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ABSTRACT
In Code Division Multiple Access (CDMA) mobile emohment, transmitter and receiver
signals are heavily influenced by the effect ofttelusurrounding both the transmitter and
the receiver. Therefore the ability to optimize BMA system is dependent on the initial
system configuration at the deployment stage. Tuludes the site location, antenna type,
orientation, down-tilt and the choice of propagatmodel which contributes greedily to a
better optimization of the network. It is a verypantant function in cellular radio system
design. For the prior optimization of the netwotlte propagation parameters should be
optimized. The parameters that influence the recksignal such the terrain topology with
regard to the mechanical down-tilt are presentedntorrect coordinate of the BTS cell
site, a poor coverage was also observed. Furtherntbe measurement of the received
power from CDMA pilot carried out during the dritest in Greater Accra was used to
evaluate the excess path loss. This excess pathimowalue was obtained from the
comparison between Hata-Okumura Models and the umsdpath loss. The prediction
response was not satisfactory in the study aregeftire the prediction model was then

tuned by the use of the least square algorithm.
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CHAPTER ONE

INTRODUCTION

1.0. Introduction

A mobile radio propagation channel is the air ifstee between the Mobile Station (MS)
and the Base Station (BS or BTS). It takes inta@ant buildings, trees, streets, hills, water;
and all kinds of obstructions in addition to thdest of the terrain’s roughness, etc., as
illustrated inFigure: 1.1. In this cluttered environment, the signal is hgawfluenced by
reflections from buildings surrounding both thengmitter (BS) and receiver (MS). Due to
this cluttered environment, the radio signal reediat MS, varies randomly. This variation

in received signal is also explained by the eftécthadowing or fading in signal.

obstructed wave
e

Directed wave

Figure 1.1: Mobile cluttered environment

The fading manifests itself in two ways: over snaliditance (known as Small Scale Fading:
SSF) or over a long distance (known as Large Jeadieng: LSF). The large-scale fading is

related to diffraction and reflection effects thia¢ multipath components undergo on their



way between the transmitter and the receiver. Thallsscale fading is rapid changes
observed in received signal. On the other handthenaeneral phenomenon, which is a

source of signal attenuation, is multipath propagat

Multipath propagation has several stochastic mogdssons, 1992) such as:

* Rayleigh fading model (when all multipath signaach receiver with same levels),
* Rician fading model: when one multipath signaltresger than the rest.

These fading models have been generalized in thadéani fading model.

Fading occurs when a radio wave propagated throlighair medium (radio channel), is
forced to deviate, reflect, bounce, refract or tecafl hese phenomena give birth to several
copies of the same signal which may arrive at goeiver's end with different delays, in
time or in phase (Parsons, 1992). In mobile comupaii@n, the receiver antenna is a
moving user with a handset. Due to the relative hmight of the user, the mobile antenna

receives a large number of reflected and scatiseses.

In order to reduce the air medium attenuation andtipath effects on radio signal, the
transmitter beam-width is directed towards the gtbin a specific area. This technique is
known as antenna down/up-tilt or beam-tilt. The rmidiea behind antenna down-tilt is to
reduce the radio frequency energy refracted by gtwmind-based layers and also the
multipath fading (Jarno et al., 2005). It is usegbtovide effective coverage in interference-
limited environments as in Code Division Multipledess (CDMA) cellular networks air

interface.

The concept of antenna down-tilt also aims at redpuco-channel interference between
cells in noise-limited environments as in Globast®yn for Mobile (GSM) communication

(Joerg, 1998) which in turn improves the soft ditegochandover effect in CDMA network.
-2-



The benefit of this is that mobiles operating a #tdge of a cell can be supported by
neighbouring cells or served by adjacent sectonerd are basically two ways to down-
tilting antenna, which are: Mechanical Down-Tilt NI, and Electrical Down-tilt (EDT).

In MDT, the antenna element is physically diredimdards the ground. Naturally, the areas
near the base station experience stronger sigmalEBT is carried out by adjusting the
relative phase of the antenna elements in an aatemay in such a way that the radiation
pattern can be down-tilted uniformly in all horizahdirections (Jarno et al., 2005). An
electrical beam-tilt can be adjusted in the fiejdchanging external phasing cables (Forkel
et al., 2001). Many antenna down-tilt schemes ardtiding purely fixed mechanical tilt,
fixed electrical tilt, variable electrical tilt (VB, remote electrical tilt (RET), and
continuously adjustable electrical down-tilt (CAEDTKathrein, 2009). These latest

techniques highly remove the need of site visit.

1.1. Motivation

In CDMA systems cell overlapping technique is usedattain a high capacity thus its
performance (Yang, 1998). Cell overlapping can b&ioed by Pseudo Noise (PN) code
assignment (Yang, 1998) to the Base TransceivaioStéBTS) sector also called Base
Station (BS) and BTS antenna down-tilt. Howevee, $election of the optimum down-tilt
angle for an antenna for practical macro-cell cager is quite difficult within its

environment.

Antenna down-tilt has been studied to be a usefll for radio resource management and
Radio Frequency (RF) planning engineers. In dottimgi a less co-channel interference is

observed for far-end users. This contributes tcar&able increase in system capacity at the

-3-



cost of decreased cell service radius (Wu et 808)L When the down-tilt angle increases,

the cell radius decreases therefore the soft-hamuobability also decreases (Jarno et al.,
2005) then the received power also decreases. Uéstigns of concern now are: what are

the design parameters that should be optimized thatlthe interference area is minimized

by mitigating the following: the cell radius, theceived power and the coverage, and what
are the parameters that contribute to the optimwwnetilt angle in cellular network

coverage?

1.2. Objective

In this thesis, the main aim is to measure theiteihs of received power to variation in
antenna down-tilting situations in cluttered mobglevironments in CDMA2000 cellular
network by using a drive-test system based on @&e8&iver antenna. The results obtained
from the variation in received signal will be comg with that predicted by macro-cell 3D

propagation algorithm.

1.3. Conclusion

Minimizing signal attenuation between the transmnit{BTS) and the receiver (MS) in

mobile communication is very vital for the reliatjl of any communication link design.

For this reason the transmitter antenna is dowmpatilted. The use of down-tilt technique
and directional antennae in CDMA mobile cellulatwark contribute to combat Rayleigh

channel impairment. In addition predicting a BT8-ceverage area is a very complicated
problem which involves an in-depth knowledge of fitegjuency of operation, the nature of

the terrain, the extent of urbanization, the hemfithe antenna and several other factors. It
-4 -



is also challenging to pursue an exact determmestialysis of the environment except if
current terrain and environmental databases argablea With regard to this demanding

aspect, RF cellular coverage design parameteis eri optimized.

The layout of this thesis is as follows. The ficblapter is devoted to the introduction and
objectives. Chapter two tackles the previous rdlaworks on antenna down-tilt, the

received power theory. In chapter three, RF drestihg measurement procedure is
presented. Chapter four presents the analysis asunement of various environments and
comparative results to that predicted by 3-D prapiag algorithm. Chapter five presents a

conclusion and exhibits eventual recommendatiorchvban lead to further research.



CHAPTER TWO

LITERATURE REVIEW

2.0. Introduction

Sensitivity is the ability to respond to slight dges observed in a measured gquantity
influenced by the design parameters. Sensitiviydstaims to optimize the design
parameters. CDMA mobile system design, one impbffistor is the carrier to noise and
interference ratio (CINR) o€ /(N + I). This parameter indicates the power level at verei
end compared to the total available noise ovectannel. It is a function of the allowable
path lossPL,, (medium attenuation of the signal strength), tiffiedéve Radiated Power
(ERP) from the transmitter and the overall nois@efmal noiseN;permar PIUS that of
neighbouring cell interference often modelled &aaissian Noisep) given as irEquation

2.1.a, also called link equation. It can then be used fagure of merit (Yang, 1998).

__erpxgpx*PLg
C/(N + I) N N+Nthermal 2.1a
where erp(w) = ERP(dBW) = Pr, + Grx — Cioss 2.1b

C1,ss takes into accourgonnectors loss arzhble loss,Pr is the power at the output of the

transmitter amplifierGy, transmitter antenna gain agg, is the receiving antenna gain.
Nthermal = k * TBgyp

k =1.38*10"2W/Hz/K or — 228.6 dBW/Hz/K is the Boltzmann constant,
B is the channel bandwidth,

T is the temperature in the environment in °Kelvin.



There are two parameters involved in the link eiguaivhich are not under the control (can
only be optimized) of the RF system design engin€bese arenp cumulative power in
inter-cell and intra-cell interference arRL,;. The inter-cell and intra-cell are system
dependent, whilePL,; depends on the environment. Throughout this sheke capital

letters are used to express values in dBm or dB.

2.1. Antenna down-tilt

Antenna down-tilt technique has been employedr&dfit congestion relief in hot-spot (Wu
et al., 1998) and in (J. Wu and D. Yuan, 1996) whbe issue of the defining the optimum
down-tilt angle for a practical macro-cell was sefded first. However, the analysis of the
optimum down-tilt angle empirical formula of Bas@t®n sector of macro-cell was carried

out in (Jarno et al., 2005).

An optimum down-tilt angle has been observed tceddpon the geometrical factadgeo)
and on antenna vertical beamwid@®MerB) (also expressed és,,5) - either for MDT or

EDT. A mechanical down-tilt is illustrated Figure: 2.1.

A macro-cell down-tilt9 is related to the above quantities aEquation 2.2 (J. Wu and D.

Yuan, 1996).

6_
0 = 0400 + %“B 2.2.

In Figure: 2.1, 64, is calculated adl,,, = arctan(H_ThMS), where the distance between

the transmitter (BTS) of a heigHtand the Mobile Station (MS) of a heighy is

A
tan(6geo)

with: Ah = H — hyg

-7-



Antenna down-tilt illustration

S e 6geo
. ‘\ 1 F{ » Main Lobe/
\“'} 8 Verd g Main beamwidth

\
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H .
“
.
.
“
N

=] i,
/ . ©downtilt angle
L ] 5

A

Servicing area / Servicing Radius Far cell end

+— Distance _, L= == Interference area

Figure 2. 1. Mechanical down-tilt

Due to the fact that performing a down-tilt angétestion with the expression provided in
Equation 2.2, as in (J. Wu and D. Yuan, 1996); it overestimatesnderestimates the Base
Station Sector down-tilt angle which was argue@arno et al., 2005). But then in (Jarno et
al., 2005), while from simulation work using Mor@arlo approach, an empirical equation
for an optimum down-tilt angle selection was dediveth a standard deviation error of 0.5
corresponding to 1 to 3 degrees (J. Lampiainen Mndlannien Eds, 2003) given as in

Equation 2.3. This value was found to be in the range of 3dreles to 10.5 degrees.
BOopt = 3 [In(hprs) — d°®] .log19(0-348) 2.3

For commaodity in the following line of this theskggrs is the effective height of the Base
Station (BS) in m is usedd is the cell radius in km anfl_z;5 is the antenna half beam
Power in dB. This formula is quite simple and fastcomputing, but does not give
information about the cell interference area ars® @lot enough information relative to the
cluttered environment since one knows that an iniateghysical effect of antenna down-

tilt is to reduce the cell radius.



