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ABSTRACT: This paper presents a simulation study of different path loss empirical propagation models with
measured field data in urban environment. The results are different if they are used in different environment
other than in which they were designed For comparative analysis we use the Free Space path Loss model, ECC-
33/hata okumura extended Model, Cost 231 hata Model, Ericsson Model, Stanford University Interim (SUI)
Model. The field measurement data is taken in urban (high density region), 3500 MHz frequency. After
analyzing the results Ericsson model and SUI Model shows the better results in the urban environment.
Keywords - Hata Model, Okumura’s Model, Path loss, Received signal strength, Stanford University Interim
(SUI) Models

I. INTRODUCTION
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:
Path losses:

\
1. Empirical 2. Statistical 3. Deterministic

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 environments.

Il. PROPAGATION PATH LOSS MODELS
2.1 Free Space Path Loss Model (FSPL)

Path loss in free space PLFSPL defines how much strength of the signal is lost during propagation from
transmitter to receiver. FSPL is diverse on frequency and distance. The calculation is done by using the
following equation [1]:

PLgsp. = 32.45 + 20 IOglo (d) + 20'0910 (f) (1)
Where,
f: Frequency [MHz]
d: Distance between transmitter and receiver [m]
Power is usually expressed in decibels (dBm).
2.2 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 terrainsl, 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

Second International Conference on Emerging Trends in Engineering (SICETE)
Dr.J.J.Magdum College of Engineering, Jaysingpur 24| Page



Performance Analysis of Empirical Propagation models for WiMAX in Urban Environment

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 [2, 3].
PL = A+ 10y logio (d/dg) + X¢+ Xy + S for d>d, 2

Where the parameters are, d: Distance between BS and receiving antenna [m], d0: 100 [m], A: Wavelength
[m], X¢ Correction for frequency above 2 GHz [MHz], X,: Correction for receiving antenna height [m], s:
Correction for shadowing [dB], y: Path loss exponent. The random variables are taken through a statistical
procedure as the path loss exponent y 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[2].

The parameter A is defined as:

3
4Hdoj ©

A=20 IOglo[ And the path loss exponent y is given by:

C
=a—bh, +| —
Y b [hbj

(4)

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

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

Model Parameter Terrain A Terrain B Terrain C
a 4.6 4.0 3.6
b (m™) 0.0075 0.0065 0.005
c(m) 12.6 17.1 20

The frequency correction factor Xf and the correction for receiver antenna height X, for the models are
expressed in [2, 4]:

X = 6.0logyo (f/2000) For Terrain type A & B
Xp=-10.8 logyo (h,/2000)
Xn =-20.0log;o (h,/20000)  For Terrain type C (5)

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.

2.3 COST 231 Extension to Hata Model

A model that is widely used for predicting path loss in mobile wireless system is the COST-231 Hata model
[4, 7]. 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 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 [1],

PL=46.3+33.9l0g; (f )-13.82l0g;, (hy )-ah,+(44.9- 6.55l0010 (hy )) l0gied +Cpy (6)
Where, f is the frequency in MHz, d is the distance between Rx and Tx antennas in km, and hb is the Tx
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 ahmis defined for urban environments as [8].
ah,= 3.20(logyo (11.75hr))? -4.97, for f > 400 MHz @)

For suburban or rural (flat) environments,

ahy =(1.1 logso f - 0.7)h, - (1.56 logyo f - 0.8) 8)
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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,

ncost =(44.9 - 6.55l0g10 (hb ))/ 10 )

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.

2.4 ECC-33/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 [4],

PL (dB) = Ag +Ayn — Gi— G; (10)

Where, A is free space attenuation, A,y is basic median path loss, G is BS height gain factor and G; is
received antenna height gain factor. They are individually defined as,

Aw= 92.4+20l0gy, (d) +20l0gef
Aum=20.41+9.83l0gs, (d) +7.894l0gs, (f) +9.56[logso ()]

G=log (h,/200) [13.98+5.8(log (d)) 2] (11)
For medium city environments,
G,= [42.57+13.7log (N] [log (hy)-0.585] (12)

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) hy is BS antenna height in meters and h, is mobile antenna height in meters.

2.5 Ericsson Model

To predict the path loss, the network planning engineers are used a software provided by Ericsson company is
called Ericsson model [9]. This model also stands on the modified Okumura-Hata model to allow room for
changing in parameters according to the propagation environment. Path loss according to this model is given by

[91:
PL= o+ a; 10g10(d) + a10g10(hy) + azlogo(hp)10g10(d) - 3.2(10g10(11.75h,)%) + g(f)
Where, g(f) is defined by[9]:

g(f )= 44.4910:0(f) - 4.78(loguo(f))* (13)

And parameters
f: Frequency [MHz]
hb: Transmission antenna height [m]

hr: Receiver antenna height [m]
The default values of these parameters (a0, al, a2 and a3) for different terrain are given in Table I1:

Table Il: Values of Parameter for Ericsson model [9], [10].

Environment ag ap ay as

Urban 36.2 30.2 12.0 0.1
Suburban 43.20" 68.93" 12.0 0.1
Rural 45.95" 100.6" 12.0 0.1

*The value of parameter a0 and al in suburban and rural area are based on the Least Square (LS)
method in [10].
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I11. SIMULATION EXPERIMENTS
The comparative study of empirical propagation models the Free Space path Loss model, ECC-33/hata okumura
extended Model, Cost 231 hata Model, Ericsson Model, Stanford University Interim (SUI) Model. The field
measurement data is taken in urban (high density region), the performance of these propagation models against
the issues are path loss (PL), distance between Tx & Rx and Rx height

Table 111: Summary of WiMAX parameters and values

Parameter Value
Base Station Tx Power 43dBm
Mobile Tx Power 30dBm
Tx Antenna height 30m
Rx Antenna height 3,6,10m
Operating frequency 3.5GHz
Distance between Tx-Rx 5km

3.1 Comparison with Measurements
The following graphs represent the variation of path loss in with distance between transmitter and receiver Field
measurement data which is taken in the urban (high density region means market area, Fig | shows graph
showing plots for 3m receiver antenna height and Ericsson path loss model gives minimum Path loss among
compared path loss models for specified conditions. Fig Il and Fig 11l shows graph showing plots for 6m and
10m resp. receiver antenna height and SUI path loss model gives minimum path loss among Compared path loss
models for specified conditions.
3 receiver antenna height in urban environment
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10 m receiver antenna height in urban environment
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Fig I11: Path loss in urban environment at 10 m receiver antenna height.

IV. CONCLUSION
Here we discussed different models and calculated path loss in three urban environment using MATLAB
Software. The obtained path losses are graphically plotted for the better conclusion using the same software. By
observing the graphical representation we concluded that ECC-33 and SUI models are giving the best results in
urban are Okumara model is showing better results in urban environments.
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