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ABSTRACT

The design of future-generation mobile communicaystems depends critically on the pathloss ptiedic
methods and their suitability to various signalg&gation regions. An accurate estimation of raudithloss is
useful for predicting coverage areas of base statifrequency assignments, determination of etedieid
strength, interference analysis, handover optintratind power level adjustment. The radio patk lo#l also
affect other elements such as the required recsiesitivity, the form of transmission used andesalother
factors. As a result, it is necessary to understhadeasons for radio path loss, and to be abiietermine the
levels of the signal loss for a given radio pathtHis paper, we investigated the radio signal jadtbnuation
behavior, by conducting an experimental measurersentey in a UMTS network transmitting at 2100MHz
band in Government Reservation Area (GRA), Benity.dihe measured field strength data collectechéaibus
distances from the base stations was used to astthmpathloss. Firstly, the effect of differeargmeters, such
as distance from base stations was studied arsddbserved that path loss increases with distarmae the
signal source due to a corresponding decreaselihdtrength. Secondly, the calculated pathloss dave been
compared with data from other existing pathlosdigt®on methods. We find that the Okumura-Hata nhode
pathloss values were closest of all the propagatimdels considered classifying the environment into
consideration. Thus, the performance of OkumuraaHabdel shows its suitability for path attenuatloss
prediction in UMTS networks in GRA.

1. Introduction

The advent of mobile communications such as théd&@I|8ystem for Mobile communication (GSM) started i
commercial operation in Nigeria in 2001. GSM syst@anvery good at delivering voice services to its
subscribers, and is the most common 2G systemalbkeder the world. However, for data service, siteiation

is not the same. This has led to continuous netvackity upgrade over existing GSM system in order
support more efficient data services.

Recently, a totally new air interface, namely thgeheration (3G)-based WCDMA air interface systerhbding
deployed on existing GSM core networks in Nigerighvthe goal of supporting more efficient servicatal
transfers. This new system was called the UMTS.fdot 3G systems are designed for multimedia
communication; the person to person communicatambze enhanced with high quality images and vided,
access to information and services will be enharmethe higher data rates and new flexible comnatita
capabilities.

However, UMTS networks with new air interface nebé use of different base stations and base station
controllers, which mean a huge cost for operators.

Moreover, UMTS network planning is far more comatied than GSM voice planning [1]. Because in UMITS,
is not possible to think of minimum received sigleadel to achieve one maximum interference threshighch
service needs a specific threshold values and radswork behavior changes with traffic. So the némdan
accurate propagation prediction is now more viiahtbefore [2, 3].

This research is aimed at calculating path attémudbss at the mobile terminal via measured figticength
propagation data in a 3G based UMTS network usilogal telecom service provider. It transmits &teguency
of 2100MHz in the Government Reservation Area (GR#9nin City, Edo State. This is to enable us obthe
most suitable pathloss prediction model from amitregexisting ones for mobile radio signal propawatn the
study area. From the aim of the study, the objestare to:

0] Carry out signal strength measurement survey \ie dest in outdoor UMTS network propagation
environment.
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(ii) Calculate path attenuation loss from the measugedistrength
(iii) Compare measured pathloss values with some ketingxisathloss models such as; Lee Model,

Cost231-Hata model, Hata model and Egli Model.
1.1 Research Motivation

The existence of poor signal strength and pathiodge to the reduction of power density of an etenagnetic
wave as it passes through multi-path propagatimir@mment, has been a major challenge over thesyieathe
use of radio mobile communications and this effegreatly seen in cities with high population dgnsuch as
Benin City [3]. This path loss may be due to mafffeats, such as free space loss, diffraction, ctfie,
aperture-medium coupling loss and absorption. Otiinezs congestion of buildings also does obstruetty
signal strength across board and this has hindeffedtive communication in the affected areas dkeryears.
Due to the differences in city structures, locakram profiles, weather etc., the path loss préalictwith
reference to the existing empirical path loss medekch as the Okumura’s model, Hata’s model etay, differ
from the actual one. Furthermore, network planrang optimization has become complicated and diffias
high numbers of base stations are involved in ot with significant co channel interference.

