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 A very vital factor in mobile cellular network projects is the ability to make an exact 

prediction of radio frequency (RF) propagation loss bahaviour as a function of distance 

between transmitter and receiver, within an environment. An exact RF propagation loss 

model will assist tremendously in coping up with new challenges of the field of 
communication such as appropriate design, deployment, and service management 

strategies for any wireless network. In the present study, empirically computed 

propagation loss data has been determined using measured field strength data from six 
the base stations sites belonging to two GSM network operators. Finally the computed 

propagation loss data were verified against the simulated data using Hata, COST 231 

Hata and Walficsh-Ikegami model. This is done in order to find out most suitable 
model for the study locations. The results show that Hata model outperformed the other 

two propagation models selected for comparison.  
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INTRODUCTION 

 

 Any radio communication system can be viewed 

as a link between a source and a destination via a 

propagation channel where information is sent from 

the source and received at the destination. The 

transmitter takes the information from the source and 

codes it in a form suitable for transfer over the 

channel such that the cost of transmission is minimal. 

The channel describes how the electromagnetic 

propagation of a transmitted signal provides that 

signal at the receiver. Finally, as the radio waves 

travel from the transmitting antenna via the 

propagation channel to the receiving antenna, they 

suffer attenuation resulting to what is known as 

propagation loss. Propagation in this context simply 

implies the transfer or transmission of signals from 

the transmitter to the receiver. Thus, the transmitted 

signal between the receiver and the transmitter 

undergo distortion many ways, as a result of different 

propagation mechanisms, such as free-space loss, 

multipath fading, refraction, diffraction, reflection, 

aperture-medium coupling loss, and absorption 

losses. Other factors that influence propagation of 

signal from source to destination include (Katiyar, D. 

and V. Mittal, 2014): terrain contours, environment 

(urban or rural, vegetation and foliage), propagation 

medium (dry or moist air), the distance between the 

transmitter and the receiver, and the height and 

location of antennas.  

 All these factors highlighted above contribute to 

variation in the signal level and a varying signal 

coverage and quality in the network. Specifically, it 

has been established in some previous works 

(Kwakkernaat, M.R.J.A.E. and M.H.A.J. Herben, 

2011; Prasad, M.V.S.N., 2012) that the 

aforementioned propagation phenomena can cause 

unexpectedly poor performance, which often 

manifest through reduced coverage, dropped calls 

and unexpected handovers in cellular networks.  

 This paper presents a brief description on data 

collection along with the model selection 

methodology from field measurements collection. 

 

Basics and Importance of Radio Propagation Loss 

Modelling: 

 A crucial aspect of wireless communications is 

the degradation of radio signals as they propagate 

from a transmitter to an intended receiver. Radio 

propagation models are empirical mathematical 

formulation for the prediction of radio signal 

propagation loss bahaviour as a function of distance 

between transmitter and receiver, function of 

frequency and function of other condition. They are 

special tools for predicting what happens to signals 

en route from the transmitter to the receiver. 
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Empirical propagation models are often used to 

determine how many cell sites are required to 

provide the coverage needed for a wireless network. 

In addition, they are very helpful to mobile radio 

service providers for planning their networks because 

they allow optimization of the cell coverage while 

minimizing the intercell interference. Moreover, 

Propagation models are useful for predicting signal 

attenuation or path loss. This path loss information 

may be used as a controlling factor for system 

performance or coverage so as to achieve perfect 

reception (Akkasli, C., 2009). Knowledge of suitable 

propagation pathloss prediction method helps to 

optimize the signal levels and reduces interference to 

neighboring users. The propagation model also helps 

to determine where cell sites should be located to 

achieve an optimal position in the network. If the 

propagation model used is not effective in providing 

a realistic path loss estimate, the probability of 

incorrectly deploying a cell site will be high. 

Propagation loss modelling and prediction plays a 

crucial role in link budget analysis and in the cell 

coverage prediction of mobile radio systems, 

especially in urban areas, where increasing numbers 

of subscribers brings forth the need for more base 

stations and channels. To obtain high efficiency from 

the frequency reuse concept in modern cellular 

systems one has to eliminate the interference at the 

cell boundaries. Determining the cell size properly is 

done by using an accurate path loss prediction 

method (Abhayawardhana, V.S., 2005). 

