Journal of Theoretical and Applied Information Technology
10" December 2015. Vol.82. No.1 5

© 2005 - 2015 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645 Www.jatit.org E-ISSN: 1817-3195

COMPARATIVE ANALYSIS OF PATH LOSS
ATTENUATION AT OUTDOOR FOR 1.8GHZ, 2.1GHZ IN
URBAN ENVIRONMENT

N.V.K.RAMESH,' K. SARAT KUMAR, > D.VENKATA RATNAM, ,’ DR. MD. ALI HUSSAIN
*Y.V.SATJASWANTH °P.SARAT CHAITANYA

Assoc.Professor, Department Of Ecm, 'professor, > Professor Department Of Ece, *professor Department Of
Ecm

43 Student, Department Of Ecm, K L U (K L University), Vaddeswaram, Guntur Dt., A.P., India.

ABSTRACT

We investigated the radio signal path attenuation behavior by conducting a measurement survey in a GSM
network, which is transmitting at 1.8GHz and 2.1GHz band in the Vijayawada city, Andhra Pradesh, India.
Initially the measured field strength data collected at various locations from the base stations are used to
estimate the path loss. It has been observed that the path loss increases with distance in this case. In this
paper a detailed analysis for the calculation of path loss by using Okumura Hata model and the Cost 231
Hata model. We calculated the path loss data and compared with real time data obtained for both 1.8GHz
and 2.1GHz in an urban environment by using the received signal strength (RSS) of the base station with
and without noise. Our experimental result shows that the Okumura Hata model is one of the best models
for calculation path loss at urban environment.

Keywords: Path Loss, Coverage Area, Base Tran’s Receiver Station (BTS), Mobile Station (MS) Global

System For Mobile Communication (GSM)

1. INTRODUCTION the sub base station (BSS) and the network

switch station (NSS). A GSM digitizes and
Mobile communication has appreciated one of compresses data are then send it through a
Mobile communication has appreciated one of channel with two other streams of data and use
the multimedia applications.TheGSM stand for each in its own time slot at 1.8 GHz, 2.1 GHz
GSM Global System for Mobile GSM chose any one of TDMA / FDMA. The
communications[3] contains the essential GMSK is adopted by GSM [5]. GSM is a
intelligent functions for the support of personal cellular network. There are five different cell
mobility, smart function, especially with regard sizes in a GSM they are macro, micro, Pico,
to the identification and authentication of users Femoto cells and Umbrella network. The
and is an ETSI standard for digital cellular 2G coverage area of each cell varies depending on
phone with international roaming [4]. The the application environment [3]. Macro cells
technology was used almost exclusively from cover metropolitan areas in the order of several
GSM for voice communication but for short kilometers in the location of the base stations and
message services (SMS) soon became very building above average roof level to 40m etc.
popular among users of GSM. The GSM and its Micro Cell specification covers the inside of
enhancements (including UMTS air interface) antennas mounted at the street height on the
will remain the technological base for mobile lower heights these are commonly used in urban
communications for many years and will areas. Pico Cells are small cells within building
continue to open up new application areas.|[8] those are used by supporting local networks
The GSM system is composed of three main whose coverage area is in few tens meters.
segments like mobile station (MS), the system of Femoto Cells are the smallest cells designed for
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using in residential or smaller areas. These are
generally used for laptops, notebooks and
connect to the service provider's network through
a wireless broadband Internet environment.

PLMN

' BTS

MS Mobile Station

& Internat.

BTS Base Transceiver Station HLR  Home Location Register

BSC Base Station Controller VLR  Visited Location Register

MSC Mobile Swilching Center EIR Equipment Idenfity Register
GMSC  Gateway MSC AUC  Authentication Center

ISC International Switching Center OMC  Operation and Maintenance Center

An Umbrella cells are used to
cover uncovered (shadowed) regions of smaller
cells and fill in gaps these coverage between the
smaller cells [6]. Level data signal strength
downlink was collected using GSM mobile test
and analyzed using research. The power - to -
antenna transmission was for both 2.1GHz and
1.8GHz is 14W.Both the base station sectors are
facing in the same direction that has a gain of
14dB,In this paper we proposed the method the
best method for calculating the Path Loss. We
proposed this model is due to the effect of path
loss which decreases the signal strength in the
transmission. The technique which we used in
this paper has been discussed about the
insufficient drive testing that may be affect the
offset this problem is also known as effective
fade margin[8].we have collected the GSM data
from the BSNL office for the both 1.8 and 2.1
GHZ frenquecy’s.the data we collected is about
the 3-4 kms.we collected the transmitted data
and the received data at the base stations. We
considered the collected data from the BSNL is
Path Loss Practical data and we calculated the
Path Loss by using the distance by using the
formula. For calculating the Path Loss terrifically
value’s we used the two models there are Cost-