Several studies have been conducted on antenna-tilbwnthe literature (Karner et al.,
2006; WICON’06, 2006; Wilson,1992; Prasad et aDQ% Baltzis, 2008). In (Jarno et al.,
2005; J. Lampiainen and M. Mannien Eds, 2003)ag been proposed that in coverage-
limited environments (e.g., in rural areas), medatentilting was more useful while in
capacity-limited environments (e.g., in a city geftminimization of the interference was
more vital and hence electrical down-tilt could\ade better performance. It has also been
reported in (I. Forkel et al., 2001) that electritia performed better than mechanical tilt in
variation of the target Carrier to noise InterfererRatio (CIR). The network performance
was evaluated under different load in antenna dolvng situation in Universal for Mobile
Telecommunication Systems (UMTS) where Hata-Okunmoalel (Hata, 1980; Okumura
et al., 1968) of propagation was applied. Howevdower CIR value was observed at
distances close to BS. Because of the fact, tleaatitenna was emitting its power more to

the cell boundary.

Fading is also known as attenuation in signal gtienThis was observed by Okumura
(Okumura et al., 1968) in cluttered environmentimyra vast drive-test measurement.
Okumura (Okumura et al.,1968) therefore claimed tihe decreased rate in signal strength
with distance was greater than that predicted lBe F8pace loss (FSL). Okumura then
developed some curves for “median” path loss ptedidn 1968 (Okumura et al., 1968).
Some of the papers reported that the model showeedracy for median path loss
prediction in cluttered environment but argued thatmodel did not provide any analytical

explanation.



2.2. Received power in mobile communication environment

The received power at an MS end varies randomlgume of the presence of the cluttered

environment. This unfortunately constitutes theiaterface between the MS and the BTS.

In the following lines, the impairment of this medi is described by the path loss as stated
in above lines. The theories of received power & é&nd being a function of the path loss

and down-tilt angle are addressed.

2.2.1. Propagation model in mobile communication

A propagation model basically predicts what wilppan to the transmitted signal while in
transit to the receiver (Rahnema, 2008). It is irtgod in the design of mobile cellular
systems. It is used to evaluate the link budgedetermine the cell size, to estimate the fade
margin and for frequency reuse planning in GSMutatlnetwork. There are deterministic
and stochastic propagation models used in desigropgimization, and performance
evaluation of cellular mobile radio systems (Rahag2008). Deterministic models are
based on electromagnetic simulations (utilizing traging together with geometrical optics
and uniform theory of diffraction, finite differeactime domain method, and so forth)
making use of information of the specific physi@lvironment or on measurements.
Stochastic models, also called local mean propagatiodels, describe the propagation
phenomena on average terrain of the fading digtabs). For industry need though local
mean models present agreement problems but theyasepreferable to estimate the signal
strength at a user end.

In cellular macro-cell application (Rahnema, 2008)s admitted that at a relative close
distanced of 20m value far away from BTS, the signal sttbrgftenuation is assumed to

follow free space loss prediction. The free spacenvironment said to be exempt of any
-10 -



impairments. The wave propagation is in line ohsig he free space loss predictipgy;
is known as the Friis Equation (Parsons 1998, Rahn®008) and given as Equation

2.4a:
11\2
PrsL = 91x * 9rx * (m) 2.4.a

= Prgy[dB] = —Gr,[dB] — Ggy[dB] + 20l0g (=) [dB]

2
Prsi, = (2o5) = Prsi,(dB) = 324 + 20 + log10(f[MHZ]) + 20log10(d[km])

Prsi; IS the relative free space equation between twtrapic antennael = c¢/f is the

wavelengthf is the carrier frequency andis the speed of light in vacuum,

Jrx IS the transmitting antenna Tx (BTS or BS) gairwiatt and gg, is the receiving

antenna Rx (MS) gain in watk;, , Tx gain in dBGg, Rx gain in dBd in km.

A propagation taken place over plane earth suriaceéescribed by the plane earth

propagation path loss model (Parsons, 1992). Elaive 0SS pg.r+n IS Qiven as in

Equation 2.4.b.

hprs*hus) 2
Prarch = Gry * Iy (2 S) 2.4.b

By contrast, experimental research at mobile telaphfrequencies showed that, the
received power is overestimated when the receiaimtgnna height is less than 30m. A new
model modifies the exponent of mobile station (M@)ght hys as in (Fujimoto et al.,
2001).

The modified model is given as lfquation 2.4.c.

_ hjrs*hizs 2.4
PEarth = gTX * gRX a4 4.C

-11 -



If the height of an MS is below 10m, thén= 1 and varies linearly between 10 to 30m an
expression of k is as follows:

hms 1
o= tors 1
20 2

Referring to user mobility within an environmentdaterrain surface roughness, the signal
strength at receiver end will vary randomly arodimel local mean. This variation is known
as the fading in signal strength. The fading oaegé distance is called large scale fading
and over short distance this is called small sfzadeng. The path loss can then be modelled
as being a function dfarge Scale Fading LSF, Small Scale Fading SSF (Parsons, 1992;
Rahnema, 2008) and thistance between the Transmitter (Tx) and the Receiver (Rx)
given as follows:

PLy = LSF + SSF+D(hgrs, 0))

where, the distancB (hgrs, 8) can also be expressed as a function of base rstati@nna

height and down-tilt.

n
D(hgrs, 6) = 10 * log(d(hsrs, 6)) d(hgrs, ) = taig)

In industry, the local mean signal strength is thest in concern to estimate the signal
strength at a user’s particular location. The looakn path lossP, ,(d, X,) between two
isotropic antennae in any communication systemwatoog for the effect of shadowing is
expressed by the general empirical model formulaWu et al., 1998) given as in

Equation: 2.4.d.
Xg
PLal(d'XO') = lOSS(d,XU) = d_n(hBTS' 9) * 10E 24d

The discussed path loss expression is a functitimreé main variables such as the path loss

exponentn which describes the environment, the distanceraépad between a BS and
-12 -



an MS as a function of the antenna down-tilt an@le and X, shadowing value which
typically is modeled as a lognormal random varial®e is often found based on
measurement over a wide range of locations, wipeet to distance between transmitter-
receiver. An average value of 8 dB #iis often used givin&, as 10.5 dB its probability

density functionP (X,), of a random normal distribution is given as follow

POK,) = s o/

g

The power-law model giveas inEquation: 2.4.e, estimates the path loss, with regard to a
reference distancd, taking in the near field of transmitting antenfidne propagation
within this area is mostly assumed to be takingelan free space having a path loss
exponent in a value equals to2 £ 2), with a reference los®, (Rahnema, 2008he

reference los®,, is as follows:

A
Py = —Gpy[dB] — Gry[dB] + 20log (mo) [dB]
PLo(d,Xs) = Py + X, + 10nlog (12E=22) 2.4.e
0

In mobile environment, the MS is assumed to be mgrn the wireless network and be
changing N different areas. FroEguation 2.4.c-d, it shows out that the mean path loss
Pimean fOr a path length d which runs over N differergas having N different path loss
slopes n; and i =0,..., N — 1 is obtained as ifEquation: 2.4.f (Karim and M. Sarrah,

2002), accounting for different shadowing atternratat various locations the allowable

path lossPL,; shieldsEquation 2.4.g:

Ploean = (4’;"“)_% (Z—;)_nl (Z—j)_nz - ( d;_l)_n’v'l 241
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In logarithmic form, it comes as follows:

PLean = 10nolog( ) + 10nllog( ) +10nzlog( ) + -+ 10ny_ 1log(
dy_1 <d < dy,with d; = d(hgrs,0;) and thus

PLy = 10nolog( ) + 10nllog( ) +10nzlog( ) + -+ 10ny_,log ( N 1) +

Xg + o+ X 2.4.9

O-nN—l

X,(dB) = Xy, + X5 +-+X

UnN—l

Admitting the difficulties of modelling differenth@aracteristics of various locations and lack
of available clutter databases, statistical modalysis of the radio signal measurement,
shows that the observed path I#ds,; at any separation distandebetween BS and MS to
be followed a normal distribution around the meathdoss Pj,cqn- ThiS iS given as in
Equation 2.4.h:

PLal(dB) = PLmean(dB)+Xo'(dB) 2.4.h

In solving these problems Hata (Hata, 1980) deri@eriathematical model for path loss
prediction in urban environment which was approxedato Okumura (Okumura et al.,

1968) curve developed in 1968. He considered aarugbea as basis for his model and
supplied corrections to fit Suburban and Rural aae modified model of Okumura

(Okumura et al., 1968) by Hata is often called Hakmmura model. The model has found
its application in land and mobile communicatioviemnment. It is also knows as macro-
cell 3-D propagation algorithm. Hata-Okumura (HA1@80; Okumura et al., 1968) model is

widely used to describe the path loss predictiotiuttered environment (Rahnema, 2008).
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The model makes use of four (4) input parameterh as the carrier frequencf) in MHz,

BTS antenna heighhgrs) in m, MS antenna heighthy) inm and distance of separation
between the BTS and the M@ ) in km. The basic form of Hata-Okumura (Yang, 1998;
Hata, 1980; Rahnema, 2008) model applied in urbdhe allowable path loss is given as in

Equation 2.5, for a valid frequency range from 150 to 1500MHz:

PLy(dB) = 69.55 + 26.16 * log(f) — 13.82 * log(hgrs) + (44.9 — 6.55 * log(hgrs)) *
log(d(hgrs, 6)) — alhys) — K 25
where a(hys) Iis MS antenna height correction factor that depeon the type of

environment. K is environment and frequency dependent paramidega model (Hata,

1980) is recalled in thAappendix A.

From the above study, the path loss equation mawiitéen as in the form shown in

Equation 2.6:
PL4(6,X,) = A+ Blog(d(hgrs,6)) + X, 2.6

where, A is the intercept of the straight line ddoaP, , B is the slope different from free

space path loss exponent value &pds shadowing attenuation.

It has been observed that there is some disagredméneen the strict use of empirical
model (statistical model) and actual measured ttata specific area. This mismatching
problem is explained by the difference in valueestssd between the measured path loss
and the predicted loss for the given area. Thiteihce is called as excess path loss in
(Prasad et al., 2005). As an approach to reducexbess path loss, a tuning process is
often used. The goal of tuning process is to refimee model to measurement condition

(Lempidinen et al., 2003; Rahnema, 2008). The sdomiralgorithm or least square

-15-



algorithm could be used. The latter is proposedaftarge sample of measurements. The

least square algorithm method is given inAppendix B.

