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Abstract

Good network performance in any wireless networkctvliis a measure of the strength of signal receised a
great concern to the network provider. The desirthis research work is to use a Path loss Projegktodel
that can help in planning better Global SystemMabile Communication (GSM) network. The data usestev
collected via drive test. The down link signal leveere collected using test phones, TEMs invesdtigat
software (Agilent technology) and info maps. Tlesd station antenna height is 30m and mobile statio
antenna height is 1.5m and the average Path lossneasured to be 147.76dB.

Comparison was made between measurement resul®Rradidgtion Model (Okumura-Hata Propagation Model)
with GSM network at a frequency of 1500MHz. Theutesswere consistent with the Okumura-Hata Model fo
Path loss Propagation with a little deviation whishas a result some macroscopic parameters asdwiti
provide a plat form to aid in system optimizatiaogess for improve performance also for charadédn of

the quality of radio coverage.
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1.0 Introduction

Since the launch of GSM in Nigeria in August 200has changed the face of Information and Comnatito
Technology (ICT) in the country. Mobile telephongshrapidly become the most popular method of voice
communication in Nigeria. The growth has been gwodrghat Nigeria has been rightly described in oasi
forums as ‘one of the fastest growing GSM markethée world’ [1].

Path loss (Path attenuation) is the reduction Wwquodensity (attenuation) of an electromagnetic avas it

propagates through space. Path loss is a major amenp in the analysis and design of the link budiea



telecommunication system. This term is commonlydusewireless communication and signal propagation.
Path loss may be due to many effects, such assfpraee loss, refraction, diffraction, reflectioneapre-
medium coupling loss and absorption. Path lossesgmts the mean signal attenuation at a certaendis from
the transmitter and can be predicted by the distamc other macroscopic parameters such as ciedgrency,
transmitter and receiver antenna heights, ter@ntour, and buildings concentration [2,3]. Oneth@ main
reason for understanding the various elementstafteradio signal Path loss is to predict the cagerarea that
may be achieve for a particular broadcast statiwhadso to predict the suitability of Model as well

Path loss is usually expressed in decibels (dB)tslsimplest form, the Path loss can be calculatgdg the
formula

L=20n10g10(d) + € ooritiee it et e s (1)
WherelL is the Path loss in dBy is the Path loss exponeut,s the distance between the transmitter and the
receiver, usually measured in meters, @rd a constant which accounts for system losses.

Prediction of Path loss is a significant elementsgétem design in any communication system. A bidia
Propagation Model is one which calculates the Reth with small standard deviation. Suitable Modelsst be
chosen for measurements of field strength and Bathas well as other parameters. An accurate eiable
prediction method helps to optimize the coveragaatransmitter power and eliminates interferemobdlpms
of other radio transmitters as well. This will helptwork engineers and planners to optimise therage area
and to use the correct transmitted powers. Allgrediction methods are divided into empirical amgygical
model . The preference for the coverage Predidflodel depends on the propagation environment améitba
to be covered. For this reason, Prediction Modalehbeen developed using empirical or statisticethiods.
The critical factor that affects Path loss is th&tahce between the transmitter and receiver. kniswn that

signal power decreases as distance increases[4,5,6]

2.0 Propagation Models in Brief

The two basic Propagation Models (Free-Space aadePEarth loss) have all the mechanisms which are
encountered in macro cell prediction. Many researslise these Models and predict the total sigisal Other
Models require detailed knowledge of the locatiatimensions and parameters for every tree or mgldind
terrain features in the area to be covered. Thediéaare complex and yield an unnecessary amoutgtefls as

the network designer is not only interested ingheticular locations covered, but mainly on theraiteextent

of the coverage area. One appropriate way of remgothiese complexities is to adopt an Empirical Mode



These Models use all the parameters like the redesignal strength, frequency, antenna heightstemdin
profiles which were derived from a particular eoviment by the use of extensive measurements atististd
analysis as well. These Models then can be useégign the system which operates on similar enmiental

condition as the original measurements [7].

2.1 Free Space Propagation Model

The free space Propagation Model is used to preelégtived signal strength when the transmitter recdiver
have a clear and unobstructed line-of-sight pattwéen them. Since in most large- scale radio wave
Propagation Models, the free space Model predias teceived power decays as a function of theragpa
distance between Transmitter-Receiver raised teegoower (i.e. a power law function). In this casefspace
power received by a receiver antenna which is sépdifrom a radiating transmitter antenna by sadist d is
given by the Friis free space equation [8].

