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Abstract: Capacity dimensioning is performed before launchindUMTS). WCDMA has emerged as the mainstream air
a cellular network, which includes coverage estiomaéind forecast interface solution for the third-generation netwrklhe
of throughput. Cellular companies in developing ddea like frequency bands for UMTS standards are 1885-202% MH
_Pakistan are only providing 2G services, while @@/ises are still for uplink and 2110-2200 MHz for downlink. Thereear
in process of being launched. Although a lot okegsh has been various releases for UMTS networks. In release & Guof

done on 3G services in developed countries buetlewery little - -
knowledge regarding practical aspects of plannimd @timization UMTS, High Speed Downlink Packet Access (HSDPA) and

of 3G networks in third world countries like Pakist This research ngh Speed Uplink Packet Access (HSUPA) signifigant
paper includes a thorough analysis of factors affatt capacity of increased the data rates up to 14 Mbps [5].
3G networks, including radio propagation models.riMzs  Capacity dimensioning is a key aspect of any systEhe
propagation models are studied and propagation taoiss of dimensioning of 3G networks is quite a challengiagk.
Standard Propagation Model are tuned accordinggography of Benchmarking the results of theoretical and field
Islamabad. The performance analysis of these pedjpmgmodels measurements is an important aspect in this redetbre
is done using Matlab and results are verified tgh)_plannlng tool launching a network, forecast of end user througtand
Atoll and field measurements. Based on analysishese results e “of Node B sites is done in the planning ehas
capacity dimensioning, in terms of number of siiescarried out There are many factors that affect the capaci§@fystem
for an urban network of Islamabad. . . ; ’
e.g. cell breathing, location of the user, appiaraiof data,
t’adaptive modulation schemes, interference and appte
radio propagation models [6,7,8,9]. These factbisukl be
taken into consideration while dimensioning a nekwdf
these factors are not taken into account apprayisd
difference can be observed between the predictddfiatul
In recent years the world has witnessed tremendaysth in  values of coverage and throughput [10].
mobile communications. This was possible due tThe most important factor that can affect the cipad 3G
development of successive generations of the mabine system is radio propagation model. If an approgeriat
industry. 2nd Generation (2G) systems focused avigee propagation model with tuned propagation constéaatsot
voice services where as the data services stilhmeed a big used then quality of service of an end user camadiegonce
challenge. Due to low data rates 2.5 GeneratioBGR. the network is operational. This problem area iglied in
systems were developed and Enhanced Datarate fd G$his paper and suggestions are given to addresgsthie.
Evolution (EDGE) was evolved [1]. Due to growingThe main objective of this paper is to design avost, in
demands of high speed data rate 2.5G systems wmre terms of number of Node B sites, which can acclyditfill
enough to cope up the requirements of high spetednit. the data requirements for a HSPDA dense urban mietaefo
As the number of mobile subscribers grew tremerigaarsd  Islamabad using appropriate propagation model. Wetot
different applications (video, internet services)er& objective of this work is to do performance anaysif
developed, it was realized that the future mobisteans various propagation models using Matlab and perémoe
should provide high capacity, optimized coveraged arverification using planning tool Atoll and field
efficient resource utilization. People also wantbjh measurements. Based on analysis of these resafiacity
volume of data to be continuously available onrtedbile dimensioning is carried out of an urban network of

Keywords: 3G mobile communication, Pathloss, Linkbudge
Standard Propagation Model, Coverage PredictioneDest

1. Introduction

phones. Thus 3G systems were launched in orderctedse

Islamabad.

the capacity of existing 2G systems. For the stahdaThis paper is organized as follows. Section 2 prisse

customer video streaming, TV broadcasts, vides caitieo
clips and new music services became a reality.|&ilpifor a

businessman high speed tele working, video conéamgn
and real time financial information are the addddaatages
of a 3G system [2, 3, 4].

In the International Telecommunications Union (ITthird

analysis of capacity of WCDMA systems and factors
affecting it. Section 3 explains the importance dethils of
various propagation models used in wireless comacatioin
systems. In section 4 performance analysis of wuario
propagation models is done. Pathloss and capacitgrms

of users, is calculated for these propagation nsodgction

generation networks are called International Mobil& deals with performance verification of resultsings
Telecommunications2000 (IMT-2000), and in Europesth planning tool Atoll. In section 6 these results aegified by
are known as Universal Mobile Telecommunicationst&y field measurements. Here number of sites are aispoged
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for a HSDPA network of Islamabad. Section 7, codeki
this paper and describes the directions to exteisdatork in
future.

2. Capacity of WCDMA Systems

Capacity is very important aspect of 3G networksah be
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Code Power (RSCP) is not satisfactory. Thus looatfouser
and modulation scheme plays a pivotal role in dsm@ring
of a HSDPA system. As shown in [6] the coverageustbr
an outdoor user is 200 meters more than that ahdoor
user.

2.2 Application of Data

defined as number of users that can be supporte@ byn order to plan and run networks efficiently, theed of the

particular sector of a Node B.
dimensioning capacity means the number of sitet dha
required to be launched in any network in ordemeet a
certain threshold of QoS e.g. throughput, cell cage etc. In
order to commercially launch a 3G network, an egfiiom of
end user throughput is done in the planning phasetwork
dimensioning. There are many key factors due tcchvithe
design and optimization of WCDMA system is differénom

traditional GSM 2G systems [11]. These factors defined
below. The theoretical calculation of capacity oCDMA

system, in terms on number of users is also shde.
important mathematical notations used throughoutthis
paper are shown below for a quick reference.