 

Radio propagation Model Types: 

 Over the years a wide variety of approaches 

have been developed to predict signal propagation 

loss using propagation models. Today, propagation 

models can be divided into three main types, namely 

the empirical models, semi-empirical models and 

deterministic models. Empirical models are based on 

measurement data, statistical properties and a few 

other parameters, examples being the Okumura 

model and the Hata model. Semi-empirical models 

are based on the combination of both empirical 

models and deterministic models. Cost-231 and 

Walficsh-Ikegami is typical example of this model. 

Deterministic models on the other hand are site-

specific, requiring enormous numbers of geometry 

information about the city, computational effort in 

analytically deriving a more accurate, but require 

very complex input.  

 Generally, radio propagation loss can be 

modeled using a variety of methods, some of which 

are discussed below. 

 

Log-distance propagation model:  
 Log-distance propagation model defines the 

strength of the signal lost during propagation from 

transmitter to receiver. It usually used to estimate the 

path loss exponent in the first stage of model 

calibration (Yesim Hanci, B. and I. Hakki Cavdar, 

2004), This model provides the direct relationship 

between path loss and distance between transmitter 

and receiver. It is derived from the mathematical 

expression in equation (1):  

PL (d) α (𝑑)
-n

            (1)  

 In its simplest logarithm form, equation (1) is 

usually expressed in dB using equation (2)  

PL (d) = PL (do) +10nlog (𝑑)                                  (2) 

 PL is the Log-distance propagation model in 

decibels; PL (do) is the free path loss which is usually 

determined at some specific reference distance, do 

from the transmitted signal; d is the distance between 

the transmitter and receiver in meters, n is a path loss 

exponent and it value depend on specific propagation 

environment. 

 

Hata propagation pathloss Model: 

 Hata model is a well known classical empirical 

model for predicting radio signal attenuation loss. 

These models are developed by combining 

propagation theory and extensive measurement 

campaigns. The model takes several parameters into 

account like effective antenna height, terrain type 

(morphology), and terrain height (topography), 

frequency, EIRP, etc. The Hata model for different 

propagation terrain is given as (Hata, M., 1981): 

Urban areas: L (dB) = A + B log R –E                   (3) 

Suburban areas: L (dB) = A + B log R –C             (4) 

Open areas: L (dB) = A + B log R –D                    (5)  

 Where A = 69.55 + 26.16 log𝑓𝑐  -13.82 log hb  

 B = 44.9 – 6.55 log hb 

 C = 2(log (𝑓𝑐  /28)) 2 + 5.4 

 D = 4.78(log𝑓𝑐) 2 + 18.33 log𝑓𝑐  + 40.94  

 E = 3.2(log (11.75 hm)) 2 – 4.97 for large cities, 𝑓𝑐  ≥ 

300MHz  

 E = 8.29(log (1.54 hm)) 2 – 1.1 for large cities, 𝑓𝑐  < 

300MHz 

 E = (1.1log𝑓𝑐 − 0.7) hm – (1.56 log𝑓𝑐 − 0.8) for 

medium to small cities 

 Other important models also examined in this 

paper are the COST 231 Hata model and Walficsh-

Ikegami model. The COST 231 model is an 

extension of Hata model, applicable for frequencies 

from 1.5 to 2GHz, with receiving antenna heights up 

to 10m and transmitting antenna heights of 30 – 

200m (Hata, M., 1981). Similar to Hata model, 

COST 231 Hata model is also used for prediction of 

path loss for mobile wireless system in different 

propagation environments such as urban, suburban 

and rural (flat) environments, but with different 

correction factors. 

 On the other the hand, COST 231 (Walfisch and 

Ikegami) Model is a combination of the models from 

J. Walfisch and F. Ikegami (Parsons, J.D., 1992). It 

was further developed by the COST 231 project. It is 

now called Empirical COST-Walfisch-Ikegami 

Model. The frequency ranges from 800 MHz to 2000 

MHz. 
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MATERIALS AND METHOD 

 

Determination of Propagation Loss from Field 

Strength: 

 

Electric field strength in Volts/meter from a base 

station antenna is related to the power density from 

same source by the mathemeatical expression given 

in equation (6) (Isabona, J. and I. Odesanya, 

2015)[9]:  

 