2.2.2. Received Power in down-tilt sSituations

Technically, the mobile handset (MS) sends contisuoulse measurement information to
the BTSs in the form of the pilot strength measwetmmessage (PSMM) (Yang, 1998).
Based on this, a CDMA handset (MS) therefore maisesof the active pilot that has the
best or the strongest signal strength to acces#onetresource. For an MS at a locatian
relative to the sector main antenna lobe beam-width, theived power at MS from a
channel pilot signal of a BS sector is dependerthertransmit power strength, , the BS

sector antenna gaigr, (a, @,0) (Wu et al., 1998) in beam-orientation, the handsg¢nna

gaingg and the allowable path loss can be expressediEguation 2.7.a:

PRX(QJXU) = pTX * ng(a' Q), 9) * 9rx * lOSS(d, XO') 2.7.a

This can be re-written as Eqguation 2.7.b:

Py (6,X5) = pr, * Gr2(2,0,0) * gux () + (2) + (3) X, 2.7

41T

Using Equation 2.7.b; substitutingEquation: 2.4.g into Equation: 2.7a, the received

power is given as ikquation: 2.7.c.

P, (0,X,) = pr, * 9@, 0,0) * g (22) ()7 (£) 7 (52) " X, 270

dn-1

dy_1 <d <dyletdy_4, d, dy assume to follow a geometrical regressign= kd, then

dy = k™ 1d, and ; = tan™!(“£L5) + g,
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On_1=06 =0y 6, = HP/2 with HP the half beamdwidth power
In (Prasad et al., 2005), the received power asetibn of the down-tilt anglé® was given

as inEquation: 2.7.d.

Pr,(6,X) =M % Gy * Gy * [tan™ (222) — 9)| + 4 2.7.d

. c \"* 1\"
where mis a constant expressed as:= pr,_(hprs * hys)™ * (4*n) * (7) * Xg

It can be underlined that the expression of recep@ver and the path loss discussed so far
don’t quantify the diffraction loss explicitly. Haver, these formulae consider that the
diffraction effect is less intense. This effect ésnbedding in shadowing loss. The
generalized received power of Hata prediction m@dempiainen et al., Rahnema, 2008)
accounting the diffraction effect is given asHquation: 2.7.e:

Pry = Prx + K1 + K log(d) + Kslog(hprs) + K4Dgifs + Ks log(hgrs) log(d) +

Kglog(huys) + Keutter 2.7.e

where K;, K,,K;, K5, and K;, are the original coefficients in Hata modé#l, is the
diffraction correction factor and,;¢f is for diffraction loss evaluated by using diffrian

theory model (Parsons, 1992) with the help of labé clutter database ., ;terr IS the
environment loss (shadowing) in dB. By then theasueed received signal power at an MS
end in a practical mobile cellular environment istt®n as inEquation 2.7.f:

PRX (dBm) = ERP + GRX (dB) 2.7.f

~ Plyeasar
In industry, operators are much interested in locaén signal strength at a user end. This
value is obtained in (Fujimoto et al., 2001) whishithe mean value of the received signal
strength over 40 times the wavelength approximatetyesponding to 15m in the near field
of the BTS cell site. This could be calculatedraquan Liming and Yang Dacheng, 2003)

and given as iEquation: 2.8.
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Pr, (dBm) = (1) BN, Pryo 2.8

N is the number of the measurement of received powasmsidered within the area.

2.2.3. Near-far problem and power control
Consider two users (mobile stations MSs) as ilatett inFigure: 2.2, and recalling the

simplest form of path loss model without the effeicshadowing, as iEquation 2.9:

o= = Py x (dio)" 2.9

Figure 2.2: lllustration of near and far problem

Referring to the path loss formulaBguation: 2.9, an MS closer to a BTS has a least path
loss, than one far away from the BTS. Consider isers with equal transmitting power,
the closer transmitter experiences stronger redepmver, therefore will jam the farther
transmitter hence the latter will be below detett{yang,1998; Lempidinen et al., 2003,
Gordon, 2002). Thus the farther MS will experierecevorse reception. To avoid this

phenomenon in CDMA cellular system, where each isexr source of interference for
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others sharing the same bandwidth in addition &BRS transmitting antennae, the users
are also potentially interfered; a power controthtéque (Yang, 1998) is therefore
employed. Because of the power control issue, @@eedimension in CDMA is of a serious
concern. However, it is also underlined in (Prasadl., 2005) that the power control
mechanism does not overcome the fast fluctuatiosigrfal and attenuation occurred by

interference from neighbouring cells.

2.3. Coverage analysis parameters

Coverage analysis at pre-planning involves the Kedge of the required signal threshold
to be received which determines the outage prabalfifang, 1998; Lempidinen et al.,
2003, Manoj, 1999, Daniel Wong et al., 1997). Théage probability is used for coverage
verification (Lempiéinen et al.,, 2003, Manoj, 1999he threshold helps contribute to
estimate the system fade margin in cellular netw@#niel Wong et al., 1997). Another
parameter used for coverage verification is theiSerArea Boundary (SAB) (Yang, 1998).
SAB for a CDMA system takes into account both favailot channel and the reverse
traffic channel. SAB is the area where the sigriangth falls below the threshold then
below detection.

This value is defined by the Federal Communicat@eammission (FCC). The FCC
considers cellular service to be provided in adlagrbetween the BS and the locus of points
where the predicted or measured median field stiethecreases t409dBm (32dBuV/m).

At post-planning, one is interested in the actl® on the network: the link quality. In a
CDMA system, the link quality is what limits thepeecity (Daniel Wong et al., 1997). This

generally explains the fact that the CDMA systeninierference limited, but not noise-
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limited. The link quality analysis will be orientezh forward link coverage, pilot signal

strength E./1I,), the frame error rate (FER) and pilot pollution.

Forward-link pilot coverage is a significant facfor link performance analysis. At a given
point i, forward-link coverage can be estimated from thlemithant-server signal-to-

interference ratioSIR;) as inEquation: 2.10 (Yang, 1998, Lempi&inen et al., 2003).

Pri
SIR; = . L 2.10.
i = MaXi<b<k (fm n—ayPry+Xj—, ﬁjPRx(nga)ji) 0

where n is the number of sectossg, is voice activity factor an@; is intercell interference,
Py, power transmitPg (0, X,);; is the power received from the pilpt at received point

I, ; is an overall noise term (which can be assumethdb of neighboured cellE_ /I,
contributing), and,,, , may represent an additional fade margin (oft&dB). Thus point,

is covered if SIR;, is above a certain required threshofdR,.,(Yang, 1998; Daniel
Wong, 1997).

The pilot strengthE./I,) is the received chip energy relative to the t@@ver spectral
density obtained before signal de-spreading whele&@No is after signal de-spreading. It
is used as a measure of link performance indicéttoeveals problems in cellular coverage

(in GSM as well as CDMA network) areas in down-larkalysis.

An MS requires sufficient./I, to lock on or to remain on the system and is giagnn

Equation: 2.11 (Yang, 1998).

Ec _ 0Py G, (,0,0)GR, loss(d.Xg)
Iy PR, (0,X5)+1+Nthermal

2.11.

where 7 is the total interference from neighbouring gells

Nihermar 1S thermal noise in the environment and

-20 -



a, IS voice activity factor.

Alike the Ec/lo, Frame Error RatdFER) is another measure that indicates problem areas i
CDMA cellular network coverage. Because FER tramslalirectly into perceived voice
quality, the system must be optimized so that therainimal and acceptable FER on both
forward and reverse links (Yang, 1998). As a cousage, a high FER and a low received
power, may lead to severe call dropping, resultimgoor forward link coverage. A high

FER and a high received power may also lead to@rsenterference.

2.4. Quality of Service (QoS) and RF drive-test measurement

The received power strength in cellular mobile systis one of the Key Performance
Indicators (KPIs) or parameters of Radio Frequenejwork coverage. Operators can
evaluate the performance of their network in teah®oS by using Radio Frequency (RF)

drive-test system measurement.

2.4.1. Quality of Service (QoS)

In telecommunication, QoS refers to the usabilitg &he reliability of the network and its
services (S. Kaiser, 2003). QoS is a measure oKthe Performance Indicators (KPIs).
Whereas the coverage is perceived by users asaoter bf QoS (Andrews et al., 2007), a
network location is covered, if received signakesgth indicator (RSSI) is greater than
receiver sensitivity, and received signal carrermterference-plus-noise ratio (CINR)

exceeds the CINR requirement.
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In commercial network, the QoS value is definededasn an international standard value
known as Service Level Agreement (SLA) (Yang, 1998)this policy, some operators
define their own level of QoS in agreement with i&s which are given as follows:

» Call Setup Ratio % should be greater than (>) 9688 $uccess),

» Call Drop Ratio % should be less than (<) 2%,

» Traffic Channel congestion per sector ratio % stidnd less than (<) 2%.

In industry, the analysis of the QoS of the netwalterage is often done per cell or sector.
The cell coverage is defined by the geographiogibrearound the base station where the
received pilot strengtE /I, is above the receiver sensitivity. One approacbbdhining a
good QoS is the beam-tilt technique. The dependéeteeen received E./I, for a
single cell and antenna tilt angle is observedeta lpestricted concave function in a range of
antenna down-tilt angle which varies from 0° to i@° dynamic control of coverage

(WICON'06, www.antesky.com2010). Most of cellular network operators givenitacts

to “RF drive-test solution” providers such as Hugwd E telecom, Alcatel lucent in Africa

and Agilent solution (Agilent Technologwww.agilent.com, 2010), to evaluate their RF

coverage link-performance.

2.4.2. RF drive-test measurement procedure

In a RF drive-test system, Global Position Syst&RS) receiver antenna is used, often
placed on roof-top of the car because GPS receregpsre a line of sight to the satellite
system in order to obtain a signal representativéhe true distance (Corvallis Micro-

Technologywww.cmtinc.com 2010). Therefore, any object in the path of ilgea has the

potential to interfere with the reception of thafnal. Objects which can block a GPS signal
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include tree canopy, buildings and terrain featufess an aid to obtain the distance of
separation between BS and MS.
Three types of drive testing system could be idiedti They are:

* Market Survey testing
This is used in the pre-planning stage. Often aniatimectional antenna is used in order to
cover the entire cluttered environment which aidsmaking a good decision on site
selection. Usually a communication network planriogl (CNT) is used. It is also used to

investigate the RF spectrum, in order to definecemeier frequency.

e Calibration testing
A calibration testing is a mini optimization testhen a few base stations are selected. It is
part of a-priori planning used to adjust the cogerarediction to measurement. It helps, to
identify some of dead-zone and to make a necessdjystment. In this situation, a
communication network terminal or tester (CNT) sed.

e Optimization test
It is a-posterior planning process. It is also knaag a continuous optimization of network
performance. In this case, a CNT or RF spectrunyasacan also be used or combination
of both. The post processing can be done by the dfeh communication network analyzer

(CAN) or with a help of Microsoft Office Excel sm@sheets.

