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ABSTRACT 

 
In this paper, tuning of COST-231 Hata prediction method has been carried out based on 

experiments at 2.3 GHz using WiMAX transmissions conducted in western India. Fine tuning of 

the model is carried out using large number of measurement records to increase the accuracy of 

the prediction. The parameters of this model are tuned based on a linear iterative tuning 

method. The path loss predictions of tuned model are compared with the original COST-231 

Hata model. Mean errors, standard deviation of error of tuned COST-231 Hata model has been 

deduced and compared with original COST-231Hata model. Mean error calculated by tuned 

model reduces by 14.3 dB and reduction of 3.5 dB is achieved in standard deviation of error.   

Root mean square error and coefficient of variation of tuned model are used to validate the 

tuning method. Root mean square error of tuned model reduces by 14.4 dB compared with the 

original COST-231 Hata model. 
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1. INTRODUCTION 

 
The propagation model fine-tuning is one of the most important issues in efficient network 

planning. Technology specific radio network planning (RNP) is required to have guaranteed 

Quality of Services (QoS). The key aspects of RNP in a specific frequency band are coverage, 

capacity, QoS and interference. For specific equipment and frequency band, the propagation 

model is the key parameter for RNP. Propagation models are used extensively in network 

planning, particularly for conducting feasibility studies and performing initial system deployment. 

Recent developments in the telecom sector of India showing the Government’s initiative for the 

coverage of rural and urban areas with broadband systems spurred lots of activity in the WiMAX 

systems based on IEEE 802.16 standard. In the WiMAX technology, spectrum managers in India 

are allocating either 2.3 or 3.5 GHz band depending on availability. To determine characteristics  
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of channel, testing of actual propagation model and tuning is required to obtain propagation 

model which reflects radio propagation characteristics exactly. Several kinds of popular radio 

network planning software as ASSET software of AIRCOM Company in England, PLANET 

software of MARCONI Company in England and ATOLL software of FOSK Company in France 

[1] are used for propagation model tuning.  

 

Medeisis and Kajackas [2] presented the tuned Okumura Hata model in urban and rural zones at 

Lituania at 160, 450, 900 and 1800 MHz bands. Prasad etal. has carried out tuning of COST-231 

Hata model based on various data sets generated over various regions of India [3].  Mardeni & 

Priya [4] presented optimized COST-231 Hata model to predict path loss for suburban and open 

urban environments in the 2360-2390MHz based as described in [5]. In [6], tuning method for 

COST-231 Hata model using least square theory is described which relates to many tuning 

parameters but the iterative tuning process is relatively complicated. Yang & Shi [7] proposed a 

simple linear iterative tuning method and obtained an exact outdoor propagation model fitting for 

3G system. A preliminary study on prediction methods involving seven base stations in dense 

urban region of Mumbai, India has been reported [8] in which COST-231 Hata gave 

comparatively good agreement with the measured data as compared to other models. COST-231 

Hata is fit for forecasting path loss of great cell communication system in different city 

environment. Furthermore because this model adds a big city tuning parameter, when it is used to 

network planning for different types of cities, the anticipative effect can be achieved easily. So in 

this paper fine tuning of COST-231 Hata has been carried out and tuning parameters were 

deduced based on the approach of Yang and Shi [7]. The experimental data utilized in this study 

corresponds to 2.3 GHz WiMAX radio measurements of seventeen base stations in mixed 

environments, carried out in western India. Statistical analysis of tuned COST-231Hata and 

original COST-231 Hata models also has been presented. 

 

This paper is organized as follows. In Section II, experimental details have been provided. This is 

followed by description of tuning methodology in Section III. Results on statistical analysis and 

its validation are given in Section IV. Conclusions are presented in Section V.  

