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ABSTRACT 

Mobile networks in Nigeria have been bedeviled by customer dissatisfaction as a result of general network 

congestion. In order to overcome this deformity and ensure quality delivery of service, a sound network design is of 

paramount importance. This paper presents how Egli model is chosen and optimized for path loss prediction in 

suburban area of Zaria, Kaduna State-Nigeria. Path losses were empirically collected from UMTS base station (BS) 

for MTN mobile operator in the study area. Egli, ECC-33 and ITU-Vegetation models were used in comparison 

with the practical measured data obtained from the BS. The comparative analysis revealed that Egli model had least 

RMSE and Chi-square error (χ2) of 4.47 and 2.69 respectively. Hence, chosen as the reference model for 

optimization. The results showed that the optimized Egli model had a RMSE, χ2and   of 1.57, 0.01, and 1.68, 

respectively. Thus, the optimized Egli is the most accurate and reliable path loss prediction model for 3G networks 

deployment in Zaria, Kaduna-Nigeria. 

Keywords: Path loss, Propagation, Prediction, Model.

1. INTRODUCTION 

The present of obstacles appearing within the vicinity 

of both transmitting and receiving antennas is 

inevitable especially in suburban and urban 

environments where attenuating factors such as terrain, 

high rise buildings and topographic features are much 

more dominant than in open areas. These results in 

adverse effects on the receiving signal. Removing 

these obstacles is an impractical solution, thus, the 

importance of the development of a reliable 

propagation model to adequately contain the effects of 

path loss cannot be over emphasized. Different path 

loss propagation models have been developed, but 

cannot be generalized for all environments because the 

natural and man-made obstacles of the environment 
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where they are developed can greatly vary with the 

environment they are going to be applied. Therefore 

for more accurate design of modern cellular networks, 

measurement of signal strength must be taken into 

consideration to provide efficient and reliable 

coverage area. Comparison between theoretical and 

experimental propagation models are used with a view 

to optimize the closest theoretical to the practical 

model.  

2. LITERATURE REVIEW 

Review of Similar Works 

Several Path loss prediction models have been 

developed by different researchers using different 

approaches and methods. Researchers in [2] 

investigated the best path loss model for Sabon-rijiya, 

Bauchi-Nigeria. In the result, Okumura model was 

found best fit using TEMS drive test. In [6], a research 

on Propagation models for GSM 900 and 1800MHz for 

Port-Harcourt and Enugu, Nigeria is presented. TEMS 

drive test measurement was used to capture path losses. 

The measured values were then compared with 

calculated values from Okumura-Hata and COST 231 

Hata models. In the result obtained, it was concluded 

that both Okumura-Hata and COST-231 are 

recommended for GSM 900 and 1800MHz deployment 

at Enugu and Port-Harcourt respectively. Obot et al in 

[8] presented a comparative analysis of path loss 

prediction models for urban macro cellular 

environments. Specifically, Hata, Egli and Free-space 

model were used to predict path loss for for Uyo, 

Akwa-ibom state, Nigeria. Of the three models 

investigated, Hata model was found to be the most 

accurate and reliable path loss prediction model for the 

area. Ekeocha et al in [10] [studied comparatively three 

propagation models, Okumura-Hata, COST 231, and 

ECC-33 path loss model for 3G networks in Port-

Harcourt, Rivers state-Nigeria. The results found that 

COST 231 model was best suited for rural environment 

and Okumura-Hata model better performed in urban 

environment of the study area. In this paper 2658A BK 

precision hand held spectrum analyzer was used to 

capture path loss values from MTN base station in the 

study area. The propagation models considered here 

are; Egli model, International Telecommunications 

Union (ITU) vegetation model and Electronics 

Communications Committee (ECC-33) model in 

comparison with the measured path loss, after which an 

improved path loss propagation model for the study 

area was developed and optimized. 
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3. FUNDAMENTAL CONCEPTS 

Path loss (PL) is the difference in between the 

transmitted power and the received power. It is defined 

by [1]: 

  10log t
L

r

P
P dB

P
                                           … (1)                                                                                                                                   

where Pt and Pr are the transmit and receive power. 