P (d) = PeGiGrA% | (Ar)2d% oo oo 2
Where P(d) is the received poweg; is the transmitted poweg; is the transmitter antenna gaif, is the
receiver antenna gaim, is the transmitter-receiver separation distancené@iers and. is the wavelength in
meters.

PL = - 10log, G; - 10logo G, - 20log,[(cx10%) /4mxfx10° ]-20log;o(1/d)

PL =-G; - G; +32.44+2010g0 (d) + 201000 (F) ++evereeeiiie it e e e e (3)

Where PL is the Path loss, f is the frequency inz\iid c is the speed of light (3¥a@s?).

2.2 Okumura Model

The Okumura Model is an Empirical Model based otemsive drive test measurements made in Japan at
several frequencies within the range of 150 to 182z and further extrapolated up to 3000 MHz. Okua'si
Models is developed for macro cells with cells déens in range from 1 to 100 km. The height of lhse
station antenna is kept between 30-100 m. The Okarmodel has taken into account several propagation
parameters such as the type of environment andethain irregularity. Okumura developed a set ofves
which gives the median attenuation relative to §pace (Amu), in an urban area over a quasi-snieothin

with a base station effective antenna heigh} ¢ 200m and a mobile antenna height)(bf 3 meters. These

curves were developed from extensive measuremsittg vertical omni-directional antenna at both bizese



and mobile. In this case curves are plotted asatifon of frequency in the range of 100 MHz to 192Biz,
and as a function of distance from the base stati¢ime range from 1 km to 100 km.

PLo0= LEFAMU 1) Gin) Gm)-GAREA «+++- v ervrersenameerstanseaatearetanie et eee ettt seeanetas e neeaee e (4)
Where PlLy(dB) is the median value (i.e. 50th percentile)}Path (propagation) lossglis the free space loss
and can be calculated using either Equation (8tguation (7). The value of Amu is the median atseioun
relative to free space, s is the base station antenna height gain factgr, 6 the mobile antenna height gain
factor, and Grea is the gain or correction factor owing to the tygfeenvironment. Amu(f; d) and gea are
determined by observing the Okumura curves.

The term Gy and Gnm) can be calculated by using these simple formulas :

Gnp)=20100101000M> F> B0M ...oeei ittt e e e e (5)
Gm=1010G0(Nm/3) N SBM oo (6)
Ghm=2010G10(Nm/3) LOMS NS cen et e e e e e e e e (7)

Okumura's Model is considered to be the simplest @iost excellent in terms of accuracy in Path loss
prediction for mature cellular and land mobile syss$ in cluttered environment. The main disadvantigbe
Okumura Model is its sluggish response to rapichgka in terrain condition. Consequently the mosléhirly

good in urban and suburban areas but not as gaddd¥for rural areas [9,10].

2.3 Okumura-Hata Path loss Model

The Okumura-Hata Model (1980) is an empirical folation of the graphical Path loss data provided by
Yoshihisa Okumura, and is valid from 150 MHz to @3@Hz. This Model basically is a set of equatioasdd

on measurements and extrapolations from the cudegsed by Okumura. Okumura-Hata presented thenurba
area Propagation loss as a standard formula, aldthigadditional correction factors for applicatiam other
situations such as suburban and rural area. Only farameters are required in this Model as a trekal
computation time is very short in this Model. Tisone of the main advantages of this Model. Howetree
Model neglects the terrain profiles (conditionsjvieen the transmitter and receiver i.e. hills dreotobstacles
that exist between the transmitter and receiverewet considered. This is because both Okumura-biada
Okumura Models have made the assumption that déimsritters would normally be located on hills. Haeic
formula for the median Propagation loss given byiBira-Hata is:

PL=69.55+26.160g10f —13.820g:0N:~ah,+(44.9-6.5%0g:100 )I0g10d=K ... ..o+ ovooveeeeeeeeen ©)



wheref. is the carrier frequency (in MHz) from 150 MHz1600 MHz, R is the base station antenna height (in
metres) ranging from 30m to 200m, is the mobile antenna height (in metres) rangmgfl mto 10 m, d is
the base station to mobile separation distancér(ijy and a(h) is the correction factor for effective mobile

antenna height which is a function of the sizeheftoverage area.[6]