Table 1. Description of important mathematical notations

Notation Description
Bit energy to noise power
B, /N, density level
W/R, PG Processing gain
a Voice activity factor
f Operating frequency MHz
Distance between transmitte
d and receiver
hB J Htx Height of base station
hM ’ er Height of mobile station
PLfs Free space pathloss
V Diffraction loss parameter
Multiplying factor of
K4 diffraction loss
Correction coefficient of
K(clutter) clutter attenuation
Effective isotropic radiated
EIRP power
L(db) Outdoor pathloss

2.1 Location of subscriber and adaptive modulation

In 3G system the location of any user plays a vitdé in
determining the end user throughput. Users enjcgssing
the internet independent of their physical locatignmaking
use of new applications [8]. In HSDPA the modulatio
schemes are changed on a per-user basis, depemdaignal
quality and cell usage. The initial scheme is QPB, in
good radio conditions 16QAM and 64QAM can signifitta
increase data throughput rates. As most of thesuaes
indoor users and radio conditions vary significardle to
multi path fading components; the end user throughp
adversely affected if the signal strength Recei&gnal

In terms of networkour is to understand the data traffic statisti€svarious

users [8]. Majority of the users in a WCDMA systare data
centric as compared to voice centric. The typeppliaation

varies from user to user. As shown in [6] differesers use
different data services like video telephony, s, ftp,

http, e mail, mms etc. Each of these applicaticerpuire

different data rate. Generally reading an emailiresg low

data rate as compared to downloading a movie. 8cetid
user throughput will vary in case of different sagos of

data applications. Similarly the numbers of usdse alay a
significant role in determining the throughput afell.

2.3 Cdl Breathing

Cell breathing is the constant change in the raofea

geographical area covered by a cellular transmiittesed on
the amount of traffic being currently used by ttrahsmitter.
With the increase of activated terminals and higlees

services, interference is increased. As a resaltcthverage
area of a cell is decreased and blind spots oddjt [Thus
drop of a call occur at the edge of a cell and susgrthe
boundary of the cells are deprived of high spedadriret

services. If there are users having low data requénts then
the coverage area of the cell will increase as @egpto the

scenario when there are users having high speed dat

requirements [6].

2.4 Interference

In WCDMA systems; each user contributes to interiee in
the uplink direction. More number of users willuksn high
interference and as a result the throughput wiltrelase.
Similarly if the output power of the system is héghthe
network interference will be increased which dikeetffects
the end user experience. As shown in [9], high rendf
users results in high Block Error Rate (BLER) asdhaesult
of this end user throughput is degraded.

2.5 Admission Control

The admission control implements the admissioregaction
of the requested service according to the avaitpbof
resource. Based on the radio measurements the sidmis
control will sustain the system stability first atiten try the
best to satisfy the new calling service’s requéshmission
control is the only access entry for the incomiagres and
it's strategy will directly affect the cell capaciand stability,
e.g. call loss rate, call drop rate. As a resulthif feature a
user having weak signal strength will not be alldw®
access to the network. In two different scenarioeg voice
centric and other data centric; it can been segmilimber of
rejected users are more in case of the later Soemar
compared to the earlier one [6].

2.6 Radio Propagation M odel
The most important factor that affects the capadstyan
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appropriate propagation model. These models caéule
pathloss at a particular distance between transmind
receiver.

2.7 Capacity of WCDMA system in terms of number
of users
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network planning engineers as they provide theamierage
area while minimizing the interference. More oveany
localized parameters of a particular area like ramaeheights,
terrain profiles, clutter maps, clutter type etce aalso
incorporated in propagation model [14]. In order to
accurately dimension a network; choosing an apjmtpr

The capacity of a WCDMA system in terms of numbgr opropagation model is very important. The propagatimdel

users is shown below. The bit energy to noise paleaisity

calculates path loss of a particular signal. Paibs lis

level is given b)Eb/ N,. The numerator is obtained byreduction in power of a signal as it travels viaap This

dividing the chip rate W with the information béte, R. The
denominator is simply SNR.

E, / N, is given by:
W/R

)/ No = ()4 775

1)

Where W/ R is the processing gaiif] is the back ground

thermal noisesS is the received power of user aNdis the
number of users. The processing gain determinesrage
radius of a cell. The above equation can also hi#ewrin
terms of capacity and the number of users as fallgw

N =1+ WIR

(2)
E,/N, S

This means that in the total bandwiditf the number of
users is reduced by the inverse of per user SNR c@pacity
can be increased by decreasing the interferenceodather
users and by introducing voice activity factor. The voice
activity factor means that if a user is not spegkituring
conversation the output of the coder is decreased
unnecessary transmissions can be reduced. Simitady
interference due to other users is decreased by asitenna

a

information is very important in order to determitiee
coverage, placement and optimization of a Node §].[1
Without propagation predictions the parameters like
coverage estimation can only be obtained by exterf&ld
measurements which is time consuming and expensive.
Various type of propagation models include empirica
theoretical and site specific models. Empirical eledare
derived from extensive field measurements. The tinpu
parameters for these models are quantitative likese
urban, urban etc and operating frequency as wdiesé
models can be used for specific environments. kamgle
empirical model for macro cell cannot be used fatoor
propagation modelling. These models are easy ditieet

to use.

Theoretical models are derived assuming ideal ctiomgi
For example the over roof top model is derived gisin
physical parameters assuming uniform heights aadisg of
the buildings. Site specific models are based omearmical
methods e.g. ray tracing model. The disadvantagthexe
models is the computational complexity. Differemerical
propagation models are described below:

3.1 Free Space path loss model
This model measures the attenuation when a signal i
transmitted. Free Space Path Loss (FSPL) modeihressan
ideal condition that there is one clear line ok sftOS)
between a sender and transmitter. H.T. Friis catedl the

sectorization approach. By making use of these twgfuation for this model [16].

techniques the capacity of the system is enhanced.