PE 120                                                      (6) 

  Where: E= rms value of field strength in V/m 

 P= power density in W/m
2
 

 120π= impedance of free space in Ohms 

 Equation (6) showed that electric field strength, 

E is directly proportional to the square root of the 

power density. To determine the power received by 

the antenna, we multiply the power density by the 

receiving area of the antenna, Ar. The receiving 

antenna is defined by equation (7): 





4

2G
Ar                (7) 

 where G is the antenna gain and it is related to 

its effective aperture A by, 

2

4



A
G                (8) 

 The power received by the antenna, Pr is then 

defined by expression in equation (9): 

 



4
Pr

2PG
               (9) 

 where λ is the wavelength in meter.  

 Combining equation (9) with the field strength 

in equation (6), yields  

304
Pr

22
E

G 












           (10) 

 Since
f

C
 , C being the speed meter/second 

and f the frequency in Hertz, then equation (10) can 

be rewritten as: 

304
Pr

22

E

f

C
G 











           (11) 

 Converting from a linear equation to logarithm 

and with f in MHz, we have: 

77.14log2098.1212054.169Pr  GEf   
(12) 

 Adding all the constants in equation (7) together 

gives: 

78.12log20Pr  fGE          (13) 

 But the power received is also equal to the 

power transmitted, Pt minus the signal propagation 

loss, PL as shown in equation (14): 

LPPtPr            (14) 

 With respect to equations (13) and (14), the 

relationship between the propagation loss, PL and 

field strength, E can be calculated by equation (15). 

That is, 

78.12log20  fPGPtE L  

)/( mVdB           (15) 

 To convert )/( mVdB  to )/( mVdB  , 120 is 

added and equation (15) becomes 
12078.12log20  fPGPtE L  )/( mVdB   

             (16) 

 In terms of propagation loss, PL, equation (14) 

can be rewritten as: 

12078.12log20  EfGPtPL  dB          (17) 

 Thus, the measured propagation loss is 

determined from measured electric field strength as 

in equation (17), where Pt and f are the transmitting 

power and frequency of the GSM base station 

antennas used for the study 

 

Measurement Campaign: 

 Six distinctive GSM sites belonging to MTN and 

GLO GSM service providers were chosen for the 

study in the study location. The chosen sites 

represented the average terrain variation in the area. 

That means that the sites were selected to represent 

the average terrain variation and the most common 

propagation characteristics of the area under study. 

GSM signals operates at frequency 1800MHz. Using 

an electromagnetic field tester (Model: EMF 827, 

Extech), a fiber measuring tape and global 

positioning system (GPS), the GSM electric field 

strength signals measurements were carried out up to 

100 m from each base station antenna at intervals of 

5 meters. The meter is a broad band device for 

monitoring high frequency radiation in range of 50 

MHz to 3.6GHz. It is used in three axis (isotropic) 

measurement mode and five digits LCD display 

offers mV/m, V/m, µA/m, mA/m, A/m, µW/m
2
, 

mW/m and µW/cm. The electric field measurements 

are given in mW/m
2
. The sensor was positioned in 

both the vertical and horizontal directions, and the 

values of Electric field strength (E) were recorded. 

The mean values at each of the distances were 

determined and the values of the measured field 

strength (µV/ m) were converted to the propagation 

loss data for each of the GSM base station site using 

the mathematical expression in equation (17) 

analytically derived in section 3 below  

 

RESULTS AND DISCUSSION 

 

(a) Analysis of Field Strength Propagation Loss 

Data: 

 Table 1 and Figures 1 and 2 shows measured 

propagation loss results from the two network 

operators (i.e., GLO and MTN) used in study 

locations. The measured propagation loss data were 

extracted from the field strength data obtained using 

equation (12). As expected, the propagation loss data 

fluctuates and decreases very slowly as the T-R 

separation distances between the base station and 

mobile stations increases. The fluctuations may be 

presumably due to differences in physical 
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parameters, (e.g. input power of the base station), in 

measurement protocol, (e.g. position of the 

measurement antenna in relation to the base station 

antenna and its main lobe), and in the type and 

characteristics of the measurement site (e.g. Side 

lobe effects, attenuation and obstacles like buildings, 

trees, ground reflections etc). 

