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Abstract: In cellular networks, accurate path-loss estimation is highly desirable not only to improve the performance but 

also to realize precise estimation of financial feasibility. In other words, while accurate path-loss estimation helps to achieve an 

acceptable performance and reasonable cost, inaccurate path-loss estimation would either lead to degrade the performance, or 

increase the cost. Different models were introduced in the literature for achieving accurate path-loss estimation. One of theses 

models is the Okumura/Hata model which is recommended for being used to estimate the path-loss in the cellular systems that 

employing micro-cells. It is characterized by its suitability for being used in a variety of environments. The main objective in 

this paper is to provide a guide line for path-loss estimation analysis using Okumura/Hata model. Matlab software was used to 

perform this analysis. Compared with free space model in which frequency and separation distance are the only contributors 

for path-loss, more accurate estimation can be achieved when Okumura/Hata model is used as it includes further correction 

factors, such as mobile station antenna height and base station antenna height. 
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1. Introduction 

One of the main objectives of cellular systems is to 

achieve high capacity (increase the number of user). This 

objective can be realized by creating a distinctive way by 

which the limited frequency spectrum assigned to the cellular 

systems is exploited efficiently. The concept of frequency re-

use in which a segment of specific frequency spectrum can 

be used several times is the key to achieve an efficient exploit 

of the assigned spectrum. In frequency re-use theory, each 

cell within a single cluster represents a replica of one of six 

adjacent cells (co-channel cells) surrounding it. Each co-

channel cell belongs to a neighbor cluster. Although a low-

power transmitter is commonly employed in each cell, a 

sufficient distance should be determined for co-channel cells 

separation to guarantee minimum interference. Although 

interference can also come from the second and higher tires 

co-channel cells, such interference can be ignored as it often 

contributes by less than one percent (1%) of the total 

interference [1]. As a type of communication system, the 

performance of a cellular system is indicated by its signal-to-

noise ratio SNR. While the term signal refers to the power of 

an intended carrier, noise represents the power produced at 

the receiver due to thermal effect plus the sum of the 

unwanted but received powers produced by the co-channel 

cells. For acceptable performance, a cellular system should 

meet a specific value of SNR. SNR may differ from system to 

another. For example, approximately, a minimum SNR value 

of 18 dB or 12 dB is specified for acceptable performance 

when advanced mobile phone system AMPS or global system 

for mobile communication GSM is considered, respectively 

[2]. In cellular systems, a wireless channel is mainly 

characterized by its effects of dispersion and attenuation. 

While dispersion is analyzed to verify the kind of signal 

distortion encountered during propagation, and thus take the 

proper solution to minimize it, attenuation is analyzed to 

estimate the path-loss. Dispersion can be categorized as 

either time-based dispersion or frequency-based dispersion. 

In a wireless channel, a signal might be attenuated due to 

different phenomena, such as reflection, diffraction, or 

scattering. Reflection occurs when a signal that is 

propagating in a medium passes to another medium with 

different properties. Attenuation in this case can be attributed 

to that a part of the incident signal energy is either absorbed 
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or propagated into the reflecting medium. Diffraction is 

defined as the deviation of a signal from its path. It occurs 

when a signal that is propagating in a medium passes into a 

shadow region created by an obstruction. Scattering is 

defined as the spreading of energy out of its intended path. It 

occurs when a signal hits an object whose size is much 

smaller than or on the order of the signal wavelength. 

Accurate path-loss estimation is highly recommended in the 

initial stages of cellular network design to precisely 

determine the number of cell sites required for providing 

coverage in a given area, which leads to achieve a simple 

estimation of financial feasibility. Additionally, accurate 

path-loss estimation can help to realize an acceptable system 

performance. Figure 1(a), (b), and (c) clarifies the 

aforementioned situations in which the estimated path-loss is 

almost equal to the actual path-loss in (a), lower than the 

actual path-loss in (b), or higher than the actual path-loss in 

(c). Moreover, accurate path-loss estimation can help to 

achieve an optimum cell site location [2]. 