E,/ N, becomes:

_ W /R
 (N,-1)a+n/Ss

E,/N 3)

Here N shows the number of users for each sector and t &

interference is via one antenna. The received pofdirst
user at the Node B is as follows:

s=s-L,-U ()

PLfs =3245+ 20log,,(d) + 20log,,( f)
disin kms, fis in MHz

3.2 Okumura M odel

Okumura model was developed for the city of Tokjapan.
This is ideal for cities with many urban structutag not
ery tall buildings. The model can be used for dperating
quency up to 1920 MHz. Okumura did extensivealtest
measurements with different clutter types, freqyerange,
transmitter and receiver height and power of thasmitter.
The signal strength decreases as the distancecieased
from Node B. The pathloss is given by following atjan

()

Where S, is the power of user 1L is the path loss at a B =PLfs+ Amn(f,d) —G(hb) - G(hm) - Garea  (6)

distance d between mobile and Node B, bha the shadow

fading margin. From the above mentioned equatidres tWhere PLfs is free space path loss given by equation 5,

number of users at a particular distance can hedf¢l2,13].

3. Radio Propagation Models

Propagation models focus on predicting the recesigdal
strength at a given distance from the transmittesvep.
These propagation models forecast the coverage addrea
cell. In addition to this, they provide a greatpgh&d mobile

Amn(f,d) is the median attenuation relative to free space,
Garea is the gain due to the type of environmedthb) and
G(hm) are the antenna height gain factor for Node B and
Mobile Station respectively [16].
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factor is given by

G(hb) = 20log,,(hb/200 forl0Om<hb<Km
G(hm) = 20log,,(hm/3) forhb < 3Km )

— 2 —
G(hm) =10log,,(hm/3)  forlom< hb<100am a(h,) = 32log,, A1.75n,)]" - 49 (12)
Here the equation of FSPL is used with addition an-sgSrlfou%?jtiz I(s)tsr 3ctr$r(;(ie;n3(:§solgm give good results for
subtraction of some correction factors. It can &id that this 9 pology.
model is also based on ideal conditions and isused for
practical solutions.

3.3 Okumura-Hata M ode€

The Hata model is used to predict the radio profagan
built areas. It incorporates the information of Bkumura
model and develops it further to include the efecf
scattering, reflection, diffraction caused by théldings of
city. The Hata Model for Urban Areas is formulated
following [17]:
L, =6955+ 26.log,, f ~1382l0g,o h, ~C,y +[44.9 - 655l0g,, hs]100,0d  Satistical procedure is used to calculate theabdes path
(8) loss exponent and the weak fading standard deviation S is
defined. The value of S is between 8.2 and 10.6\Bious
parameters are defined as below:

3.5 Stanford University Interim M odel (SUI) model

For the frequency below 11GHz; IEEE 802.16 Broadban
Wireless Access working group calculated the staiwa
containing the channel model developed by Stanford
University, namely the SUI models [15,18]. The main
equation is shown below

PL=A+10rlog,,(d/d,) + Xf + Xh+ S ford>d, (13)

For small or medium sized citg¢. , s,

C, =08+ (Lllog,, f —0.7)h,, —156log,, f (9)
and for large cities,
_ {829(Ioglo (154h,))? - 1.1,if150< f <200

A =20log,,(4pido/A) (14)

The path loss exponent is defined by the follovéggation

" |32(log,, (11.75h,, ))? - 497,if 200< f <1500
(10)

Where d
L, = Path loss in Urban Areas. Unit: decibel (dB)

y =a-bChb+(c/hb) (15)

o Iis reference distant which is 100m, > 5 for indoor

propagation,hb is the height of Node B in meters ranging
from 10 to 80 meters. The constants a,b,c aredlsed to
topology of terrain. Propagation constants for ediht
terrains are defined in table 2.

hB = Height of Node B Antenna. Unit: meter (m)
h,\,I = Height of mobile station Antenna. Unit: meter (m)
f = Frequency of Transmission. Unit: Megahertz (MHz).

C,, = Antenna height correction factor

Table 2. Propagation constants for SUI model

d = Distance between the base and mobile stations: U

kilometer (km). Model Terrain A Terrain B Terrain (
a 4.6 4 3.6
34 Cost-Hata Model b(1/m) 0.0075 0.0065 0.005
One of the most famous classical propagation mofigls C(m) 12.6 17.1 20

2GHz band is Cost 231 Hata model. Cost 231 is ingmo
version of Hata model. It is used for frequenayge up to
2000 MHz. It is available for urban, sub urban aodl
areas [14]. The path loss is as under:

PL=A+Blog,(d)+C (11)
Where
A=46.3+339log,,(f,)—-1382log,,(h,) —a(h,)

B = 449~ 655l0g,,(h,)

C=0 dB for medium sized city and suburban area with
moderate tree city or C =3 dB for metropolitan eesit The
effective transmitting antenna height in metersraaging
from 30 m to 200 m and the effective mobile (reeeiv
antenna height is ranging from 1 m to 10 m, d is th
separation distance in km. The mobile antenna ctiore

Xt =6log,,(f/2000)
Xh =-10.8log,,(hr /2000 for terrain type A and B
Xh =-20log,,(hr /2000

Xf is frequency correction factor andh is the correction
for receiver antenna height. These are mentionkxhbe

for terrain type C (16)

