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ABSTRALCTY

SR

An investigation of mator element that makes up 2 UDMA wi

{ @
W

<

L8

telephone network hos been carried oot using the classical approach of
somparban between vadous forms of telephone syston (HDMA, PLIMAL
The main foous was on operational Gmctionalilty of CDMA (g digial
syatem ) and what makes # unigue.
Adse, network parsmenters requived i setting up a network that will support
ang vover 10,00 users, using most practical approxunations and

it was also found that o design Hile this one will cost 2 minimum of
=N 20, The outvome that i will gencrate will muassively depend on

management sad marketing stestegles. Henoe, a real structure ke this one

can bring out up o =N=4,5m por month,
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CHAPTHER OMNE

EHINTRODUOTION
Celtolay telephone hos enjoved extra growth in Nigeria
e throe genorations of
telephone systema, Dilferont companies and govemmaent agencios have
doepioved ditferont varintions of this penorationy at 7

T carliest mdonsl wircless welephone systen wan trosduced by the

y o

manistey of swlesce and fechpology, which  orested  Nigoria mobile
telesommuicntion o 19960 Poll commurcial oporations started later in

£%4%"F o PP I P 5 te EAIS T [ s i b g
U7 with bwo switches in Logos and Abula, Subscyuently, two oihet

» e

witches were deploved at Jos and Faups, as espansion. [ 1]

The system wsed was the Total Arca Coveorspe Ryvstem {TAUS)
oopolarhy wlored 1o m Conadopae™ o Peellular” using Motorola Pax-2500
ann varbiey medel thoan the one o b considored in this project, {her
wmtitutions maindy moltinationst off companies and the NMPC, for example,

doploved persenal communications system (PORY which i reforred to as

“Tronking”

The devegulntion of telecomumupnication in Migeris

i Decomber 1997

(PO announced the commencoment of conmoreint oporations, This was

the fiest thue Uode DHviston Multiple Access (UDMAY techinology was




deplovert in Nigeda, Mutilinks was followed very slosely the following
month by Intercellular Nigeria Liralled i Lagos. This opened the way tor
the rest of the (PTOSY Sarcomms, sdobitel, VO, EMIS, Celicom,
Beurdes, XPT, Beltel and others,

As wl December 2003 there are over 2 million moblle phones

cubeeribes in Migeris, representing a penelration a rale of aver 1.7% of the

population. Almost all the PTOYS in Nigoria are using the UDMA
technolopy. The GEM that was deployed later had open wider subsoription

o mobile telephone, Currently over 100 lowas fad signals from one of the

Cvabd and PTO oporalons

1.2 CDMA

The code Division multiple access {CDMA) technology is considered
a recent generation ies?zzmi{?g};\ The technolopy offers a lot of advantages
gver the provious Ones, these include; Security, Voice quality, High capacity
and Power management,
Sepvien that could be rendered with the tochnology are

a. Fised Wircless Communication or Wireless loeal Inop

This service is similar to t e old Miel lndline phone but detnched from

he problom of wiring and wires. Jt can be an option for a user at a fixed

Leation. Fxample office or rosidence, 115 fope ether with o fixed wireless

&




erminal (FWT) attuched with antenna that recelves and transmiis

- ‘v
message (o the exohangs.

b, Limitesd Mobility Bysten,

weer within a city, Different handsets are

This i an opiion for the mprbile

woilable that do ned requbre the vee of si carda. Normally, the service

Ea

provides programiness e hdscts with the subseriber number.

.....

The two serviee mentioned above are data capable, The data § unution 18

through  the pormal digl up  method  to other  computers  for

+

nansier/transmission of informe shon or to other nlernel wWor ridd. {2}

L3 PROJECT M ETHODOLOGY

This design opersies on 8 reeont teehnnlopy, code instond of fime of

frogueney B pnipuinted using calouintion to link cormmunications of data

Cvaiee or texi)ihe choten of 10,000 come up beorusd it 15 the population of a

standsrd community, Hence, a conumunity s develop such project for thers

comsnmnicating needs,

Y
Lasd




14 AIME AND ORIECTIVEDS

The objective of this project is to develop o 10,000 subseriber wireloss

« petwork, Network and signsl paramelers will be determined in

velntinn o oxisting systeins 80 as 1o reakee 3 real,

Costing will alzo be considered, so that interested organisations and

v

tnstitulions ca the reality of ihis kind of venture,

1A SCOPE OF RESEARTUH

() This project shall provide general overview < of collular system in general)