The network operators may face huge losses regultirm complaints from the network users due toroper
link budget calculations and path loss predictidriais, Base Station transmitters should be sitéd thibrough
considerations on the effect of the location ofeotBase Stations on the signal strength, preciselgss
calculations and using appropriate propagation fsode

Usually, the calculation of path loss is calledht@ds prediction. An accurate estimation of pa#fslis useful for
predicting coverage areas of base stations, freyugssignments, proper determination of electaldfstrength,
interference analysis, handover optimization, anevgr level adjustment [4]. Most of the existing tjass
prediction models have limitations. By comparingrthwith the practical measured data, the most ategath
loss prediction model for mobile propagation enmiment can be determined. The telecommunication
companies in Nigeria whether based on GSM or CDMi#hologies operating at radio frequency band 6f 80
to 2100MHz, should apply the knowledge presentettiisipaper for radio link budget design and arialgs as

to further improve their services. This will asdts¢ telecom service operators to provide qualgpas to their
teeming subscribers.

2. Radio Signal Pathloss Basicsin Physics

The signal path loss is essentially the reductiopower density of an electromagnetic wave or gigisait
propagates through the environment in which itaselling.

There are many reasons for the radio path lossiagtoccur:

Free space loss:. The free space loss occurs as the signal trakiedsigh space without any other effects
attenuating the signal it will still diminish asgpreads out. This can be thought of as the ramimnwnications
signal spreading out as an ever increasing spAsrthe signal has to cover a wider area, consenvati energy
tells us that the energy in any given area wiluiegas the area covered becomes larger.

Absorption losses:  Absorption losses occur if the radio signal pasmito a medium which is not totally
transparent to radio signals. This can be likeneal light signal passing through transparent glass.

Diffraction: Diffraction losses occur when an object app@arthe path. The signal can diffract around the
object, but losses occur. The loss is higher theemounded the object. Radio signals tend to diffizetter
around sharp edges.

Multipath Fading: In a real terrestrial environment, signals Wil reflected and they will reach the receiver
via a number of different paths as shown in figlreThese signals may add or subtract from eachr othe
depending upon the relative phases of the sigifathe receiver is moved the scenario will change she
overall received signal will be found to vary wipesition. Mobile receivers (e.g. cellular teleconmaations
phones) will be subject to this effect which is wmoas Rayleigh fading.

Terrain: The terrain over which signals travel will havsignificant effect on the signal. Obviously hillbich
obstruct the path will considerably attenuate tlyaal, often making reception impossible. Additittyhat low
frequencies the composition of the earth will havmarked effect. For example on the Long Wave binsd,
found that signals travel best over more condudgvein, e.g. sea paths or over areas that arshmar damp.
Dry sandy terrain gives higher levels of attenuatio
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Buildings and vegetation: For mobile applications, buildings and other alxtions including vegetation have
a marked effect. Not only will buildings reflect dia signals, they will also absorb them. Cellular
communications are often significantly impairedhiit buildings. Trees and foliage can attenuateoraijnals,
particularly when wet.

Atmosphere:  The atmosphere can affect radio signal pathsloder frequencies, especially below 30 -
50MHz, the ionosphere has a significant effectienting (or more correctly refracting) them back&arth. At
frequencies above 50 MHz and more the tropospheseahmajor effect, refracting the signals backatwheas a
result of changing refractive index. For UHF braastahis can extend coverage to approximatelyrd tiéyond
the horizon.

i, Diffraction Transmitter
s a
|

Figure 1: Multi-path Propagation
2.1 Calculating and Predicting Path Lossin UMTS

One of the main objectives of understanding thiediht elements that result in the radio signah pags is to be
capable to forecast the loss for a particular pathp forecast the coverage that may be achieved fgiven
base station and broadcast station.

The prediction of the path loss is not easy fot litaglobal applications, because many factorgehi@ be taken
into account for that purpose. In spite of thisréhare many wireless radio coverage predictionwso#

programs and wireless survey tools that are aJaeiladbpredict radio path loss. Most path loss pogals are
made using techniques outlined below [5]:

- Statistical methods. These methods of predicting signal path loss relyneasured and averaged losses for
distinctive types of radio links. Different modelan be used for different applications. This typemproach is
generally used for cellular network planning, fetimating the coverage of Private Mobile Radio (PNiRks
and to plan for broadcast coverage.

