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Abstract 
This paper concerns about the propagation prediction models for LTE Advanced Network is presented and computation of path 
loss for different terrains rural, dense urban, suburban  has been carried using MATLAB based on simulations for various 
prediction techniques such as ECC-33/hata okumura extended Model, Cost 231 hata Model, COST-231 Walfisch–Ikegami model, 
Stanford University Interim (SUI) Model for the upcoming 4th Generation (4G) of cellular networks. The paper studies the path 
loss models of the wideband channels at 2.3GHz, 2.6GHz and 3.5 GHz for the LTE-Advanced Network. The results showed that 
COST-231Hata’s method gave better agreement in terms of path loss values in urban, suburban and rural areas as compared to 
COST-231 Walfisch–Ikegami model. COST-231 Hata model shows the lowest path loss in all the terrain. 
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1. INTRODUCTION 
The Long Term Evolution (LTE) is the latest step in moving forward from the cellular 3rd Generation (3G) to 4th 
Generation (4G) services. LTE Advanced is a mobile communication standard, formally submitted as a candidate 4G 
system to ITU-T in late 2009, was approved into ITU, International Telecommunications Union, IMT-Advanced and was 
finalized by 3GPP in March 2011[11] . It is standardized by the 3rd Generation Partnership Project (3GPP) as a major 
enhancement of the Long Term Evolution (LTE) standard. The first release of LTE does not meet the requirements for 
4G such as peak data rates up to 1 Gb/s[10].  LTE Advanced further improves the capacity and coverage, and ensures 
user fairness. The fast evolution of wireless communications has lead to the use of higher frequency bands, smaller cell 
sizes, and smart antenna systems, making the propagation prediction issues more challenging since wireless 
communication channels are inherently frequency dispersive, time varying, and space selective. LTE will be having a 
downlink speed of 100 Mbps and an uplink of almost 50 Mbps. The channel will be having a scalable bandwidth from 1 
MHz to 20 MHz while supporting both Frequency Division Duplex (FDD) and Time Division Duplex (TDD). These data 
rates can be further increased by employing multiple antennas both at the transmitter and receiver [1].  
The ability to predict the minimum power necessary to transmit from a given base station at a given frequency, and to 
provide an acceptable quality of coverage over a predetermined service area, and to estimate the effect of such 
transmissions on existing adjacent services, is crucial for the improvement of frequency reuse and the implementation of 
band sharing schemes between different services and for the success of cellular systems. There is a need for a better 
understanding of the influence of the different urban and terrain factors on the mobile radio signal and its variability. In 
this paper, a comparison is made between different proposed propagation models that would be used for 4G wireless 
system for different transmitting antenna heights, like ECC-33, Stanford University Interim (SUI) model [2], COST-231 
Hata model [3], COST Walfisch-Ikegami model [4] and computation of path loss due to specific terrain and clutter 
environment has been carried using MATLAB. 
In Section II, details of different propagation models have been provided. In Section III, we have analyzed and compared 
the existing path-loss models . Conclusions are presented in Section IV. 

 
2. PROPAGATION PATH LOSS MODELS 
The path loss propagation models have been an active area of research in recent years Path loss arises when an 
electromagnetic wave propagates through space from transmitter to receiver. The power of signal is reduced due to path 
distance, reflection, diffraction, scattering, free-space loss and absorption by the objects of environment. It is also 
influenced by the different environment (i.e. urban, suburban and rural). Variations of transmitter and receiver antenna 
heights also produce losses.  The losses present in a signal during propagation from base station to receiver may be 
classical and already exiting. General classification includes three forms of modeling to analyze these losses [5]: 

1. Empirical 
2. Statistical 
3. Deterministic 
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In the above models Deterministic models are better to find the propagation path losses, The Statistical models Uses 
Probability analysis by finding the probability density function. The empirical models uses with Field Measured Data 
obtained from results of several measurement efforts .this model also gives very accurate results but the main problem 
with this type of model is computational complexity. The field measurement data was taken in the urban, sub urban and 
rural environments. 
 