2.5. Conclusion
In this chapter, theoretical issues concerning agtwoverage design have been discussed
such as the path loss models and the importanddeolusage of antenna down-tilt in

interference limited environment mainly in capaditgited environment. The design of the
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RF coverage involves knowledge of site-survey, aigeh of the appropriate model of
propagation for coverage prediction. After the -sitievey, the next step is site-location
selection, this could be done by a help of Netwelknning simulator or Communication
Network Planner (CNP) software. It would follow by selection of antennas’ types, the
orientation of sectors and antenna down-tilt. Aatjemphasis on characteristics of received

power at a user end is also made.

Furthermore, a drive test system used by netwoekatprs to investigate the link quality or
the signal strength in uplink and down-link is Highted. Tools in used today are CNT, RF
scanners, Master Site or Cell Master (www.tek.cogdbirement, 2010). However, in a
practical CDMA mobile telecommunications industtlye requiredEb/No of the CDMA
system is about 7dB for a bit-error rate less th@& 3. In order to decrease the outage
probability, the threshold value is defined as @B! (www.tek.com/Measurement, 2010),

which is slightly higher than 7dB (Yang, 1998).
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CHAPTER THREE

METHODOLOGY OF MEASURING THE RECEIVED POWER

3.0. Introduction

Sensitivity study has been carried out in diverssysv The study of sensitivity is to
optimize the design system parameters. Many reseerdiave also addressed this issue on
antenna down-tilt effect in theory. All of thesetiiies were based on assumptions, because
of the cost effectiveness and time consumptionesgao conduct experiments particularly
on commercial cellular networks. Simulation resuliave been plausible and very
interesting. Nevertheless, investigating the patarsethat affect the sensitivity of the
received power at an MS end in antenna optimum eidtvangle on real field will be quite
difficult. With regard to these difficulties, notuoh research has been done in this area.
Factors that influence the sensitivity of receiyeaver had not yet been clearly identified.
In addition, most of the researches have been @vedun advanced countries, in which the
weather conditions are totally different from tledperienced in Africa particularly West
Africa. In previous chapters, the issues involvedimplementing any mobile cellular
communication system have been discussed. Thistahgpesents the procedures of
measuring the received signal strength at an Mé&tilme by the usage of the drive-test

system as tools of evaluation.
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3.1. Research problem

This study aims to quantify the variation of theawed signal in antenna down-tilt
situation in mobile cluttered environment by corthuy some measurements. The
transmitted and the received signal strength im le¢ down-link and the uplink coverage
are influenced by reflection from buildings, thetura of the terrain, and so on. The work

will compare the received signal to that predidtgdnacro-cell 3-D propagation algorithm.

3.2. Drive-test setup procedures

The measurement procedure was based on the us#rigédest system. A drive test simply
means drive and test while roaming in the wirelessvork in a car. The drive-test system
provides the insight to the performance of a nekwarticularly in terms of RF coverage. It
consists of investigating the RF coverage by logkihthe key performance indicators such
as pilot power strengtheg/1o), the forward transmit poweiT k), the down-link transmit
(Rx) and the Frame Error RatEER) while roaming in the wireless network. In drivest
evaluation, the BSs must be identified prior arehtthe route to be followed traced. This is
very important in order to conduct a successfuedtest in time. Tools used are as follows:

* A Global Positioning System (GPS) Receiver antenna,

« Two CDMA Handsets (Mand M),

* Adrive — test software,

* A communication network analyser software or espeead sheet
* Alaptop,

e Map info software.

* Inverter

* Extension board

+ GPS 76 software version 2
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The setup of the measurement procedure is illestriatFigure 3.1.

M
Laptop 1
DC. Gonnagtar..

SQMIcE Extension PC
Inverter

B ———mm L —»
0 Board (Client) "y
2

Figure 3. 1. Drive-test system setup

Two modes of configurations for the handsets wesedufrom the monitored software
during this drive-test. These were:
* The continuous call mode (Long communication mode)
In this mode, the handset makes a continuous dtilbut the user having to redial
when the call reception fails.
* The redial call mode (ldle mode)
In redial mode, the handset tries to redial thé aadordingly to the redial number

and when the ongoing call dropped.

3.2. Site selection and data collection

Drive test system was used for data collections &n aid to investigate the network air-
interface parameters. When roaming in the wirehetwork, the drive-test software records
or collects the signals at various locations. la fbllowing lines selected cell-sites for this

investigating are addressed.
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3.2.1. Site selection

The site selection was based on Hata-Okumura emigats (Okumura et al., 1968). It is a
highlight on data conditions and environment ofigtduring the measurement (Shadowing
or cluttered environment). It must be noted tHag, ¢donsidered networks are unloaded.

The data collection was from May - June, 2009 ird#lanawoe (Lome) and August to
September 2009, in Greater Accra.

Lome is a small town and measurements were corglumte Togotelecom network at
deployment stage. The mobile environment is madef lnot-spots area and suburban area.
Greater Accra is one of the ten regions in Ghaunel shat Central Accra is considered as
urban, Nungua Animal Farm and Tema as Rural / Cgrea, and University of Ghana
which is a typical shadowed Urban, as a Suburben.arhe description is presented in
Table: 3.1. It gives details of the environment of study; theasurements were carried out

during a rainy season and RF parameters are shiovebie: 3.2.

Table 3.1: Description of site of study

Sites Time period Characteristics of service area

University of Ghana 11H -15H Leafy, with scarceildings: it's
assimilated to a suburban

Nungua Animal Farm 15H30-16H30 Motor Highway

Tema 16H30 -17H30 | Open area

Osu 12H15-15H45 Urban area with tall buildings

Dansoman 18H15-18H30 Down-City with tall buildings

Exhibition (Accra-Central) 18H45-19H30 Urban areighviall buildings
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Table 3. 22 RF parameters for signal variability study

RF parameters

Antenna type MB800-90-17D
Operating frequency 800 MHz

RF Power Tx 20 dBm

Tx Antenna Gain 17 dBi
Handset Gain 0 dBi

Antenna Height 32m

MS Height 1.7m

Antenna down-tilt 4°

3.2.2. Data collection

Drive tests were performed in different CDMA netk®for data collection.

The first one was on Togo-Telecom network of theDEV1x revision A. This drive test

was performed by using a Communication Network Tea(CNT) connected to a laptop,
monitored by Huawei Airbridge software in live teshe CNT is Huawei wireless modem
56Kbps.

The second one was conducted with ZK tool made éljteSt in 450MHz and 850MHz

operating frequencies with initial radius of 1knn fmice activity in continuous call mode.

Two different types of mobile were used: Huawei 2B53and Kyocera Kx5.

Both the first and the second were conducted ind.ohimis network (Togotelecom CDMA
network) was in deployment stage. But then, thesogas on an effect of antenna down-tilt
angle in sensitivity of received signal.

The third drive test was conducted on Kasapa Tetegetwork in an operating frequency
of 800MHz. In this measurement, a CNT was used. TN& was connected to a laptop
monitored by a drive test software ZXPOS CNT CDMA 91.11.0619A1 which was a

planning and optimization software.
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These software are network optimization softwateeyl provide real time information of

the network.

3.2.3. Data sampling sizes and processing
Data capturing size was carried out by the drig-geftware. It takes 115 measurement

points in 1 minute. Data processing was done inethatages. Data collected was sent to
communication network analyzer (CNA) software asfirst step. In the second stage, this
was processed in Excel spread sheet and thenytiwiti Matlab software.
Signals from the strongest active pilots have bemmsidered in order to alleviate signals
correlation from the transmitters. The consideretle of received power level for the
filtering stage was related to coverage analysmsstinlds used in Service Level Agreement
(SLA) by operators and in agreement with the Servicea Boundary’s (SAB) value
defined by Federal Communication Commission (Y&898). The considered boundaries
are:

» downlink coverage: Received Power Poor < - 95 dBm

* uplink coverage: Transmit Power Peoi0 dBm
Then for interference analysis, these thresholde wensidered.

* Received Power level, good > -85dBm

e Transmit Power level Poor > 15dBm

* And Aggregate Ec/lo level poor < -12dB
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3.3. Conclusion
This chapter explains the method of investigathmgreceived power and the characteristics
of the environments. It also underlines the researoblem. The drive test system as tool

of measurement was also presented.
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CHAPTER FOUR

RESULTSAND ANALYSIS

4.0. Introduction

The analysis of sensitivity of received power ahabile station is a great concern of the
network operator. This measure as one of the KRjsends on planning and design
parameters such as the antenna down-tilt angéelosiation, beamwidth orientation, height,
etc., and also on environmental conditions (shadgwiAll these influence the received
signal strength at MS end. Some measurements @e \autivity have been conducted in
live test on existing CDMA cellular networks in @ter Accra and in Lome.

This chapter presents the signal variability to diesign parameters such as antenna down-
tit angle, site location coordinates and path lessdel. Mainly, it draws a close
comparison between Friis Equation, Hata-Okumurah pliss prediction and the

measurement plots in Greater Accra environmentuafys

4.1. Presentation of thedrivetesting results

A survey on signal sensitivity of drive test residte been discussed in this section.

4.1.1. In Greater Accra

In Figure: 4.1, a drive-test route (day one) of measurementasvah
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Figure 4.1: Drive test route (day 1)

For various measurement locations the received pdewesl observed in colored is as

illustrated in Figure: 4.1, is then given inTable 4.1 by the code of color.

Table4. 1: Code of colors

Received Power Level (dBm)

-65<x<max -75<x<-65 -85=<x<-75 -95<x<-85 -105<x<-95 Min <x<-105
e A - <
Excellent Very-good Good Fair Poor extremely poor

In Figure: 4.1 the cyan color sections represent excellent sigmatrage (strongest signal),
the blue color shows a very good coverage and tbengcolor section indicates a good
coverage level. The yellow color is the interfererarea; the red color shows a higher
interference area where a severe call drop couleixperienced. For the research purposes,

the study will be limited to a good received povexel throughout this thesis.
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4.1.2. Analysiswith regard to user mobility

In Figure: 4.2, it is shown that users close to the BTS expeeadmtter signal than those
farther away from the BTS because the antennadsaspath gain at the far end [8, 14].
With regard toEquation 2.9 (Yang, 1998), this explains the need for power @dnh
cellular network, the yellow path represents therfierence area. It was observed that the
served area was reduced; this is displayed by teerCcolor limit. The Green color path is

the received good signal with less interference.