 

 2. EXPERIMENTAL DETAILS 

 
2.1. Equipment Description 

 
The details of the seventeen base stations are shown in Table I. The transmitting antenna used in 

the present study was the omni-directional antenna TW2.3/OMNI/8dB [9]. The transmitter used 

for experiment was Tortoise dual-band transmitter from Berkeley Varitronics Systems. The 

receiver used is Coyote dual-band receiver from Berkeley Varitronics System [10]. The averaging 

of 512 samples per second in temporal and spatial zone is carried out. The omni-directional 

receiver antenna with 2 dBi gain was used for the present study. The calculated average received 

power has been used to estimate the path loss corresponding to each measurement. 

 

2.2. Environmental Details 

 
The collected data have been acquired in mixed environment of Mumbai city, India. The clutter 

diagram gives a feel of the environment. In the present study, mixed environment is divided in 

three categories. First category consists nine base stations; Asiana (AHN), Asmita Breeze (ATB), 

Indrapuri (IDP), Kshurjay (KSJ), Shroff tower (SFT), Sita Smruti (SST), Sarkar Plaza (SKR) & 

Hare krishna (HKC) , having partly dense urban, partly light dense urban and partly open with 

marginal coastal zones.  All the nine sites are situated in urban area of Mumbai, India, as shown 
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in Fig. 1. The clutter environments of these sites are shown in different colors in the legend of 

Fig. 1.  

 

 

 

Fig.1 Clutter environment for experimental sites (AHN, ATB, IDP, KSJ, SFT, SST, SKR, HKC) 

 

AHN is surrounded by skyscraper buildings at southern and western sides, while, on eastern side, 

it has coastal environment which starts at 0.8 km from AHN base station. ATB base station lies in 

dense urban region and from 0.2 km onwards from the base station, the region comes under open 

category. Northern and western sides have open region start from .2 km and 0.4 km respectively 

from the ATB base station. IDP is fully urban in nature, which is surrounded by open regions up 

to small distances in southern and eastern side. KSJ lies in urban region with skyscrapers at short 

distances. SFT Base station lies in dense urban region and is surrounded by light dense urban up 

to 0.6  km in eastern side. Coastal zone starts at 0.7 km from the SFT base station. SST base 

station is also surrounded by light dense urban environment up to small distances. HKC lie in 

urban region and the region extending 1.2 km east side and 0.6 km north side from HKC base 

station is open area. Eastern side of SKR is coastal zone which starts at .6 km from base station 

SKR and southern side has skyscrapers at 0.6 km from base station. 

 

The second category is partly urban, partly open, partly low density vegetation. Low density 

vegetation consists of residential environment mixed with trees. The following stations come 

under this category; Konark darshan (KKD), Sahara Plaza (SP), Vertex Vikas (VXV), Newgreen 

Lawn (NGL), Crystal tower (CTL) and Pinki Cinema (PKY), as shown in Fig. 2. 

 

KKD base station lies in urban region and is surrounded by low density vegetation environment 

up to small distances. The region around the base station SP is low density vegetation. VXV is 

fully surrounded by urban environment and low density vegetation is present towards south side 
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after 0.2 km from VXV base station site. NGL lies in urban region and surrounded by open area. 

CTL is having varying tree density with irregular terrain in North-East direction start from 0.2 km 

from CTL base station. 

  

 

 

 

Fig. 2 Clutter environment for experimental sites: Konark darshan (KKD), Sahara Plaza (SP), 

Vertex Vikas (VXV), Newgreen Lawn (NGL), Crystal tower (CTL) and Pinki Cinema (PKY) 

 

PKY is surrounded by low density urban environments at eastern side and western sides at 0.2 km 

and 0.7 km from base station respectively.  Base stations in third category are partly urban, partly 

light dense urban and partly industrial zone. The base station includes in this category are 

Virkrupa (VKP), Voltas (VLT) and Lily Apartments (LYA), as shown in Fig. 3. 
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Fig. 3 Clutter environment for experimental sites: Virkrupa (VKP), Voltas (VLT) and Lily 

Apartments (LYA). 

