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Abstract
The study of this work is to develop an optimized path loss model for urban coverage in Code Division Multiple
Access (CDMA) system based on the existing models and empirical measurements. The Okumura’s model is
chosen as a reference for optimized path loss model development based on the smallest mean relative error
compared to the measured path loss. A new empirical model is developed from Okumura’s model and empirical
measurements by regression fitting method. Okumura’s model will be optimized by using this new empirical
model to achieve the smallest mean relative error. The optimized Okumura’s model is implemented in the path
loss calculation during the validation process. It is found to be more accurate with up to 6.67% smaller mean
relative error obtained. Thus, this optimized Okumura’s model is successfully improved and would be more
reliable to be applied in the Malaysia CDMA system for urban path loss calculation.
Keywords: Path loss, Mean relative error, CDMA, Urban outdoor coverage
1. Introduction
In wireless communication system, there is found that a radio propagation model, also known as the Radio Wave
Propagation Model or the Radio Frequency Propagation Model, is an empirical mathematical formulation for the
characterization of radio wave propagation as a function of frequency, distance and other conditions. A single
model is usually developed to predict the behavior of the propagation for all similar links under similar
constraints (Iskander, M. F., et al., 2002), (Longley, A. G., et al., 1968). Created with the goal of formalizing the
way radio waves are propagated from one place to another, such models typically predict the path loss along a
link or around an effective coverage area of a transmitter (Awad, M., et al., 2008), (Walfsch, J., e al., 1988).
The propagation models can be divided into three types of models, namely the empirical models,
semi-deterministic models and deterministic models. Empirical models are based on measurement data,
statistical properties and a few other parameters. Examples of this model category will be the Okumura model
and the Hata model. Semi-deterministic models are based on empirical models and deterministic aspects,
examples being the Cost-231 and Walfsh-Ikegami. Deterministic models on the other hand are site-specific,
requiring enormous numbers of geometry information about the city, computational effort in deriving a more
accurate model.
Code division multiple access (CDMA) is a channel access method that allow several transmitters to send
information simultaneously over a single communication channel with different distinguishing code patterns
(Rappaport, T. S., 2002). CDMA employs spread-spectrum technology and a special coding scheme to allow
multiple users to be multiplexed over the same physical channel. In CDMA system, duplex channel made of two
1.25MHz-wide bands of spectrum for forward link and reverse link with 45MHz apart. The carrier frequencies
for CDMA system in Malaysia are 821.3875MHz for uplink and 865.3875 for downlink. The frequency reuse
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factor for CDMA is one where network design and expanding become much easier.
The path loss for CDMA System can be calculated from forward link, the transmission path from a base
transceiver station to the mobile station. All measurements data is collected within radius of 5km away from base
station in the CDMA network and the blind spot is expected does not exist. Thus, the minimum allowable path
loss is not considerable as the tested base station is near to the adjacent base stations where handover occurred as
signal is weak.
1.1 Objectives
The objective of this project is to study on the existing path loss models and its suitability to be implemented for
path loss prediction for urban area in Code Division Multiple Access (CDMA) in city centre Kuala Lumpur (KL).
The optimization is performed to improve the accuracy and stability of the existing path loss model. An
empirical method based on the measurement data is applied for the path loss model optimization. The
expectation of this study is to obtain an optimized path loss model for outdoor urban area.
Radio propagation models are empirical in nature, which means, they are developed based on large collections of
data collected for the specific scenario. For any model, the collection of data has to be sufficiently large to
provide enough likeliness to all kind of situations that can happen in that specific scenario. Like all empirical
models, radio propagation models do not point out the exact behavior of a link, rather, they predict the most
likely behavior the link may exhibit under the specified conditions.
Thus, to develop a new path loss model empirically is very time consuming and it involves very substantial
collections of data obtained specifically for different scenarios. One of the best ways is to optimize the existing
path loss models based on the measurement data collected in Malaysia city centre area.
In ensuring high accuracy and reliability of the existing path loss model it is then developed based on the
measurement data collected directly from the tested system, being the CDMA network in Malaysia city centre.
The optimized path loss model is very useful for predicting various coverage areas, interference analysis,
frequency assignments and cell parameters in which are all fundamental elements for the network planning
processes in mobile radio systems.
Most of the existing path loss models are wholly based on measured data with no analytical explanation given. It
is useful to note that these path loss models have limitations as well, as displayed by the Okumura’s model with
regards to its non suitability for rural environment. On the other hand, Longley-Rice model and Egli’s model are
applicable for “point to point” communication system and are free spaced path loss model that are used to
predict received signal strength when both the transmitter and the receiver have a clear and unobstructed
line-of-sight (LOS) path between them. Thus, an optimized path loss model based on empirical measurements
for all conditions is needed to overcome the limitations.
1.2 Problem Statement
The empirical path loss model may not be valid for the environment other than the measured one especially for a
dense city such as Malaysia. Due to the differences in city structures, local terrain profiles, weather etc, the path
loss prediction with reference to the existing empirical path loss models such as the Okumura’s model, Hata’s
model etc may differ from the actual one. Furthermore, network planning and optimization become complicated
and difficult as high numbers of base stations involved in a network with significant co channel interference. The
network operators may face huge losses resulted from complaints from the network users due to improper link
budget calculations and path loss predictions. Thus, a more precise path loss model is needed and would be
developed based on the empirical method that is applied in Kuala Lumpur outdoor coverage for the CDMA
System.
2. Methodology
Several existing path loss models such as the Free Space Path Loss model (Rappaport, T. S., 2002), the
Okumura’s model (Okumura, Y., et al., 1968), the Hata’s model (Hata, M.,1980), and the Egli’s model(Egli, J.
J.,1957) are chosen as reference for optimized path loss model development. The best existing path loss model
with the smallest mean relative error to the measured path loss will be chosen as a reference for the development
of the optimized path loss model. The regression fitting method is used to develop a new empirical linear line by
combining the best existing path loss model with the measurement data which is collected from the CDMA
network. The new empirical linear line is used as a reference during optimization to develop an optimized path
loss model. The optimized path loss model will be tested during the validation process by comparing the
calculated path loss to the measured path loss in KL CDMA Network.
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2.1 Okumura’s Model
The Okumura’s model was chosen as reference in new path loss model development based on the smallest mean
relative error to the measured path loss with up to 10.46%. The Okumura’s model is an empirical model based on
extensive measurements made in Japan at several frequencies in the range from 150-1920 MHz. The Okumura’s
model is developed for macro cells with cell diameters from 1 to 100 km. The height of the BS antenna is
between 30-1000 m. The Okumura’s model takes into account on some of the propagation parameters such as the
type of environment and the terrain irregularity.
The Okumura’s model is expressed as:
L50 (dB) = LF + Amu (f,d) –G (ht) – G (hr) - Garea

