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ABSTRACT - In this paper, the reverse link Erlang traffic eaity of

a power controlled CDMA based Wireless Local Lo&pLL) voice
system equipped with high gain directional antenat®ither the base
station or users’ houses is investigated. It isvamahat the Erlang traffic
capacity of CDMA based WLL system is several tithas of mobile
cellular CDMA system and conventional multiple asceystems, such as
FDMA and TDMA based systems. Finally the study elecbm Egypt
WLL CDMA2000-1xRTT network is examined as a cashy st

[. INTRODUCTION

In a few years it is anticipated that the majodfytelephone services in the world will
be based on wireless access. Wireless Local Lodd. W an emerging technology,
deploys fixed-to-fixed radio link to connect subisers in remote locations to the
Public Switching Telephone Network (PSTN) usingioasignals as a substitute for
copper lines for all or part of the connection kestw the subscriber and the switch [1],
[2]. It is believed to be a fast and cost-effectmeans to provide local phone service
more cheaply and quickly in sparsely populatedlrareas and third worlds countries
than through copper based access telephone netwiirlkce WLL is a fixed-to-fixed
radio communication system, narrowbeam antennaveamployed at both the base
station and subscriber’s side at high spot in eohetmuctive environment so that the
propagation between base station and house isclesg to free space propagation.
This gives the WLL system many inherent advantamess the traditional cellular
system, such as bigger coverage area, low poeduce interference, higheapacity,
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no fast fading, and no handoff. For any multiusenmunication system, the measure
of its economic usefulness is the Erlang capacither than the maximum number of
users which can be served at one time [3]. Erlapgcity of a system can be defined
as the average traffic load in terms of averagelbmsrof users requesting service, and
resulting in blocking probability restricted by artain degree of service. Blocking
probability is the probability that a new user wilid all channels busy and hence be
denied service if the system is blocked call cléaygstem or allowed to join a queue
waiting for service if the system is delay systedm.FDMA and TDMA based
multiuser communication systems the number of alséel frequency and time slots are
the limiting factors for the number of users. Blimzkoccurs when the number of users
exceeds the number of available frequency or tifoes.sin CDMA the system is
designed to tolerate a certain level of interfeeesa the number of users is not strictly
limited. Admission control algorithms monitor theérference and rejects new users if
necessary. Blocking in CDMA systems will be defined occur when the total
interference plus thermal noise power to thermasengpower exceeds a given level

1/n (wheren=0.1 corresponding to HB).

The rest of paper is organized as follows. In sechi, the system model including the
propagation model is described. Section Il presehe analytical model for both
conventional multiple access systems, such as FRKMATDMA based systems, and
CDMA based WLL system and the performance analysi®f each system is
discussed. Section V presents the simulation eN#&xt, in section VI the case study
(Telecom Egypt WLL CDMAZ2000-1xRTT network for prakmng local phone service
to Egyptian rural areas and villages) is introdudédally, section VII concludes the

paper.

II. SYSTEM MODEL

The system model used in this analysis is a mUltitBMA system consisting of

5-tier of cells that are assumed to be hexagonslhape and identical in size which is
normalized to unity. For every cell there &aisers randomly distributed around each
base station within a range equal to cell size. Jémmetry of the system model can be

represented as shownHiy.1. Whererif(k) is the distance from thg-th user in the-th

cell and its base stati(msﬁ,r“(f) is the distance frony -th user and the desired user's
base stations,, and dy is the distance between the interfering cell'slsationss,

and the desired user's base statin We assume that the base station of both WLL
CDMA system and mobile cellular CDMA system usedtimiemnt adaptive antenna
array to form narrow beams toward each user. Inilenaellular CDMA system, no
antenna arrays are considered for the user ternim@lto practical difficulties in
implementing such a concept. On the other sid&yluth. CDMA system the fixed-to-
fixed radio link allows high gain directional antexs to be equipped at users' houses.
Since CDMA system is an interference-limited systarwhich the link performance
depends on the ability of receiver to detect aaigmthe presence of interference [5].
Each base station in the system receives co-chameelerence consists of intra-cell
interference coming from users in the desivsér's cell and inter-cell interference
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i -th interfering user ir -th cell