 

VKP lies in urban region with industrial zone appear in eastern side of VKP base station at 0.3 

km. Industrial area covers entire eastern side of VLT base station. LYA lie in urban region with 

northern and southern - eastern side industrial region and western side of LYA base station is 

light dense urban. 

 

3.  METHODOLOGY 

 
3.1 COST-231 Hata Model 

 
This is an extension of Okumura-Hata model, applicable for frequencies from 1.5 to 2GHz, with 

receiving antenna  heights up to 10m and transmitting antenna heights of 30 – 200m [11]. It is 

used for prediction of path loss for mobile wireless system in urban environments. COST-

231Hata model contains corrections for urban, suburban and rural (flat) environments [12]. 

Although its frequency range is outside that of our  measurements, its simplicity and the 

availability of correction factors has allowed us to use it for path loss prediction at this frequency. 

Furthermore, this model is the basis for the Standard Propagation Model which is used for path 

loss modelling in WiMAX systems [13]. 

 

The basic equation for the path loss in dB [14] is  

( ) ( )1...................................................................................loglog55.69.44

)(log82.13log9.333.46

mt

rt

cdh

hahfPL

+−

+−−+=
 

 

where f is the frequency in MHz , d is the distance between transmitting  and receiving antennas 

in km, th  is the transmitting antenna height above ground level in meters (m). The correction 

factor mc  is defined as 0 dB for suburban or open environments and 3 dB for urban environment. 

The term )( rha is defined for urban and suburban environments respectively as 
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where rh  is the receiving antenna height above ground level.  

For sites having partly dense urban, partly light dense urban and partly open with marginal 

coastal zones and sites having partly urban, partly light dense urban and partly industrial zone, 

path loss is calculated using (1) and (3) with mc  value 3 dB whereas sites with partly urban, 

partly open, partly low density vegetation, path loss is calculated using (1) and (3) with  mc  value 

0 dB. 

 

3.2 Tuning Methodology 

 
Due to the different characteristics of the environment for which the models have been made, a 

tuning procedure is needed to adjust model parameters to the measured data. The approach given 

by Yang and Shi [7] has been utilized in the present study. It is given as [15] 
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where 
51 KtoK  are model tuning parameters , d is the distance between transmitting  and 

receiving antennas in km , 
th  is the transmitting antenna height above ground level in meters (m),  

f is the frequency in MHz, rh  is the receiving antenna height above ground level in meters and 

)( rha is same as above.  For each test of a certain station, f, rh  are all fixed value except d so the 

tuning aims for 1K & 2K . An attempt has been made to tune the value of  1K  & 2K with the help 

of measured results. The accuracy of the prediction model in different environments can be 

improved by proper tuning of these two parameters. The path loss formula of tuned propagation 

model is written as [7] 
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where 1K + 1C  is the 1K  after  model tuning,  2K + 2C is the 2K after model tuning  and 1K , 2K , 

3K  keep their values in COST231Hata model  unchangeable. The parameters 1C  and 2C  are 

calculated from [7]. 

 

4. RESULTS 

 
Using above stated approach tuned parameters C1 and C2 for the above base stations have been 

deduced and depicted in Table II. Apart from C1 and C2, Table II consists of K1 +C1 and K2 + C2 

where K1 and K2 are the original parameters of COST231Hata model. Here for first category, C1 

varies from 1.9 to 19.9 and C2 carries value from -8.2 to -0.7 except SKR base station having C2 

value 2.1. Taking into account the low density vegetation for second category, C1 varies from 5.7 

to 16.1 and C2 lies in 2.3 to 14.0 range, except KKD with C2 is -4.6. This may be due to low 

density vegetation which is surrounded KKD base station up to small distances from all sides. For 

the base stations which lie in partly urban, partly light dense urban, partly industrial zone, C1 

varies from 2.2 to 7.9 and C2 has the value 3.7 and 6.4 for VLT and LYA respectively whereas 
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for VKP C2 has the value -1.0  because of  open environment in south and industrial region in 

eastern direction. 