3.6 COST 231 Walfish-Ikegami (W-1) Model

This model is a combination of J. Walfish and Fegami
model. COST 231 project further developed this rhadew
it is known as COST 231 Walfish-lkegami (W-1) mod€this
model is suitable for flat areas [16]. For LOS dtinds the
equation is given as
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PLlos =426+ 26log,,(d) + 20log,,(f) (17) the height of Node B. SPM provides solution to fhigsblem
by including two main parameters the clutter lossl a

diffraction loss [10,20]. The diffraction loss che calculated
depending upon the height and distance of obsthelzgeen
_ transmitter and receiver. If the height of obstasléelow
PLNLOs = PLfs + Lrts+ Lmsd (18) LOS, then the diffraction loss will be less as canegl to a
Where PLfs is given be equation 5, and.rtS is scenario where the height of obstacle is above [T%.
diffraction from roof top to street and is given by Similarly the clutter loss also depends on the ¢paphy of
any city. Higher value of clutter loss is taken &ocity with
Lrts=-16.9 —10log,,(w) +10log,,(f) (19) very high building structures and vice versa. Ththjpss of

+ 20109109, (Nyoo ~Nigpite) + Lovi SPM is given by the following equation:

For NLOS [19] the pathloss is given as below

L —model =K, +K Jog(d) + K; log(H,,) + K, [DiffractionLoss (24)

Here W is the width of street anhi,, and h + K, log(d) tog(T.) + K, (H,.) + K (clutter) f (lutter)

mobile &re

heights of building and mobile respectively,,; is a

function of the angle of the antenna relative teettand is
given as follows:

L., =10+ 0.3544for0 < ¢ < 35° (20) K;: constant offset (dB),
K, : multiplying factor for log (d).
Lmsd gives diffraction loss as a result of multiple @zéts.  d: distance between the receiver and the transnfiter

Where

K., : multiplying factor for lo ,
Lmsd=Lbs+k, +k, logh) +k, log(f)~9log) 1) .0 O 96

Where forh, . >h,
Lbsh = -18log@+ h,e. = Ny ) (22)

Where k, =54, k, =18,b is inter building distance which is  DiffractionLoss: loss due to diffraction over an

obstructed path (dB) and is calculated using Fitesne
Diffraction Parametey [12] as follows:

H,, : effective height of the transmitter antenna (m).

K, : multiplying factor for diffraction loss.

taken to be 50m. For metropolitan citiKs; is defined as:
K, =—4+15(f /925-1)

V =hy/[2(d1+d2)/A(d1+d2)] (25)

The following assumptions are made for this protiaga
model:

h,.=30m, h,; =15m, ¢ =30, h

Whered1 is the distance of transmitter to the obstactedin

is the distance of receiver to the obstacld. is the
wavelength andh is defined as the difference between height
of obstacle and height of the receiver.

=1.5m

'mobile

3.7 Ericsson Model

One propagation model is also proposed by netwianking
engineers of Ericsson. This is modified versiorOddumura
Hata model and has some more parameters that dandse K, : multiplying factor forH , .
The path loss equation is as follows [16,18].

K : multiplying factor for log H,, ) log (d)

H ., : effective mobile antenna height (m).
PL =8, +2,100,0(d) +2, 100,0(Nb) + 3; I0g,o(nb) log,o(d) ~ (23)  K(clutter) : Correction coefficient of clutter attenuation
32(log,, (L1.75hr)?) + g(f)

G(1) = 44.49l0g,, (1)~ 478(l0g, ()’ f (clutter): weighted average of losses due to clutter.

The values of these propagation constants are taaguer
Table 3. Propagation constants for Ericsson model  the topography of Islamabad and are shown in table

Environment | @¢ =N a, a; Table 4. Tuned values of propagation constants of SPM
Urban 36.2 | 30.2 12 0.1
Area K
3.8 Standard Propagation Model (SPM) Profile { K1] K2| K3| K4] K5| K6| clutter

In 3G network planning, the standard propagatiordeho
(SPM) is used to define the local environment iprecise
way. SPM is derived from well known Cost 231 Hatadel.
The Cost 231 model is limited to Node B's antene@it  The detailed procedure adopted for tuning of thuesestants
greater than 30 m. It cannot be used for very stisttnces s described in section 5.4

where the height of the neighbouring obstaclesgkdr than

Urban | 16.4] 44.6| 5.83| 05 | -6.55| O 1
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4. Performance analysis of various

propagation models

Performance analysis of various propagation mogetkone
using a single link WCDMA transmitter and receiggstem
in Matlab. Capacity calculation in terms of numbéusers is
also done for each propagation model. The blocgrdia of
WCDMA system is shown in Figure 1

Scrambling pSK
Modulation

Carrier
Modulation

(]

Path loss
Calculati

Pulse
shaping

AoD/
Data

Saurce

Spreading

ons

R)(ﬂ

Carrier
Demodulation

Dto A De Spreading De Pak R Pulse
Scrambling Demodulation shaping

Figure 1. Simulated single link WCDMA system

A standard procedure for achieving A/D convers®itoiuse
the American Standard Code for Information Intergea
(AASCII) representation of characters [21]. The ANB
code uses 8 bit representation for each characigrtiaus
provides binary representation of up to 256 characttach
character is mapped to a decimal value in the rarfige to
255.

In UMTS, spreading is done using Walsh codes whiate
the property of being perfectly orthogonal. Thesdas are
generated using Hadamard matrix. These belongndyfaf
OVSF (Orthogonal Variable Spreading Factor cod&gp
modulated data bits and the code bits are commeféyred
to as chips. These are organized in the form obde dree
[22].