 

Figure 1. Effect of accurate and inaccurate path-loss estimation. 

Different models were introduced in the literature for 

achieving accurate path-loss estimation [4] [5] [6] [7] [8]. 

Path-loss models can be categorized according to the 

separation distance as either long-distance prediction models 

intended for macro-cells or short-distance prediction models 

intended for micro-cells. Pico-cells (cells that cover part of a 

building and mainly span from 30 to 100 meters) can be 

included in the short-distance prediction models. Indoor 

prediction models were introduced to estimate the path-loss 

in this case. Figure 2 provides a diagrammatic categorization 

of the path-loss models. They started with the simplest line-

of-sight path-loss model; also referred to as free space 

propagation model. In free space propagation model, no 

obstructions due to earth surface or other obstacles are 

encountered during propagation. Among these models is the 

Okumura/Hata model which is characterized by its suitability 

for being used in a variety of non-line-of-sight environments 

(i.e. typical urban, typical suburban, and rural environments). 

 

Figure 2. Widely used path-loss models. 

Unlike free space model in which frequency and 

separation distance (distance between transmitter and 

receiver) are the only contributors used for estimating the 

path-loss, further factors such as mobile station antenna 

height and base station antenna height are included in the 

Okumura/Hata model to achieve more accurate path-loss 

estimation. In this paper, the author aims to provide a guide 

line for cellular network designers and operators to estimate 

the path-loss using Okumura/Hata model. This paper is 

organized as follows: Section 2 provides theoretical 

background of Free-space path-loss estimation model and 

Okumura/Hatapath-loss estimation model. Results are 

discussed in section 3. Section 4 concludes the paper. 
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2. Theoretical Background 

In cellular networks, accurate path-loss estimation helps to 

precisely determine the number of cell sites required for 

providing coverage in a given area. While accurate path-loss 

estimation leads to realize an acceptable system performance 

and achieve reasonable cost estimation, inaccurate path-loss 

estimation would either lead to degrade the system 

performance or increase the cost. Various path-loss 

estimation models were introduced in the literature; each of 

which aiming to achieve accurate path-loss estimation. In this 

section, theoretical background of free-space path-loss 

estimation model and Okumura/Hata path-loss estimation 

model is provided. 

2.1. Free-Space Path-Loss Estimation Model 

Free space model is one of the well-known long-distance 

prediction models. In free space model, a line-of-sight 

propagation path is assumed. i.e., no obstructions exist 

between transmitter and receiver albeit by the surface of 

earth. It is mostly applicable for wireless channels in which a 

transmission system such as microwave or satellite-to-

satellite is employed. The path-loss in this case is referred to 

as free space path-loss ( PfreeL ). Free space path-loss is given 

as [9] 
2
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d
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 =   
 where d and λ represent the separation 

distance (i.e., distance between the transmitter and receiver) 

and wavelength, respectively. Given /c fλ =  yields 

2
4

Pfree

fd
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c

π =   
 where c and f represent the speed of light 

(3x10
8
 m/sec) and frequency in hertz Hz, respectively. 

Substituting d in kilometer and f in megahertz, free space 

path-loss can be expressed in dB as 

[ ] 32.44 20 20Pfree dBL Logf Logd= + +               (1) 

It can be observed from (1) that duplication of frequency 

or distance would lead an increase in the path-loss by 6 dB. 

2.2. Okumura/Hata Model 

Okumura/Hata model is one of the well-known non-lone-

of-sight models. It was primarily developed for path-loss 

estimation in typical flat urban environment. Then it was 

improved to include path-loss estimation in the typical 

suburban and rural environments. A correction factor that is 

related to the mobile station antenna height was included in 

different forms according to the environment considered and 

frequency carrier used to achieve accurate path-loss 

estimation. The path-loss in dB according to Okumura/Hata 

model for typical urban environment is given as [9] [10] 

 

Figure 3. Sequence of the program operation where typical urban 

environment Okumura/Hata model for large cities is considered. 