- Deterministic methods: This approach or method of predicting radio sigreth loss and coverage utilizes the
basic physical approaches as the basis for theulatiins. This type of methods requires taking into
consideration all the parameters within a giveraaed although they tend to give better accuratelts; they
need much additional data and computational polmweriew of their complexity, they tend to be used $hort
range links where the amount of required data faithin acceptable limits. Though it is still estahto have a
better understanding of radio propagation so thatdrrect figures can be entered and the resuispireted
adequately.

Some key path loss models available in existirggditure for network planning are chosen and andlyslative
to calculated path loss from measured field stitedgta to see how accurate they are for path lesliqtion for
UMTS in the different locations of study. The sédetmodels are [6]:

a. Lee Model
b. Egli Propagation Model
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c. Hata Model

d. COST231 Extension to Hata Model

2.2. Description of Selected M odels

In the beginning, the Lee model was developed $erat 900 MHz and has two modes: area-to-area @int p
to-point [7]. Built as two different models, thisoael includes an adjustment factor that can be tsetbhke the
model more flexible to different regions of propaga. Lee model is suitable for use on data cadlddn a

specific area. The model predicts the behaviowldinks that end in specific areas.

The Egli model is a terrain model for radio freqexempropagation. This model, which was first introdd by
John Egli in his 1957 paper [8], was derived fraraltworld data on UHF and VHF television transnaasiin
several large cities. It predicts the total patfslor a point-to-point link. Typically used fortdoor line-of-sight
transmission, this model provides the path losa amgle quantity. The model is applicable to soesavhere
the transmission is spread over an irregular tertdowever, the model does not take into accoawetrthrough
some vegetation. Hata model is applicable for gueacy range of 150-1500 MHz [9]. Different corient
factors are used for suburban and rural environsngrt]. Hata model uses correction factor K valtagging
from 35.94 for countryside to 40.94 for deserts][Hata model provides extension to Okumura model f
distances greater than 1km. However, it does ndbie well for modeling of propagations in cellulsystem
with higher frequencies and smaller sizes [12]. T@S81 Hata model is the extension of Hata modes itsed
for frequency ranges from 1500-2000 MHz. It incagies signal strength prediction of up to 20km from
transmitter to receiver with transmitter antennghieranging from 30 m to 200m and receiver anteineight
ranging from 1m to 10m [13]. It is used to prediiginal strength in all environments [14]. COST-281model
has separate equations both for line of sight amdlime of sight communications regarding path lessmation.
Different parameters are used to indicate free espass, roof top to street diffraction and the irsdtreen
diffraction. It is more appropriate in rural enviraents when the communication is line of sight [INgn line
of sight equation is used in suburban and urbair@mwents.

3. Materialsand M ethod

This research took place in Benin City, the capfdtdo State, Nigeria. The research covered thrger areas
in the GRA metropolis, which include — Ugbor VillBapiona and the Benson Idahosa University campus.

3.1. Setup of the testbed for this Research

The set up for collecting data or measuring thevasgk KPIs for this research consisted of a 3G WCDMve
test campaign using the following:

1). LAPTOP - equipped with Ericsson TEMS 8.0 driest software which provides a test platform fog th
radio-air-interface and can connect UEs, scanrard,GPS terminals through a serial port. PCI slotSB
port.

2). TEMS handset (with data cable) — it simulat@smunication of terminal users so that the probereaord
test data.

3). Global Positioning Satellite — GPS (Externatéxma and Data Cable) — it is used to record tisitipo of
the test points during a test.

4). Vehicle — a car is essential for moving arouhd designated Base Station (BS) Transmitters whiéh
equipment.