comparisong of differont conumunication tochnolopies and protocols,

Bphasts will be laid on COMA,

(1) Give basic concept sloments and operational functionality of wireless

telecommunication as they compare wi th the CDMA gystems,

(o) Give syslon paratnelers for setting up of a 10,000 subs seribers UIIMA

~

ook, At alse give oo for expangions.

() Simple sod compalible way of { bilting the subseribers will also be tnoked

gpon. Furthenmore cost for the project design as in above will alse be

maniiested




L JUSTIFICATION

Mozt aualvils in telecommunication indusuy today have strong belief that

COMA or one s fooms (W-CDMA N-CDMAY s the

piatform for thivd genertion (3G) muobile welephony and
enormous opportunities i the wircless plecommunioations

.

fromy ol indicntions hus ebmn o stay in Nigeria,

St

most probable

in light of the

g

industry, which




CHAPTER TWO

23 COMA TECHNIQUE

w

The history of wiveless communications van be brased back 1o the fus

wirelss telogram mdived in 1898, and the Grst practival project 18 the police
car wiretoss rommmunicaiions system pat into e by Detroly, USA i 19205

e had pone volce guality, low fovel of watomation and

A tha thy, fho s

¥

it cauld nal be eonnesiod o any other differont communicailon system
s bl b ded the  development of  really  use  wireless

communiontion systems in carly years and the one ¢ named improved mobiie

gee faunchod  the

refepho
betweer, the  freguency © resources and available charmel has bhecoms

ﬁa‘é"»s¢<

Bile cogmmunicalion

ercasinely feree with ihe wrcass o civiie

enbseribers s the expansion of services, [

.
el Hnage

oreticatly, the principle of o collulay systen 15 tho ey

The servioo gros is

e

o wivelens channels in geographicatly different focabons
divided it maeny absiract eolls, two non-adjpeont cells can use the same

freguny anel the size of the cell is up (o the density of 2ubson ihers,

Therelore., the therry groatly tmproves the utilization of frequency speouium

ctively onlarges e sysiom enproily,




A DBEVELOPMENT OF THE TECHNOLOGIES
The development of mivre-clecironios communication notwork, signal

% .
4

epcndig, wwd dighial sipanl proccading technolopios loads 1o rapid
of wobile comvnunicaiion i such aspects as switching,
PRETS LT YR i o :‘ei'sc §vyy E § "o *,i vt } 3 Yo Ao
wstem and wireless modulation encoding technologies. As g

wit, the cellular mobile communication system has euperienced the

changes from analogue to digital, fom FOMA to TDMA and CDMA as
weidl ag evolubion from the ﬁzs { peneration mobile comununication sysiem 1o

the third generation collolar mobile communication system,

By menns of dighal transmission and sdopling the koy technologies
prend specirom, power contrel, soft bandover, voise activation
ding, multiple aceess, and diversity yeception. It highliphted the

of CDMA and pushed the mobile communication technology to a

Tof VARIATION IN CELLULAR USAGE
Yartous collulpr protocsls are in use throughowt the world, They differ
i the uze of radie Peguencies and bandwidths, Depending on local

p country’s ocllular telephones are assigned speeific radio

regiilations, ;
ies. The portions of the BF specirum assigned fo TAUBE-TAUS,

ad i

re summarized below fig A This project 15 going to utilise Motorla

o
CATn 8




Jectronie mobile exchange BEMX ~ 3000 that is compatible with all the

A % g beeyy "3
5O VRO, | L




BARIC COMOEPTS OF CDMA WIRELESS TRANSMILSION
SYRTEM
L1 Wireless Multiple Acoess Comununication