1. Stanford University Interim (SUI) Model 
The proposed standards for the frequency bands below 11 GHz contain the channel models developed by Stanford 
University, namely the SUI models. Frequency band which is used is from 2.5 GHz to 2.7 GHz. Their applicability to the 
3.5 GHz frequency band that is in use in the UK has so far not been clearly established [4]. The SUI models are divided 
into three types of terrains1, namely A, B and C. Type A is associated with maximum path loss and is appropriate for 
hilly terrain with moderate to heavy foliage densities. Type C is associated with minimum path loss and applies to flat 
terrain with light tree densities. Type B is characterized with either mostly flat terrains with moderate to heavy tree 
densities or hilly terrains with light tree densities. The basic path loss equation with correction factors is presented in [6, 
7]. 

 
Where the parameters are, d: Distance between BS and receiving antenna [m], d0: 100 [m], λ: Wavelength [m], Xf: 
Correction for frequency above 2 GHz [MHz], Xh: Correction for receiving antenna height [m], s: Correction for 
shadowing [dB], γ: Path loss exponent. The random variables are taken through a statistical procedure as the path loss 
exponent γ and the weak fading standard deviation s is defined.  The log normally distributed factor s, for shadow fading 
because of trees and other clutter on a propagations path and its value is between 8.2 dB and 10.6 dB. 
The parameter A is defined as: 

 
And the path loss exponent γ is given by: 

 
 

Where, the parameter hb is the base station antenna height in meters. This is between 10 m and 80 m. The constants a, b, 
and c depend upon the types of terrain, that are given in Table I. The value of parameter γ = 2 for free space propagation 
in an urban area, 3 < γ < 5 for urban NLOS environment, and γ > 5 for indoor propagation. 

The frequency correction factor Xf and the correction for receiver antenna height Xh for the models are expressed 
in: 

 

 

 
Where, f is the operating frequency in MHz, and hr is the receiver antenna height in meter. For the above correction 
factors this model is extensively used for the path loss prediction of all three types of terrain in rural, urban and suburban 
environments. 

 

Table I: The parameter values of different terrain for SUI model 

 

 

 

 

 

2. COST231 Extension to Hata Model 
A model that is widely used for predicting path loss in mobile wireless system is the COST-231 Hata model [2, 3]. The 
COST-231 Hata model is designed to be used in the frequency band from 500 MHz to 2000 MHz. It also contains 
corrections for urban, suburban and rural (flat) environments. Although its frequency range is outside that of the 

Model 
parameter Terrain A Terrain B Terrain C 

a 4.6 4.0 3.6 
b( ) 0.0075 0.0065 0.005 
C(m) 12.6 17.1 20 
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measurements, its simplicity and the availability of correction factors has seen it widely used for path loss prediction at 
this frequency band. The basic equation for path loss in dB is [5, 13], 

 
 

Where, f is the frequency in MHz, d is the distance between AP and CPE antennas in km, and hb is the AP 
antenna height above ground level in metres. The parameter cm is defined as 0 dB for suburban or open environments 
and 3 dB for urban environments. The parameter ahm is defined for urban environments as [8]. 

 
For suburban or rural (flat) environments, 

 
Where, hr is the CPE antenna height above ground level. Observation of above two equations reveals that the 

path loss exponent of the predictions made by COST-231 Hata model is given by, 

 
To evaluate the applicability of the COST-231 model for the 3.5 GHz band, the model predictions are compared 

against measurements for three different environments namely, rural (flat), suburban and urban. 
 