The following empirical models are among the 

numerous propagation models used in mobile 

communication systems: 

3.1 Free-Space Model 

The free-space model assumes an ideal situation where 

there are no obstacles that could cause reflection, 

diffraction, or scattering within the line-of-sight 

between the transmitter and receiver [2]. Thus the 

attenuation of the radio wave signal is proportional to 

the distance from the transmitter. The receive power at 

a point or at a distance d from the transmitter, is 

expressed as in [3] as: 

32.44 20log( ) 20log( )LP f d                … (2)                                                                                                                        

where f is frequency in MHz and d is distance away 

from BS in kilo meters. 

3.2 Okumura Model 

This is the most popular and widely used empirical 

model [4], which was developed by Okumura as part 

of an extensive measurement campaign conducted in 

Tokyo, Japan in 1968 [5]. It is applicable for frequency 

range from 150 MHz to 1920 MHz but can be 

extrapolated up to 3 GHz and equivalently deployed 

for a distance range of 1 km to 100 km. Path loss in 

Okumura model is expressed in [5] as: 

       50 ,dmu t r areaL dB LF A f G h G h G       … (3)                                                                                

where, L50 is the 50th percentile of path loss or median 

value, LF is the free space propagation path loss, Amu 

(f, d) is the median attenuation relative to free space, G 

(ht) is the base station antenna height gain factor, G (hr) 

is the mobile station antenna height gain factor, Garea is 

the gain due to type of environment. The model is ideal 

for use in cities with many urban structures but not 

many tall blocking structures [4]. 

3.3 Okumura-Hata Model 

This is the commonly used model for urban and sub-

urban areas for macro-cell coverage planning. The 

model is a combination of the work of Okumura and 

Hata. The range of frequency with this model is 150 

MHz to 1500 MHz, the distance from BS ranges from 

1 km to 20 km while the range of the antenna height is 

from 1 m to 10 m. Path loss in dB for urban area is 

given by [6]: ( ) logLP urban dB A B d                             

… (4)                                                                                                                                  

And,  

10 1069.55 26.16log 13.82log b mA f h ah     ...(5)                                                                          
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Similarly, 

1044.9 6.55log bB h                                   … (6)                                                                                                       

Where, A and B are fixed losses that depend on the 

frequency of the signal, f is the frequency in MHz, hb 

is the base station antenna height in meters, hm is the 

mobile station antenna height in meters and (ahm) is the 

correction factor in dB. 

3.4 COST-231 Hata Model 

To extend Okumura-Hata model, the European 

Cooperative for Scientific and Technical (COST) 

research came up with COST-231 Hata model with 

frequency range from 1500 to 2000 MHz. This model 

is used for urban, sub-urban and rural areas. The path 

loss for this model is mathematically given as [7]: 

         (dB) 46.33 33.9log 13.82log 44.9 6.55log logL b m bP f h a h h d        ..(7) 

And, 

10 10( ) [1.1log ( ) 0.7] [1.56log ( ) 0.8]m ma h f h f         … (8) 

3.5 Egli Model 

Egli model is typically suitable for cellular 

communication scenarios where one of the two 

antennas is fixed and the other is mobile. The model is 

applicable where the transmission has to go over an 

irregular terrain. This model predicts path loss as a 

whole and does not subdivide the loss into free-space 

and other losses. The model is expressed in [8] as:

 
2 2

2

40b m

L b m
dB

fd

h h
G GP

   
     

  
     … (9)                                                                                                

where, Gb is the gain of the BS antenna, Gm is the gain 

of the mobile station (MS), hb and hm are the BS and 

MS antenna heights in meters respectively, d is the 

distance between the BS and MS in meters also, and f 

is the frequency of transmission in MHz (3 MHz-3 

GHz)…[9]  

3.6 ECC-33 Model 

The ECC-33 path loss model is developed by 

Electronic Communication Committee (ECC). This 

model is extrapolated from original measurements by 

Okumura with modified assumptions. The path loss by 

the model is defined in [10] as: 

 
L fs bm t r

dB G GP A A               … (10)                                                                                                            

Where Afs is free space attenuation, Abm is basic 

median path loss, Gt is BS height gain factor and Gr is 

received antenna gain height factor. 