Table 1. Okumura-Hata Model Parameters

Type of Area a (hy) K

Oper (1.1logof —0.7)h - (1.56l0gof . — 0.8) 4.7(logof )*-18.33log,f ¢ +40.94
Sut-Urbar (1.1logof —0.7)h - (1.56l0gof . — 0.8) 2[logof . (/28)F +5.4
Mediurr-Small City (1.1logof —0.7)B - (1.56l0gof . — 0.8) 0

Large City {.>300) 3.2(log;0 11.75k,)%-4.97 0

Large City {.< 300) 8.29(log01.54,)*1.1C 0

An Empirical formula for extending the Okumura-Hat#odel range up to distances 20 to 100 km was
developed by ITU-R also the Cost -231 Model caruge for small distances and also extend validityhef

frequency range of Okumura-Hata Model to 1500-208@NB].

3.0 Methodology

Surulere is a residential and commercial areas ftart of Metropolitan Lagos City and a Local Gaoweent
Area located on the Lagos mainland in Lagos Stdigeria, with an area of 23 km2. At the last censuthe
year 2006, there were 502,865 inhabitants, witbufation density of 21,864 inhabitants per sqkdoenetre.

The data used for this work was collected via thedTest, the down link signal level were collettesing test
phones, TEMs investigating software (Agilent tedbgg) and info maps carried out for sites aroundufgue,
from GSM network along major streets in Surulerendho Williams Avenue, Alhaji Masha Street, Lawanso
Itire Road, Akerele Road, Randle Avenue, Ogunlamevel Adeniran Ogunsanya, Bode Thomus and Sab
Animashaun Street) as shown in the Google Earthim&igure 1. The Data shows the Rx Level, Rx Quali

and FER as recorded from the drive test (Tablen@)veere analysed.



Figure 1: Google Earth map for Surulere, Lagos Sta



Table 2: Rx Level (coverage) Data

S/IN | Latitude | Longitude | Cell ID | Rx Level (Full) | Rx Level (Sub) | Rx Quality (Full) Rx Quality (Sub)
1 6.51267 3.34944 11146 -72 =77 1 0
2 6.5126¢ 3.3494¢ 1114¢ -72 -73 3 2

3 6.5126¢ 3.3495! 1114¢ -76 -76 2 2

4 6.51266 | 3.34966 11146 -77 -80 4 3
5 6.51266 | 3.34966 11146 -70 -76 3 0
6 6.5126¢ 3.3497° 1114¢ -79 -78 5 3

7 6.5126¢ 3.3499: 1114¢ -79 -78 4 4

8 6.51266 | 3.36033 11165, -74 -72 3 0
9 6.48898 | 3.35602 11165 -76 -74 3 0
10 | 6.4889¢ | 3.3560: 11168 | -72 72 2 0

4.0 Results

The measurements were taken at an interval of 5Q0nimes for each measurement which is a summaty a
measured results from the data collected. Tabl®r8am the measured Path loss andtheoretical Vaiue

Okumura-Hata Model with the same distance interval.




Table 3: Measured Path loss and Okumura-Hata ModePath loss in dB

Distance (m) Path loss (dB) Okumura-Hata Model Pattoss (dB)
50C 140.1: 123.6¢
100(¢ 139.8¢ 134.2¢
1500 142.32 140.46
2000 144.32 144.86
250( 145.4; 148.2¢
300( 147.4: 151.0¢
3500 150.13 153.42
4000 154.12 155.47
450(¢ 155.5: 157.21
500( 158.3¢ 158.8¢
Overall average 147.76 146.76
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Figure 2: Path loss (measured and that of Okumura-#ta Model) versus distance

5.0 Discussion of Results

From Figure 2 which is the graph that comparesRhath loss for the measurement results and thatheof t
Okumura-Hata Model, it is obvious that there isgmificant relationship between the measured aedMiodel
results (both of them have almost the curve) whigtde it clear that Okumura-Hata Model is a suitalbdelel

that can be use for estimating the propagation ash Poss in urban area like the area under invatstig.



6.0 Conclusion

The overall average Path loss was 147.76dB and7@dB. for the measured Path loss and Okumura-Hata
Model Path loss respectively with a mean squa@ @fr3.0dB. These results thus show that the Okarilata
Model for radio wave propagation is very effectiamed will be useful in planning and optimizing of &S
services in the investigated environment.

The need for high quality and high capacity netwagtimating coverage accurately has become exiyeme
significant. Therefore, for more accurate designecage of modern cellular networks the signal sfilen

measurements must be taken into consideratiordier o provide an efficient and reliable coveragma
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