(1)

Where:
L50 (dB) is the 50th percentile value of propagation path loss,
LF is the free space path loss,
Amu is the free space attenuation,
G (ht) is the base station antenna height gain factor,
G (hr) is the mobile antenna height gain factor, and
Garea is the gain corresponding to specific environment.
2.2 Data Collection Method
The measurements were conducted radically from four CDMA transmitters located in KL city centre, with six
different routes each transmitter, which are designated as path a, b, c, d, e and f, shown in Figure 1. The
professional foreground test and analysis software, ZXPOS CNT1 and CNA7 are used in collecting and analysis
CDMA network measurement data for path loss calculation. The measurement data such as received signal
strength and T-R separation distance are recorded in dBm and km unit easier for path loss calculation. Every 10
points of received signal strength and T-R separation distance are recorded evenly from all the predefined routes
of four base stations located in dense city KL. Total of 6 routes per base station with at least 60 received signal
strength of mobile station and the T-R separation distance are recorded. Each measurement point is represented
in an average of a set of samples by taken over a small area (10 m2) in order to remove the effects of fast fading
(Lee, W. C. Y., 1985), (Clarke, R. H., 1968).
2.3 Path Loss Calculation
The link budget is accounting of all gains and losses from the transmitter, through the medium such as free space,
cable, and waveguide to the receiver is calculated and compare to the classical path loss model based on the
minimum mean relative error. Path loss can be calculated via forward link, of which the transmission path is
from a base transceiver station to the mobile station. Thus, the path loss is derived as:
PL (dB) = PTX + GTX - LTX - PRX + GRX - LRX - LM

(2)