Figure4. 2: Signal variation due to user location

On the other hand, at the cell boundary, the naighibg cells support the ongoing call.
This support is known as the soft-handoff. Neighbwucells therefore do not appear as a
source of interference but rather as a sourcegofsistrength. The statistical mean received
power was -99dBm and the mean signal streigifNo was 6.79dB. However the required
for CDMA system is about 7dB for a bit-error raBER) less than 18+3. In order to
decrease the outage probability, the thresholdevialuefined as 7.4dB, which is larger than
7 dB (Yang, 1998; www. tek.com/ Measurement, 20M)other advantage is that a

CDMA handset can work efficiently with a small sigto noise ratio (SNR) in noisy
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environment (Yang, 1998; Lempiédinen et al., 2008niBl Wong et al., 1997) the handset
was still in the system as a benefit of the fastgrecontrol used by the BTS (Yang, 1998).
At cell boundary, a high value of FER was eventuabserved around a mean value of 4.
Naturally a higher value of FER greater than 2 matybe good enough for the link quality
in reception. And moreover this may lead to a leaeived signal power at a mobile station

(Agilent Technology, 2010).

4.2. Signal variation dueto design parameters
This section focuses on analysis of received pawtr respect to design parameters such

as site location, antenna down-tilt and effectedf site coverage.

4.2.1. Sitelocation coor dinate
A wrong coordinate given to a BTS site location veéso observed to lead to poor cell

coverage. This is illustrated Figure: 4.3.

Figure4. 3: Case of wrong coordinate

The received power level observed in near fieldhef BTS was not satisfactory (yellow
color). At a relative far field, an excellent reo=il power level was observed (cyan color).

This increases the interference zone with neighbhgueell sites. In that situation, it was

-35-



very difficult for a BTS to work efficiently in tens of power resource allocation because in
CDMA2000, BTSs use absolute reference for timingchyonisation (Yang, 1998). For a
technical explanation, with regard Exuation: 2.9, the BTS would have a problem in
assessing the distance between users within itsuceélvould not apply the power control
mechanism. Moreover the pilot channel cannot aisectdthe mobile station. Therefore, the
handset would be transmitting a high power anddreeating an unnecessary interference.
At the BTS end, an unnecessary soft handover woajigben. This phenomenon would be a
source of ping pong effect in the coverage arealéAgTechnology, 2009). Thus severe

call drops would be experienced.

Figure4. 4: Case of correct coordinate

With a correct cell site coordinate, a strong posignal was observedrigure: 4.4) when
one was close to the BTS, and the observed avéifaBen uplink was 1. This means good
cell coverage. Site location coordinate could blresb by a help of GPS set (Freeman,

2005).
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4.2.2. Signal variation in down-tilt situation: effect of terrain topology
In Table: 4.2, the analysis of the measurements in terms of th@amte and the received

power level is summarized.

Table 4. 2: Down-tilt angle comparison: effect of clutter

Cdl Distance Distance BTS Theoret. | Fixed tilt | Servicing
Site | Measured | Theoretical Height Down- area
tilt By0p: | (Degree)
(Km) (Km) (m) (Degree)

Sitel 1.75 2.208285192 32 4.81 4 Open/Rural
Site2 1.572 | 2.340302731 35 5.37 4 Residential
Site3 2.555 | 2.939940922 35 3.99 3 Quastopen
Site4 1.58 2.801626659 8D 5.13 3 Urban
Site5 1.3 2.208285192 32 5.66 4 Urban

Site 6 1.0 1.119097976 32 6.25 6 Urban
Site7 b 2.208285192 32 5.27 4 Suburban

The optimum predicted down-tvopt angle was computed and compared to the egistin
one. The result compares favorably with that ole@hifior optimum down-tilt formula

prediction (Jarno et al., 2005) in relation to nded cell coverage radius.

The empirical formula irEquation: 2.3, was used to compute tlkopt (the theoretical

down-tilt angle) and is as given lHyguation: 4.1.
evopt = 2.53 [In(hprs) — d®®] (4.1)
where 6_;45 = 7dB, hgys: height of BTS in m and is the distance in km.

* Inrural areawith mechanical down-tilt situation
The BTS-sector coverage as showrFigure: 4.4, is the cell site (Site3) serving a motor

high-way of Tema-Accra area which can be assumedjimasi-open area.
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Figure4.5: Received signal in open area (Motor highway Acbeana)

In Table: 4.2, the measured radius was 2.555km where a goodldeyel was observed for
the cell Site3. The intended cell radius was s@kim. A down-tilt of 3° (three degree) was
applied. Using the empirical formula of down-tihgle selection, the measured cell radius

required 4° (four degree) antenna down-tilt.

It may state that the effect observed in antenmenekdt situation is a reduction of cell site

radius. In this situation the measured cell-sitBus.on Tema-Accra highway did not appear
to be reduced. This could also be explained byé¢laive less intense effect of the clutter
and the flat nature of terrain in this area favtedbr the signal propagation. The area is a

guasi-open area with sparse buildings.

But it could be claimed that with a relative higartsmitting power of the site, the same
observation would be achieved. As a consequencditéet opposite site (adjacent site) is

affected therefore the neighboring cell radius maybserved to be markedly reduced.

For the cell Site 2 ifTable 4.2, a good signal level of received power (with miam

interference) was observed at a distance clos&8 in from the BTS. Accordingly to the
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empirical formula down-tilt angle®vopt), 4° (four degree) down-tilt is required tmpide

a coverage radius of 2km. The measurement showsatre down-tilt of 4°@f Actual), the
received signal level was only fair at a distancse to 2km which indicates some presence
of the interference. This deviation may be expldibg the effect of the environment. The
same results were observed for the cell Siteliere a good received power level was

observed at 1750 m.

* Inurbanarea
For the cell site 4 iTable 4.2, where a 3° (three degree) mechanical down-tits wsed
and the received good signal level was observdiet®.58 km away from the transmitter
(BTS). This indicates that the cell coverage isdyadth a mean distance around 500 m to
the direct neighbouring cell at a high interfererfeer the cell site of 6° (six degree) down-
tilt angle, the servicing area radius observed arasind 1km which means a reduction in
cell radius of 1km. This explains unfavourable dérmature on one hand. The BS ditis

in a dense cluttered environment but located dightly hilly area.

The cell Site 6 inTable 4.2 is located in a down-town in a valley. A mechahubawn-tilt
angle of 6° (six degree) was used. The measurenesntt shows that a received good
signal level of power was around a distance closE000m. This could be explained by the
effect of the terrain topology.

If the empirical formula for down-tilt angle selamnt is considered the selected cell radius
should be 1km. This corresponds to a theoreticalhaugical down-tilt angle in value of
6.25°. For the cell site 5, a 4° (four degree) na@atal down-tilt angle was used in dense
cluttered area. At a close distance around 1.3k réceived signal level observed was

good. A reduction of the cell-site radius in vabféZ00 m was found which corresponds to
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interference zone. The increased excess radiuspiaieed by the buildings, and the cell
load.

The cell site 7 inTable 4.2, is servicing a suburban area, a mechanical dowmtitiue of

4° (four degree) was fixed. The received good pdestl observed was at a distance close
to 1500.12m far away from the BTS. The overlap@ngg or interference area of 500m is

acceptable in the industry with regard to the ptiedd cell radius of 2km.

The excess cell-site radius compared to the redgpesver at mobile station end could be
explained by many factors such as the presencaiitfigs, the geomorphology of the

propagation land, the load in terms of the numlbeisers within the cell.

4.2.3. Signal variabilityin a poor down-tilt situation

The survey results of drive-test conducted in Lareepresented iRigure: 4.6 andFigure:
4.7.

Rx Power (dBm)

® Poor : inf to -S0
Fair : -90 to -80
® Good : -80to -70
® Excellent : -70to +inf

Figure 4.6: Interference due to a poor down-tilt: poor coveregeear field

The illustration inFigure: 4.6 shows a received poor signal level in the nedd.fiehe red

colour section indicates a poor signal observed @istance close to the BTS. As a result,
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users are being served by the farther sectors. glemomenon could be a source of an
unnecessary interferences and unnecessary sofotiamdhe network which results from a
poor orientation of antenna down-tilt. A poor amtarorientation was also observed which
may have caused additional inter-cell interferef¢ddCON’06, 2006). This may be

explained by call failures even in the area re@jiclose to the base station.

Figure4. 7: Interference in near field: poor antenna down-tilt

The inter-cell interference effect could also beesded by a poor received signal at a very
short distance of separation between an MS anBTi& An illustration is given ifrigure:

4.7. The poor received power is shown by the red ¢glRed section) at a close distance to
the BTS. For a technical explanation, the mini-affs (in red section) observed could result
from the time synchronization of the BTS. This @so be explained by the Modulation
Impulse Code from the BTS or may be due interfezeftom neighbouring cells. The
disconnections of the GPS set could also give a poapshot. This explanation shows that

several parameters influence the sample of thevext@ower.

In summary, at cell edge a high FER and low recep@wer were observed; this exposed
users at cell boundary to inter-cell interferentle effect of down-tilt antenna is to
minimize the path loss attenuation at cell edgéhat interferences from neighboring cells

are mitigated (Daniel, 1997).
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4.3. Signal variability studies

The sensitivity of received power is influencedd®sign parameters. The signal variability
at user end also depends on clutter and on prapagatodel. The performance of a
propagation model is observed by the differenceailne expressed in decibels (dB) scale
between the prediction model and the measurement his difference in value is called
the excess path loss (Prasad et al., 2005). A sifidignals received from transmitters is
carried out in three different clutters in ordergoantify the received power and also to
estimate the excess path loss. Lack of availabitetldatabase, the effect of diffraction will

not be quantified.

4.3.1. Signal variability in different clutter
Signal strength measurement shows that the recsigedl level depends on a user position
(distance) from a transmitter (Jarno et al., 200&ng, 1998). Signal variability depends on

the environment and also on the transmitter belavio

Observed Received Power in different clutter
-45

Meas.in Urzan
Meas_in Suburban
Meas_in Rural

Fece ed Poner [dBr]

Distance [m]

Figure 4. 8: Received signal level (dBm) in different clutter
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In Figure: 4.8, the received power level for three different @tg is plotted against the
distance. It was observed that attenuation of #oeived signal in urban areas was much

more severe compared to the other clutter (Pard®82).

The variation in received signal may be explaingdréflection from buildings, human
made noise and presence of people. The highest véleceived power level was observed
in rural area whereas the signal received in suuties between the urban and rural. The
attenuation observed in the signal in suburban mrexplained by the presence of trees
(foliage attenuation) and buildings. Because ofuh&vourable nature of the land (hilly)
the observed attenuation does not follow the nowealeasing trend against the distance.

This explains the benefit of the diffraction.

4.3.2. Comparison between the theor etical and the measured path loss

In Figure: 4.9, the measured path loss is shown by a scatteaptbthe prediction plot by a

straight line plot.