 

(b) Comparison of Measured Propagation Loss 

with other Models: 

 At this juncture, path loss predictions are made 

using Hata model, Cost-231 Hata model, and W/I 

model (as denoted by WNLOS) in comparison with 

the measured field strength propagation loss data. As 

can been seen in figures 3 and 4, by comparing the 

measured values and two theoretical path loss, Hata 

model is found to be the best suited prediction 

model. These results agreed with our previous work 

in, where Hata model was also selected to be the best 

suitable model the study locations. Again, this has 

proven the authenticity of the propagation pathloss 

computation methodology adopted in this paper 

However, the little differences that exist between the 

measurement and Hata pathloss especially at lower 

distances in figures 3 and 4 can be taken care of 

better prediction accuracy, using Least Square tuning 

algorithm.  

 
Table 1: Measured Propagation loss data for the two Network operators, i.e., GLO and MTN. 

 Measured Propagation loss, Pl for GLO  Measured Propagation loss, Pl for MTN  

T-R 

Separation 
(m) 

Pl(dB), 

GLO 1 

Pl(dB), 

GLO 2 

Pl(dB), 

GLO 3 

Mean Pl 

(dB), GLO 

Pl(dB), 

MTN 1 

Pl(dB), 

MTN 2 

Pl(dB), 

MTN 3 

Mean Pl (dB), 

MTN 

10 79.68 86.03 83.65 82.85 77.35 82.7 86.03 82.51 

15 80.43 82.37 82.90 82.71 77.26 84.06 82.37 82.98 

20 77.83 81.23 83.40 83.13 78.52 84.59 81.23 84.12 

25 79.07 82.02 81.65 84.45 76.57 83.93 82.02 81.70 

30 78.45 81.10 81.18 84.82 77.06 77.99 81.10 80.30 

35 79.18 76.46 80.09 85.44 76.90 81.97 76.46 83.02 

40 80.04 76.96 81.58 85.04 80.70 85.80 76.96 84.73 

45 83.92 80.47 82.80 83.76 83.36 83.89 80.47 85.42 

50 83.51 81.03 83.85 87.15 83.42 83.92 81.03 84.90 

55 82.74 81.52 87.17 86.97 80.05 80.78 81.52 82.38 

60 86.19 80.78 84.61 87.96 79.31 80.79 80.78 82.05 

65 84.92 81.80 87.10 88.72 78.64 79.97 81.80 82.37 

70 85.34 83.53 85.94 88.92 82.52 80.08 83.53 81.89 

75 86.25 86.06 89.14 86.73 82.68 79.18 86.06 82.70 

80 83.37 86.54 88.00 87.04 82.36 76.48 86.54 81.85 

85 81.77 85.12 88.40 87.30 85.97 77.72 85.12 83.45 

90 85.36 81.94 87.72 87.87 81.98 81.40 81.94 90.95 

95 85.39 81.11 88.2438 87.30 82.05 83.10 81.11 84.85 

100 85.35 82.69 89.20 87.87 82.66 83.08 82.69 84.68 

 

 
 

Fig. 1: Propagation loss data versus T-R separation distances for GMS Operator 1. 
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Fig. 2: Propagation loss data versus T-R separation distances for GMS Operator 2. 

 

 
 

Fig. 3: Measured and existing Propagation loss data as a function of T-R separation distances for GMS Operator 

  1. 

 

 
 

Fig. 3: Measured and existing Propagation loss data as a function of T-R separation distances for GMS Operator 

  2. 

 

Conclusion: 

 This paper deals with propagation loss 

computation method based on field strength data 

obtained from two GSM network operators. By 

comparing the measured values with that of Hata, 

COST 231 Hata and Walficsh-Ikegami theoretical 

path loss, Hata model was found to be the best suited 

prediction model. This results agreed with our 

previous work in [], where Hata model was also 

selected to be the best suitable model the study 

locations. And this in turn has proved the uniqueness 

of the propagation pathloss computation 

methodology adopted in this paper. However, the 

little differences that exist between the measurement 

and Hata pathloss especially at lower distances can 

be taken care of better prediction accuracy, using 

least square tuning algorithm and this slated for our 

further study. In summary, it should be noted that 

this method is not only to GSM network, but can 

extended for propagation loss computation in other 

higher networks such as UMTS and LTE. 
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