Fig. 1. Geometry of the system model for interference evaluation.

coming from users in neighboring cells. Clearly tiee of multielement adaptive
antenna array at each base station and directartehnas at users' houses to form
directional beams is a good way to reduce inteni¥epower and hence increasing
system capacity. To be able to form such beams,bt#se station needs to have
knowledge of directional of arrival (DOA) of the sleed user's signal. For beam-
forming a uniform linear array with interelement spacing and antenna elements is
considered. The &-beam width (width of the main lobe) of the arraytéaken to be
the angel between first nulls on either side of mhain lobe (i.e. twice the angel
between the main lobe maximum and first null). Bdoroadside array the width of
main lobe is given by

el A
20 = 2 [5in (MD?) Q)

Assuming a narrow band signal model, the1 received signal by the antenna array
at the desired user's base statign can be expressed as

N K N
X0 = 2 tigySe dig (1~ Tig Jaig Gig) * 2 2 aj I di. (t=Tj, Jay @) +N@O)  (2)
|0=1 k:1|k=1 k k k

wheres;, is the power received at the base stasigg from thei, -th user in the home
cell,1; is the interference power received at base stagignfrom i, -th interfering
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users ink-th neighboring celb;, () is the PN-code modulated bit stream of theth
user with processing gafB, aj, is the speech activity factor of tigeth usern) is the
thermal noise vector, and(a,)is the array response vector gf-th user's signal

arriving at DOA anged, , a6, )depends on its DOA anggland on parameters

common to all users these parameters are numbamaf elementd/, interelement
spacing¢ , and wave length where

1
ej A €5|n(9|k)
a (8 )= j)\ 2€S|n(9|k)
i i e
k™ 'k

3

L2TT .
ejT M-y sm(eik)

For spreading spectrum of CDMA system using dirsejuence method (DS),
spreading and dispreading done through a procd#ed chitstream multiplication
where in the case of uplink the user's informabdnstream is multiplied by its PN-
code (spreaded) to produce PN-code modulatedrbérat For bitstream multiplication
process, user's information bitstream and its Pé&care assumed to be i.i.d. binary
random variables taking valuet with equal probability. As shown iRig. 2, the
output of each array element is despreaded (cteddldy the desired user's PN-code
to yield one sample vector per bit and then fildecait using integration and dump
filter to produce post correlation signal vectem[6], [7]. For the desired user,

letay,Sq,dy ,a(8,), and e (1) be the speech activity factor, power receivedssy ,

PN-code modulated bit stream, array resonance weao the post correlated signal
vector respectively. The post correlated signalttoretor the desired user'sth bit

e, () Is then multiplied by complex weights vecter

(4)

The weights vector is determined by some beamfayraigorithm to yield optimum
signal-to-interferencesirp power ratio, the output of beamformer is given by
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Fig. 2: Received signal model at the antenna array.

y(t) =weg (1) )

where () stands for Hermitian transpose operator. In ordeestimate the desired

user's signal [8], we need to estimate its arr@paorse vectokrg(6,)and using this
estimate to adapt weights of the beamformer. Maringain of the antenna array will
be obtained ify, = ag(65), Wheren, is the weights vector adapted for the desired user.
The signal-to-interference plus noise power spedgasity (psd) ratio is given

2
So [[wo 20(%0)
SIR=
: (g o) + & ¥ ‘ M ( )HJ
— ai S a; (0; o a; (6;
. 1010 [|Wo “igVig | Wo i | (0]
BW lo=2 k=i k 'k k=K
2
So [wo 20(®0)
g S ;) g g I ‘ Ha (6; )H B
S a (0 o
i0=2 ip=1g||Wo “igVig K=1 i it Ik Tk Wo S Vi NoBw

Where N, is the thermal noise power spectral density. Agds the processing gain of

the desired user which equal g /2, wherea, is the desired user's information bit
rate, B, Is the spreading bandwidth.