Path loss Models vs measured [dB]in different clutter
4] T . z

+ PL-Meas_ in Rural
- FPL-Meas. in Suburban
Lo PL-Meas_ in urban
PL-H.O. in Rural
PL-H.O. in Suburban
—=— PL-H.O_ in urban

120

110

Path loss |dB]
[=2]
[==]

10° 10° 10°
Distance [m]

Figure4. 9: Theoretical model compared to measured data
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Okumura-Hata model and the parameters used foreWaduation Figure: 4.9) are as

follows:

Operating frequency f=800MHz, BS’s antenna heigBm&nd MS’s antenna height=1.7m,
In Urban area:

PLyowrldB] = 124.246 + 35.041 * logd[km] 4.2

In Suburban area:

PLyo(supy[dB] = 115.0505 + 35.041 * logd [km)] 4.3

In Rural (open) area:

PLyowr[dB] = 96.611 + 35.041 % logd[km)] 4.4,
UsingEquation 2.7.f, the measured path loss is given a&guation 4.5:

PLmeqs [dB] = ERP — PRx(meas.)
PLieas [dB] =33 - PRx(meas.) 4.5

ERP was calculated usirigguation: 2.1.b, and by substituting the following parameters:
the handset gaifiz,[dBi] = 0; the transmitter antenna gain is 17dBi and thestratting

power is 20 dBm. All cable loss, connector loss dnplexers’ loss are assumed 4dB.

The analysis irfFigure: 4.9, shows that the excess path loss was more impontamtenna
near field than in the far field. It could be s#dt the coverage issue is met because the
three measurements crossover in the far field. Tiny be explained by the fact that
network operators show more concern in network e at deployment stage. The excess

path loss observed could be explained by the aaterethanical down-tilt technique used.
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The antenna radiated much power at cell boundawyeter the excellent signal level
received in the near field is explained by the fhet there are fewer obstacles in the first 50
to 100m at a distance of separation between tmsrtrister (BTS) and the receiver point

(MS).

The observation idrigure: 4.9 shows that, when the distance is in logarithmidesche
theoretical plots of path loss tend to increasedity. These plots do not give much
information to draw a good comparison between Hatamura model predictions
(Okumura et al., 1968) and the measured dataelm of this analysis, a linear Least Square
method was selected to determine the best fit efrdteived power measurement as a
function of the distance using a curve fitting tooMatlab software. The observed path loss

was plotted by using a least square curve fittirejhod. These plots are givenkigure:

4.10.
Path loss Models vs measured [dB]in different clutter
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Figure4. 10: Measured path loss plots (least square fitting)
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From Figure: 4.10, all the fitted curves obtained from measuremelatspare then
illustrated. It could be observed that these ptiisnot exhibit a linear straight line shape
because the distance is in logarithmic scale. Tteglfcurves would be in linear form if the

distance is expressed in linear scale form. Thasges are given iAppendix A.

4.3.2.1. Friismodel compared to measur ement result
The theoretical Friis model and the measurementltrese been compared in this sub-

section. The Free space path loss (Friis Equati@as)evaluated as bBquation 4.6:

Prsu[dB] = ~Gr;[dB] ~ Gy [dB] + 20log (;7) [dB]

And the measured path loss was evaluated Bguation 4.5 given as follows:
PLyeas [dB] = 33 — PRx(meas.) (dBm)

A. Near Field Analysis: Free space study

Free Space Loss vs measured [dB]
110 in different clutter (Near field analysis)

= mm= NMeas. in Urban
105 b w T W W S W RN W W B SRR —C Meas_ |n Sub
== == = Meas. in Rural
— Theoret. FSL

100

8

8

Pethlcss [d5]
&

10°
Distance [m]

Figure4. 11: Path loss comparison (Site selection)
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Analysis of free space loss (FSL) prediction igiedrout in order to quantify the measured
received power with regard to site selection. Theasarement plots ifigure 4.11 are

being compared to the free space prediction (tbeiplred) over 100m from the BTS.

Analysis fromFigure: 4.11, shows that in urban areas, there is a significhiférence
around a value of 45dB between FSL prediction dmedmeasurement. This is due to the
fact that the BS is located on buildings’ roof e MS is often located in between tall
buildings or in streets. Therefore, the receivephal at the MS end may be influenced by
the effect of reflection, scattering and diffractidAll these phenomena are the result of the
attenuation in the signal strength. This explains increased attenuation in path loss
observed in the near field signal measurement agpaced to that of Free Space loss

prediction (Friis Equation).

In rural areas, the signal strength measurementshorelative small loss compared to the
Friis’ Equation prediction loss (Parsons, 1992)isThalue is explained by buildings’
obstruction in the vicinity of BS and MS (a few tdides). The difference between signal
strength predicted and the measurement resuleimathige up to 100 m was about 20 dB in
value which is the least compared to other cludss. Moreover the choice of BS antenna
site location is not a great concern in rural aré@suburban areas a relative loss around
7dB greater than that of a rural area loss wasrebde This loss can be explained by the
presence of some few buildings around the BS, ditiath to a significant presence of leafy
trees. In urban, a 15dB in value higher than thabss in suburban is observed. This may
be explained by the fact that BTS site locationiodaevas difficult to obtain because of the
space shortage in order to find adequate cell Bltest often, BTS site antenna would be

located on a building’s rooftop. Also, due to M&tie low height, the MS in urban area is
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mostly surrounded by obstacles (Parsons, 1992)rarsdexperiences a higher attenuation in

signal reception.

B. Far Field analysis: Free space study

In Figure: 4.12, FSL prediction in far field was still observedite lower than the measured

data in rural area.

Free Space Loss vs measured [dB]
in different clutter (Far field analysis)
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Figure4. 12: Far field comparison: Friis Equation, Fit Data

This excess path loss increases with a slight higakie than that of 20dB in the selected

study area, a rural clutter type.

The excess path loss increases because of thqMS@rmobility (Parsons 1992, Yang,
1998) getting farther from the transmitter (BS).eTVariation in value of the excess path

loss (Prasad et al., 2005) against the distancddwadepend on the type of clutter. As one
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moves away from the transmitter, one encountersemaod more obstacles. But though,
these obstacles are relatively less extensive cadda the clutters of suburban and urban
area, the attenuation in signal strength stilléases with a relative higher value than that of
20dB/decade. Therefore, the signal prediction ilbileocommunication environment even

in rural area cluttered environment cannot be ptediby the free space loss formula as it

was observed earlier by Okumura (Okumura et a68).9

4.3.2.2. Hata model compared to measurement result

In this section, the modified Okumunaodelby Hata (Hata, 1980) will be investigated with
measured dataigures. 4.13-4.15 depict the comparison between Hata-Okumura (H.O)
prediction and signal measurement (scatter plat)tticee different types of clutter. The

Hata-Okumura model is presented in detail&appendix B.

In order to compare the measurement data, a lidata model was obtained using a least
square method. Fitting parameters for the path dossparison are obtained using a curve
fitting tool “cftool” function in Matlab software.

The curve fitting toolbox uses the linear leastasga method to fit a linear model to data
(Draper, 1998; Robinson, 1992). A linear model edired as an equation that is linear in
the coefficients. The measurement data have bé&ed to a linear equation y. The linear
equationy is as follows:

Y =Dp1X +p;

where the unknown parameters to be solved aaag p,

The linear least square parameters §pd p) are found for the measurement and the

theoretical Hata Model. The distance is in a linsaale form. If the distance is in a
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logarithmic scale, H.O. models exhibit a linear havhilst the scattered plots tend to a

bent curve.
In Urban area: H.O. formula used for evaluation is as follows:

PLyowr[dB] = 124.246 + 35.041 * logd[km]

Hata Models vs measured [dB] in Urban clutter
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Figure4. 13: Path loss comparison in urban area

Analysis ofFigure: 4.13 describes that measurement result shows moreuatten around
the near field (distance of 250m). Wherever, atistadce above 800m it shows less
attenuation in comparison with the theory. Arouhd hear field this is explained by the
BTS location and the MS position. The MS was in #teeet (position during the

measurement).

Above 800m the observed lower attenuation may tobatable to less tall buildings which
may not be as dense as the theory predicts. Thersuation in signal strength results from

buildings’ reflection and multipath-effect was less
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Furthermore inFigure: 4.13 at a distance below 800m, a maximum differencé&CafB is
observed between the Hata prediction and the measmt data. The plot indicates that
there is a little agreement with the theoreticaldiference in a value greater than 5dB is
observed. This value tends to increase faster ftepoint of 1km where Hata-Okumura
model is valid. The excess path loss is much isg@as the distance of separation between
the BTS and the MS also increases therefore it mayconcluded that the study

environment could not be classified as Hata urlvaa.a

In Suburban area: the H.O. formula used for evaluation is asEiquation 4.3 which is

given as follows:

PLyo(supy[dB] = 115.0505 + 35.041 * logd[km]

Hata Models vs measured [dB] in Suburban clutter
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Figure4. 14: Path loss comparison in suburban area

The measurement result and the Hata-Okumura pr@diébr suburban show an excess

path loss around 2.5dB below a distance of 250Figu(e: 4.14). The best agreement is
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achieved around 300m and 700m. This deviation asge as one moves far away from the
transmitting antenna beyond a distance of 700m. mMaArgimum excess path loss in value
could be estimated around a mean value of 7.5dBh Yégard to mobile communication
application, the issue is to mitigate the path lastar field. Therefore the model may be
accepted to have a good response in the studyoamvént. The deviation could be
explained by the difference in the propagation ratigpe. The study environment can be

classified as Hata suburban area.

In Rural (open) area, H.O. formula used for evaluation is as follows:

PLyowr[dB] = 96.611 + 35.041 x logd[km]

Hata Models vs measured loss [dB] in Rural
120

Data Fit. in Rural
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Figure 4.15: Path loss comparison in rural area

Figure 4.15 shows the comparison between Hata-Okumura modebden area and the

measurement result in rural area. A difference.68iB to 15dB is observed at a distance
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below 1km where Hata model is not valid. Beyond tl&tance of 1km the maximum
excess path loss is also around 15dB. This is the&t neported deviation observed between
the Okumura model and the measured data in opan larmaay say that the model response

show a little agreement.

Hata-Okumura model could not be used in this aeanitigate far field inter-cell
interference, but though most of the users coulddtteof the transmitting antenna main
lobe and experience a poor received signal. Thitdcalso lead to a ping-pong effect in the

network coverage. The model may not be appropiaatéhe study environment.

In Figure: 4.16 is shownthe presentation of measurement results of alfitre study areas

and the prediction from the theory.

H.O. Path loss Models vs measured [dB]
in different clutter
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Figure4. 16: Far field comparison: Hata model, Fit Data

The prediction and measurement plots seem to le/eame shape with little agreement.

The model could be used to reduce the interferéoee other cells (BTSs) at cell edge in
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rural and suburban but users near the base statiaold not be in the antenna main

beamwidth.

The results obtained in urban and rural areas sthavthe model response has a little
agreement. The study area could not be classieldada Urban clutter because there are
not many tall buildings and not congested as coetptr Tokyo city in 1968 (Okumura eta
l. 1968; Freeman, 2005) in addition to the land photogy as well, where the
measurements were collected to develop the Hataytl{elata, 1980) of fitting Okumura
curves. The rural study area contains probably redrces and buildings than Hata Open

clutter.