After channelization; the scrambling codes are used
distinguish different users of a single cell in thygink and
different cells in the downlink direction. They agenerated
via combination of two m sequences called Gold sd@¢
which are not orthogonal. Gold codes have low I@fdioth
auto and cross co relation. This characteristic enakem
good for separating transmissions. There is 21&intnk
scrambling codes used to distinguish differentscell

After channelization [23] and scrambling, the traiited
signal is modulated using 8-PSK modulation schekseper
the specifications of WCDMA, root raised cosingefilwith

roll off a = 0.22 is used for pulse shaping in the frequency

domain. The baseband signal is converted to pHysigaal
which can be transmitted through the antenna fepexific
carrier frequency. Here the carrier frequency i8@MHz
which is the downlink frequency of UMTS. In this pea,
pathloss is calculated for various propagation rsdsing
this carrier frequency. Pathloss results of varjpugagation
models explained in section 3 are shown below:

153
Vol. 6, No. 2, August 2014

Pathlass Compatision of Yarious Propogation Models
180 T T T T T T T T T

Okurnura
—&— COSTZ31 ]
—&— Okurnura Hata

SPM

FSPL

SL
—E—yy
—€&—Ericsson

170k ...... ....... ........ .........

s

L [dE]

ook s

anb... ........ ...... ....... .............. ........ L ..... i

] )

Figure 2. Path loss of various propagation models

As seen above, FSPL gives the lowest value of [mh
among all models. This is due to the fact that F&Btumes
ideal conditions with no affect of reflection orffdaction.
Similarly Okumura model also gives low value of ES#s
the basic equation of FSPL is used and some camect
factors are added. Other than these two ideal mp&tM
gives the lowest value of path loss among all other
propagation models. Thus SPM is the best suitedeimod
among all propagation models for WCDMA network
operating in 2100 MHz band.

Using Equation 3, capacity is calculated for eaalppgation
model in terms of number of users. The calculatemesdone
both for voice and data services. The service iagtfactor
for voice is taken as 0.67 and for data is takeh.@$13].

Capacity of Warious Propogation Models for Voice Services
T T T T T T T .

100

Okumura
—&— COST 231
—&— Okurmura Hata

SR

FSPL

SUl E
—E—yy|
—&—Ericsson

GOk ....... U ......

Mo of Users for “Waoice

0 |

Figure 3. Capacity of various propagation models for
voice services

It can be seen from figure 3 that SPM gives mostlyer of
users among practically used propagation modelsmekins
that high capacity is obtained by using SPM as @reth to
other propagation models.
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Capacity of “arious Propogation Models for Data Services
70 T T T T T T T

Okurmura
—&—COST 231 u
—&— Okurnura Hata

: : : : SPMI

L1 ....... R SRR SR ] FpL i
=]

—E—l 7
—&— FEricsson

GOk - SRRRPR .............. IR ......

Mo of Users for Data

Figure 4. Capacity of various propagation models for data

services

It is also observed that the offered numbers ofsugse more
for data services in comparison to voice servicéss is due
to the fact that the value of voice activity factehigher for
data services as compared to voice services aimydassely
proportional to the number of users.

5. Performance verification using Atoll

In this section performance verification of resufsMatlab
is done using planning tool Atoll.

5.1 Link Budget of WCDMA

Designing a link budget is a fundamental step itwoek
dimensioning of WCDMA system. Link budget is toiestte
the coverage capability of a system by reviewirgiald of
influence factors in the propagation path of thevfrd or
reverse link.
propagation loss allowed in the link under certaiall
qualities. The parameters of link budget are inooafed in
Atoll which are also used in tuning of SPM and cafya
calculations for WCDMA network. The link budget of
HSDPA is shown in Table 5 and the parameters arengi
below.

The EIRP is given as

EIRP = B, +G,-Bodyloss — Feederloss (26)

Thermal Noise is given as

Thermal Noise=KTB (27)

Where
K= 1.380650x10E-23 Boltzmann’s constant
T: absolute temperature( = Celsius temperature+873.1

B: Receiver bandwidth, the bandwidth for UMTS systiem
3.84MHz.

Processing gain is defined as:

It also means to obtain the maximum
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Processing Gain = Chip rate/ Bite Rate (Wc/Rb)

(28)
Chip rate is 3.84Mcps for UMTS services. Differertvices
have different processing gain thus their coverage
different. E /N, is the energy per bit to noise spectrum

density. Values of, /N, are defined in 3GPP specifications.
Similarly the receiver sensitivity is given as

RxSensitivity = KTB+N ;+E, /N, - PG (29)

Various margins (Interference margin, noise figuieeder
loss etc) are used in link budget at the receivensl. Some

of these margins are added where as some of threse a
subtracted in the commutated equation. The combiafde

of margin is defined as follows:

M argin = AntennaGan + SoftHOGain—
(InterfererceM argin + Feederlosst+ Bodyl oss 20
+ PCheadroomt+ Shadowrmargin) (30)

The outdoor pathloss is given as

L(db) = EIRP — RxSensitivity + M argin  (31)

The indoor pathloss is given as

Lindoor(db) = EIRP—- RxSensitivty+ M argn

— PenetratianlLoss
(32)

Table5. Link Budget (Downlink) for HSDPA network using
data rate 600kbps

Category Parameter Value
Transmitter’s end TX Power 37
Transmitter’'s end Antenna Gain 18
Transmitter's end Body Loss 0
Transmitter’'s end Feeder Loss 2.8
Transmitter’'s end EIRP 52.2

Receiver’s end Thermal Noise -107.99
Receiver’s end PG 8.016
Receiver's end Eb/No 6.19
Receiver's end Noise Figure 7
Receiver's end Interference margin 6
Receiver's end Antenna gain 0
Receiver’s end Feeder Loss 0
Receiver's end Body Loss 0

Margins PC Headroom 2

Margins Soft HO Gain 3

Margins Shadow Fading margir] 8.7

Calculations Path Loss (Outdoor) | 140.36
Calculations Penetration Loss 20
Calculations Indoor Path Loss 120.36
Cost Hata- Coverage
Calculations Area (km) 0.2517
Okumura Hata-
Calculations Coverage Area (km) | 0.3586
SPM-Coverage Area
Calculations (km) 0.502
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By equating the path loss obtained from link budget
pathloss of each propagation model; the coveradieigaof
each propagation model can be calculated. Usiregtbector
approach; the coverage area, in square km, of @cylar
sector can be calculated by the below mentionedteu

S=9/8/3R? = 195x R? (33)

The total number of proposed sites can be calallate
dividing the total area that is desired to be cedemwith the
coverage area of one sec®f13]. The detailed link budget
[7] of downlink for HSPDA network can be seen ibl&b5.
This link budget is calculated for an average dat® of
600kbps. It means that this data rate will be presi once
the user is at the boundary of any cell. This &lalbed the
cell edge throughput. In case of downlink the traitter is
node B and the receiver is the mobile station.