Where:
PRX = received power (dBm)
PTX = transmitter output power (dBm)
GTX = transmitter antenna gain (dBi)
LTX = transmitter losses (dB)
LFS = free space loss or path loss (dB)
LM = miscellaneous losses (dB)
GRX = receiver antenna gain (dBi)
LRX = receiver losses (dB)
2.4 Mean Relative Error
In order to find out the best suitable path loss model for optimization, the relative error (3) of the measured path
loss to the existing path loss models is determined. Figure 3 shows the relative errors of measured path loss to
the existing path loss model that are plotted versus T-R separation distance. The relative error is big as the T-R
separation distance is small where LOS condition exists. This may be due to the shadowing effect as the antenna
of the base station is high. As result, the Okumura’s model has smaller relative error to the measured path loss.
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(3)

V is the exact value,
Vapprox is the approximation.
2.5 New Empirical Model
A new empirical model is developed by using the regression fitting method. The Okumura’s model and
measurements collected in Kuala Lumpur urban area is plotted based on the T-R separation distance. A new
linear line is developed from the Okumura’s model and the measurements were obtained by using the regression
fitting method. This liner line is used as a reference during the path loss model optimization process later.
2.6 Optimization
The optimization is performed using the best suitable path loss model, being the Okumura’s model with
reference to the new empirical linear line that was developed from the measurement data accumulated from the
four base stations. Six variables namely A, B, C, D, E and F were added into the linear form equation of the
Okumura’s model as shown in equation (5). This linear line will be optimized to approach the new empirical
linear line based on the smallest mean relative error. Overall, the mean relative error has improved from
3.50629% to 0.00009%, where the value of A, B, C, D, E and F are determined.
Okumura’s Model (dB) = LFSL + AMU – HMG – HBG – GAREA
Optimized Path Loss Model (dB) = ALFSL + BAMU – CHMG – DHBG – EGAREA + F

(4)
(5)

2.7 Optimized Model Development
The optimized model is developed with new determined variables of A, B, C, D, E and F based on the smallest
mean relative error during the optimization process. The Microsoft Excel analysis tool ‘Solver’ is used to
determine the variable of A, B, C, D, E and F. Firstly, the best suited path loss model, the Okumura’s model is
plotted in dB against distance (km). The Okumura’s linear line is plotted by using the regression fitting method
and compared to the new empirical linear line. The mean relative error of Okumura’s linear line to the new
empirical linear line is recorded, which is up to 3.50629%. For optimization process, the variable A, B, C, D, E
and F are multiplied with the linear form of Okumura’s model with default value of 1. By using Microsoft Excel
analysis tool ‘Solver’; these variables are solved in order to obtain the smallest mean relative error equal to zero.
The smallest mean relative error up to 0.00009% is achieved, where the value of A, B, C, D, E and F are
determined.
Optimized Path Loss Model (dB) = ALFSL + BAMU – CHMG – DHBG – EGAREA + F
=1.164103LFSL + 0.10566AMU – 1.246594HMG – 1.473893HBG – 0.503879GAREA + 0.1

(6)

2.8 Validation
In the validation process, the optimized Okumura’s model is applied for path loss calculation in other city to
verify the accuracy and the suitability of this optimized Okumura’s model. The city centre of Petaling Jaya, with
similar building structure of KL city centre, has been chosen for the optimized Okumura’s model validation test.
Drive test has been performed for the measurement data collection at base station 5, which located in the city
centre of Petaling Jaya. As result, it had proven to be more accurate with smaller mean relative error up to 6.67%.
Thus, it can be concluded that the optimized path loss model is reliable and more suitable to be used in the
Malaysia CDMA system for link budget prediction.
3. Conclusion
The optimized path loss model is developed to predict accurately the receive signal strength of the mobile phone,
tested on different base station in urban areas throughout Malaysia. This path loss model is very useful for
predicting various coverage areas, interference analysis, frequency assignments and cell parameters in which are
all fundamental elements for the network planning processes in mobile radio systems. This would pose benefits
for telecommunication providers to further improve their services in serving high signaled quality coverage for
mobile users whilst increasing the capacity in urban areas throughout Malaysia.
Most of the existing path loss model has limitations. By optimizing the best suited path loss model with the
empirical measurement data collected from the CDMA network in the urban area, the limitations would be
overcome and thus applicable for all condition in path loss prediction with high accuracy. This model is useful
for telecommunication providers to enhance the satisfaction of the mobile users.
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4. Recommendation for Future Work
Based on the obtained results, the path loss is proportional to the T-R separation distance. This is due to the weak
signal strength obtained when the mobile station is situated far away from the base station. There are more losses
on the receive signal and this could have caused a high value of path loss. Thus, more sample points with
average value will assist in higher accuracy for path loss calculation. However, there are some limitations in the
collection of data. The targeted distance to be tested during test drive is only around 5km due to intensive high
rise buildings in the city, constraints such as fly-over bridges, and the restricted private area etc. Furthermore, the
optimized path loss model may not predict accurately the path loss if it is implemented in other urban areas with
different city structures and terrain profiles.
This project is studied in the CDMA network. It is recommended to have further intensive study in other
communication network such as GSM900, GSM1900, WIMAX, and LTE in the future. There are more typical
environments and cities like Malaysia that are not covered in this project. The measurement data should be
collected from the urban city in different locations such as Penang, Johor and Malacca.
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Table 1. The collected measurements from Base Station 1

