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Abstract— Path loss causes attenuation of an electromagnetic wave when it transmits through space. In our project we are
considering path loss as a major component in the analysis and design of the of a telecommunication system. We are simulating radio
propagation models for the upcoming 4𝑡ℎ Generation (4G) of cellular network known as Long Term Evolution (LTE). There are
different models like SUI model, Okumura Model, Hata COST 231 model, COST Walfisch-Ikegami and Ericsson 9999 model. The
radio propagation models or path loss model calculates path loss in transmission. In this paper path loss is used as constraint for
comparison, between different proposed radio propagation models that would be used for LTE, Path loss varies as per different terrain.
So the path loss for different terrains e.g. urban, suburban, and rural areas is calculated and comparison is made.
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INTRODUCTION

Long Term Evolution (LTE) is the next step to the cellular 3rdGeneration (3G). It is also known as 4th Generation (4G) service.
3 Generation Partnership Project (3GPP) has developed some standards. LTE is based on 3GPP standards.
rd

The main objectives for LTE [1] are as follows.
 Downlink and uplink peak data rates are increased.
 Bandwidth is scalable
 Spectral efficiency has improved
 All IP network
 Multitude of user types are supported by standard’s based interface
LTE will be having Bandwidth of channel scalable between 1 MHz to 20 MHz. Frequency Division Duplex (FDD) and Time
Division Duplex (TDD) [1] both are supported by it. Downlink speed of 100 Mbps and an uplink of almost 50 Mbps will be given by
LTE. By increasing number of antennas both at the transmitter and receiver the data rates can be further increased.
There are different propagation models for LTE. By comparing different models the selection of a suitable radio propagation
model for LTE is very important. The suitable radio propagation model is chosen by comparing the behaviour of the signal during
transmission from transmitter to receiver. The behaviour of the signal during transmission depends on the path loss and the distance of
transmitter and receiver. Suitable propagation model gives the relation between the path loss and the distance of transmitter and
receiver. The model gives an idea of allowed path loss and the maximum cell range. There are different factors that can affect path
loss like environmental conditions, frequency on which we are operating, condition of atmosphere and the distance between the
transmitter and receiver.

RADIO PROPAGATION MODELS
SUI Model
Stanford University Interim (SUI) model is developed for IEEE 802.16 by Stanford University [2], [3]. It is used for
frequencies above 1900MHz. In this propagation model, three different types of terrains or areas are considered (Table 1). These are
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called as terrain A, B and C. Terrain A represents an area with highest path loss, a very dense populated region while Terrain B
represents an area with moderate path loss, a suburban environment. Terrain C has least path loss which represents a rural or flat area.
These different terrains and their factors used in SUI model are described in following table.

TABLE 1: DIFFERENT TERRAINS & THEIR PARAMETERS
Parameters
A
B(1/m)
C(m)

Terrain A
4.6
0.0075
12.6

Terrain B
4
0.0065
20

Terrain C
3.6
0.005
20

The path loss in SUI model can be given as
𝑃𝐿 = 𝐴 + 10𝛾𝑙𝑜𝑔 (

𝑑
) + 𝑋𝑓 + 𝑋ℎ + 𝑆 − − − (1)
𝑑0

Where PL is path loss in dBs, d is the distance between the transmitter and receiver, 𝑑0 is the reference distance (Here its value is
100), 𝑋𝑓 is the frequency correction factor, 𝑋ℎ is correction factor for Base station height, A is free space path loss, S is shadowing
factor and 𝛾 is the path loss component.
The path loss component is given as
𝛾 = 𝑎 − 𝑏ℎ𝑏 +

𝑐
ℎ𝑏

− − − (2)

Where ℎ𝑏 is the height of the base station and a, b and c represents the terrain factors for which the values are selected from the above
table.
The free space path loss is given as
4𝜋𝑑0
𝐴 = 20 log (
)
𝜆

− − − − − (3)

Where 𝑑0 is the distance between transmitter and receiver and 𝜆 is the wavelength.
The correction factor for frequency is
𝑓
𝑋𝑓 = 6 log (
)
2000

− − − (4)

Where f is frequency in MHz.
The correction factor for base station height is
ℎ𝑟
𝑋ℎ = −10.8𝑙𝑜𝑔 (
)
2000

− − − −(5)

Where ℎ𝑟 is height of receiver antenna.

The above expression is used for terrains A and Band for terrain C the expression is as given below:
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ℎ𝑟
𝑋ℎ = −20𝑙𝑜𝑔 (
)
2000

− − − −(6)

The shadowing factor S is given as following:
𝑆 = 0.65(𝑙𝑜𝑔 𝑓)2 − 1.3 log(𝑓) + 𝛼 − − − (7)
Here, 𝛼=5.2 dB for rural and suburban environments (Terrain A and Terrain B) and 6.6 dB for urban environment (Terrain C).