5.2 Importance of radio network planning tool

Radio network planning tools are very importantdigsign
and optimization of any network. These tools ardusefore
launching a network. The results of these tools lmamused
for optimization purposes as well. These planningls use
path loss prediction models, physical parametersthef
equipment at the Node B and localized informatidnao
particular area. As a result the probability ofveeg of a

certain Node B at a particular point can be deteechi In

this paper Atoll has been used to run predictiosedaon
SPM model. Atoll is multi technology wireless netko
design and optimization software. It gives suppomvireless
operators throughout the network lifecycle from wuk

design to densification and optimization. It hasuser
friendly Graphical User Interface (GUI). It is @énsed tool
that can only be used if it is commercially purathgL0].

5.3 Calibration of Atoll Package

To setup Atoll; clutter classes, digital modelsads, heights
are given as an input. The integration and setufstolf is a
big challenge. The integration begins with definiog
geographical area. As described in [24] variousapeters
like clutter, heights, vector data are incorporatadthe
planning tool. Table 6 shows the simulation settirfgr
Pakistan.

Table 6. Important Parameters of Atoll

Parameter Name Value of Parameter

Ellipsoid WGS-84
UTM Zone 42N
Clutters, Heights and Vectors
Other Parameters of Pakistan

Clutters can be defined as classification of aregs dense
urban, rural, forests, open etc. The values ofallbsses are
given below.
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Table 7. Indoor and clutter penetration losses

Clutter Class Clutter Loss (dB Indoor Loss (dB)
Open -4 0
Inland water -13 0
Forests -2 0
Parks -6 0
Village -8 0
Industrial -1 0
Agriculture -10 0
Airport -2 0
Roads -2 0
Rural -10 0
Urban 2 20
Dense urban 3 20
Buildings 4 20
Residential 2 20

As seen above the highest clutter loss is givetmeoclutter
classes of high buildings and dense urban areailadiyn
extra indoor propagation loss of 20 dB is also git@those
clutter classes where most of the users are intlide
buildings e.g. residential and dense urban etc.

5.4 Tuning of the propagation constants of SPM
according to the topography of different cities

As described in section 3.8, two parameters; Ketuttnd
Diffraction loss play critical role in SPM. Theseva

parameters are tuned as per the topographic area of

Islamabad. A higher value of Kclutter is taken fdties
having high rise buildings. As most areas of Islhathare
plain and there are not many high rise buildings;value of
Kclutter is taken to be 1. In Islamabad the avetagght of
Node B is 30 meters which is higher than the awetagjght
of buildings (10 meters). In this case the heighblostacle
will be lower than LOS. The diffraction loss willebvery
little in such scenario [12]. Thus the value of Is4uned to
0.5. The value of diffraction loss will be quitegghifor a city
having high rise buildings like Karachi. Similatlye value of
clutter loss will also be high in such cities. Thalue of
clutter loss varies from 1 in cities with no builds to 3 in
cities with many high rise buildings. Similarly ‘Wi Terrain
Correction Factor” is taken into consideration whil
dimensioning a network for a city with hilly termailike
Muzaffarabad. The values of other propagation @ntstare
independent of any area and remain unchanged iougar
tuned models [10,25]. The default values of themestants
are used in this study.

5.5 Coverage and throughput prediction plots of

single site
Coverage and throughput prediction comparison dstqd
for a single site using Atoll. Prediction means theecast of
expected signal strength (SS) and throughput arécplar
point or area. The clutter effect is also incorpedawnhile
taking prediction of coverage and throughput. Thalysis is
done for three different propagation models; CosttaH
Okumura and SPM. The coverage is shown with differe
colours in these coverage plots, e.g. [-60, 0 dBaoverage
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range is shown by green colour, [-60,-70 dBm] isvah by
light green, [-70,-80 dBm] is shown by yellow, [;880
dBm] is shown by orange and [-90,-110 dBm] is shdwn
red colour. Green range shows that signal strength
excellent where as red colour shows that signangth is
quite weak. The coverage plots for three propagatiodels
are shown below which are Cost 231, Okumura Hath a
SPM:

Coverage Prediction Plot of
Single Site using Cost 231

[-85,-120]
[-75,-85]
[-47,-75)

Levels in dBm

Figure5. Coverage plot of single site using Cost Hata

Figure 5 shows that by using Cost 231, weak coeeliag
observed very near to the site. It is also obsethatl many
areas are not fully covered as well. The coverdgés gor
other propagation models are shown below.

Coverage Prediction Plot of
Single Site using Okumura Hata

[-85,-120]
[-75,-85]
[-47,-75]

Levels in dBm

Figure 6. Coverage plot of single site using Okumura
Hata
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Okumura Hata also shows very weak coverage pratyaad
shown in Figure 6.