4.3.2.3. Hata and Friis models compared to measur ement result
A. Near Field Analysis
From Figure: 4.17, a comparison between Hata Okumura model, Frisaton and the

measurement over a distance up to 100m in nedrtfi@hsmitting analysis is illustrated.
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H.O. Path loss Models vs measured [dB]
in different clutter (Near Field)
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Figure4. 17: Near field comparison: Hata Model, Friis equatod Fit Data

FromFigure 4.17, the plot of measurement and H.O theory illusgdtat the measurement
results are higher than the theoretical values. thkeries give a little agreement with the
measurement. It could argue that H.O models giessaprediction over short distance as in
(Adit Kurniawan, 1997). But it must note that Okumuassumed that the BTS antenna
should be located on a hill (Okumura et al., 196B)erefore, it is likely that the MS
experiences better received signal strength. The afsdirectional antennas and the
technique of antenna down-tilt applied, the fadingsignal strength at a close distance
separation of the BTS, could have less effect errélceived signal level. Thus the received
power at MS end could be above the prediction value

It shows that there is a difference of value ldssnt2.5dB in urban, around 5 dB in
suburban area between the prediction and the nezasuat results. But in Open area the

model shows a little agreement. A difference of ¥ observed.
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B. Far Fied Analysis

Far field analysis is being considered in Ehgure: 4.18, the comparison focuses on Hata

prediction and the measurement result within a frobdmmunication range of 500m to

1.5km.
H.O. Path loss Models vs measured [dB]
in different clutter (Far Field Analysis)
140
memms \eas. in Urban
130 = |\eas. in Sub
Meas. in Rural
120 wm emm Theoret. HO in Urban
Theoret. HO in Sub
Theoret. HO in Rural
o 0 s mm— [ree Space
S
g 100}
L
©
o 90

Distance [m]

Figure4. 18: Far field comparison: Hata model, Friis equatiéih Data

The analysis shows that a difference of 10 dB &seoled between the urban prediction and
a higher value in measurement. Whereas in subwl@iB mean is observed. In rural area,
the deviation is much better with a mean value raa2i5dB to 5dB over long distance (far

field observation).

In the case of the suburban area, the graphs étearplot and the measurement plot) have
a same shape with a difference of 3dB. This seamietin good agreement between

measurement and theory. The little difference maydbe to the land nature (hilly) but
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though the BTS was above the buildings’ roof andjtiteof trees, the BTS site location
may be problematic.

The plot of measurement and theory in the casehzrupresents a minimum difference of
10dB above 1km. The higher value of the predictltan that of the measurement may be
attributed to the area of study which may not lga of Hata urban environment.

The prediction loss (H.O model) is below the measwant result in the case rural area.
There is a vast difference in dB between the measent and the other two theoretical
models (Friis Equation and Hata-Okumura for ruradjction). This disagreement may be
due to the area which is a small industry area waifew houses though the land is plane
surface but still could not be classified as Hatealr area. The model response is not
satisfactory in overall observation. This may iradé&ca new model for West African clutter.
The comparative study also shows that, when theardis is in a logarithmic scale, Hata
prediction increases linearly and the data fit eutends to increases exponentially. If the
distance is in linear scale, the Hata predictimndases as a normal logarithmic function but
the fitted data curve increases linearly. Howevee, value of excess path loss observed
between the measurement result and the predicionthe difference of slope graphs.

On the other hand, Hata-Okumura model gives a pesdiction values of path loss for
smaller distance especially in antenna near fidsl.a consequence the vertical pattern
effect of the transmitting antenna, users in tharnield could not be in the main-
beamwidth and therefore could experience a pooasigower, if they are at a relative short

distance close to the transmitting antenna.
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4.3.3. Compar ative study parameters

The conducted study so far was focused on quamgjfyhe received power in mobile

cluttered environment in order to identify the paeters that influenced the received power.

This section proposes the optimizing of H.O. prate model parameters. The goal is to

have the best agreement between the model andgasunement.

4.3.3.1. Fitting parametersfor comparison

In Table 4.3 the comparative parameters obtained from leasarsqfitting method are

presented.

Table 4. 3: Fitting parameters for comparison

Data Comparison Fitting Table

UrbanArea (Osu) SuburbarArea Rural Area(Tema)
(University of Ghana)

Hata Meas. Hata Meas. Hata Meas.

Model Model Model
pl (dope) 0.02303 | 0.006171 0.02303 0.02372 0.2303 | 0.2084
p2 (offset) 100.7 112.7 91.52 88.01 73.08 80.08
RMSE dB 2.34 1.729 2.34 5.871 2.34 5.886
Mean 114.3135| 114.2651| 105.1177| 104.0920 | 94.3312 | 86.6779
Path loss dB

The results i able 4.3 indicate that the obtained excess path loss icdhgparative study

between Hata model and measurement results isvelasér be dependent on the slope of

H.O. path loss propagation model. The analysis shihat the theoretical Hata-Okumura
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[Hata, 1980; Okumura et al., 1968] models for ttuelyg environment could be refined. The
least square method would therefore be used toeréiie model, because this could give the

slope of the plots.

4.3.3.2. Hata-Okumura model refined
Hata-Okumura model (Hata, 1980) for medium citythen selected. The modeling is
presented ippendix B and the tuning model is then given as:

Poss = by + byloghgrs + bslogd + byloghys + bslogd  loghgrs + be Dif f + Keytter
b, = B; and b; = B, are coefficients to be optimized.

b,, b,, bs, bg, are the coefficients in Hata-Okumura model akKig, ;;., is the

environmental factor (standard deviation of shadayits default value is 0 (zero) dB.

The adjusting on the model carried out for the éheavironments of the study could be
observed irFigure: 4.19 to 4.21. A very good agreement between the model plotthad
measurement plot is achieved in urb&nggre: 19), a good agreement in suburban area
(Figure: 20) and an acceptable agreement in rural afégufe: 21). The adjusted model

parameters are compared to Hata mod@lable 4.4.
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Data fit analysis in Open/Rural

120

110

100

90 g
s

700

80 [

Path loss [dB]

60

50

Fitted data in Rural ]
Meas.in Open/Rural
Theoret. Hata Open -
Adjusted Model in Rural

40

30

1
200

| I
400 600

1 1
800 1000

Distance [m]

Figure4. 21: Model adjusted in rural

1
1200

1400

4.3.3.3. Comparative parameters on adjusted and HO models

In Table: 4.4 fitting parameters and the propagation parameigtisnized are presented.

Table 4. 4: Fitting parameters statistics for Greater Accra

Urban Area (Osu)

Suburban Area

Open Area (Tema)

(University of Ghana)

Data Fit H.O. Data Fit H.O. Data Fit H.O.
Path loss slopg 24.89 35.041 27.68 35.01 22.4863  35.041
dB/decade
Offset value (dB) 148.05 145.44 125.5182 14549 8413 | 145.89
Shadow. std. (dB) 8.2429 10.847 10.003
RMSE (dB) 4.16 7.69 7.099 8.97 7.8593 13.23
Goodness of fit (dB 0.7452 0.13 0.57 0.32 0.3 1G0.
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In Table: 4.4, it is observed that the path loss exponent is lmgtuburban compared to the
other clutter. This could be explained by the dffe#fcfoliage. The mean value is about 2.8.
The path loss exponent, in open area and resitlen#e25. This value is relatively close to
that of free space path loss decay. In urban #regath loss exponent has a value of about
2.50. All these values are obtained from the pasis klopes. A difference value around 3dB
could be observed from shadowing standard devidtioarban area to that of suburban
area.

It is also observed that, the “Goodness-of-fit"ued of Hata-Okumura model show a little
agreement. The value of “Goodness-of-fit” is in tiamge of 0 and 1. A close value of
1(one) indicates the best fit. Therefore, it cduddseen that the area selected as open rural is
not Hata open area thus the Goodness-of-fit vais/én out of the scope. In Urban area,
the value of Goodness-of-fit is also poor. It sh@awsalue of 32% in suburban area which
indicates that the study area could be consideseHaa suburban. The adjusted model
shows a very good agreement in urban area. Issg@bod in suburban but the least square
algorithm fitting may not be the right algorithm bbe used. But though, a dual slope tuning
algorithm (Lampiéinien et al., 2003) could haverbesed to obtain a better tuned model

because of the observed distribution in study afearal.

4.4. Conclusion

The parameters that contribute to CDMA network @enance and deployment were

investigated in terms of variability of receivedsal power such as antenna down-tilt, site
location, and propagation models. A comparison betwFriis equation and measurement
can help to make a good decision on cell-site seleclt may recall that Fresnel (Parsons,

1992) first zone is normally used in cell-site aapation. The signal received in macro-cell
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down-tilt situation was discussed. It was also oke@ that a small down-tilt angle not
greater than 5° (five degree) provides large cayelia suburban area and rural area (the
larger the down-tilt, the smaller the radius). bpacity-limited environment as in urban
area, a large antenna downtilt angle greater thiaffivie degree) may be used to provide

effective coverage.

The drive-test results in Lome presented a highlaghdirect effects of a poor down-tilt on
received signal at MS end. A comparison was alsgecbout between the theoretical model
(Hata-Okumura) prediction and the measured patls I@Eatter plot). The analysis
particularly showed that the applied Hata modeldpen/rural area give a little agreement
in the study area of open clutter (case of Tem@rgater Accra) as well as in the study area

of urban clutter (Osu).

The Hata model of medium city was selected as & Inasdel. A least square method was

also used to optimize the propagation parameters.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

The proposed study provides an insight to operaionrthe sensitivity of received power to
variations in antenna down-tilt. The investigatwas conducted in a series of drive-tests.
The communication network terminal method was ussthuse it responds exactly to what
users experience while roaming in the network. figasurement result obtained from the
drive test, shows that the down-tilt angle is dkecby several parameters such as
transmitting power, the environment, etc. The asialgf the result on received power level
obtained against the distance on cell site 1,52 and cell site3 indicates that in a rural
area or on open area with a relative flat terrairie€e, a small mechanical down-tilt angle
less than 4° degree could provide a larger cove(Bgesad et al., 2005). The study also
presented a comparison between Hata-Okumura mbidéh,(1980) and the measurement
result. Hata-Okumura model (Hata, 1980) and Frgadfion (Parsons, 1992; Rahnema) are
compared to the calculated path loss using thevet@ower obtained from Base station in
a CDMA cellular network in Ghana. The predictedues using H.O model was less in near
field but higher in the far field compared to tlohtthe measurement. The study also shows
that the path loss characteristic in the study remment as urban (Osu, Central Accra)
could not be described by Hata urban area claasgit but rather as Hata sub-urban area.
The University of Ghana area can be classified mirban area if approximate fitting
parameters are used in the model. Tema (Commujeyea, considered as Hata rural area

or open area is not best described by the operciassification.