A. Propagation Model
The signal propagation through radio channel iseggly modeled as a product of
three components; one is the path loss betweenddeand the base station which is
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inversely proportional to the distance of sepamatetween the user and the base
station raised to a power between 2 and 5, witypial value of 4 representing path
loss exponent which is dependent upon propagati@macteristic, the second is a
random variable with log-normal distribution repreing slow variation of the mean
of the received signal power due to shadowing, thecthird representing directional
antenna gain. Hence the total propagation pathftmss user at given distance r from a
base station can be written as

y
PL(r, ) = GJ 2ot 10 s (7)

where p is a Gaussian random variable representing thendognal shadowing
processyis the path loss exponent, and G is the directiamd&nna gain. Due to

shadowing local mean of the signal power fluctuatiesind the area mean with log-
normal distribution of standard deviati@grwhich varies between 6 and 12 depending
on the degree of shadowing. We assume that thdddstg which is largely due to
multipath propagation does not affect the averégeaslevel. Our model uses an ideal
radiation antenna pattern given by

1, -APS Y < AQ
0, otherwise

G(Y) ={ (8)

wherey is the devotion angel from the beam pattern synioattaxis.

lll. PERFORMANCE ANALYSIS OF THE WLL CDMA SYSTEM
AND CONVENTIONAL MULTIPLE ACCESS SYSTEMS

A. Analytical Model and Performance Analysis of WLL CDMA System

Unlike mobile cellular system, the fixed-to-fixeddio link of CDMA based WLL
system enables high gain directional antennas tedoipped at users’ houses. As a
result, the interference coming from users in ottedls gets significantly lower; this is
because not every house from another cell causederence into the desired user's
cell (home cell). Only those whose transmittingeantas cover the home cell base
station are interferers, this interference reducteads to a relative increase in Erlang
traffic capacity of WLL CDMA system over mobilelegar CDMA system and other
existing FDMA and TDMA based systems. In orderdampute the reverse link Erlang
traffic capacity of WLL CDMA system we need to camg both intra-cell and inter-
cell interference powers received at the desiret'sibase station. Assuming perfect
power control at the each base station, signafsinitted from all users in the desired

user's cell will arrive at base statioss, with the same power level; in other
words,si, =s for all values of i,( i.e., 2< i, <n). In this case the intra-cell
interference power spectral density is given by

N

I —LDZ Sa
intra B, i0=2 io 9)
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In thek -th neighboring cell the area of interfering housd®se transmitting antennas
cover the home cell base station are denoted astdréerence area, which is shown as
a shadowed area ig. 3.

Fig. 3: Interference area from a single cell (interference user at the boundary of the
interference area).

Since the fixed-to-fixed radio link of WLL CDMA stam enables directional antennas
to be placed at a high spot in a nonobstructivarenment the signal propagation
through the radio channel is closed to that in Bpace, so that the received signal
power falls off with distance according to a secquver law (path loss exponent
equal 2). Due to perfect power at each base stahenreceived power at base
stationss, of ak-th interfering cell fromi, -th house is, then its transmitting power

will be

2
- k
ST= s(rif( )) (10)
The interference power received at the desiredsubase statioss, fromiy -th house
is then given by:

M@y - st L] —s ﬁ 11
|k Ik ’Ik r(o) r(o) ( )
ik ik

The total interference power received at baseostas, from thex -th interfering cell
calculated by either taking the summation of therfierence power received from each
interfering house in the interference area or bggrating the total interference power
over the interference region [8].

Rpm i ® 1
—_ |
ik
ik

jz (12)

(r_(k)
o crdar?