3.2. Experimental Details

Measurement-based Prediction (MbP) is a uniqueorpdbpagation process, which increases the accwhcy
conventional propagation model predictions by mgkise of measured data to improve the model piedgt
around base station sites. The measurements wattided from a UMTS network with WCDMA interface
transmitters, located at the BIU Campus, Ugboewlhd Gapiona avenue, all evenly distributed ingbowent
Reservation Area (GRA), Benin City. The drive rauie these different locations are shown in fig+é. The
measured received signal strength data which isRbeeived Signal Code Power (RSCP) and transmitter-
receiver (T-R) separation distance (d) are recomdetBm and m. Every measurement points of recesigdal
strength and T-R separation distance are recondzalyefrom all the predefined routes of the thresdstations.
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Each measurement point is represented in an avefagset of samples taken over a small area {)Lbnorder
to remove the effects of fast fading [15].

The Ericsson-model TEMS (Test Mobile Systems) gkhner tool for data collection had the antennamed
on a moving vehicle (1.5 meter above ground leviHe Global Positioning System Receiver Set (GPREesy)
and a piece of compass were connected to a persmmaputer. The personal computer serves as the
communication hub for all other equipment in theteyn. The GPS operates with global positioningllgateto
provide the location tracking for the system durifaga collection, on a global map which has bestailed on
the personal computer. The compass helps to deterthie various azimuth angles of the base station
transmitters. Average height of transmit antennahkieut 30 — 32 meter above ground level, with thees
transmit power. Sampling rate of the collected datethe average, is about 2 — 3 samples per meter.

Using the ruler in TEMS software, the RSCP dataatous distances from the BS were determined.s Thi

technique enabled us to calculate the ElectricdFg&ttength (EFS) and pathloss at different distarfaam the
BS. The results of the calculated pathloss are showables @ C, and G in the appendix.
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Figure 4 — Measurement route for Gapiona suburiign ¢
3.3. Calculation of Path Attenuation loss M ethod from M easured Data

Based on the reception mode, the minimum equivdieltt strength of a signal at a receiver can Heutated
using the following formulas [16]:

C
Pon=—+P 1
smin N n ( )
1644

=G +10lo 5
A é{ A J 2)

Crin = Psmm - Ae For portable reception ©)
E,.. =¢., +120+10log(120n) = ¢, +1458 4

Where;

P.n = Minimum receiver input power {dBW}
Ae = Effective antenna aperture {dBmn

G = Antenna gain {dB}

A = wavelength of the signal {m}

¢in = Minimum power flux density at receiving place {qB/m?)}
E..;, = Equivalent minimum field strength at receivingqé {dB{\V/m)}

Pn = Receiver noise input power {dBW}
120 = Characteristic Impedance in ohms

The electric field strength, &, (dBuV/m) is obtained from the experimental results. ifigkP. . from the above

min
equations to be equivalent to the received pd%}(ﬁ(dB), the corresponding path loss can be obtained as
follows;

P, (dB) = 10log P, (Watts) (5)
P, (Watts) = 20 (6)
P, (dB) =43 @
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A =G +10I0{ 164/ j ©)

Taking G = 18dB for WCDMA Antenna (directional),

A, =G - 2575=-775dBm*) (10)

The equation for pathloss becomes:
P, (dB)=16651-E,,, (11)
4. Resultsand Discussion

The actual path loss measurements can be analgtastive to the empirical models to see whether ehes
propagation models are accurate to be used forlpashprediction in the study area. The pathlo$sutation
parameters include the following:

BTS Height (B) = 22m (Ugbor Avenue), 20m (BIU Campus), 24m (Gapi Avenue)
Mobile Station Height () =1.5m
Frequency of operationf= 2100 MHz

By taking readings at various distances, it is fidssdeduce some conclusions about the performahdke

base station transmitter. It can be seen from Eiguré and 7 that the path loss increases as teéved field

signal strength decreases and this implies a deeseguality of service. The reason for such perdmecas may
attributed to factors as discussed previously.

=== Calculated
pathloss (dB)

== Measured field
strength(dBuvVm)

Figure 5: Field strength and Path attenuatios pagtern in BIU Campus
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== Calculated
pathloss(dB)

== measured field
strength(dBuVm)
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Figure 6: Field strength and Path attenuation pad¢tern in Gapionaavenue

0.08 ==@==Calculated

pathloss(dB)
== measured field

strength(dBuVm)

noc

Figure 7: Field strength and Path attenuation pagtern in Ugbor ville

Figs. 8-10 below show the path loss at variousadist of from the BS for BIU Campus, Gapiona Aveand
Ugbor ville in comparison other existing path attetion calculation models.