 

4.1 Validation of Tuned Results 

 
The measured path losses have been compared with those deduced from classical COST-231 Hata 

model and tuned COST-231 Hata model. Typical figures corresponding to each category are 

shown in Figs. 4-6. The remaining figures are not shown due to lack of space.  

 

Analysis of Mean prediction error, error’s standard deviation,  root mean square error (RMSE) 

and coefficient of variation( measure of how well the fitted curve represents the data) , for tuned 

COST-231Hata and original  COST-231Hata model have been done using  (6), (7), (8) and (9)  as 

shown in Table II.  
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where iŷ  denotes the predicted value of data iy , iy  is the mean of measured data and M is the 

number of observations taken. 

 

 From Table II, the following observations have been  made.  

 

In the first category, the path loss predicted by tuned model follows the measured path loss 

closely (Fig. 4) and mean error reduces 0.4 -14.3 dB from original COST-231 Hata. This large 

variation in prediction error of tuned model may be due to presence of open environment with 

coastal area in low density urban area. In our analysis error’ standard deviation lies in the range of 

3.8 – 5.3 dB , less as compared to standard deviation range 4.4 – 8.4 dB of classical COST-231 

Hata model. Error’s standard deviation reduces up to 3.5 dB for SFT base station. Mardeni & 

Riya [4] found the standard deviation of error ranges from 0.3 - 4.3 dB and 1.1 - 4.2 dB at 

distances ranging from 100m to 1000m for receiver antenna height 2m and 4m respectively for 

suburban environment. RMS errors have obtained a maximum   improvement of about 14.4 dB 

for SFT base station and a minimum improvement around 0.4 dB for IDP base station. RMSE for 

tuned model ranges from 6.6 – 9.2 dB whereas for original COST-231 Hata model this range is 

6.9 -21.3 dB. For SST base station, tuned model implies that about 70 % of the total variation in 

the measured data can be explained by the linear relationship between the estimated and 

measured data whereas only 30% of the measured data are explained using the classical COST-

231 Hata model. For the rest seven base stations, coefficient of variation of tuned model varies 

from 60.0%  - 80.0%. 
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For second category, reduction in mean error ranges from 0.9 – 12.5 dB and maximum reduction 

of 2.8 dB is achieved for error’s standard deviation of COST-231 Hata model. Error’ standard 

deviation lies in the range of 4.1 – 6.1dB, less as compared to standard deviation range 4.8 - 7.5 

dB of original COST-231 Hata model. Yang & Shi gave the reduction in error’s standard 

deviation compared with classical COST-231 Hata model of  0.03 dB for suburban and medium 

sized cities. Mardeni & Riya  [4] found the standard deviation of error ranges from 0.3 - 4.3 dB 

and 1.1 - 4.2 dB at distances ranging from 100m to 1000m for receiver antenna height 2m and 4m 

respectively for suburban environment. Reduction in RMSE from 1.6 -10.8 dB is achieved by 

tuning of model. Coefficient of variation of classical COST231Hata model is 0.1 - 0.4 dB 

whereas after tuning it increases 0.5 - 0.7 dB. 

 

For third category, mean prediction error is reduced by 0.3 – 3.4 dB and reduction in error’s 

standard deviation compared with classical COST231Hata model is up to 1.2 dB is achieved.  

Error’s standard deviation ranges from 4.5 – 5.6 dB for original COST-231 Hata whereas for 

tuned model this ranges from 4.2 – 5.1 dB. RMSE for tuned model varies from 7.1 – 8.2 dB 

whereas classical model has 8.1 -10.7 dB. VKP base station, tuned model implies that about 90 % 

of the total variation in the measured data can be explained by the linear relationship between the 

estimated and measured data whereas only 40% of the measured data are explained using the 

original COST-231 Hata model. It can be seen from Table II that the mean prediction error, 

error’s standard deviation, RMSE of the tuned model are all less than the original COST-231Hata 

model.  This above discussion indicates that the prediction of tuned model has more accuracy 

towards the measurements as compared to original COST-231 Hata model. 