_ Rpm
_2J.0 J.ek(fif(k))aikps N

2
dk2 + [rif(k)j -2 dk2 rif(k) cos (00



910 Nawal El-Fishawy ; Essam Sourour and Ahmed Salah

where house densityo is equal tov/7R2) wherer is the cell radius. The
interference area boundaﬁy(r“((k)) can be calculated as follows:

ek(ri(kk)) =Tn-0Ap—¢

o e minfag) | (13

dy

=T1—- AQ-sin

The total other cell interference (inter-cell irigzence) received by the home cell base
stationss, is given by
5
lintar = 2 |
inter k=1 k (14)

wherel| is given in (12), now we define the total relatinterference factor as

inter- cell interferece from all othercell(1iter)

intra- cell interferece (I;¢,5)
k
DI )
—_k=1 0

N

2 S
- 0
|0—2

Using (6), (11), (9) the signal-to-interference phoise power spectral densipsd)
ratio for WLL CDMA system can be expressed as

2

S‘WO a(00)| Go
(SIR),, = 2
N 2 x N r.f(k) 2
z 0 #W a (ei ) + 2 X O s| K ‘W a; (ei )H +NgByy
i (o} o oo k=1 i k (0) o Tk k
0=2 k=1 Tk
o (16)
Wo 2000)| Go
- 2
pIH g (0 )| + X X g - ‘ a (0; )H +5
o io||Wo %igVig =i ik r-(ko) Wo %) Vi n
i

Where N is the number of houses in the interference ard¢heof -th interference cell,

5ﬁ is the thermal noise-to-signal power ratio whiajua to ~g,/s (normalized
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thermal noise power). Since Maximum gain of theeana array will be obtained
if Wo = a0 (6) , assume thaj (8,) ay (6y) = 1.

To achieve good quality in a CDMA system, the totaimalized interference power
plus normalized thermal noise power divided by radimed thermal noise power
should be lower than a given levgl; (where=0.1 corresponding to 1B).

N 2 ¥ N (k)
iozzzao Woaio(eio) +k2:1i|§:1(lik (0) ‘WO lk(elk)H

> < % (17)

If we introduce a new parameterwhere

N 2 K N r(k)
Z= ) > Otio + g ) > aik HWO Ik(elk)H (18)
|o:2 k=1 |k=1 (O)

Wo i ©ig)

In order to get an expression for the good serv@sition we can use equations (16),
(17), and (18) to form equation (19)

Go B
(SIR)W( n) (19)
The blocking probability can be expressed as
—p| Z-—2—@-n) 20
Pp|= P SR),, n (20)

If we define a new parametAr

A = _ 21

(SIR)W @-n (21)
Since Z is a sum of binomial distributed randomialsles we can use a central limit
theorem approximation. Thus the blocking probabdan be written as

A-E(2) J 22)

JVAR(2)

Here we need to find the expected value and stdrakariation of the random variable
Z.

In order to compute the Erlang capacity of multi-#¢LL CDMA system we model
the number of active uselfd by a Poisson distribution

N
pry = = (/) (23)
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Whered/u is the offered average traffic measured in Erlanggled occupancy
parameter) is the total average call arrival rate from tharerpopulation of users and
1/ u is the average time per call (call duration). Timean value ofpy is Alp and its

standard deviation & x.The call service timer per user is assumed to be
exponentially distributed so the probability thregéxceedd is given by

Pr(t-T)=¢ HT (24)

In [3] Viterbi has derived expressions for the ectpd value and standard deviation for
Z. An expression for the blocking probability imaulti-cell CDMA WLL system with
perfect power control at each base station is

A= 4

Pp| =Q (25)

aA
— (+f
u( )

where f is the total relative interference factor, thetéacaA/u represents the

interference comes from home cell, andf /i represents total interference comes
from other cells.