From the graphs for BIU Campus in Fig. 8, the failog observations can be made for the BIU Campus
environs:

The Lee model somewhat underestimates the pathMois the Okumura-Hata slightly overestimates phaéh
loss.

The sudden drop at distance 0.62km can be a shampatound a building in this particular locatiadhus
pathloss could have been influenced by diffracteer the surface. The other deviations (ups andndpare
normally the cause of shadowing, reflection, diffran or scattering, most probably due to the presef trees.
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Figure 8 — Path attenuation loss (dB) analysiBit Campus with respect to distance (Km)
The following can be deduced from the graph forGapiona Avenue in Figure 9;

It is observed that the measured value experieqaéd stability with zero fluctuation from distan6e25km to
about 0.41km. This may be attributed to an almtesrdine of sight (LoS) between the transmitteteana and
the receiver antenna.

The Lee model again highly underestimates the logth This can be attributed to the fact that thixlel takes
into consideration the effective base station amemeight which is highly dependent on the exagblagy of
the measurement environment.

The COST231 Hata model is observed to be the dlosedel to the measured value. This can be atgbtd
the fact that this model is originally suitable foicrocells and small macrocells, wh&ns within 1.5GHz —
2GHz, h, is within 1 — 10m and d is between 1 - 20km

120 Okumura Hata (dB)

100

COST 231 Hata (dB)

80

== ce(dB)
60

40 ——
20 W

0

AV Ve

Path attenuation loss (dB)

0 0.2 0.4 0.6

Distance (km)

Figure 9 — Path attenuation loss (dB) analysisSfapiona Avenue with respect to distance (Km)

The Okumura model closely follows the COST231 Hawadel in proximity to the measured data for this
particular location. This is because the COST23fahiaodel is an extension of the Okumura model t612G
and they both have the same specifications for @8nma height above 30m, and can also be used hen
less than 30m provided the buildings in the regicmwell below 30m. (Lin Du and Swamy, 2010)
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Figure 10 — Path attenuation loss (dB) analysidJigior Avenue with respect to distance (Km)

From the graph in figure 10, the following obseiwathas been made for Gapiona Avenue;

The Lee Model highly underestimates the path [ds&s can be attributed to the fact that this mdekés into
consideration the effective base station antenmghhevhich is highly dependent on the exact topglofj the
measurement environment.

The Egli model underestimates the losses most plpliecause it is designed basically for medium eitsub-
urban areas.

The Okumura-Hata or the COST231-Hata can be useahasstimate for Path loss for the Ugbor Avenue
suburban region. The deviations can be considesetkgligible. The Okumura-Hata model is indepenaént
Receiver antenna height hence the path loss ferptiticular region in experiment is also indepana the
antenna heights.

The variation in the experimental values (non-gtrailine graph) can be attributed to the Ugbor Awen
environment having many obstructions in the pake, inany high buildings in close proximity, as wa#l trees
sandwiched in between houses.

Moreover, mean path losses from the various priedicinethods were also calculated and compared with
measured field data to validate the choice of Hadael for the studied area. The results are shoviigure 11-
13.

Measured 112.63
Lee 44,95
COST 231-Hata 121.09
Hata 118.93
Egli 97.07
Mean Pathloss (dB)

Figure 11: Calculated mean path attenuation loes fthe various prediction models in
comparison with measured field data in BIU Campus
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Measured 112.65
Lee 37.83
COST 231-Hata 112.86
Hata 110.39
Egli 88.89
Mean Pathloss (dB)

Figure 12: Calculated mean path attenuation loem fthe various prediction models in comparison with
measured field data in Gapiona Avenue

Measured 116.89
Lee 47.11
COST 231-Hata 121.98
Hata 120.58
Egli 98.53
Mean Pathloss (dB)

