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PLrsp(dB)=32.45+20 logy(d)+20 log «f) (1)
Abstract— This paper presents a review of the outdoor
propagation prediction models for GSM 1800 MHz in vhich Where,
propagation model was developed after a measurementive f: Frequency (MHz)
was undertaken for the purpose of data collection.The d: T-R separation (m)
appearance of the foliage medium in the path of comunication
link has found to play a significant role on the gality of service
(QoS) for wireless communication over many years.dtr GSM B. Figure COST 231 Hata Model s

base stations operating at 1800 MHz band were usddr the . .
purpose of measurement in sub-urban region of PateNagar The Hata model is introduced as a mathematical

and kargi, Dehradun. The measured values that werfirst fitted ~ ©XPression to mitigate the best fit of the graphidata
using fitting tool were compared with Free Space Rh Loss Provided by the classical Okumura model [@hta model is
model, COST 231 Hata model, Hata model and COST 231 used for the frequency range of 150 MHz to 1500 Méiz
Walfish-lkegami (W-1) model. These outdoor propagatn predict the median path loss for the distance dnfro
models discussed helps to measure accurate pathdgsediction  transmitter to receiver antenna in 20 km rangetanght of
within a particular scenario also a good outdoor popagation  transmitting antenna is considered 30 m to 200 m an
_model facili_tates optimized r_1etwork planning, desig and receiver antenna height is 1 m to 10 m. the COSI 23ta
implementation process of a wireless network . model [4] developed as an extension to Hata-Okumardel.
This model can operate in the frequency range 6018Hz

to 2 GHz. This model is useful to predict path losshree
different environments like urban, suburban andalruft
contain correction factor for these three environteeThe

A number of propagation prediction models for it®b path loss equation for this model can be expreased
radio communication system were developed. However _
selection of the most suitable model for a giveaggaphical o Plzﬁd)?l)o—4$i+33.9log)(f)-l3.82Iogo(hb)—am+(44.9-6.(55
region is not a simple task because descriptiotsradin and 010\ ))10G100%Cm
effect of vegetation can vary widely from one pléaz®ther.
Therefore in wireless communication, propagationWhere’
measurement is necessary to develop prediction Infode . Frequency (MHz)
application in particular coverage region. An expent was hy: Transmitter antenna height(m)
performed by conducting propagation measurement iry: T-R separation (km)
Dehradun region.
The main objective of this experiment is to analyaeéous The parameter ,¢ has different values for different
path loss prediction model and to investigate twieacy of environments like 0 dB for suburban and 3 dB fdrvaurareas
outdoor model which one is applicable for rang8@3-1800 and the remaining parameterdh defined in urban areas as:
MHz band like free space model, COST 23 Hata mddiztia
model and COST 231 WI model, with in the Dehradunah;=3.20(logq(11.75h))*4.79 for¥400 MHz
region.

Index Terms—propagation model, X model, QoS

INTRODUCTION

The value for af in suburban and rural (flat) areas is given
A. Free Space Path Loss Model (FSPL) as:
Path loss in free space Rk, defines how much strength
of signal is lost during propagation from transeritto  ahn=(1.11logdf-0.7)h-(1.5l0g,f-0.8)
receiver. FSPL is depends on frequency and distarioe
following equation gives free space path loss [1]: Where,
h: Receiving antenna height(m)

Manuscript received December, 2013 C. Hata Model

Pranjali Raturi, Electronics and Communication, GRD-IMT, . .
Dehradun, India. Hata model is based on the Okumura model and it can

Dr. Vishal Gupta, Electronics and Communication, GRD-IMT, operate in the frequency range of 150 MHz to 1508zM
Dehradun, India. This model represented the urban area propagatssrels the

Samreen Eram Electronics and Communication, GRD-IMT, Dehradun

India 'standard formula along with the additional cormttfactor

236




Proposed Propagation Model for Dehradun Region

application in other environment like suburban amndl. It's . MEASUREDRECEIVEDPOWER

computation time is short and only four parameters The measurement of signal strength shows that the
required. The path loss equation for this model &@n recejved signal level depends on the distance leetwe

expressed as [2]:

PL(dB)=69.55+26.16logf-13.82log o(h)-a(he)+(44.9-6.55
l0g10he)l0Q1d 3

Where,

f. Frequency(MHz)

he: The effective base station antenna height(30m)

h.: effective mobile antenna height(1m-10m)

d: T-R separation (m)

a(he): the correction factor for effective mobile aman
height

for small to a medium sized city, the mobile antenn

correction factor is given by
a(he)= (1.11logf-0.7)he(1.56l0gf-0.8)

for large city it is given by
a(he)=8.29(log1.5h)*1.1
a(he)=3.2(log11.75}4.79

for f<300 MHz
for f>300 MHz

transmitter and mobile station. The variance on sigmal
depends on the transmitter behavior and also cincemment.
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The design parameters highly influence the seiitsitof

Path loss in suburban area can be obtaine by niodify received power. The variation on signal dependslotter,

hata standard formula as:

PL(dB)=PL(urban)-2[log#28)]>-5.4

user and also on propagation model. The performafice
propagation model can observe by difference inba#¢dB)
value scale between the measurement plot and fimedic
model. This difference in value is called excedh p@ss. The

Hata’'s model does not have any of the path specifigudy of signal received from transmitter is catrieit within

correction which is available in Okumura model.SThiodel
is well suited for large cell mobile syatem, but personal
communication [5]

D. COST 231 Walfish-lkegami (W-1) Model

This model is developed by combination of J. Walésid
F. Ikegami model. The COST 231 project further digved
this model. Thus it is known as COST 231 Walfishgami
(W-1) Model. This model is most suitable for flatbgirban
and urban areas that have uniform building heightong
other model like the Hata model this model givescige path
loss. Due to this additional parameters introduagbich
characterized the different environments. It gividse
categorization of different terrain with differeptopised
parameters. The path loss equation of this madgihvien by

6]

For LOS condition

PL os(dB) = 42.6 + 26log(d) + 20log(f) (4)
For N-LOS condition

PL os=Lgg + Lis + Liysg fOr urban & sub-urban
PLos= Les if lis + Lms™ O

Where,
Lrsi: Free space loss

Lys RoOf top to street diffraction
Lmsa: Multi screen diffraction loss
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six different clutters to measure the received poavel also
to approximate the excess path loss. The effediffoaction
will not be quantified due to lack of available tér data
base.

IIl. PATHLOSSCALCULATION

The measured signal power can be converted intolpss
using following equation:

L= EIRP-Ly+Ggrx-Prx (5)

EIRP represent Effective Isotropic Radiated Powed a
expressed as:

EIRP=Rx+Grx-L1x (6)

The path loss and EIRP can be calculated by sutistjt
the parameter’s value. The measured and predictédi@ss
is shown in figure2.

= eastrad Path Loss

Path Loss(dB)

p—tv )
0 05 06 07 08 0% 1+ 41 12 13

TR Sepastionf)
Figure 2 Measured Path Loss
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The figure 2 shows that the exact prediction oppigation
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data reveal a linear property and allow us to commeth,
the free space and measured data more exactly.

models can not be done for all type of propagation

environment. This is because, the radio wave prajpayin
built up area is highly influenced by nature of ironment,
density of building and patrticular size. The thé¢ices plot of

The free space path loss prediction is analywed
quantify the measured received power. In aboverdigu
measurement plot is being compared to free spazhqgbion

path loss does not give much information for a gooith a range of .3 to 1.4 km from BTS. The free spzeth loss

comparison. With this point of view, a least squarethod

(FSPL) in signal strength would result from a lmfesight

was selected to obtain the best fit of measureld lpas as a path through free space, with no obstacles nearlpatise

function of distance using linear fitting tool in AMLAB.
The measured path loss is plotted with the helpinsfar
fitting technique.
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Figure 3Measured path loss plot using linear fittin

A. COMPARISON BETWEEN FREE SPACE (FRIIS)
MODEL AND MEASURED PATH LOSS
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reflection or diffraction. It does not include facs like gain
of transmitting and receiving antenna and any khss to
hardware imperfection. Practically the base stagiatenna is
located at a height of 30 m and mobile stationoisated
between the building and street, so there is e difhsight
path available. Therefore, the received signalffisceed by
reflection, diffraction and scattering. This respincrement
in path loss as compare to the free space patiptesiction.