231 and Okumura model’s we considered these

for comparing the experimental data in real time.
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Figure 1. Test Drive At Vijaj;awada
2. PATH LOSS MODELS

Path loss is the reduction in power density of an
electromagnetic wave as it propagates through
space. Path loss is the major component in the
analysis and design of the link budget of
telecommunication systems. Path loss commonly
used both  wireless and  signal
communications.

in

The following factors like free space loss,
Refraction, Diffraction, Reflection, Aperture will
affect the path loss

The following are the three types of models to
calculate the path loss:

1. Empirical models

2. Semi-deterministic models

3. Deterministic models

Empirical model: Empirical models are usually
a set of equations derived from extensive field
measurements and empirical models are simple
and efficient to use [10] the measurements were
made With these models are Very accurate for
environments with the same characteristics The
input parameters for the empirical models are
usually qualitative and not very specific like
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urban area and suburban area. Based on our
paper we refer to the empirical models like Hata
model,cost-231 model

2.1 COST -231 Hata Model

The Cost-231 model is used widely for
calculating the wireless mobile system’s [7].
This model is used only in particular band width
from 500 MHZ to 2.1GHZ (2000MHZ) because
this is frequencies of the mobile. The bellow
given equation gives the Path Loss in dB’s[3.10]
and the equation is

K = 46.3 + 33.9 logo(f) — 13.821 logy(hb) -
X(hm) + (44.9— 6.55 log,o(hb) logy(d) + cm ---

Where X (HM) = 3.20 (log;y (11.75hour))
2-4.97 for f> 400MHz— (2)

Where f = frequency in MHz, d = distance
between AP and CPE antennas in km, hub is the
AP (point scale) antenna height above ground
level in meters.
ncost = (44.9-6.5510g 10(hb)/10 -- (3)

The cm value in the above equation will be
0(zero) for the smaller cities and the cm value
will be 3 dB for larger cities. Here smaller means
sub-urban areas and the larger means urban
areas. When he is the CPE (Customer Premises
Equipment) antenna height above the ground.
Observation of (7) to (9) reveals that the path
loss exponent of the predictions made by the
COST-231 Hata model. To evaluate the
applicability of the model for the COST-231 2.1
GHz band, the model predictions are based on
the measurements from three different
environments namely urban ,sub urban and the
rural.but,as per our paper we considered only the
urban environment only.

Coverage: VALIDITY RANGE OF THIS
MODEL

Frequency range is between the 150-2000 MHZ
Mobile Station antenna height lies between the
1-10 m

Base Station antenna height lies between the 30-
200 m
Link distance also lies between the 1-20 Km

Okumura Hata Model

The Okumura Hata model is one of the
empirical model which is used to calculate the
Path Loss. This model is used to calculate the
Path Loss from the 150MHZ to 1500MHZ.this
model is also used to identify the height of the
antennas of base station and the mobile these two
are the important factors to calculate the Path
Loss. Masahuru Hata created empirical models
that provide good fit to the measurement taken
by Okumura for the transmitter
separation is d is more than 1Km and the
expression for path loss is developed by Hata is
called Okumura —Hata is shown by equation (4)
Hata presented the urban area propagation laws
as a standard formula’s and supplied correction
equations for applications to other Situations.[8§]

Hata model is based on
Okumura’s field test results and it predicts
various equations for path loss with  different
types of clutters [7]. The Limitations of the Hata
Model test results include its frequency’s (150
MHz to 1.8 GHz),the distance from BTS (50m to
20Km), and the height of base station antenna
(30m to 200m) and the height of mobile antenna
(Im to 10m). Mathematically, the Hata model
path loss is expressed for different environments
such as the urban, suburban and open area. Hata
model produces good results for the hilly rural
terrains because the geographic details of this
environment are not specified.

receiver

Path loss for urban, suburban and rural clutters is
expressed as

IP(Urban) = 69.55+26.16log( f) —13.82 log(hb) — a(hm)