As it s in electrde wave coverage area of wirsless communication

envivomment, 1 is basic for any tansmission system to cstablish channel
connection between subsoribers, Actually, it s about multiple access mobile

communivation, ot present, the wireless wmultiple sccess mode include

PUINIA I annfogue systemy, and TIMA and CLMA iy ddigind svaie

The theorctionl basiz for multiple access connoction i3 the signal

division technofopy, which is differentiating gignal from varous stations b

proper signal design at the recelving end, and separating signals from their

SN

combination by signal recognition set at the recciving end. {3

1.6 PRINCIPLE OF CDMA TRANSMIRBION BYRTEM
The Biroctieg

O A means 1o modulaie the tansmitted signal by using difforent
and orthogonal pseudo random address codes ab the bansm iting end and
demodulate the mived signals by using the same pseudo mndom address

codes af the receiving end to et the original signal, The psendo random

address vodes are periodic code sequence with strong self — rela trviby b

pone o Hitle intor - rolativity, 12)




Helow i3 the systor transmission in i)€}§§ formal and backward directions,

13

Channel { Carvier I A
oding — Wi Cariny . Chmg
COanE i srrashbaticn demndisiation i decoding

] g £arricy i Chaared [ et i
degombing bt ; , ; i

2.7 MAJOR COMPOMENT OF A CELLULAR SYBTEM
The major system components are the Mscomuobile switching centre
(e 5000 is used in this project), base ifrarsmission station (B15) -

(RF Base sintion) and base station controller (Bgey - (C-Beo}

The Mac route the approprinte mobile call o the other called party land
vice-versa, i also co-ordinates the hands-off process and records all of
the system frafhic
{1 Base Controller (Bo)
The Bse provides the interface between the base station RE equipment
and the chanpel Banks (Brax 5000). The Bse abxo monitors Hself a5 in

perfonmance. Alnrn indications are visible through the Bae,




(o) B Bose Rintion

B base stations ave hoeated ab the coll slte, A base station receives and
tranmits the voice and datn message 1o and from the subsoriber with the
Bse providing the inerface,

it also monitors the performance of Hsell and the assuciated base station

¢, 0

R equipment, supplying visible todications whenever alarm conditions

by Maobile Siation (Subsoriber Baubpment or Handset)

Thix ix the maobile or portable wlepbone u fxed wireless terminal, At

each base site, one pair of frequency is reserved Tor signalling {pontol

channel), Most of the data tratlic between the subsoriber unit and the cell
site acowrs on this channel Each voice channel 15 connected to the Bmx

>

switel vis o dedicated dowire circuit. 16}

Metwork of navigation satellites that along with supplving goographical
coordinates continuousty transmil an incredibly accumde thne zignal In
summary, COMA {5 o dightal system whereby many RY users can share the
swme spechim shnullancousty, disoriminating the signals by the code

divigion wsed for each subsenber,




AETECHNICALFEATURER OF CDMA
Stromg resistance 1o inderface and mudtip: ath
Multiple  secess,  dncressed capacity and bmproved frequency

R EOHAT h*\m“

Coneealment aiwd zecuy m‘

18 ADVANTAGE OF CDMA OVER G8M

2. Improved coverage charactoristic, allowing the possibility of fewer cell

b Improved onll quality, with hetter and muore consistent sound, compared
with any systen.

oo Simplifted system planning through the use of the some frequency in

every seotor of every ool
d. Hnhanced privacy
e, Hoaming,

The sbove advantages are mostly wiilized by the various CDMA
operators in Nigeris, Dot still the subscribors are crying foul on some
mrovide sorvives, This profoot rescorch eonstdors i deaming o provide
sprviees, That wills satis{y the intended subscriber, Henee, the CDMA 2000

i tmplored, he CDMA 2000 dominates the 345 markel today and analysis

forecast that it will continue to lead af Jeast in the near future | 7]




CHAPTER THREE

0 THE METWORK DESIGN

This ehapler s abned 2t epcompassing the design of the adtwork,

1

taking the cell, prosdmity and the various user, the antenna, the base sialons

and somne other fow things inte consideration. Furthermore, some order o

plomly piotwre the network, sssumpiions have o be mude. As some
grsurnption wor made ol 'QL'H'_,)%}’ sxisiing notwork,