The path loss prediction in mobile cluttered enwinent may not follow free space loss as

observed by Okumura (Okumura et al., 1968); nomeskaf optimum techniques are met in
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the design of the air-interface. The definition abiittered environment is also a relative
issue. An area assumed to be a rural or suburbamrb@n area may vary from one
community to another in addition to the extentarid topology. The analysis also shows
that Hata-Okumura prediction for suburban area aesp achieved is closer to the
measurement plot. The prediction models appliedrban and rural areas for the selected
area show a little agreement. Thus a propagatisinguvas then applied to best reduce the
excess path loss. Hata model for medium city wassgel to fit measurement carried out in
Greater Accra with the least square algorithm. Thedel tuned agrees with the
measurement very well in urban area and good inrbaln area. In rural area, the adjusted
model matches better than the Hata model. It inelscéhat the Hata model for open/rural
area may give a little agreement. The least squani@g algorithm was reported in most
papers for its inconstancy but it is easy to comptitowever, a recursive least square
algorithm, iterative least algorithm or multipleoges tuning algorithm could be used for

better improvement of the model refining.

The technical limitation of this project is thahias not been extended to electrical down-tilt
because of the difficulty to conduct this experitn@m commercial network and in addition

to the time and resources allocated to the profemt.future works should be addressed on
the automatic propagation tuning process and wbatdcbe the relative measurement
sample to consider for a BTS coverage predictiorcefiular mobile and in cell site

selection. The investigation of the sensitivityre€eived power in antenna down-tilt to RF
resource allocation (Viterbi et al., 1991) couldcabe considered. Furthermore, a modified

Hata model appropriate for west-African environmemild also be undertaken.
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Appendix A: Hata M odel
Hata considers urban as a basis of his model anddas correction factors for other clutter

(suburban or rural/open areas). Hata’s model has foput parameters which are
transmitting frequency fc is between 150MHz to 146{x, the height of transmitting
antenna is in the range of 30-200m the receivirtgrara height is between 1 to 10 m and
the relevant distance is valid from 1km up to 1Qarsons, 1992; Yang, 1998; Hata, 1980;
Rahnema, 2008, Freeman, 2005; Seybold, 2005).

Hata clutter description such as urban areas, bahuareas and open areas are as follows:
* Urban area: built-up city or large town with largeildings and houses with two or
more storeys, or larger villages with closely bhiiuses and tall, thickly grown trees
» Suburban area: village or highway scattered wekdrand houses, some obstacles being

near the mobile, but assumed to not be very coadgst
» Open area: open space, no tall trees or buildimgsath, plot of land cleared for 300 —

400 m ahead, e.g. farmland, rice fields, open sield

Urban areas Lgg = A+ Blog,cR—E A-1
Suburban areas: Lgg = A+ Blog,ocR—C A-2
Open Area: Lsg =A+BlogigcR—D A-3

A = 69.55 + 26.16logy, f. — 13.82 1080 hy

B = (44.9 — 6.55) logy hprs

€ =2(logyo (£))? +54

D = 4.78(logy, f.)? + 18.33log,q /. + 40.94

For large cities,, = 400MHz E = 3.2(log((11.7554hy5))? — 4.97

For large citie, < 200MHz E = 8.29(log,0(1.54hys))? — 1.1

For medium to small cities E = (1.1log;¢ fo — 0.7)hys — (1.56log4 f. — 0.8)

R is the distance between the BTS and the MS.
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Other known models. Lee model and Egli model

Lee modd (Yang, 1998) is an area-to-area communication. links also used in mobile
cellular networks design such the personal compyte€s) network design. The basic Lee

model can be written as in Equation A-4:

2
L=114+10"13 » (225

4384
L[dB] = 129.45 + 38.4 =« logd — 20 * loghgrs A-4

The complete form of Lee model is as follows (Aeteél., 2008):

Lso = Ly + ylog(d) — 10log(F,) A-5

Where L, is the median path loss at a reference poinntakéhe near field.

y is the slope of the path loss curve in dB/decégles a correction factor that depends on

MS antenna height, BTS antenna height, MS anteraia, 3TS antenna gain and

frequency. It is given as:
FO = fCOT *thS *thTS * fGTx *fGRx ’ Where

f I foo=h f _ (hsrs\? fo, ==
cor — \ 900 hms — *MS  JhBTs = \3048 Gy — 4

when MS antenna heightinm > &, = %

when MS antenna heightinm < &, = hys

and Egli Modd (Mardeni and Kwan, 2010) is used for point to p@ommunication link
(microwave’ link).

For receiving antenna (MS) heidht10

Poss = 76.3 + 20logf + 40logd — 20loghgrs — 10loghys A-6

For receiving antenna (MS) heidght 10

P,ss = 85.9 + 20logf + 40logd — 20loghgrs — 10loghys
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List of additional Figures

The data fit curves are given kig. A:1 - A:3. The measured data are the scattered points
and the fitting curve is shown in straight line.€Bk curves are obtained using fitting curve
function “cftool” in Matlab software. It could bebserved that these plots do not exhibit a
linear straight line shape when the distance isgarithmic scale. The fitted curves would
be in linear form if the distance is expressedriadr scale form.
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Fig. A. 1: Data fit in suburban (University of Ghana)
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In Fig. A. 4-Fig. A.7, are illustrated the shape of the fitting plot aineoretical H.O model

against the distance (expressed in linear forrlggarithm scale).
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Hata Models vs measured [dB] in Suburban clutter
140 T T

130

120

110

100

90

Path loss [dB]

Data fit. in Sub
—<—— Theoret. HO in Sub
e Normalised Hata

. Scatter Plot in Suburban

80

70 -

60
50
0

1 |
500 1000 1500
Distance [m]

Fig. A. 6: Path loss comparison

Hata Models vs measured [dB] in Suburban clutter

140 , ——— w
130 ¥
120 EEE———e———— . _gEgF S e LU T S -
110
% 100 -
c 9 oo 2ot
g T "y Data fit. in Sub
80 —&— Theoret. HO in Sub
mmmmms Normalised Hata
70 . Scatter Plot in Suburban
60
10" 10° 10° 10*

Distance [m]

Fig. A. 7: Path loss comparison (distance in logarithmic 3cale

-75-



Hata Prediction Models vs measured [dB]in different clutter
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Cell coveragein case of BT S site coor dination

The bar chart inFig. A.10 illustrates the cell servicing coverage in peraget of the
received power level measured for the BTS sitetionan a wrong coordinates and in a
correct coordinateThe analysis shows that a fair received power $igvel of 42% was
observed in near fieldnd the excellent signal level was 24% fartheryain@m the BTS.

In addition, the statistical analysis shows that dt edge and in case of incorrect site
location coordinationthe FER was high and an unexpected value of Zokaerved. In
terms of good received power level anal the cell servicing area was 50% covered. This
is below the coverage standard of 95% for a-siedl to be said to be fully covered. Fig.
A.10 the observed received signal in case of correatdooation is shown compared to the
received signal in incorrect coordinates of the B

Observed Rx in BTS coordinate
50%
g 45%
© 40% M
€ 35%
] 30% >
5 25%
a 20%
£ 16 Ul
X 2
& = i
Inf<x<-95 -95<x<-85 -85<x<-75  -752x<-65 -6b<x<mlax
Poor Fair Good Very-good Excellent
M wrong coordinate | 8% 42% 10% 16% 24%
M Correct coordinate| 0% 6.25% 31.259 18.759 13.759

Fig. A. 10: Cell site coverage analysis: case study of BT Sceitedinate
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Signal samplesizeissue

Pahloss [0

In Fig. A.11, a sample of the received power in far field inafiarea is considered. The
measurement, data was compared to Hata Okumural.midde theoretical model (H.O.)

adjusted shows very good agreement for a small lgatmgt when a large sample was
considered the adjusted model showed a fair agmgemhis raises the question of signal

measurement sample to be considered for macrazoe#trage prediction or on cell site

120

Data fit analysis in Open/Rural

115

Fitted data in Rural

- Meas.in Open/Rural
——+—— Hata Open
Theoret.H.O. in Open/Rural
Model Adjusted
< Egli Model

110

105

selection.

1200 1300
Distance [m]

1400

Fig. A. 11: Small sample prediction
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Appendix B: Theleast square method

The measured path loss is expressed as in Equgtion
Vi = Pry + Gry — Cros5 — Pin B-1

Hata prediction for medium cities to small citisge-written

P 1pss = 69.55 + 26.16logy, f. — 13.821logy¢ hy, + ((44.9 — 6.55) logyo hprs)logR +
(1.1logqyo fr — 0.7)hys — (1.5610g,, f; — 0.8) B-2.a
This can be modeling as in Equation B-2.b as fatlow

Poss = C1 + Cylogf + Cs3loghprs + C4logd + Csloghys + Cglogd * loghgrs +

C; Diff + Kepueter B-2.b
In changing variables, this is written as follows:

B; = C; + Glogf

B, = (4

x =logd

Ko = C3loghgrs + Csloghys + Cslogd * loghgrs + C7 Dif f + Kepueter

In Suburban area:

K, = C3loghgrs + Csloghys + Cglogd * loghgrs + C; Dif f + Keytter + C

In rural area

K, = C3loghgrs + Csloghys + Cglogd * loghgrs + C7 Dif f + Kepyerer + D

C and D are Hata correction defined for Suburbahraral given in Appendix A
Then it comes as in Equation B-3

Plossoi(d) = By + Byxi + K, B-3

The objective of tuning process is to minimize tesidual error root mean square function

between the predicted value and the measured tweeerfor function is given as:

E(d) =yi— Ploss—>i(d) B-4

The root mean square function is given as in Eqods-5

N

E(Bl’BZ) = \/(l) Z?]:l[yi - Ploss—>1']2 B-5
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Wherey; is the measured valu¥, is the number of the measurement sample set. [filb fu
the least square (Daper, 1998, Robinson, 1992)iwomdhat optimizes thé&; andB,, all
the partial derivatives of theé (4, B) function must equal to zero. This yields N equaio
which are given as follows:
(i=1 = yi—[By + Byx; + Kq ]

i=2 =y, — B+ Byx, + Ky, |

Ll =N = yN - [Bl + Bsz + KaN]

"
OE

a5, = 0

{ 98 _ B-7
25, — 0

derr

Gx, — 0

This can be put in square matrix,

[ X1 17 .

- sl K 4
X, 1 V1 ajq
B1 Y2 Kaz
X =
B,
-xN 1_ L B —yN " KaN_

This can be written as
WxB=Y B-8
The Equation B-8 is over-determined system.
The vectorB = [B; B,]|”
The optimal correction coefficient8; and B, verifying the least squares condition are
obtained from the least-squares solution of theirmatjuation given as.
B.s = [WTW]"'wTy B-9
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