 These are separately defined as: 

   92.4 20log 20log
fs

d fA            … (11)                                                                                                         

     
2

20.41 9.83log 7.894log 9.56 log
bm

d f fA         (12)  

  
2

log 13.98 5.8 log
200

b

t
d

h
G

 
     

 
   (13)                                                                                               

For medium city environment, Gr is defined in [10] as: 

    42.57 13.7log log 0.585
r m

fG h       
(14)                                                                                    

where f is the frequency in GHz. 
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Recently, through the ITU-R recommendation P.529, 

the ITU encouraged this model for further extension up 

to 3.5 GHz [11] 

3.7 ITU-Vegetation Model 

In some instances, signal propagation takes place in the 

presence of vegetation that acts as an obstacle in the 

radio path causing multiple scattering, diffraction, and 

absorption. These result in severe fading of the 

received signal strength. ITU stated that existence of 

vegetation in the middle of propagation path attenuates 

radio waves considerably. The model is given  in [3] 

as: 

0.3 0.60.2dB fL F d                                          … (15)                                                                                                                                     

where, F  is the frequency in MHz, and ranges from 

230 MHz-95 GHz and 
fd  is the depth of the foliage 

path in meters.  

It should be noted that, the total path loss by this model 

is the resultant loss of equation (15) plus the free-space 

loss [3]. Early ITU vegetation model is ideal for cases 

where either transmit or the receive antenna is near to 

a small groove of trees so that majority of the signal 

propagates through the trees [12]. 

4. FIELD MEASUREMENTS 

In this section, the methods, materials and procedures 

employed for field data measurement are discussed. 

4.1 Measurement Environment 

The field measurement was carried out in the outdoor 

area of A.B.U., Zaria main campus, which is located 

on latitude and longitude of 11.15260N and 7.650 E, 

respectively. The environment was considered sub-

urban area, consisting of high rise buildings, trees, bill 

boards, and tarred roads. The area is dominated by 

mostly line-up and scattered coniferous trees such as 

African mahogany and Parkia at the University’s 

hostels, classes, Faculties, and Area A premises, with 

very few deciduous trees such as Neem trees, 

Tamarindo Indiana, Mango and Shea butter trees at 

Area BZ, Area F staff residences, Staff School, down 

to Post Graduate School. In terms of building structure, 

A.B.U. main campus is characterized by high-rise 

buildings with three to four floors mostly for students 

Dormitories, Faculty offices, Departments and classes. 

The Senate building is the tallest with eight floors. 

4.2 Measurement Procedure 

The field measurement was conducted in three days in 

March, 2018. The measurement set-up used for this 

research work included GPS distance meter that was 

used to determine distance from the BS to MS, a 

reference distance of 100 m and a subsequent   interval 

of 100 m up to 1500 m was used for three different 

paths from the BS. 2658A BK precision handheld 
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spectrum analyzer was used to capture signal strength 

from the BS at the specified distances. The BS for 

MTN serving part of Samaru and A.B.U. main campus 

was used. A receiver antenna height of 1.5 m was 

maintained throughout the measurement campaign and 

the measured data was saved on the spectrum analyzer 

and later transferred to a computer for further analysis. 

The BS and MS antenna heights are 40 m and 1.5 m, 

respectively, while the BS transmit frequency is 2115 

MHz. Table I shows parameters of the BS under 

consideration as well as the gain and height of the MS. 

Table I: Base and Mobile Station Parameters 

BS 

Height 

(m) 

MS 

Height 

(m) 

BS 

Gain 

(dBi) 

MS 

Gain 

(dBi) 

BS 

EIRP 

(dBm) 

 

40 

 

1.5 

 

17 

 

1.7 

 

43 

 

5. DATA ANALYSIS AND RESULTS DISCUSSION 

Table II shows received power values and path loss 

recorded at various distances from the BS. For every 

received power value, the corresponding path loss was 

computed using the following formula: 

( )L measured rdP EIRP P                                 …  (16)                                                                                                                          

where PL is path loss in dB, EIRP is the effective 

isotropic radiated power of the transmitter in dBm 

and Prd  is the received power, also in dBm.  