B. Conventional Multiple Access Systems

In conventional multiple access systems, such ddARnd TDMA, traffic channels
are allocated to users as long as there are aleaflae channels. Blocking occur if the
number of userdl requesting service exceeds the number of avaitedifiec channels.
The Erlang B-formula gives a relationship betwdanaverage traffic load in terms of
average number of users requesting service an&ib@pprobability where

N
(/)" /Nt
Ppl :N/—/ (26)
>0/
k=0
Table 1: Conventional multiple access systems.
System AMPS D-AMPS GSM
Access method FDMA TDMA TDMA
Duplex method FDD FDD FDD
Carrier separation 30 kHz 30 kHz 200 kH
Frequency reuse 7 7 I
Number of carriers in 12.5 MHz 416 416 62
Time slots /carrier 1 3 8
Number of traffic channels per cell 57 171 67
Erlang traffic per cell at 1% blocking 44,221 1513 53.353




INVESTIGATING THE REVERSE LINK ERLANG TRAFFIC.... 913

V. SIMULATION AND NUMERICAL RESULTS
In all of our simulations and numerical results,seasidered only 5-tiers of interfering
cells each of cell size normalized to unity. Weuass that the speech activity factor
ais .6. In our simulations it is assumed that thanbeidth of multielement antenna
array was taken to be slightly more than that caegbby (1) to account for the
interference energy picked up through the sidedalfehe array pattern; where as the
number of array elements increases the gain ohaatacreases and more side lobes
occur. We assume that for adequate performanckntheequirement for WLL based
CDMA system (sip,, is 5dBand for mobile cellular CDMA system isdB[9]. For

WLL CDMA system typical values of relative interéerce factof is plotted inFig. 4

as a function of house antenna beamwidth and nuofoeiray elemeny using (15).
From the figure, it is clear that the relative infieeence factof decreases as the number
of array elemeni increases and house antenna beamwidth becomesvaarr

Consider base station alone uses multielement matamays with different number of
elementsM, and interelement spacingequal to4/2 to form narrow beams toward

the desired users, house antenna is considere@ tommi-directional. Results for
blocking probability are obtained by simulations based on (20); the results are
summarized irFig. 5. From the figure it is clear that by using mukislent antenna
array at base station, many fold increase in Erkaaffic capacity of WLL CDMA
system can be obtaineTable 2 presents the traffic capacity in Erlang per cell%
blocking probability.

04 ! : : ! '
0.35
0.3

0.25

Jrebe A

Uplink relative inteference factor f

008 | i i | i
a0 45 B0 75 a0 105 120
Directional house antenna bearmwidth (deg.)

Fig. 4: WLL CDMA uplink relative interference factor f versus beam width of directional
house antenna with different array element number M at base station, () =2, G, =128,
a=.6).
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Fig. 5: WLL CDMA uplink Erlang traffic capacity per cell versus blocking probability;
with different array element number M at base station; house antenna is omni-

directional, () =2, G, =128, a=.6)

Table 2: Erlang traffic capacity per cell at 1% blocking.

House antenna Omni-directional

Number of array element at base statipiM=1 | M=3 | M=5 | M=7
Erlang traffic per cell 14 60 94 108

In Fig. 6, the effect of both directional house antenna lv@dth and number of array
element at base station in the reverse link Erteaf§jc capacity of WLL CDMA at 1%
blocking is investigated. From the results, itlsac that Erlang traffic capacity can be
increased with narrower house antenna beamwidteci&fy, whenM is 7 nearly 40
Erlang can be added in each cell by decreasingehaotenna beamwidth from 120 to
30 degree. More significant improvement can beeaad if antenna array is equipped
at the base station. For example, the Erlang trafpacity of WLL CDMA system can
be about 6 to 7 times larger if omni-directionakemma at base statioM€1) is
replaced by antenna array with 7 array elementat hbecause both intra-cell and
inter-cell interference power can be suppresseet®fely by using antenna arrays at
base station to from narrow beams, while the dmeat house antenna at the
subscriber side can only reduce the inter-celriatence power.