50 [ ]( ) 69.55 26.16 (44.9 6.55 ) 13.82 ( )dB b b mL urban Logfc Logh Logd Logh a h= + + − − −            (2) 

Where fc is the carrier frequency in MHz, d is the 

separation distance between the mobile station and base 

station in Km, hb and hm are the base station and mobile 

station antennas height in meter, and ( )ma h  is correction 

factor that is related to the mobile station antenna height. 

( )ma h  is given in different forms according to the size of the 

intended area. For large cities and at 200fc ≤  MHz, ( )ma h  

is given as 
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2( ) 8.29[ (1.54 )] 11m ma h Log h= −                     (3) 

For large cities and at 400fc ≥  MHz, ( )ma h  is given as 

2( ) 3.2[ (11.75 )] 4.97m ma h Log h= −                 (4) 

For small and medium-sized cities 

( ) [1.1 ( ) 0.7] [1.56 ( ) 0.8]m ma h Log fc h Log fc= − − −        (5) 

The path-loss in dB according to Okumura/Hata model for 

the typical suburban environment is given as 

2

50 [ ] 50( ) ( ) 2 5.4
28

dB

fc
L suburban L urban Log

   = − −        

  (6) 

The path-loss in dB according to Okumura/Hata model for 

the rural environment is given as 

 

Figure 4. Path-loss vs separating distance at different carrier frequencies: 

Free space model was considered. 

2
50 [ ] 50( ) ( ) 4.78( ) 18.33 40.94dBL rural L urban Logfc Logfc= − + −  (7) 

Table 1 provides the range of parameters for which 

Okumura/Hata model is valid [9]. 

Table 1. The range of parameters for which Okumura/Hata model is valid. 

 Minimum value Maximum value 

Carrier frequency fc (MHz) 150 2200 

Base station height hb (m) 30 200 

Mobile station height hm (m) 1 10 

Separation distance d (Km) 1 20 

Going through details of sections 2.2, one can note that it 

might be needed to perform a long and complex calculation 

approach to estimate the path-loss when Okumura/Hata 

model is used. To avoid complexity in calculations and save 

the time, the approach we used to estimate the path-loss was 

by composing MATLAB computing programs and involving 

the loop mechanism in these programs. Figure 3 is a sampled 

flowchart describing the sequence of program operation. 

3. Results and Discussion 

This section is divided into two subsections. Results that 

estimate the path-loss for Free-space path-loss prediction 

models were provided in the first subsection whereas; results 

that estimate the path-loss estimations for Okumura/Hata 

prediction model were provided in the second subsection. In 

both subsections, graphical representations of path-loss 

versus separation distance at different effective factors were 

provided. In all cases, path-loss at any intended distance can 

be readily estimated by drawing a vertical line at that 

distance such that it intersects the path-loss versus distance 

curve and then draw a horizontal line from the intersection 

point; the value of path-loss in this case is the intersection 

point with the path-loss axis. Carrier frequencies of 900 

MHz, 1800 MHz, and 2100 MHz were selected in the analysis 

as they represent the carrier frequencies used in the GSM 

standard in its forms of 2
nd

, and 3
rd

 generations cellular 

networks, respectively. The Matlab software (The 

Mathworks, Inc., Natick, MA, USA) was used for realizing 

the graphical representation. 

3.1. Path-Loss Estimations Considering Free-Space Model 

In this part of results, the path-loss is estimated by 

considering equations (1). Figure 4 shows the graphical 

representation of (1). It represents the path-loss vs separating 

distance at different carrier frequencies, where free space 

model is considered. It can be obviously seen from the graph 

that the path-loss starts to appear at a certain value of 

separation distance and continues to increase rapidly with a 

slight increase in the separation distance. However, it starts to 

increase steadily at higher values of separating distance. It 

can be obviously observed from the graph that the smallest 

value of path-loss is encountered when the lowest carrier 

frequency is assigned. 