+(44.9-6.55log(hb))logd --(4)
Ip(suburbman) = Ip(urban) —2{log(f /280} -- (5)

Where a(hm) is a correction factor for the mobile
antenna height based on the size of the coverage
area. For small to medium sized cities, this factor
is given by:
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a(hm)=(1.1log(f)-0.7)hm-(1.56log())-0.8 —---(6)

The a (hm) value for the larger cities. the
frequency will be nearly or greater than 1.8GHZ,
a(hm)=12.78hm-19.918 dB ----(7)

The a(hm) value for the frequency will be nearly
or greater than 2.1GHZ,
a(hm)=12.854hm-20.02 dB ----- (8)

Although Hata’s model does not have any one of
the path specific corrections which are available in
Okumura model the Predictions of the Hata Model
Compare very closely with the original Okumura
Model.

Coverage: VALIDITY RANGE OF THIS MODEL
Frequency range lies between150-1920 MHZ
Mobile Station antenna height lies between 1-10 m
Base Station antenna height lies between 30-1000

m
Link distance lies between 1-100 Km
Tx------ Rx distance are between 1m------ 10Km

3. BSNL data:

The Table 3 shows the comparison
between two mobiles in the same area and
receive the information from different base
stations.In this the Rx level in a dedicated
network for GSM RP(MS1) and MS2 in full
mode is more than a sub .Here RXquality in full
mode is also more than sub mode. And the
BERactual is 1.80 where as MS2 is 0.The MS
power for MS1 is less than MS2

Table 4.

Table 1 . BSNL data
Receiver(BTS) Value
Latitude 16.478182
Longitude 80.64899
Cable loss 1.3
Interference margin 2dB
Fading margin 5dB
D.C power 20dbm
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4. ENVIRONMENTAL DESCRIPTION

The Figure 2 shows the path loss calculations
for two different models like HATA and COST-
231 model [7]. The Figure 3 shows the
comparison between distance verses Rx signal
strength for GSM and 2G The measurement was
conducted radially from the transmitter in urban
areas and the route started BSNL office M. G.
Road and ending at the RTC bus stand. In this
case the measurements were take up to 12 Km
from the transmitter. The first 3 Km is densely
populated with multistoried buildings like three
storied and four storied buildings and road width
is 100 feet denoting urban conditions and a few
tall trees are located near the Road and beyond
the 4Km a big junction called as
ramavarapaddu junction[2] .During the time of
measurements nearby road is filled with heavy
traffic. In connection beyond the 4Km there is
big hill is located which we called as Gunadala
konda.the scattering and diffraction of the signal
leads to pathloss.Typically 40% of the area is
filled with houses and concrete buildings and
after 5 to 12 Km more number of shopping
complexes and the measurements ended at
Radio station. Our reference point Currency
nagar It lies within latitude80.67486 and
longitude 16.51675 .it is situated nearly 4 km by
road

The Figure 2 shows the comparison between the
path loss for different models of Gsm like
HATA,COST-231 at 1.8GHZ and 2.1GGZ.The
Theoretical value of the cost-231 is more
appropriate to calculate the path loss for the
urban environment. The path loss calculation
using HATA-OKUMURE and COST-231 shows
that, We observed that the COST-231 model has
a greater path loss therefore the HATA-
OKUMURE is better than the COST-231 model
for the both 1.8 and 2.1 GHZ frequency’s in the
urban environment.
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Comparision of Okumura’Hata Model and COST231 model

T T
i | — —cosT23t =100 MHz ||
o]~ Hata f=1600 MHz
— — COST231 2100 MHz
-~ Hata F=2100 MHz

Path Loss [dB]

2 4 6 8 10 12
Distence [Km]

Figure 2. Path Loss Calculation

5. RESULT

In this paper  We presented the Path loss
models are investigated with real time GSM
cellular system at BSNL Vijayawada The
environment such as urban area of Vijayawada
were chosen through BTS specifications of such
environment using two propagation model such
as Okumura model and COST-23 model. The
real time, signal strength value is compared with
the received signal strength value is calculated

using HATA and COST-231 models. The table
2,3and 4 shows the different real time data is
obtained from test drive by using TEMS(Test
mobile system measurement unit) is a special
software used for processing and analyzing the
collected measurement and display the
measurements on the maps and the table 5
shows the data is collected from to test mobile

MS1andMS?2 at Currency Nagar in Vijayawada.
The path loss is more appropriate to calculate the
RX level, and path loss in GSM cellular
communications at BSNL-Vijayawada. The
Figurel shows the comparison between the real
time values and the predicted RSS values by
HATA, COST-231 Hata Model, and models in
urban environment which is taken from BSNL
OFFICE (MG road) to Eluru road on longer and
the distance (200,400,600.....) according to
propagated model is also longer in wireless
communication.