The measured path loss is calculated based on the empirical measurements collected from base station 1.
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Table 2. The collected measurements from Base Station 2

The measured path loss is calculated based on the empirical measurements collected from base station 2.
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Table 3. The collected measurements from Base Station 3

The measured path loss is calculated based on the empirical measurements collected from base station 3.
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Table 4. The collected measurements from Base Station 4

The measured path loss is calculated based on the empirical measurements collected from base station 4.
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Table 5. The collected measurements from Base Station 5 for path loss calculation and validation test

The measured path loss is calculated based on the empirical measurements collected from base station 5.
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Figure 1. The location of four transmitters in KL City Centre
Figure 1 shows the site map where measurements are taken. The four transmitters are set in the center of the
hexagon cell with six different routes designated as a, b, c, d, e and f.
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Figure 2. The measured path loss VS the prediction path loss by the existing path loss models
Figure 2 shows the measured path loss and the empirical path losses that calculated by using the existing path
loss models. The path losses are plotted versus the separation distance of mobile station and base station.

Figure 3. The mean relative error of measurement path loss to the existing path loss models
In deriving the minimum mean relative error of measured path loss to the reference path loss models, the
Okumura’s model has the smallest mean relative error among the path loss models of 10.46% as shown in Figure
3.
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Figure 4. The new empirical linear line is developed by using regression fitting method
Figure 4 shows the new empirical linear line which is developed using the regression fitting method. The
Okumura’s model and measured path loss is plotted in dB versus T-R separation in log form. As a result, new
empirical linear line y=6.8969x + 89.569 is obtained and this line will be used as reference for the best suited
path loss model optimization.

Figure 5. The Okumura’s linear line is optimized to approximate to the new empirical linear line.
Figure 5 shows the best suitable path loss model, the Okumura’s model of which is chosen for path loss model
optimization. The linear line of Okumura’s model (y=9.025x + 82.422) is plotted and optimized to approximate
the new empirical linear line (y=6.8969x + 89.569).
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Figure 6. The Okumura’s linear line has been optimized and approximated to the new empirical linear line
Figure 6 shows that Okumura linear line has been successfully optimized and it is approximated to the new
empirical linear line based on the smallest mean relative error. Overall, the mean relative error has improved
from 3.50629% to 0.00009%, where the value of A, B, C, D, E and F are determined.

Figure 7. The base station to be tested in the validation process
Figure 7 shows the location of the base station 05 in Petaling Jaya city centre. The test drive has been performed
in this area for measurement data collection. These measurement data will be used for path loss calculation and
be compared to the path loss calculated by the existing path loss models and optimized path loss model.
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Figure 8. The measured path loss VS the prediction path loss by the existing path loss models and the optimized
path loss model
Figure 8 shows the measured path loss and the empirical path losses that calculated by using the existing path
loss models and the optimized Okumura’s model. The path losses are plotted versus the separation distance of
mobile station and base station.

Figure 9. The mean relative error of measured path loss of BTS05 to the existing path loss and the optimized
path loss model
The optimized path loss model is applied in the calculation of the path loss and had proven to be more accurate
with smaller mean relative error up to 6.67% as shown in Figure 9. Thus, it can be concluded that the optimized
path loss model is reliable to be used in the Malaysia CDMA system for link budget prediction.

42

ISSN 1913-1844

E-ISSN 1913-1852