B owens menied that the netwaork s having two cell sife, cach ool site
i hoving o fower bnowhich an antenna, GPS were mounted. The cell shie i
alss having o TR processing and maodulutiog of signals. The aetwork 1s

provided with 2 swiching centre whish housed the MSC. The MSU provides
cenmections to the nlernet service provider (18P gadget fs collocated in the

wwitel

Fhe frequency on which this netwerk sill oporate B assumed o be

POBRTE, The Nigovian comaunticaiion commisaion (NUU] s g
hady that is alfermting hegency bands o tolephone netwe o aperates. hey

have reserved fom ROMIZ — 1200112 for all private telephone operators

The pateway lor infemational calls and acoessing is chosen fo be MITEL

heeasse of thoere cheap mode ol operation,




This network provides a wireless connection to the PETN and GSM
for user location within the radic mange of the system. The network also
accommodates large pumber of users within the auted fregueney, High
capacity is achieved because the coverape of cach of the two base stations g
timited 1o g stsll gwgz‘gg?izi,c,a% arpa called a coll, so hat the sarne raidio
wis may be yeused, A sophisticated switching technique called 2
handofV or handover enables a call to proceed winterrupted, when the user
moves from due cadl to another,

Bacl of the two base stalions consists of tranapilter and recsiving
antennns, The bose station serves as o bridge belween all mobile users i the
coell, Calls gre conneoted though mdoroware Bnks, 1o the MERC The Mac
covrdinates the activities of the two base stations and conpegis the entire
network o the PETML

The Mse  bandles 10000 sobseribers  and 500 simuliancous

corrversations ot a time, I also accommodates the billing systam,

32 CHANMEL ASSIGNMENT STRATEGIES

For efficient utilization of the radio spectrom, that is conmistent with
the ohicedves of increasing cepacity and minimizing interference.
In this network design, wvoice channels are not allosated peomanently.

Instead, each time a call request jg made, the nearest base station requests a

14




channel from he Mse, The switeh then alfocates a channel to the requested

sty, the mse oaly silooates o piven froquency 1 thal freguency s
not it use 1 any other cell to avoid co-channe! intorference.

I3 HAND OFF

When o subscriber move into o different cell while conversations i in
progress the Mee sutomatioally transfor the call 1o g new channel belonging
ter the other base sintion. Thiz hand off operation involves identification of a

new base station, but also the volee and control signals associated with the

new base station,

l ; § . i
i beand ol Lobedeh Lomeddyend

$.0

In this project design soft hand off s utitized, in this type of hand off, new
cell has 1o be briefly in use before cutling the old one,
The asswmed city in which the network i3 to be developed is 20squaremiles,

The radio of each of the two colls is two miles, Therefore epch coll covers an

aren of

et
fa




3 ABEL {2y 10,3004 mpsare miles
fer a4 = 2 onlis

£
wal

e
<

4 number of cotln arg Moo

s pof oot O

Flenoe, the 1ol

The todal snher of channels

satipeatod spectyuny fehannet widih® roguency
----- =GN0/ 20000%2
=} channelioelt
P4

As the denud for nore SO e tncrease, the number of channels arranged
faaily bootmes Lpeufficient o support the roguired number of
eell splitting 18 nplored, which will provide more cliannels

« 3o the process of supuividing rongested cell it o
amalier cells, ach with s own hase station and B COPTESEPO widing peduction

tenpmition pOWen




44 ARCHITECTURE OF THE NETWORRM

g ¢
H

MSC {mobile swilching centre)

wubseribers of different Mac's,

3

VLR (visior location rogister) - I osaves and updetes daln of

subseribers who roam,
incation, valid teom are stored here,

working efficiency and service quality of the system.

channel contred couipment, serving ono o seversd vells,

~3

DOREY

EARTY A

EES

AL

HLR thome location register) ~ Here in formation such as (BN},

f:a:;ziipnzzzz'zi

etween CDMA tetwork and other publis switching networks or butween

mohiie

LATRN

OO {opeation and  mainienance cenire) — This enhance the overall

B8 (base contre) ~ This vonsist of sath wireless cquipment and wirsless

The letters AR YO ILE et represenis the imterface betwoen the

fanelional endities, The interface marked AL UH, and PEoconnect CDMA




digital wobile nebvork witly afhior compuication nelworks PRINY {3 -

giher nobwork [ 6]