Coverage Prdiction Plot of Single
Site using SPM

i
W

A5
RS

[-85,-120]
[-75,-85]
[-47,-75]

Levels in dBm

Figure 7. Coverage plot of single site using SPM

Figure 7 shows that the coverage forecast of SPNaris
better as compared to other propagation models. SiRivis
coverage in almost complete area and gives gooérage in
range [-60,-70 dBm] near to the site. In case dfeot
propagation models it is observed that many areasnat
covered and weak coverage is also observed vernytoghe
site.

Detailed analysis of coverage is also done forouariclutter
classes. Two clutter classes are taken into coraidas in
this study; residential and buildings. In orderctompare the
results, histograms are plotted for each cluttessthat show
the distribution of signal level in dBm for eachnge; e.qg. [-
60, 0dBm] shows that the received signal strenggis |
between 0 and -60 dBm. Here x-axis shows the ranfies
signal strength and y-axis show the percentagaroptes for
each range.

Coverage Comparision of Single Site for Clusster Class "Residential"

v 50

T

i

0

Y

aQ

v 30 W Standard
8

E 0 WCost 231
E 1 Okumura Hata
o

—
=

(=1

[£0,0] [60,-70 [-70,80] [-80,-90] [-80,-100] [-100,-110]

Signal Strength (dBm)

Figure 8. Coverage comparison of single site for clutter
class residential
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Coverage Comparision of Single Site for Clusster Class "Buildings"
30

55

0
W Standard

B BCost 231

10

5 [
0

[60,0] [60,-70] [70-80] [-80,-80] [80,-100] [-100,-110]

[ Okumura Hata

Percentage of Samles

Signal Strength (dBm)

Figure 9. Coverage comparison of single site for clutter

class buildings

Figure 8 and 9 show the limitations of Cost 231 an(

Okumura Hata while predicting the coverage for mrdo
clutter classes like residential and buildings. SBMes
better coverage forecast for these clutter classeompared
to other two propagation models.

The forecast of throughput is also done in thisgpaphe
throughput is shown with various colors in the belo
mentioned graphs. Throughput in the range of 9Mip$2
Mbps is shown with various shades of green colonek&as
the throughput in the range of 1Mbps to 8Mbps iewsh
with various shades of blue color.

As depicted in the below mentioned figures 10,11ji2s
observed that as compared to Cost Hata and OkuHwaia
SPM gives better forecast of throughput. This is tlu the
fact that the coverage forecast of this model 3o dletter as
compared to other models.

Throughput Prediction Plot of
Single Site using Cost Hata

Throughput>1Mbps
Throughput>4Mbps
Throughput=9Mb

Ranges of throuhput

Figure 10. Throughput plot of single site using Cost Hata

Throughput Prediction
Plot of Single Site using
Okumura Hata

Throughput>=1Mbps
Throughput=4Mbps
Throughput=>9Mb;

Ranges of Throughput

Figure 11. Throughput plot of single site using Okumura
Hata

Throughput Prediction Plot of
Single Site using SPM

Throughput>1Mbps
Throughput>4Mbps
Throughput=9Mb;

Ranges of Throughput

Figure 12. Throughput plot of single site using SPM

5.6 Coverage and throughput prediction plots of
multiple site network

The prediction analysis of a single test site it erough to
reach to a final conclusion about performance of an
propagation model. As 3G sites are not yet deplosed
existing GSM sites are chosen as reference sitesife
location [26]. There are 82 existing GSM sites eaaof
84.22 square kilometer of Islamabad. Same methggiabd
plotting these results is adopted which was used fsingle
site network. It is observed that for both coverage
throughput, performance of SPM is far better thdheio
propagation models. Coverage comparison is done
different clutter classes on same pattern as itdeee for a
single site. Same ranges are used defined in se&iio

for
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Coverage Prediction Plot of Multiple
Sites using Cost Hata

) AR
Bz
w’é&k o

CF 5 e~
S ot 0 x>

e o, "f&’{?
e '\Q: SETUSE

[-75,-83]
[-47,-75]

Signal Strength in dBm

Coverage Prediction Plot of Multiple Sites
using Okumura Hata

[-85,-120]
[-75.-85]
[-47,-75]

Signal Strength in dBm

Figure 14. Coverage plot of multiple sites using Okumura

Hata

Coverage Prediction Plot of Multiple Sites
using SPM

[-85,-120]
[-75,-851
[-47,-75]
Signal Strength in dBm

Figure1s. Coverage plot of multiple sites using SPM

Coverage Comparizion of Multiple Sites for Clutter Class "Residential”
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W Okumura Hata
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Figurel6. Coverage comparison of multiple sites for
clutter class residential

Coverage Comparision of Multiple Sites for Clutter Class "Buildings"

5
0
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Wstandard

Mot 231

Percentage ofSamples

mOkumura Hata

0 |

[60,0] 60,70 [70,80] [%0,-80] [90,-100] [-100,-
110]

Signal Strength (dBm)

Figure 17. Coverage comparison of multiple sites for clutter
class buildings

The prediction plots of throughput for multipleesitnetwork
are shown below. It is observed that due to betbserage
forecast by SPM, better forecast of throughput liso a
observed as compared to other propagation modhlss it
can be concluded that SPM gives better resultoagpared
to other propagation models for a multiple sitetsvoek.

Throughput Prediction Plot of Multiple
Sites using Cost Hata

As seen in figures 13 and 14 Okumura Hata and 28%t
propagation models provide very limited coveragalémse
urban areas. In comparison to this, SPM gives fitteb
results especially for dense urban areas as shofigure 15.
It is also observed that despite coverage forasastproved
by using SPM, there are still some areas that areavered.
This implies that the existing infrastructure of I&Sites
needs to be increased.