 

Table II: Received Signal Strength and Path loss 

Values from Measured Data 
T-R 

Separ

ation 

Dista

nce 

(m) 

Received Signal Strength 

(RSS) for Routes a, b & c  

(dBm) 

RSS 

Media

n 

Value 

(dBm) 

Measu

red 

Media

n PL 

Value 

(dB) 

 a b C   

100 -25.89 -30.40 -27.63 -27.99 70.99 

200 -29.64 -35.54 -39.82 -35.00 78.00 

300 -32.75 -36.10 -63.25 -44.03 87.03 

400 -63.26 -40.61 -71.21 -58.36 101.36 

500 -65.24 -44.91 -77.18 -62.44 105.44 

600 -55.29 -30.73 -93.10 -59.71 102.71 

700 -59.27 -50.25 -97.08 -68.87 111.87 

800 -83.14 -60.30 -87.13 -76.86 119.86 

900 -67.23 -68.69 -99.10 -78.34 121.34 

1000 -71.21 -86.34 -103.50 -87.02 130.02 

1100 -101.06 -101.00 -109.50 -103.85 146.85 

1200 -102.11 -104.23 -95.09 -100.48 143.48 

1300 -99.08 -71.26 -103.05 -91.13 134.13 

1400 -97.09 -101.93 -93.10 -97.37 140.37 

1500 -101.06 -102.60 -99.11 -100.92 143.92 

 

Table III and Figure 1 compare the measured and the 

predicted path loss values from the standard Egli, 

ECC-33 and ITU-vegetation propagation models 

calculated using their appropriate respective equations 

(8), (9) and (14) as discussed in section (II). Figure 1 

shows the graphical presentation of these results. 
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Table III: Measured and Predicted Path loss 

Values 

Dista

nce 

(m) 

ECC-33 

(dB) 

Egli 

(dB) 

ITU-

Veg. 

(dB) 

Measure

d 

(dB) 

100 59.94 79.04 112.67 70.99 

200 71.00 91.08 118.69 78.00 

300 77.12 98.13 122.21 87.03 

400 81.32 103.12 124.71 101.36 

500 84.49 107.00 126.65 105.44 

600 87.01 110.17 128.23 102.71 

700 89.11 112.85 129.57 111.87 

800 90.90 115.17 130.73 119.86 

900 92.46 117.21 131.75 121.34 

1000 93.83 119.04 132.67 130.02 

1100 95.07 120.70 133.50 146.85 

1200 96.17 122.21 134.25 143.48 

1300 97.18 123.60 134.95 134.13 

1400 98.11 124.89 135.59 140.37 

1500 98.96 126.09 136.19 143.92 

TOT 1,312.67 1,670.30 1,932.36 1,737.37 

     

 

Figure 1: Graphical Presentation of Table III 

As can be seen from table III and figure 1, respectively, 

path loss values encountered by the MS changes with 

its position to BS. All the models depict the same 

pattern, as the measurement progresses from the 

transmitter, the received signal degrades. Same results 

were obtained for all the routes measured throughout 

the walk test environment, except for some exceptional 

cases where, the signal decrease with increase in 

distance and later increase for a short distance as a 

result of either Line of Sight (LOS) establishment 

between the BS and MS or possibility of one point 

having a more obstruction than others. 

 

Figure 2: Comparison between the Measured and the 

Predicted Path loss Values 

Figure 2 shows the path loss values predicted by the 

three standard propagation models and those 

measured in the study area. From the Figure I as well 

as Table III, it can be observed that Egli model has 

path loss values very close to the measured, whereas 

those of ITU-vegetation and ECC-33 models over and 

under predicted path loss much more. 
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5.1 Reference Propagation Model 

Two performance metrics; Root Mean Square Error 

(RMSE) and Chi-square error (χ2) were used to find the 

reference propagation model from the three (Egli, 

ECC-33, and ITU-Vegetation) standard prediction 

models used. In other words, which model among the 

three, when compared with the measured data, has 

lowest (minimum) error value. The Chi-squared 

statistic (χ2) between the measured and predicted path 

loss values was determined using [17]: 

 
2

2

1

N
m r

i r

P P

P





                                        … (17)                                                                                                                                                     

 Whereas, the RMSE of the standard propagation 

model with measured was computed using [8]: 

 2

1

1 N

m r

I

RMSE P P
N 

                        … (18)                                                                                                                          

Where Pm is the measured path loss (dB), Pr is the 

predicted path loss (dB) and N is the number of 

measured points.  

The computed values of the two performance 

measures, RMSE and χ2, are shown in figure 3 and 4 

respectively, and recorded in Table IV. 