5 CAPACITY OF THE CDMA NET WORE
Whereas the capacity of {"f.’:i}i‘v‘;,»r;« s interforence Limited, in both FIMA and
TIMA it is the bandwidih that is Hmited, Reduction in the injerference will
couse an nerense in the cepacity of the aetwor 4. Furthermore, the ok
perfonmance for an ndividual user creases as the number of users
decrense. To further increase the performance of this netwaork mulil sectorial

atennas were used, which results in apatial isolation of users {auhsoribes),

iy evaluaiing the vapacity of the CTIMA network, The sipral-to-notse ratio

o

is found, Which iz frome

Where,

SRR — signal - Lo - nolse mto
N - Mumber of users

(P17 inferfering users

5 . Peawver of the wsers




¥

fnorder to achieve an incronze in capacity, the interferonce due o other
should be reduced, This is done by decreasing the denominator, in the shov
Cupiation,
For this network the SHE s caloulated this
SNR=__ 10 =0.002

{500-13 10
Whers,

§ = 1w, M= 500 (4]

L6 GRADE OF SERYICE AMB BLOCUKING

The grade of service {GOS) is the micasure of the ability of o user 1o acoesy
& trucked system during the busiest bour. By maintaining standards, the nog,
which iz the telecommunication regulatory body in Pligaria provided a

srininunn service delivery point, Below which no telecom company should

not go which 1s .016

~

The system load in the very busy hour VBH given by

-

YV = KVBH OAT  (rdarg) [21

3641}

YYBH - svsion oad
KVBH - co-cfficient congentration on system foad

9




T. average tine taken by a subs seriber i g eall,

««
oy
2“"(
st
Fons
o
-3
g
oy,
e

The follpwing data was ganerated from 3 spec cifie data o shular

ithscriber notwork, This is also ased to deteomine average time laken by o

subaeribor sl the VB oad | ]
Tetal number of oalis in gL T

Incoming valls 5 TR

Cateoing valls G, B8

s

3 0437 x B0 = 12207 se corts

Druring the user initinted il stage, if all the tallic shammels assigned o the

searest 3% are busy, then ihe ueer makes o nnber of repeated attempls.
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this projeot design mnde use of the followinyg parameters 10 achicve the

§0LD00 wsers,
Wovelengih > 7 dom

Tranamit power P - ii&fw
Amplification co-efficient g {1

Thstunee between Ro = Pikm

Antennn pain van e found thus:
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note thals

Theretore O = 1 i/ 10

%

3 e 10 40710 = 1

3.8 ANALYSIS OF PN CODE

{ ot ponsider the PN offsets {0 (t— Ta)yand Lo (- TI) assig pned o user A
and seer B respestively. the shpnst from vser A to el A ds of the form ity

[ ke wise the signal | am wser B o eoll B8 of ihe from ity Le{t-T8)

The received signal al coll A is the composite signal from user A and user B

{bath are o the somp frogquency ).

Tl sigout code 8e fully eranpised by both user and the base gration.
Pryring renuptiot al the base station, e input signai o © ol A s given By

Lo

trpnit = i) Loli-TAY T g0y . La(t-1E)
{pll Ads assaned to have 5¥ ynehronised swith gser A so, 115 tung & 1o user A

L&

with the PN code set {0 LOOTAY

e resulling output signal 38 this

3




Quitpnnt = i1y L Lo T %} Le{t-TAYHdiD Lo (7-TAY L Lelt- T8

Thiz too is also recognised by all the network comnponent at defauly

318 VOICE COMNVERSION

o CDMA, vode excited Hinear predictive {(CRLPY ds the format of
compressed digital voice data botween the BEC and moblie gtation, For this
project, Quantization CELP waz used which is an advancement over the
CELP.

CELP somples the frequenwy component of the speech in the frequency
domain. CELD uses less data to approvimate the original signal. It also uses
s vompled algorithoy which slways sttompts to doseribe the sprech pattern,
The algorithin produses paramedors, which becomes a model or liner
prediction of the speech patten,

AL the receiving end, the panuneters are used 1o controd a speach synthesizer,
which uses the lverse algorithn to convert the data back into speech.