Figure 7 shows the relative increase in Erlang traffic ciiyaattained in WLL CDAM

system over mobile cellular CDMA system and coniagratl multiple access systems.
The base station for both WLL and mobile cellul@NA systems uses multi-element
antenna array with 7 array elements. For mobiltuleel CDMA system we assume
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that the standard deviation of Gaussian randonabkriwhich represents power loss
variation due to log-normal shadowing iss4 From the results it is clear that, in all
cases the relative increase in Erlang trafapacity increases as the beam wiglth
house antenna becomes narrower where these dir@ctantennas with narroseams
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Fig. 6: WLL CDMA uplink Erlang traffic capacity per cell at 1% blocking versus
beamwidth of directional house antenna with different array element number M at base

station, () =2, Go =128, a =.6).
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Fig. 7: Relative increase in Erlang traffic capacity attained in WLL CDAM system over
mobile cellular CDMA system and conventional multiple access systems versus

beamwidth of directional house antenna, (=2, G, =128, M=7, a =.6).
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reduce other-cell interference power. This intefee reduction in addition to fading
reduction (nonfading fixed-to-fixed radio link of M CDMA system) both leads to a
relative increase in Erlang traffic capacity for WICDMA system over mobile
cellular CDMA system and conventional multiple esxeystems.

VI. CASE STUDY TELECOM EGYPT WLL CDMAZ2000-1XRTT
NETWORK FOR PROVIDING THE LOCAL PHONE SERVICE
TO THE EGYPTIAN RURAL AREAS AND VILLAGES

A. Introduction

Oneof the most important challenges for Telecom Eggot fixed service provider in

Egypt is increasing teledensity in Egyptian ruratas and villages (number of

telephone lines per 100 person in these areaskEdt villages are either allocated in

a scattered way within a certain area or allocai@sbaded along a certain road or

along the Nile River. They may be connected withpar-based access network or not

connect, and the subscriber density in these anegsbe low or relatively high. Since

Wireless Local Loop (WLL) technologies are to agkarextent well-established and

technically proven solutions for providing the lbpaone services to rural and sparsely

populated areas. The fixed service providers decideserve these areas using WLL

networks based on several technologies includifig [1

1- Technologies based on cordless mobile radio stdr{@ay., DECT, PHS, CT¥;

2- Technologies based on cellular mobile radio stahderg., GSM, 1S-95 CDMA,
CDMA2000);

3- Proprietary WLL technologies (e.d.ucent Airloop, Nortel Proximity I).

The fixed service providers have to choose the raogable technology taking into

account the following requirements:

1- Most cost effective solution overall; since the uiegment for low cost is
imperative especially in developing and low incomegyions where only the
economically most feasible solution can createrapmtitive advantage;

2- High scalability for continuous growth and netweskpansion;

3- Standardized roadmap for network evolution.

Ignoring any one of these requirements will makdifficult to ensure competitive

telecommunications infrastructure in the region.

B. Objective and Implementation Details of Telecom Egypt WLL CDMA
Project

Telecom Egypt has decided to serve Egyptian rurehsaand villages using WLL
network based on cellular technology (CDMA2000). Disgective of this project is to
provide the basic telephony services, communityettgament, internet services, and
small business support services. Telecom Egypttéradered for implementation of
this WLL CDMA project for different technology mafacturing companies, the best
and more economic offers are chosen. Two Chinesgwanies Huawei and ZTE won
this tendered and have shared the implementatielecdm Egypt has provided the
total cost for implementation of this WLL CDMA pegt and didn't get either a
partnership or any aid (commercial launch of thejgmt 2 quarter 2005) [10]. In
addition to the efforts of Telecom Egypt in incriegsteledensity in Egyptian rural
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areas, the ministry of telecommunications & IT emmnted by its National
Telecommunication Regulatory Authority (NTRA) desiito release its Universal
Services box for telecommunications project with iartial capital cost of L.E
50.000.000. The purpose of this project is increpgeleaccessability in rural areas
(number of telephone lines per 100 houses in thasss) [11].