B. COST231 EXTENSION TO HATA MODEL IS
COMPARED TO MEASURED PATH LOSS
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Figure 5COST 231 Hata Extension model and measured

data

This model is restricted only for following rangd o
parameter:

f  :1500 MHz to 2000 MHz

h, :30mto200m

h, :1mtol0m

d :1kmto20km

The comparison of cost 231 Hata prediction and oreals
data results that, there is almost constant pathddference
between both values. This may be due to that maskime
same density of clutter exist between BS and MSchwhi
contribute more losses to received signal as tBenbves
away from BS.

Figure 4 Comparison between Free space path lass an

measured Path Loss

The comparison of free space path loss model and

measured data is plotted using linear fitting mdtho
MATLAB. This results that free space model and mead
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C. COST 231 WALFISCH-IKEGAMI MODEL 1S
COMPARED TO MEASURED PATH LOSS
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Figure 6 Comparison between Measured path loss and

COST231 W | model

Analysis of figure describe that path loss incredisearly

with increase in distance between BS and MS. As the

distance between BS and MS increases, differentecha
measured path losses and Cost 231 W | model ireseas
the range of 1.1 to 1.2 km the difference betweeth lis
maximum. This can be explained by the nature of €8% W
I model. Basically this is a flat suburban moded #imis type
of model provides a measure of path loss as fumabib

distance. This model does not include antenna stiado

effect, blockage and terrain roughness.

D. HATA MODEL I1SCOMPARED TO MEASURED PATH

LOSS
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Figure 7 Comparison between Measured path los¢iatal

model

The plot of Hata model and measurement illusttzdéthe
measurement results are slightly lower than thertteal

Hata model. There is a difference of 10 dB exidivben
measured data and hata model. The model shows good
agreement with the measured path loss. This isusecaata
model is more suitable for urban and suburban regioalso
provide high transmitting /receiving antenna gain.

E. FSPL,COST231 HATA,COST231W AND HATA
MODEL ISCOMPARED TO MEASURED PATH LOSS
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Figure 8Theoretical model is compared to measuite pa
loss

[Il. CONCLUSION
For radio propagation a number of models are isterce

and among those which are applicable for DCS 18@0 a

described in thesis. The result of experiments dépe to
large extent on the environmental condition whiarams for
a particular region a specific model is applicat#tso the
result may be unrealistic if the same model is iggpln
different environmental condition, as the qualitywervice of
propagation model may be affected by the foliagat th
appears in the communication link. This may beteelao
thick forest or dense settlements with tall buiginDifferent
models have thus tried to evaluate the path lasdifferent
environmental conditions.

In this paper, experiments were carrigdbfutaining

the radio propagation model for Dehradun urbanomegh
GSM base station operation at 1800 MHz was used for
experiment. The aim is to investigate the effeaidss of
various radio propagation model like Hata model ST@31
Hata model, COST 231 WI model and free space miodel
the urban area at Dehradun.

During the experiment signal strength wasorded

and the corresponding path loss distribution grayds
plotted. Dehradun being a valley surrounded anciEm/by
sal and seesham forests, also the thick and fastiatgng
residential housing societies have played an inaporole in
the foliage propagation. Hence, scattering andatiffon of
propagated signal leads to path loss. As a resulthich
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theoretical path loss and actual path loss carelaged as:

Theoretical path loss- Actual path loss=X
This model is named as ‘X Model'. The measurement

results were compared with Hata model, COST 23laHat
model, COST 231 WI model and free space modelrésigt
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shows that there is least variation in ‘X modeldaHata
model. The variation is noted as 10.056 dB.

The measurement of ‘X model’ being 10.056nd@e
than Hata model which also means that the pathitossita
model as compared to ‘X model’ is given as:

X model =Hata model —X(dB)
Where X=10.056

Thus the result shows that Hata model is effigctive
for radio wave propagation path loss in urban aoéa
Dehradun, as there is only slight variation. Thiougis
thesis a modified model is proposed which is ( Hatalel
-10.056) and is most appropriate for the urban sarefa
Dehradun.
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