Okumura Model
Okumura's model[4], [9] is one of the most widely used models for signal prediction. It can be used for frequencies in the
range 150–1920 MHz ( it can be expanded up to 3000 MHz) [12] and distances between transmitter and receiver of 1–100 km. It can
be used for base-station antenna heights ranging from 30–1000 m. while the receiver height can be 3 m to 10 m. This model is basic
model for development of almost all other models. To determine path loss using Okumura's model, the free space path loss is first
calculated. Median attenuation relative to free space (Amu) is added to it. Later correction factors according to the type of terrain are
added to it. The path loss in model can be calculated as
𝑝𝑙(𝑑𝑏) = 𝐿𝑓 + 𝐴(𝑚,𝑛) (𝑓, 𝑑) − 𝐺(ℎ𝑐 ) − 𝐺(ℎ𝑟 ) − 𝐺𝐴𝑅𝐸𝐴 ----(8)
Here 𝐿𝑓 is the free space path loss. Free-space path loss is proportional to the square of the distance between the transmitter and
receiver, and also proportional to the square of the frequency of the radio signal. Free space path loss is calculated by
𝐿𝑓 = −20 log(

𝜆

4𝜋𝑑0

) ----(9)

Here G(ℎ𝑐 ) and G(ℎ𝑟 ) gives the Base Station antenna gain factor and receiver gain factors respectively. They are calculated as
follows:
𝐺(ℎ𝑏 ) = 20 log(

ℎ𝑏

200
ℎ𝑟

) ----(10)

𝐺(ℎ𝑟 ) = 10 log( ) ----(11)
3

Where ℎ𝑏 and ℎ𝑟 are the heights of base station and receiver respectively. The area gain 𝐺𝐴𝑅𝐸𝐴 depends on the area being used.
Okumura developed a set of curves giving the median attenuation relative to free space, 𝐴(𝑚,𝑛) (𝑓, 𝑑) is median attenuation relative to
free space.

Cost – 231 Hata Propagation Model
The Cost hata model [6] is a radio propagation model, which is based on the Okumura model to cover a more elaborated range
of frequencies. It is also known as the COST 231 Hata Propagation Models. This model is applicable to urban areas. It works for
Frequency up to 1500–2000 MHz. Mobile station antenna height is 1–10 m [12]. Base station antenna height is 30–200 m [12].
Median path loss in urban areas is given by
𝑃𝐿(𝑑𝑏) = 46.3 + 33.9 log(𝑓) − 13.02 log(ℎ𝑏 ) − 𝑎(ℎ𝑟 ) + [44.9 − 6.55 log(ℎ𝑏 )] log 𝑑 + 𝑐 ----(12)
Here, f represents the frequency in MHz, distance between the transmitter & Receiver is denoted by d, Correction factors for base
station height and receiver height are ℎ𝑏 & ℎ𝑟 respectively. The parameter c has a value of 3 for urban. It is zero for suburban & rural
environments. a(ℎ𝑟 ) is Mobile station antenna height correction factor, for urban areas it is given by
𝑎(ℎ𝑟 ) = 3.2(log(11.75ℎ𝑟 ))2 − 4.97 ----(13)
And for rural area it is given by
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𝑎(ℎ𝑟 ) = (1.1 log(𝑓) − 0.7ℎ𝑟 − (1.58𝑓 − 0.8)) ----(14s)

Cost – 231 Walfisch – Ikegami Model
This model is a combination of the models of J. Walfisch and F. Ikegami,developed mainly for operating in Urban area.

Scenerio of Walfisch-Ikegami Model in Urban Area.
The main idea behind Walfisch-Ikegami model is to consider the vertical plane between the transmitter and the reciever.
The classical COST Walfisch-Ikegami model determines the mean street width, mean building height, mean building separation for
the whole building database.
To understand the working of this model we need to consider following parameters.





Frequency f (800...2000 MHz)
Height of the transmitter hTX (4...50 m)
Height of the receiver hRX (1...3 m)
Distance d between transmitter and receiver (20...5000 m)
These parameters are shown as follows

But the main problem in implementing this model is that the urban areas are not homogenous i.e the building heights and separations
between them differs on a large scale.

Parameters and Formulations of Walfisch - Ikegami Model
Cost - 231 Walfich-Ikegami is a combination of the parameters and the excess pathloss from Walfisch-Bertoni model and
building path loss from Ikegami model. How ever this model is restricted to urban areas only.
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The figure given below denotes various parameters considered in this model.

