lies in the
introduction of the path loss exponent n and the weak
fading standard deviation, S, as random variables
obtained through a statistical procedure. The value of
standard deviation of S is typically 8.2 to 10.6 dB [18]. The
parameter A is defined as follows:

(8)

where  is the wavelength in meters. Path loss exponent
n is given by:

(9)

where h  is the base station antenna height in meters andt

a, b and c are constants dependent on the terrain type, as
given in Table 1.

SUI offers the correction factors X  and X  for thef h

operating frequency and for the antenna height of the
receiver respectively [17, ERC 99]. They are defined as
follows:

(10)

(11)
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where, f is the frequency in MHz, h  is the receiver antenna handset T610 with TEMS Pocket software installed andr

height in meters, A, B and C are terrain types. global positioning system (GPS) receiver. The received

COST 231-Hata Models: The COST 231 model is an transferred to the TEMS log file in the laptop. The GPS
improved version of the Hata model. It is widely used for receiver provides the three coordinates: (Altitude,
predicting path loss in mobile wireless system. It is Longitude and Latitude) synchronously with the received
designed to be used in the frequency band from 1500 MHz power  Level  readings.  The  numbers  of  readings  were
to 2000 MHz. It also includes corrections for urban, 50 reading for each coverage area. The International
suburban and rural (flat) environments [20-21]. The basic Islamic University Malaysia (IIUM) and University Putra
equation for path loss in dB is [12, 22]: Malaysia (UPM) campuses were selected to obtain the

(12) The measurements were conducted during the daytime.
where IIUM is geographically located at latitude (3.253 degrees)

north of the Equator and longitude (101.7375 degrees)
and east of the prime meridian on the map of Kuala Lumpur.

UPM is geographically located at latitude (2.989 degrees)

The correction parameter, C is equal to 3dB for urban of the prime meridian on the map of Kuala Lumpur. For the
or equal to 0 dB for suburban [13]. The frequency f is in IIUM two base stations were selected within its campus,c

MHz and it ranges from 1500 MHz to 2000 MHz. The which are engineering’s base station (T1) and Nusseibeh
effective base station transmitter antenna height h  is in hostel’s base station (T2). With regard to the UPM twot

meters ranging from 30 m to 200 m, while the effective base stations were selected within its campus, which are
mobile receiver antenna height h  is in meters ranging from mosque’s base station (T3) and hostel’s base station (T4).r

1 m to 10 m. The T-R separation distance d is in km and These locations can be classified as very smooth plain or
a(h ) is the correction factor for effective mobile antenna smooth plain.r

height which is a function of the size of the coverage area.
The expression for the correction parameter a(h ) is RESULTSr

defined for suburban as follows [18]:

models described earlier. All these models were selected

But for urban environments, the expression becomes mean  path  loss  as  a  function  of  various  parameters,

these models are suitable for frequencies ranging from

Although the COST 231 model is limited to BS From  Figure  1  to  Figure  4,  it  can   be  observed
antenna height greater than 30m, it can be used for lower that in all four cases the Lee and ECC-33 models
BS antenna heights provided that surrounding buildings overestimates the propagation path loss values while the
are well below the BS antennas. It can predict path loss at Egli and Cost231 models underestimates it. However, for
lower distances, but it should not be used to estimate a distance larger than 300m, the measured path losses are
path loss in urban canyons or for short distances where closest to the  SUI  model  for  the  three locations: T1, T2
the path loss becomes highly dependent upon the and T3. For smaller distances, the log-normal model
surrounding structures and topology [22]. produces  the  best  fit.  For  location T3, the measured

Experimental Setup and Data Collection: The and followed by the SUI model. Therefore, the results
measurement system consists of laptop with Test show that the SUI and the log-normal models can be used
Equipment  for  Mobile  Systems  (TEMS)  investigation to estimate path loss in mobile microcell coverage
software installed. In addition, the system uses a mobile Malaysia.

power is measured using the Ericsson handset and

measurements. In each campus two sites were chosen.

north of the equator and longitude (101.7063 degrees) east

The path loss has been estimated using the six

because they are data-dependent and can predict the

for example distance and antenna heights. In addition,

1800 MHz to 1900 MHz. The predicted and measured path
losses are shown in Figure 1 to Figure 4 for the four
locations: T1, T2, T3 and T4.

path  loss  is  best  estimated  by  the  log-normal  model
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Fig. 1: Comparison between measured path loss and that Fig. 3: Comparison between measured path loss and that
predicted by using empirical models for T1 predicted by using empirical models for T3

Fig. 2: Comparison between measured path loss and that Fig. 4: Comparison between measured path loss and that
predicted by using empirical models for T2 predicted by using empirical models for T4