 

Table IV: Computed RMSE and χ2 of Standard 

Prediction Models 

Standard 

Empirical 

Propagation 

Model 

RMSE χ2 

ITU-Vegetation 

Model 

13.00 19.68 

Egli Model 4.47 2.69 

ECC-33 Model 28.31 137.41 

 

 

Figure 3: Computed RMSE for the three Models 

 

Figure 4: Computed χ2 for the three Prediction 

Models 

It is observed from figure 3, 4 and table IV that the Egli 

model has the lowest root mean square error of 4.47dB 

which is acceptable, the standard acceptable being 6dB 

for good signal propagation [8, 15], and its Chi-square 

value is less than the degree of freedom ‘df’ (df = N-1) 

of 14. Hence, Egli model indicates good agreement 
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with the measured path loss values, and therefore was 

our Reference Propagation Model for optimization. 

On the other hand ITU-Vegetation and ECC-33 model 

have RMSE of more than 6dB as well as Chi-square 

values of more than the degree of freedom. Hence, not 

in agreement with the measured path loss. 

5.2 Optimized Path loss Model 

The emerged reference (Egli) model, as reported in the 

literature, is a model used for irregular terrain and does 

not address obstructions from vegetation, thus, the 

model does not take into account travel through some 

foliage propagation path [3, 17] like that of the study 

area. In order to optimize the model to contain 

shadowing effects of the main campus, standard 

deviation ‘δ’ of 6.06 was computed using [14]: 

 
2

m LP P

N




                                  … (19)                                                                                                                                     

where Pm, PL and N are as defined earlier. 

The computed 6.06 using equation (19) was added to 

the original Egli formula to include the effects of trees 

as well as buildings on the propagation loss to as: 

 
2 2

2

40
6.06b m

L b m
dB

fd

h h
G GP

   
     

  
…(20)                                                                                       

where, Gb is the gain of the BS , Gm is the gain of the 

MS, hb and hm are the respective BS and MS antenna 

heights in meters , d is the distance between the BS and 

MS in meters and f is the frequency in MHz.  

Equation (19) is therefore, the “Optimized Path loss 

Propagation Model” for 3G mobile networks for 

A.B.U. Zaria, Samaru Main Campus. 

5.3 Validation of the Optimized Path loss 

Propagation Model 

Validation of the developed model was accomplished 

using Chi-square error, root mean square error and 

standard deviation, defined by equations (16), (17) and 

(18), respectively as recorded in table V. 

Table V: χ2, RMSE &   Comparison between 

Reference and Optimized Model 

Statistical 

Tool 

Egli Model 

Before 

Optimization 

Egli Model 

After 

Optimization 

Chi-square 

Error 

2.69 0.01 

Root Mean 

Square Error 

4.47 1.57 

Standard 

Deviation 

4.79 1.68 

 

As shown in table 5, the errors of the optimized Egli 

model are much less than the reference Egli path loss 

propagation model. The developed model showed high 

accuracy, tight agreement with the measured path loss 

and is able to predict path loss with smaller RMSE of 
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1.57 dB as against 4.47 dB, Chi-square error of 0.01 

dB against 2.69dB and standard deviation of 1.68 dB 

against 4.79 dB of the reference propagation model. 

Thus, Chi-square, root mean square error and standard 

deviation of the optimized model have been reduced 

by 99.63%, 64.88% and 64.93% respectively as 

compared to the reference propagation model. 

6. CONCLUSION 

In this research paper, the measured path losses in three 

different routes of ABU, Zaria main campus were 

compared with theoretical path loss models: ECC-33, 

ITU-vegetation, and Egli. The measured path loss, 

when compared with theoretical values from the 

theoretical models, showed the closest agreement with 

the path loss predicted by the Egli model in terms of 

Chi-square and root mean square error analysis. 

Hence, Egli model was chosen as “Reference model” 

for optimization. Based on this, an optimized Egli 

model for prediction of path loss experienced by 3G 

mobile users in ABU Zaria, Samaru Main Campus is 

developed. The “Optimized model” showed high 

accuracy and is able to predict path loss with smaller 

standard deviation, Chi-square and root mean square 

errors than the “Reference model”. Thus, the 

“Optimized Model” is the most effective propagation 

model for path loss predictions in A. B. U. Zaria main 

campus and similar environment. 
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