C. Infrastructure and Regulatory of the Project
In Telecom Egypt WLL CDMA project, the pre-existingelecommunication
infrastructure facilities are used as much as ptessiF-or economical purpose, most of
the base transceiver stations (BTSs) are locatddraplemented above the existing
local exchanges; these BTSs are powered from mastirey AC power of the local
exchanges and are connected to the base statitmolEn(BSC) through the existing
transmission media as fiber rings, and microwanksli On the other hand some BTSs
are located apart from the local exchanges depgnain coverage purposes; with
distanceranges from 20 to 100 km; the places of these BT's are chosen to fulfill the AC
power requirement and security procedures. Theamiiums between these BTSs and
BSC are new microwave links. Telecom Egypt hasagtitense from the NTRA in
Egypt for radio propagation frequency bands. Theenise assigned three radio
frequency carriers for uplink in the radio frequgmange 824-849 MHz and another
three for downlink in the frequency range 869-89# 2V The NTRA has specified
licenses conditions; that Telecom Egypt has acdeptem; these licensing conditions
can be summarized as follows:

» Serving villages in suburban and rural areas.

» Serving the highways.

» Using the specified frequencies only.

Tables 3 and4 show the data sheet of the WLL CDMA network impéerted by the
Chinese company ZTE. This network dedicated to esé¢he Nile Valley and its
surrounding areas; the most developed and populated areas in Egypt [12].
Corresponding to our simulatioRigs. 8 and9 show the Erlang traffic capacity per
cell as a function of blocking probability for thme cell Kafr EI Shekh which uses
one sector base station and the home cell Tantehwlses three sectors base station
respectively and each is surrounding by 29 neighbofinterfering) cells.Table 5
present the traffic capacity in Erlang per cell% blocking probability

For Kafr EI Shekh home cell, the simulation resshlisw that, depending on the house
antenna beamwidth, between 16 and 34 Erlangs flemag carried at 1% blocking.
For 16 Erlang of traffic, the Erlang-B formula @stites the number of active users
sharing the same CDMA physical channel to be 26suger cell. For 34 Erlangs of
traffic the number of users estimated to be 46.Torta home cell, between 48 to 91
Erlangs per cell may carried at 1% blocking depegdon the house antenna
beamwidth. The number of active users estimatdxt 62 users per cell for 48 Erlangs
of traffic and 108 users for 91 Erlangs of traffity decreasing the house antenna
beamwidth, the interference received at the hoiésceeduced and hence significant
increase in Erlang traffic capacity. The effecsettorization in Erlang traffic capacity
is observed, where the Erlang capacity of CDMA eystvith sectorization increased
by a factor equal to number of sectors this is beeahe interference is effectively
reduced by the same amount.
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Table 3: Data sheet of Telecom Egypt WLL CDMA network (Tanta is the home cell).

. _ Cell | Antenna | Sectorization

cell Neighboring cells dk ra(gus height | sectors/cel]
Shabour 18 Km | 15Km| 50m 2
Dalanget 42Km | 15Km| 50 m 2
Hosh Essa 65Km | 10Km| 35m 2

Najaa El Ruz 85Km | 10Km| 50m Omni

Amrya Exchange 110Km | 18 Km| 70 m 1
Damnhour 53Km | 16 Km| 60m 2
Disuq 46 Km | 15 Km| 50 m 2
Kafr El Shekh 35Km | 1I5Km| 45m 1
Kafr Eldwar 85Km | 1I5Km| 45m 2
Ezbat El Jadidah 76 Km | 1I5Km| 50 m 2
Sidi Salim 53 Km | 12Km| 40m 2
Alhamoul 55Km | 1I5Km| 45m 1
Kafr El Jarydah 50Km | 15Km| 50m 2
Tamalay 36 Km | 1I5Km| 50m 2
Tanta Sobk EI Dahak 40Km | 1I5Km| 50 m 2
Bani Helal 50Km | 1I5Km| 50m 2
Kafr Shokr 34Km | 1I5Km| 50m 3
Al Algmah 60Km | 1I5Km| 50m 3
Zifta 23Km | 12Km| 42m 1
Aga 30Km | 15Km| 50m 2
Al Mugatah 54Km | 1I5Km| 50m 1
El Sofiah 73Km | 15Km| 50m 2
Al Husaniah 83Km | 1I5Km| 45m 2
Qaryet Tarak Bn Zyad 100 Km | 15Km| 50 m 2
Dikirnis 62Km | 1I5Km| 50m 2
Al Manzlah 92Km | 15Km| 50m 3
Meit Abu Ghalb 82Km | 1I5Km| 50m 2
Natron Exchange 75Km | 18 Km| 70m 1
26k Exchange 76 Km | 16 Km| 60m 1
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Table 4: Data sheet of Telecom Egypt WLL CDMA network (Kafr EI Shekh is the home cell).