For calculating the path loss in the urban areas
at any distence for 1.8GHZ and 2.1 GHZ is:
Lp=376.871+(35.224)log D

Lp=378.651+(35.224)log D

Table 2 Data Collected From BSNL Vijayawada

Parameter ServRx Serve
QualSub dB | RxLevSu | mts

b dB

Mean 1.645854191 | 954 7
9641.51464

Mode 0 -67 8

Median 0 -68 7818.80957
9641.51464

Maximum 7 -43 8

Minimum 0 -94 0

Count 10987 10987 5505

S.D 2.335261587 | 025

Variance 5.453446679 | 293 3

Distance

68.51114 | 6775.49287

7.646910 | 3106.95523

58.47523 | 9653170.80
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Table 3 Data Collected From Different Mobiles At

Vijayawada
Distance Towards Hata Cost231
in Km (dB) (dB)
.1Km M&M 301.05 335
showroom
SKm Benz circle 347.4 382.1
1Km Stella college 3474 409.3
1.5Km Ramesh 393.74 428.5
hospital
2Km Medical 408.66 443.7045
college
2.5Km Aruna 420.85 455.64
residency
3Km Veterinary 431.15 465.9
colony
3.5Km Currency 440.08 474.88
nagar 8
4Km Gunadala 447.9 482.7
SKm S.R.R.College 495 489
6km Sitarampuram | 461.3 496.1
7Km Vijayatakis 467 501
9Km Challapalliban | 472.5 507
gala
10Km Bus stand 471.5 512.2
12Km Radio station | 482.11 516

From the above table we conclude that as

distance increases path loss will also
increases.but when compared to the above
models the hata model is better than the cost-231
model so it is prefor to use the hata model in the

city’s while calculating the path loss.
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Table 4.Practical Path Loss Calculation

GSM-CC | GSM GSM

MS1,MS2, | RP(MS1 )dB RP(MS2) dB
Full Sub Full Sub

Mode Dedica | Ideal | Dedicated | Ideal
ted

RX Level | -68 -67 -67 -66

RX 2.26 .14 14 .14

quality

FER 0 0 0 0

BER 1.80 -- 0 0

actual

FER 0 0 0 0

actual

C/T Worst | 17.2 303 | 223 22.3

MS power | 5 - - 12

RL time | 64 -—- -—- 64

out

SQIMOS |0 0 3.80

We observed from the above table the path loss
of hata model at currency nagar ( 440 dB) is
lower than the cost-231 model (474 dB).we also
observed that as distance increases the path loss
also increases.in the same way the path loss is
changed at aruna residency and veterinary
colony.
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Table 5.Path Loss At Particular Locations

Site name Longitud | Latitude Orientatio Tow Buildin | ANT MECH | Electr | BCCH Basic

e n er ht g ENN ANIC ical

height AHT | AL Tilt || Tilt
CURRENC | 80.67486 16.51675 60/170/28 12M 10M 22M 0/0/2 1/4/4 69/66/71 27/42/2
Y 0 RTT 5
NAGAR
ARUNAR 80.66164 16.50242 30/110/24 15M 15M 30M 4/4/2 0/0/0 68/66/74 40/20/3
ESIDENC 0 RTT 0
Y
VETERNA | 80.66581 16.51184 || 10/180/29 30M | OM 24M 3/1/0 4/2/4 78/74/76 30/32/4
RYCOLO 0 GBT 1
NY
6. CONCLUSION when compared based on the path loss in Urban

This research work has shown the outdoor path
loss model for urban area. The path loss of
Okumura and cost 231 models shows increasing
value with respect to transmission distance and
path loss decreases as the height of the
transmitting and receiving antennas. The
comparisons between the models as we
discussed above the practical value and the
theoretical value is more for the cost 231
model.so, we prefer the okumura’s Hata model
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