 

5. CONCLUSION 

 
An experimental campaign was conducted in the urban, coastal, industrial region of Mumbai 

using WiMAX OFDM transmissions at 2.3 GHz, for seventeen base stations. A linear-iterative 

tuning method using least square theory is used to tune COST-231Hata propagation model in 

terrain having partly dense urban, partly light dense urban, partly open with marginal coastal 

zones; partly urban, partly open, partly low density vegetation environment and partly urban, low 

density urban, industrial environment. Optimally tuned values of K1 and K2 are deduced for best 

matching between the measured and tuned path loss values and it shows the ability of the tuned 

model in the reduction of the prediction error. This demonstrates that the tuning of K1 and K2 

parameters can be effectively utilized for predicting the network plan closer to the actual scenario. 

Mean errors, error’s standard deviation, root mean square error and coefficient of determination 

of tuned model is deduced and compared with classical COST-231 Hata.  It is shown that average 

error of predicted data, error’s standard deviation and  RMSE, calculated by tuned model  reduces 

up to 14.3 dB, 3.5 dB and 14.4 dB  respectively and up to 90% of the total variation in the 

measured data can be explained by the linear relationship between the tuned and measured data 

which accords with the requirement of mobile communication. The tuned model shows high 

accuracy and is able to predict path loss with small standard deviation as compared to original 

COST-231 Hata model. Also, these results can be utilized to predict the signal level, path losses 

in these regions and can be compared to future datasets which will be generated in this region at 

various frequencies. 
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Fig. 4. Comparison of tuned model predicted losses with the measurements and the COST-231 

Hata  model for AHN  Base station 

 

Fig. 5. Comparison of tuned model predicted losses with the measurements and the COST-231 

Hata  model for SP Base station 
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Fig.6. Comparison of tuned model predicted losses with the measurements and the COST-231 

Hata  model for VKP Base station 

 

TABLE I 

                   Experimental Details and Tuned Parameters Of Seventeen Base Stations 

 

 

 

 

 

 

Categories 

 

Sites Name 

 

Height of transmitting 

antenna (m) 
Tuned Parameters 

C1 C2 K1+C1 K2+C2 

First Category 

Asiana(AHN) 47 5.9 -2.4 52.2 42.5 

Asmita Breeze(ATB) 31 4.5 -2.1 50.8 42.8 

Indrapuri(IDP) 27 1.9 -6.0 48.2 38.9 

Kshurjay(KSJ) 27 5.4 -7.6 51.7 37.3 

Shroff tower(SFT) 31 19.9 -8.2 66.2 36.7 

Sita Smruti(SST) 36 8.5 -3.8 54.8 41.1 

Hare Krishna(HKC) 37 11.6 2.1 57.9 47.0 

Sarkar Plaza(SKR) 35 16.8 -0.7 63.1 44.2 

Second Category 

Konark Darshan 39 8.4 -4.6 54.7 40.3 

Sahara Plaza(SP) 34 9.2 3.5 55.5 48.4 

Vertex Vikas(VXV) 33 11.9 9.6 58.2 54.5 

New Green lawn(NGL) 34 9.2 2.3 55.4 42.6 

Crystal Tower(CTL) 32 16.1 6.6 62.4 51.5 

Pinki Cinema(PKY) 35 5.7 14.0 52.0 58.9 

Third category 

Vircrupa(VKP) 40 7.9 -1.0 54.2 43.9 

Voltas(VLT) 46 2.9 3.7 49.2 48.6 

Lily Apartments(LYA) 36 2.2 6.4 48.5 51.3 

Height of receiving antenna    1.5m  

 

 
Parameters before 

tuning/after tuning 

K1 46.3 

Transmitted power      43dBm K2 44.9 

Average Height of building  25m K3 -13.82 

Average street width 15m K4 -6.55 

Average separation between buildings 30m K5 33.9 
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TABLE II 

Comparison of Statistical  Parameters of COST-231Hata and Tuned  COST-231Hata  Model 
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