Coverage comparison for multiple sites is also ddéme
different clutter classes on same pattern as itdeee for a
single site. Same clutter classes are taken intsiderations
here which are residential and buildings. It isesbied that
SPM has given better results for coverage and timout for
a multiple site network as well. The results dreven below.

Throughput>1Mbps
Throughput>4Mbps

Throughput>=3Mby

Ranges of Throughput

Figure 18. Throughput plot of multiple sites using Cost Hata
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Throughput Prediction Plot of Multiple
Sites using Okumura Hata

Throughput>1Mbps
Throughput>4Mbps
Throughput>9Mb

Ranges of Throughput

Figure 19. Throughput plot of multiple sites using
Okumura Hata

Throughput Prediction Plot of Multiple
Sites using SPM

Throughput>1Mbps
Throughput=4Mbps
Throughput-3Mmby

Ranges of Throughput

Signal Strength on First Floor

Levelsin dBm

1N

Figure 21. Coverage plot of indoor drive test fot 1
Floor of a building

Signal Strength on 2nd Floor

Levelsin dBm
—
o '“'“'I:lu—h#--m: A g

# 4

Coverage plot of indoor drive test fd"2
Floor of a building

Figure 22.

Figure 20. Throughput plot of multiple sites using SPM

6. Performance  verification by field
measur ements and dimensioning of capacity
for HSDPA urban network

Performance verification for results of Matlab afawll is

done by taking field measurements using drive teg :
In order to analyse the effect of indoo s

equipment.
penetration loss on coverage; the drive test isedion a
building having five floors. Coverage plots aregaKor each
floor. The value of signal strength (RSCP) is ndimdeach
point and an average value of the signal is caledléor each
floor. Here same colour coding is used that wasl tieeplot
prediction of coverage i.e. green color shows beteerage
while red color shows weak coverage. The drivestessults
are shown in the following plots. Coverage plot$iist three
floors are shown for reference.

Signal Strength on 3rd Floor

g g i

B o i -y
Ak

3 rind ol

Figure 23. Coverage plot of indoor drive test fof 3
Floor of a building

Drive test results are plotted in the form of higm as seen
below. Here the average received level is note@E3Bm.
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Average Received Signal Strength

Total Indoor

1stFloor 2nd Floor 3rd Floor 4thFloor 5th Floor Coverage

0
-10
-0
30
-40
50
0
-0
80

-80

Signal Strength (dBm)

-100

Figure 24: Received signal strength of drive test

The difference between the predicted coverage #&stefor
various propagation models and the drive test tesuk is
shown below.

Comparision between Measured and Predicted Signal
Strength

Okumura Hata

Cost 231 SPM

=]
=1

B Measured

e
E=]

W Predicted

=)
[=}

signal Strength {dbm)

oo
=1

-100

-120

Figure25. Predicted and field measurements of signal
strength for propagation models

As seen above the difference between the predanedthe
measured values of received signal strength ismaihfor
SPM. The other two propagation models do not showd
results. To summarize, it can be said that SPMsghetter
results in terms of predicting the coverage andubhput
both for a single site and existing GSM networl8afsites.
These results are also replicated in drive testrevitbe
performance of SPM is much better than other pratiag
models.

Based on these results, the capacity requiremem@nfarban
network of Islamabad is calculated and is showtabie 8.
The coverage radius for each cell is calculatesgugiath
loss of three propagation models Cost 231, Okunkiata
and SPM. Number
propagation model for an area of 84.22 square kitens
using equation 33. The calculations have been rfadé00
kbps which is the cell edge data rate.
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Table 8. Number of sites for various propagation models

Cell Coverage Number of
Propagation Mode Area (km) Sites
Cost Hata 0.2518 681
Okumura Hata 0.3586 335
SPM 0.502 180

It can be seen that Cost Hata and Okumura Hatalsbdee
over dimensioned the network. Whereas SPM gives
reasonable number of sites that can be deployad rban
network of Islamabad which are 180. The proposeadbax
of sites are compared with the existing number®fk8es for
various cities similar to Islamabad e.g. Damam,rBihetc.
It is observed that proposed network topology igingj
accurate results. In order to further improve theobr
coverage, femto cells can be installed which prevtte cost
efficient solution [3]. Femto cells are low powells that
provide good indoor coverage with in the distantédew
meters. These are deployed in residential, buikliagd
enterprise areas.

7. Conclusion

In this paper a detailed dimensioning of networgaity is
carried out for an urban network supporting HSPOAe
tuning of propagation constants of SPM is done @ting to
the topographical information of Islamabad. Perfance
analysis of various propagation models is carriatl using
Matlab, Atoll and field measurements. Analysis shaat
SPM gives the best results among all propagatiodetso
The difference between field measurements and étieat
results is minimal for SPM as compared to otheppgation
models. Based on these results, the optimized nuemble
sites for an urban network of Islamabad are pragose
However these results can be used for any urbanofit
Pakistan having same topography like Islamabadthis
research, suggestions are also given to tune thees/af
propagation constants of SPM for other cities diiftan e.qg.

a metropolitan city like Karachi and a hilly cityké
Muzaffarabad.

With the prospects of launching 3G services in $taki in
near future, this paper is a valuable research ghatides
thorough analysis of potential problems of launghia
commercial network. Based on the analysis carrigt ibis
suggested that for a dense urban network of 84cR@are
kilometers of Islamabad at least 180 sites are iredun
order to provide seamless coverage and capaciiSofiPA
network.

This work is based on the analysis of capacity dsieing

of HSDPA urban network. Results of analysis and
comparison of various propagation models are shdwais
research work can further be extended in many ways.

of sites are calculated for eadHowever, these future directions require a comradyci

operational 3G network. The proposed values of $PMis
study can be verified once the network is deploybdre the
effect of loading and interference can be seen.
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