3. ECC-33 model/hata okumura extended Model 
The ECC 33 path loss model, which is developed by Electronic Communication Committee (ECC), is extrapolated from 
original measurements by Okumura and modified its assumptions so that it more closely represents a fixed wireless access 
(FWA) system. The path loss model is defined as [2], 

 
Where, Afs  is free space attenuation,  Abm is basic median path loss, t G is BS height gain factor and r G is received 
antenna height gain factor. They are individually defined as, 

 
 

 
for medium city environments, 
 

 
The performance analysis is based on the calculation of received signal strength, path loss between the base station and 
mobile from the propagation model. The GSM based cellular d is distance between base station and mobile (km) hb is BS 
antenna height in meters and hm is mobile antenna height in meters 
 
4. COST Walfisch-Ikegami Model  
Walfisch-Bertoni method is combined with the Ikegami model [9], to improve path loss estimation through the inclusion 
of more data. Four factors height of buildings, width of roads, building separation, road orientation with respect to the 
LOS path are included.The multiple screen diffraction loss Lmsd and the rooftop to street diffraction and scatter loss Lrts . 
Thus the path loss L in non LOS is defined as  

 

 
The determination of Lrts is based on the principle given in the Ikegami model, but with a different street orientation 
function .The values of Lrts are as follows 

 
 

Where w, h and hm are gap between buildings, height of building and height of mobile stations respectively. 

 
Where Lori is a factor which has been estimated from only a small number of measurements , is street orientation angle. 
The multiple screen diffraction loss was estimated by Walfisch and Bertoni for the case when the base station antenna is 
above the rooftops i.e. hb>h. The relevant equations are, 
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Where, 

 

 

 
The term ka represents the increase in path loss when the base station antenna is below rooftop height. The term kd and kf 
allow for the dependence of the diffraction loss on range and frequency, respectively. 
 

Table II: The Parameter Values [12] 
 
 
 
 
 
 
 
 
 

 
3. PATH LOSS ANALYSIS  
The comparative study of empirical propagation models theECC-33/hata okumura extended Model, Cost 231 hata Model, 
COST 231 Hata model, Stanford University Interim (SUI) Model. Figs. 1 to 3 show the comparison of path loss values for 
COST- 231 Hata model at frequencies 2300 MHz, 2600 MHz and 3500 MHz for different terrains. In Fig. 1, close to 
transmitter path losses varied from 100-120 dB and at distances beyond 500 m, path loss was confined between 110-160 
dB. It is observed that as frequency increases pathloss values are decreasing in proportion. 

 
Fig.1: Path Losses for COST-231 Hata model in Urban at different frequencies 

 
Fig. 2: Path Losses for COST-231 Hata model in Suburban at different frequencies 

Sr.No. Details 
1 Height of Receiving Antenna 3m 
2 Transmitted Power 40dBm 
3 Average Height of building 25m 
4 Average street width 15m 
5 Average separation between 

buildings 
30m 

6 Street orientation angle 90 
degrees 
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Fig.3. Path Losses for COST-231 Hata model in rural at different frequencies 

 
Fig.4: Path Losses for COST-231 Hata model for different terrains 

 
Fig.5: Path Losses for COST-WI model in Urban at different frequencies 

 
Fig.6: Comparison of path losses for different propagation model 

 
It is observed from the Fig. 4 that path loss values are less for suburban and open rural areas as compared with urban 
scenario. In Fig. 5, COST-WI model is compared at frequencies 2300 MHz, 2600 MHz ans 3500 MHz for urban 
environment and It can be observed that COST-WI model shows more path loss values as compared to COST-231 Hata 
model ( Fig. 1) for the same distances. Fig. 6 shows the path loss values of different models at 2300 MHz. It is observed 
that COST-WI and COST-231 Hata methods have least path loss values. 
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4.  CONCLUSION  
A comprehensive review of the propagation prediction models for 4G wireless communication systems is presented and 
computation of path loss values due to specific terrain and clutter environment has been carried using MATLAB based 
simulations for various prediction techniques such as COST-231 Hata model, COST Walfish-Ikegami method, SUI model 
and ECC model for broadband and mobile services. A comparison of different prediction methods showed that COST-231 
Hata’s prediction method gave least path loss. The advantage of this method lies in its adaptability to different 
environments by incorporating correction factors for various environments. The prediction errors of the SUI and ECC 
models are considerably higher than those of the COST-231Hata and COST Walfisch– Ikegami models. 
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