3.2. Path-Loss Estimation Considering Okumura/Hata 

Model 

. 

Figure 5. Path-loss vs separating distance at different carrier frequencies: 

typical urban environment Okumura/Hatta model for large cities is 

considered. 
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In this part of results, the path-loss is estimated by considering 

equations (2) to (7). Graphical representation of the path-loss 

versus separation distance (1Km to 20 Km) was provided. 

Further graphical representations that include significant 

parameters which might affect the path-loss estimation, such as 

carrier frequency (900, 1800, and 2100 MHz), and base station 

height (20, 80, 140, and 200 m) were provided. Figure 5 shows 

the graphical representation of equations (2), (3) and (4). It 

represents the path-loss vs separating distance at different carrier 

frequencies, where the typical urban environment 

Okumura/Hata model for large cities is considered. It can be 

obviously seen from the graph that the path-loss starts to appear 

at a certain value of separating distance in which the model is 

valid (1 Km) and continues to increase with the increase of the 

separating distance. 

Figure 6 (a, b and c) shows the path-loss versus separating 

distance at different values of base station heights where 

typical urban environment Okumura/Hata model for large 

cities is considered. It can be obviously seen from the graph 

that the path-loss starts to appear at a certain value of 

separating distance in which the model is valid (1 Km) and 

continues to increase with the increase of the separating 

distance. However, an increase in the base station height 

could lead to reduce the path-loss. Figure 7 shows the 

graphical representation of equations (2) and (5). It 

represents the path-loss vs separating distance at different 

carrier frequencies, where the typical urban environment 

Okumura/Hata model for small and mid-sized cities is 

considered. It represents the path-loss vs separating distance 

at different carrier frequencies, where the typical urban 

environment Okumura/Hata model for small and mid-sized 

cities is considered. The graph follows the same behavior as 

in Figure 5 with a slight difference can be observed. For 

example, a path-loss value of 183.1184 dB was measured at 

20 Km separation and 2100 MHz, when typical urban 

environment Okumura/Hata model for large cities was 

considered whereas a path-loss of 181.9678 dB was 

measured at an identical separation distance and frequency 

carrier when typical urban environment Okumura/Hata 

model for small and mid-sized cities was considered. 

 

 

 

Figure 6. Path-loss versus separating distance at different base station 

heights: Okumura/Hatta model for typical urban environment was 

considered. 

 

Figure 7. Path-loss vs separating distance at different carrier frequencies: 

typical urban environment Okumura/Hatta model for small and mid-sized 

cities is considered. 
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Figure 8. Path-loss versus separating distance at different base station 

heights: Okumura/Hatta model for typical urban environment was 

considered. 

Figure 8 (a, b and c) shows the path-loss versus separating 

distance at different values of base station heights where 

typical urban environment Okumura/Hata model for small 

and mid-sized cities is considered. The graph follows the 

same behavior as in Figure 6 with a slight reduction in the 

path-loss can be observed. For example, a path-loss value of 

158.9858 dB was measured at 200 m base station height, 20 

Km separation, and 2100 MHz when typical urban 

environment Okumura/Hata model for small and mid-sized 

cities was considered whereas a path-loss of 160.7766 dB 

was measured at an identical base station height, separation 

distance, and frequency carrier when typical urban 

environment Okumura/Hata model for large cities was 

considered. Figure 9 shows the graphical representation of 

equation (6). It represents the path-loss vs separating distance 

at different carrier frequencies, where the typical suburban 

environment Okumura/Hata model is considered. The graph 

follows the same behavior as in Figures 5 and 7 with a slight 

difference can be observed. For example, a path-loss value of 

185.2676 dB was measured at 20 Km separation and 2100 

MHz, when typical suburban environment Okumura/Hata 

model was considered whereas a path-loss of 181.9678 dB, 

or 183.1184 dB were measured at an identical separation 

distance and frequency carrier when typical urban 

environment Okumura/Hata model for small and mid-sized 

cities, or typical urban environment Okumura/Hata model for 

large cities were considered, respectively. 