Figure 13: Calculated mean path attenuation loss fthe various prediction models in comparison with
measured field data in Ugbor Avenue

5. Conclusion

Though propagation models are available to pretiietlosses, they are not very accurate in detengittie
coverage area of a system. This is due to thetfiattthese models have been designed based onremasiis
elsewhere. Therefore, in-field measurements mygiat the path loss prediction models for bettet accurate
results. This study aims at conducting field stthngeasurement to calculate the path loss in a Ukdt®ork
operating in Government Reservation Area, Benig.Jihe measured field strength data collected difégrent
distances from the base stations was used to dstitim@ path loss. Firstly, in our methodology, #itect of
different parameters, such as distance from badioiss was studied and it is observed that path iloreases
with distance due to a corresponding decreaseeid fitrength. Secondly, the observed results haen b
compared with various prediction methods. We finat tthe Okumura-Hata model pathloss values wersesto
of all the outdoor propagation models considereabsifying the environment into consideration. Thilg
performance of Okumura-Hata model shows its suitabfor path attenuation loss prediction in UMTS
networks in GRA, Benin, the effect of different pareters, such as distance from base stations wdisdtand

it is observed that path loss increases with digtatue to a corresponding decrease in field sthei@sicondly,
the observed results have been compared with \agwediction methods. We find that the Okumura-Hata
model pathloss values were closest of all the amrtgoopagation models considered classifying therenment
into consideration. Thus, the performance of Okwaridata model shows its suitability for path attémmraloss
prediction in UMTS networks in GRA, Benin. It alsshows that model can be useful
totelecommunicationproviders to improve their seesi for better signal coverage and capacity forilmalser
satisfaction in the studied area.
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APPENDIX
Table A: Calculated Pathloss, RSCP and EFS for BIU Campus

Distance of Mobile

from BS (m) RSCP(dBm) EFS(dB&'m) Pathloss(dB)
80 -58 95.55 101
110 -65 88.55 108
130 -66 87.55 109
160 -65 88.55 108
240 -66 87.55 109
290 -65 88.55 108
340 -69 84.55 112
390 -69 84.55 112
410 -72 81.55 115
460 -69 84.55 112
490 -78 75.55 121
530 -76 77.55 119
560 -79 74.55 122
580 -72 81.55 115
600 -70 83.55 113
620 -62 91.55 105
650 -72 81.55 115
680 -75 78.55 118
710 -75 78.55 118
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Table A: Calculated Pathloss, RSCP and EFS for Gapionadee

Distance of Mobile

from BS (m) RSCP(dBm) EFS(d&'m) Pathloss(dB)
80 -67 86.55 110
90 -73 80.55 116
100 -69 84.55 112
120 -69 84.55 112
140 -72 81.55 115
150 -76 77.55 119
170 -80 73.55 123
190 =77 76.55 120
200 -72 81.55 115
230 -66 87.55 109
250 -64 89.55 107
270 -63 90.55 106
400 -70 83.55 113
420 -76 77.55 119
460 -63 90.55 106
490 -69 84.55 112
510 -68 85.55 111
520 -66 87.55 109
550 -67 86.55 110
570 -66 87.55 109
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Table Ag: Calculated Pathloss, RSCP and EFS for Ugbor Agenu

Distance of Mobile

from BS (m) RSCP(dBm) EFS(d&m) Pathloss(dB)
100 -69 84.55 112
120 -64 89.55 107
150 -61 92.55 104
180 -62 91.55 105
200 -58 95.55 101
230 -58 95.55 101
270 -62 91.55 105
300 -59 94.55 102
320 -58 95.55 101
350 -67 86.55 110
370 -67 86.55 110
410 -66 87.55 109
440 -74 79.55 117
460 -71 82.55 114
480 -70 83.55 113
520 -69 84.55 112
550 -73 80.55 116
570 -76 77.55 119
600 -86 67.55 129
640 -86 67.55 129
660 -85 68.55 128
680 -87 66.55 130
710 -89 64.55 132
730 -88 65.55 131
760 -92 61.55 135
780 -92 61.55 135
820 -90 63.55 133
840 -90 63.55 133
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