If a free LOS exists in a street canyon then, path loss defined as
𝐿𝑙𝑜𝑠 = 42.6 + 26 log 𝑅 + 20 log 𝑓 𝑓𝑜𝑟 𝑅 20 𝑚

If a non-LOS exists, path loss defined as follow:
𝐿𝐹𝑆 + 𝐿𝑟𝑡𝑠 + 𝐿𝑚𝑠𝑑
𝐿𝑏 = {
𝐿
𝐹𝑆

IF 𝐿𝑟𝑡𝑠 + 𝐿𝑚𝑠𝑑 < 0

LFS represents free space loss, Lrts is rooftop to street diffraction and scatter loss, Lrts is the multiscreen loss.
The rooftop to street diffraction and scatter loss Lrts represents the coupling of wave propagating along the multi –screen path into the
street mobile located.
𝐿𝑟𝑡𝑠 = {

−16.9 − 10 log 𝑓 + 20 log ∆ℎ (𝑚𝑜𝑏𝑖𝑙𝑒) + 𝐿𝑜𝑟𝑖
0

ℎ𝑟𝑜𝑜𝑓 > ℎ𝑚𝑜𝑏𝑖𝑙𝑒
𝑖𝑓 𝐿𝑟𝑡𝑠 < 0

where Lori defined as,

∅
𝑓𝑜𝑟 0 =< 𝑗 < 35
𝑑𝑒𝑔
∅
= 2.5 + 0.075 (
− 35)
𝑓𝑟𝑜 35 ≤ 𝑗 < 55
𝑑𝑒𝑔
∅
4 − 0.114 (
− 55) 𝑓𝑜𝑟 55 ≤ 𝑗 ≤ 90
{
𝑑𝑒𝑔
−10 + 0.354

𝐿𝑜𝑟𝑖

The multiscreen diffraction loss Lmsd is an integral for which Walfisch-Bertoni model approximate a solution to this for the cases base
station antenna height is greater than the average rooftop. COST 231 extended this solution to the cases base station antenna height is
lower than the average rooftop by including empirical functions.
Restrictions of the model is given as follow:
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Frequency (MHz)
Base Station Height (𝒉𝒃𝒂𝒔𝒆 )
Mobile Height (𝒉𝒎𝒐𝒃𝒊𝒍𝒆 )
Distance R,in Km

800-2000 MHz
4-50 m
1-3 m
0.02 - 5 Km

Ericsson 9999 Model
This model is an extension of hata model [2], [11] which is used for frequencies upto 1900 MHz
implemented by Ericsson.
Path loss in Ericsson 9999 model is evaluated by formula as follows:
𝑃𝐿 = 𝑎0 + 𝑎1 log(𝑑) + 𝑎2 log ℎ𝑏 + 𝑎3 log(ℎ𝑏 ) log(𝑑) − 3.2(log(11.75))2 + 𝑔(𝑓)
where
𝑔(𝑓) − 44.49 log(𝑓) − 4.78 (log(𝑓))2
𝑎0, 𝑎1 , 𝑎2 etc are constants which can also be changed as per scenerio(environment).
where as the default values for this model are
𝑎0 = 36.2
𝑎1 = 30.2
𝑎2 = 12.0
𝑎3 = 0.1
and the parameter f represents frequency.

PROBLEM STATEMENT
Our aim of project is to find out the radio propagation model which will give us the least path loss in a particular terrain. LTE
uses various range of frequency bands in different regions of the world. For these frequency bands, there are many different radio
propagation models that can be used in different terrains. We are going to make a comparison between different radio propagation
models and find out the model that is best suitable in particular terrain. The comparison will be made mainly on the basis of path loss,
antenna height and transmission frequency.

PROBLEM SOLUTION
In our simulation, we are going to use the empirical formulas of path loss calculation as described in the earlier section. These
formulas take input parameters as frequency, distance between transmitter and receiver, height of transmitter and receiver and
calculate the expected path loss of whole path during transmission of radio waves.
We will implement these formulas by developing a simple path loss calculator for Window operating system. For input
parameters we have created database from different terrains. Thus based on the database we will calculate path loss for different
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terrains and update the tables with results. Then we will plot the path loss against different input parameters with the help of updated
database.

CONCLUSION
Based on our simulation results we will make tables for path loss in different terrains (rural, suburban, urban) for different
radio propagation models. Based on the tables we will also plot graphs and then compare different radio propagation models. Finally
we will present the result of our simulation by representing the best suitable radio propagation model for a particular terrain.
In this way we will be able to select the best radio propagation model for design of any wireless communication system
following Long Term Evolution (LTE) Network technology. Thus by following our result we can design a very efficient wireless
communication system under 4G Technology which will be having very high peak data rates in comparison to under-going 3G
Technology. We all know the importance of high data rates in today’s wireless mobile communication system. The 4G technology
will also have scalable bandwidth and large spectral efficiency with respect to 3G Technology.
One of the most advantageous thing is that 4G technology supports all IP network and thus it provides a standard’s based interface that
can support multitude of user types.
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