 

Figure 9. Path-loss vs separating distance at different carrier frequencies: 

typical suburban environment Okumura/Hatta is considered. 

Figure 10 (a, b and c) shows the path-loss versus 

separating distance at different values of base station heights 

where typical suburban environment Okumura/Hata model is 

considered. The graph follows the same behavior as in 

Figures 6 and 8 with a decrease in the path-loss can be 

observed. For example, a path-loss value of 154.7715 dB was 

measured at 200 m base station height, 20 Km separation, and 

2100 MHz when typical suburban environment 

Okumura/Hata model was considered whereas a path-loss of 

158.9858 dB or 160.7766 dB were measured at an identical 

base station height, separation distance, and frequency carrier 

when typical urban environment Okumura/Hata model for 

small and mid-sized cities or typical urban environment 

Okumura/Hata model for large cities were considered. 
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Figure 10. Path-loss versus separating distance at different base station 

heights: Okumura/Hatta model for typical suburban environment was 

considered. 

 

Figure 11. Path-loss vs separating distance at different carrier frequencies: 

rural environment Okumura/Hatta is considered. 

 

 



 Science Journal of Circuits, Systems and Signal Processing 2018; 7(1): 20-27 27 

 

 

Figure 12. Path-loss versus separating distance at different base station 

heights: Okumura/Hatta model for rural environment was considered. 

Figure 11 shows the graphical representation of equation 

(7). It represents the path-loss vs separating distance at 

different carrier frequencies, where the rural environment 

Okumura/Hata model for is considered. The graph follows 

the same behavior as in Figures 5, 7 and 9. However a 

notable decrease in the path-loss can be observed. For 

example, a path-loss value of 170.1637 dB was measured at 

20 Km separation and 2100 MHz, when rural environment 

Okumura/Hata model was considered whereas a path-loss of 

181.9678 dB, 183.1184 dB, or 185.2676 dB were measured at 

an identical separation distance and frequency carrier when 

typical urban environment for small and mid-sized cities, 

typical urban environment for large cities, or typical 

suburban environment Okumura/Hata models were 

considered, respectively. Figure 12 (a, b and c) shows the 

path-loss versus separating distance at different values of 

base station heights where rural environment Okumura/Hata 

model is considered. The graph follows the same behavior as 

in Figures 6, 8, and 10. However a notable decrease in the 

path-loss can be observed. For example, a path-loss value of 

147.1817 dB was measured at 200 m base station height, 20 

Km separation, and 2100 MHz when rural environment 

Okumura/Hata model was considered whereas a path-loss of 

154.7715 dB, 158.9858 dB, or 160.7766 dB were measured at 

an identical base station height, separation distance, and 

frequency carrier when typical suburban environment, typical 

urban environment for small and mid-sized cities, or typical 

urban environment for large cities Okumura/Hata models 

were considered, respectively. 

4. Conclusions 

A guide line for path-loss estimation using Okumura/Hata 

model was provided. Compared with free space model in 

which frequency and separation distance are the only 

contributors for path-loss, more accurate estimation can be 

achieved when Okumura/Hata model is used as it includes 

further correction factors, such as mobile station antenna 

height and base station antenna height. Going through results 

obtained, there were some significant observations that can 

be exploited advantageously. For example, results on Figures 

6, 8, 10, and 12 confirm that an increase in the base station 

height leads to reduce the path-loss. This can be exploited 

advantageously and thus give the opportunity to achieve a 

lower path-loss. However, much higher base station would 

affect the cost effectiveness of the cellular system. On other 

words, the base station height should be chosen such that it is 

comparable to the surrounding buildings. 
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