CONCLUSION 2. Tan, K.G. and T.A. Rahman, 1999. Receiving

The path loss has been estimated using six models, Path Loss in Fixed Wireless Access Environment,
namely the log-normal shadowing model, Lee model Asia Pacific Microwave Conference.
Stanford University Interim, COST231Hata model, ECC-33 3. Kiong, W.P., 2004. Development of Path Loss
model and Egli model. The measured results show that the Models for Smooth and Convex Surfaces Terrains in
SUI model gives in general a better prediction for Malaysian Environment. Master Thesis, University
distances between 300m and 1100m from the base station, Putra Malaysia.
whereas the log-normal produces the best results for 4. MAN    05]    Mansor,    A.B.A.,   2005.  Improved
smaller distances. Path   Loss    Models    for    Radiowave   Propagation

ACKNOWLEDGMENT Putra   Malaysia    Campus    and    Taman  Sri

The authors are grateful to the Research Malaysia.
Management Centre, International Islamic University 5. Gupta, V., S.C. Sharma and M.C. Bansal, 2009. Fringe
Malaysia for supporting this study. Area Path Loss Correction Factor for Wireless

REFERENCES Trends in Engineering, 1(2).

1. Kadhim, Ali Lwas, 2011. Investigation of propagation Irregular Terrain, Proc. IRE, pp: 1383-1391.
Path Loss models for Mobile Communications based 7. Seybold, John S., 2005. Introduction to RF
on Measured Data in Malaysia. Master thesis, Propagation. New Jersey: John Wiley and Sons, Inc.
International Islamic University Malaysia. Hoboken.

Antenna Height Dependence of Radio Propagation

in Suburban   Environment   in   the  University

Serdang.  Master  Thesis,  University  Putra

Communications, International Journal of Recent

6. Egli, J.J., 1957. Radio Propagation above 40 Mc Over



World Appl. Sci. J., 21 (Mathematical Applications in Engineering): 123-128, 2013

128

8. Yeak, L.C., 2004. Propagation Path Loss Study In 16. Erceg, V., 2001. Channel models for fixed wireless
Malaysia Environment. Master Thesis, National application, Technical Report IEEE 802.16 Broadband
University of Malaysia. Wireless Access Working Group.

9. Kamboj, Vivek, Gupta, D.K. and Nidhika Birla, 2011. 17. Erceg, V., 1999. An Empirically Based Path Loss
Comparison of Path Loss Models for WIMAX in Model for Wireless Channels in Suburban
Rural Environment at 3.5 GHZ, International Journal Environments. IEEE Journal of Selective Areas in
of Engineering Science and Technology (IJEST). Communications, 17(3): 1205-1211.

10. Okumura, Y., E. Ohmori, T. Kawano and K. Fukuda, 18. Abhayawardhana, V.S., I.J. Wassell, D. Crosby, M.P.
1968. Field strength and its variability in VHF and Sellars and M.G. Brown, 2005. Comparison of
UHF land mobile radio service. Review Electronic empirical propagation path loss models for fixed
Communication Lab., 16: 825-873. wireless access systems, Proceedings of IEEE

11. Kabaou, Mohamed Ouwais; Chibani, Belgacem Conference on Vehicular Technology, Stockholm,
Rhaimi  and  Abdelkrim,  Mohamed  Naceur,  2008. Sweden, 1: 73-77.
Path Loss Models Comparison in Radio Mobile 19. Anderson, Harry R., 2003. Fixed Broadband Wireless
Communications. International Journal of Soft System Design. England: John Wiley and Sons Ltd.
Computing, 3: 88-92. 20. Parsons, J.D., 2000. The Mobile Radio Propagation

12. Rappaport, T.S., 2002. Wireless Communication Channel. New York: John Wiley and Sons Publisher.
Principle and Practice. (2  ed.). New Jersey: Prentice- Radio Services, IEEE TransactionsOn Vehicularnd

Hall, Inc. Technology, 29(3).
13. Kostanic, I., N. Rudic and M. Austin, 1998. 21. COST Action 231, 1999. Digital Mobile Radio

Measurement Sampling Criteria for Optimization of Towards Future Generation Systems, Final Report,
the Lee’S Macroscopic Propagation Model. IEEE Tech. Rep., European Communities, EUR 18957.
Conferences of Vehicular Technology, 1: 620-624. 22. Gordon, L.S., 2001. Principles of Mobile

14. Lee, W.C.Y., 1993. Mobile Communication Design Communication. (2  ed.). America: Norwell,
Fundamentals. (2  ed.). New York: Wiley. Massachusetts.nd

15. John, S.S., 2005. Introduction to RF Propagation.
New Jersey: John Wiley and Sons, Inc. Hoboken.

nd