Cell

Sectorization

. . . Antenna
Home cell Neighboring cells dk ra(gus height | sectors/cel]

Shabour 33Km | 15Km 50m 2

Dalanget 46 Km | 15 Km 50m 2

Hosh Essa 61 Km | 10 Km 35m 2
Najaa El Ruz 82Km | 10 Km 50m Omni

Amrya Exchange 102 Km| 18 Km 70m 1

Damnhour 42 Km | 16 Km 60 m 2

Disuq 25Km | 15Km 50m 2

Tanta 35Km | 15Km 70m 3

Kafr Eldwar 72Km | 15Km 45 m 2

Ezbat El Jadidah 53 Km | 15Km 50 m 2

Sidi Salim 22Km | 12 Km 40m 2

Alhamoul 28 Km | 15Km 45 m 1

Kafr El Jarydah 33Km | 15Km 50m 2

Tamalay 66 Km | 15 Km 50m 2

Karr El Sobk El Dahak | 74Km | 15Km| 50m 2

Shekh

Bani Helal 78 Km | 15Km 50 m 2

Kafr Shokr 65 Km | 15Km 50 m 3

Al Algmah 80 Km | 15Km 50m 3

Zifta 49 Km | 12Km 42 m 1

Aga 36 Km | 15 Km 50m 2

Al Mugatah 64 Km | 15Km 50m 1

El Sofiah 80 Km | 15Km 50 m 2

Al Husaniah 92 Km | 15Km 45 m 2

Qaryet Tarak Bn Zyad | 105 Km| 15 Km 50m 2

Dikirnis 60 Km | 15Km 50 m 2

Al Manzlah 90 Km | 15Km 50m 3

Meit Abu Ghalb 72Km | 15Km 50 m 2

Natron Exchange 95Km | 18 Km 70m 1

26k Exchange 110 Km| 16 Km 60m 1
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Fig. 8: Erlang traffic per cell versus blocking probability for Kafr EI Shekeh home cell;
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Fig. 9: Erlang traffic per cell versus blocking probability for Tanta home cell;
(y=2, Go=128, a=.6), three sectors base station.

Table 5: Erlang traffic capacity per cell for each home cell at 1% blocking.

House Antenna Beamwidth
Omni-directional 120 deg. 30 deg
Kafr El Shekh 16 28 34

Tanta 48 75 91

Home cell
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VIl. CONCLUSIONS
In this article, we have studied the reverse linkaig traffic capacity of a power
controlled WLL CDMA voice system equipped with highin directional antennas at
either the base station or users’ houses. Our ticallyand simulation results showed
that for WLL CDMA system several fold Erlang trafftapacity improvement can be
achieved when antenna arrays incorporated at e diations, and additional capacity
improvement can be achieved by using narrow bedenaas at users’ houses. This is
because of the interference reduction using nalream antennas. We also observed
that there is a relative increase in Erlang traffapacity attained in WLL CDMA
system over mobile cellular CDMA system and conwgral multiple access systems
such as FDMA and TDMA based. Finally we apply thelg to Telecom Egypt WLL
CDMA2000-1xRTT network as a case study.
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