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1. Introduction

Two types of propagation path loss models, namely time-dispersive and non-time-dispersive, have been
extensively studied and examined in the network planning, interference prediction, and network deployment.
In the time-dispersive model, it provides the information such as the multi-path time delay spread and their
associated power levels (power delay profile). A typical example of this channel model is developed by
Erceg. et al. for the IEEE 802.16 working group [1] and Wallace [2]. For the non-time dispersive channel,
where the multi-path delay spread is considerably shorter than the signal duration and all multi-path signals
arrive at the receiver simultaneously, this channel model is considered in extensively in ITU-R [3], Hata
[4,5], COST-231 Hata model [6] , and ECC- 33 Model [7]. All these models predict mean path loss as a
function of various parameters, such as the transmitter- receiver distance, antenna height and environment
considered. In this contribution we will study and compare the differences between these two types of
models especially the COST-231 Hata model, Erceg model and ECC- 33 Model.

2. COST-231 Hata Model

The formulas relating to propagation path loss considered in COST-231 model are listed in the following
[6],
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The median propagation path loss is:

L(dB) =46.3+33.9log f,,,, —13.82logh, —a(h,)+(44.9-6.55logh,)logd,, —R (1)

where

f mrz : the center frequency in MHz (1500........... 2000 MHz).

hp : the effective height of the base station antenna (30,......... 200m)

hm . the height of the mobile station antenna

dkm: the distance between the base station and mobile (1........... 20 km)

R: 0 or 3 dB depending on the environment, it is 0dB in the suburban and rural areas
and 3 dB in the urban environment

For various environments we have the following

Urban indoor — large city

R=-3 a(h,)=[1.1log f,u, —0.7]n_ —[1.56log f,y, —0.8]—15 )

Urban — large city
R=-3 a(h,)=[l.1log f,,,, —0.7]h —[1.56log f,,,, —0.8] 3)

Urban — small city

R=0 ath,)=[l.llog f,,,, —0.7]h —[1.56log f,,,, —0.8] 4)
Suburban

R=0 ath,)=[l.llog f,,, —0.7]h —[1.56log f,,,, —0.8] (5)
Rural

All rural has a(hp) =0

Rural indoor (quasi-open)

R= 4.78(log f,,,,)’ —18.331og f,,,, +35.94—-10
Rural (quasi-open) — countryside

R= 4.78(log f,,,)’ —18.331og f,,,, +35.94
Rural (open) — desert

R= 4.78(log f,,,)’ —18.331log f,,,, +40.94

3. IEEE 802.16 Broadband Wireless Group: Erceg Model [2]

Three types of terrains are considered in this model. It considers in Type A the path loss associated with
hilly terrain with moderate to heavy foliage environment that will result the maximum pass loss. In Type B
model it considers either mostly flat terrains with moderate to heavy tree densities or hilly terrain with light
tree densities. In Type C model it results the minimum path loss that associated with the flat terrain with the

light tree densities.
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The basic path loss follows the following equation:
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PL=A+10\(10g]0(di)+xf +X,+s ford>dp

0
where d is the distance between the base station and the mobile station in meters, d is the reference distance,
100m.and s is a log-normally distributed deviation factor to account for the shadowing loss due to trees and

other clutters, it has a value in the range of 8.2 — 10.6 dB and

A=2010g10(%),

y=a-bhy+tc/hy

The constants a, b and c are given in the following table:

Parameter Terrain Type A Terrain Type B Terrain Type C
a 4.6 4.0 3.6

b (m™) 0.0075 0.0065 0.005

C (m) 12.6 17.1 20

where

hy : the height of the base station antenna above ground between 10 m to 80 m

X 1s the correction factor for the frequency and for the mobile station antenna height has the form as,

f
X, =6.0log, (——
f g10(2000)

f is the frequency in MHz and
X, =-10.8 log,,(h, /2000)
= —20 log,,(h,/2000)

for Terrain types A and B
for Terrain type C

4 ECC -33 Model

The ECC -33 path loss model, which is developed by Electronic Communication Committee, is extrapolated
from the original measurements by Okumura [8], which were gathered in the suburban areas of Tokyo. In
the Okumura model it subdivides the urban areas into two categories, ‘large city’ and ‘medium city’ and
classifies the suburban areas into ‘open’ and ‘quasi-open’ areas. A typical European city is quite different
from the environment characteristics in the highly build-up Tokyo, it can be  therefore categorized as a
‘medium city’.

The basic path loss follows the following equation:

PL= A, +A, -G,-G,
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Where A, A,,.G, and G, are the free space propagation loss, the basic median loss, the base station

height gain factor and the mobile station height gain factor respectively, and they have the values:

A, = 924 +20log,d +20log, f

S

A, = 2041 +9.83log,d +7.894log, f +9.56[log,, f[

G, = log,(h,/200) {13958 +58flog,d[ |

and

G, = [42.57 +13.7log,, f[log,,h, —0.585]

m
Where, f is the frequency in GHz, d is the distance between the bae station and the mobile station, h,

is the Base station antenna height in meters and h,, is the mobile station antenna height in meters.

4. Example of Propagation Path Loss of the Models

For a wireless communication system with the following parameters is considered to compare the
propagation path losses calculated from the proposed three propagation models to reveal the ranges of the
pass losses from frequency 1500 MHz — 2000 MHz and the distances from the transmitter to the receiver are
from 1 km — 10 km.
. Base station antenna height = 50 m
. Mobile station antenna height =2 m
. Erceg model: Type B terrain

do=100 m

shadow loss =9 dB
.COST-231: R=0dB

Path Loss Comparison, TX-RX Distance = 1 km
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Path Loss Comparison, TX-RX Distance = 3 km
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