CELP conversion tahes place at the B

Ai0 YOOODING
Yoooding i the applicstion of QUELP conversion which ocours us in
above, The inverse vocoding process is used by the mobile station when

FEORIVING YOIOD

Do
AR




L1 CALL FLOW
Fiaed subsceriber enlle mobile subseriber.
Firstly the mobile siation will focate the stronpest pilot channel and monitor

e assoviated paging channel The BTS uses the paging channel 10 send 3

e

page” {o the webde station, This netifles the mobile station that it bas an

The wabtle station responds by sonding a “page response’

P

icaming eall, Th
wossape 10 the TR The Bis then sond a Ychannel Assigrment” message 1o

then woebile station over the paging channel

Se7 mezsape con vonvey information such as

s So-xomomber pust dialled 080, Where do | roude the call,
»  The called subscriber for the call on trunk 11 s busy. Release the call and
play o busy tone,

e The voule or channel xxxx is congested point send any messags o0 3x3Y
uress thoy are of priovity {

¢ ' forwarding to you g oall placed fron 22xxxn to 22xux ook for it in
trunk 362,

s 1 taking trunk 143 ont of serviee for maintenance,

3312 BILLING

Billing i3 the manual or aulomaled process involved in the pricing and

subseauent collection of the eome due or the service provided o a

pustestwr {subspviber) by an oparator.




Afier o onll is made collestor 2 yather data from the ewitch and built  oatl-

detail vecord (CDRY Wiieh containg originating aid torminating aumbers,

LoAwy

Aol the sind ard onad s O are stored uniil i 818 o, Call duta by alugy

<hared hehween COmMpe snies to handls oals that originaie, torminals OF are

«

pansported on another company s net pwork (2B Interennaectivity )

3,13 COMPON EMTS OF THE BILLING BY STEM

£ - This ot ains the detail of the cabls and data, o DR can be uaed for

serwork montioring, ! comutting and bithng.

%Y

&iﬁﬁ}ﬁﬁjg ~This matches calls B custamer rate plans

£}

BILLING - Thiz iz to be pell farmed pneo g month, the program 18 0 asld

Aty GiaCOUNES ihat are sssoviated with the customad aooorit., 1

e clionts of B ting are ofien used in tolecommun ention i post paid

elients and pre-paid client.

Asmong the purpost of this project waork, 15 to provide an affordable and easy

communication systen. Therefore advantage the pre-paid chient is nsed.

Pre-paisd client- This pperation 18 the pay 8 you B0 made-mibscriber with

by o oor and tond U through cither the diglial VI aystenm OF mgnital

credhiing.

foes

The onrds to be peed will b2 g aroduced by another COmpS any on a contras

hases,




CHAPTER FOUR
4.1 CONCLUSHN

This research has found that there is very Bitle difference iy the design of

- .

different wirgless telecammunionation systems. The difference anses in the

I

working Ruetionatiny, Thorelore, after speciiying profurred netwirk ertities

and detennining e effictive o crpesied o bo processol
equipaaont, then the basie aetwerh parmmelens estsbiished are ready ot
iplemoentation,

The various parameter are adjusted in such a way that the setwork can

4,3 RECOMMENDATION

Theuel thin resoneh b considercd the utilization of latesi CDMA

fevhinoiopies, sl somd ;'32"{??3%:.:3“;‘15: are ned overeomed, Some of B prnblems

" g 4 * e g I SN ST S TP X y rue
tnetude e hinh lovel of power whon very close 1o the base stabon,

tote plen revommonded tad, sinee we are Hving in g tropieal {abundant

suntiyd repion, solar cnorgy oan he the source ol power nsiead of PHION

GEMERATOR ond BATTHRIEE. This witl surely raduce the cost of

punaing, which will by essenoe maxe spbscription and usge chuspern

b

Por the part of betl the schonls and student, i s recommendued thad stuscdond

H L it weenden e b by hmesis eezuee
Aok work Be eneowrnged tooworko on tepies velated o where iney nave




done o industeind asinchiment (1 goneratly, sipdents should st secK

o N felds related 1 thelr experience.

The student with algo bave the {_”.t;'}{,”?(.f}i'iifiﬁiiy s i classrost wnowledes with
practios! ppre-how of which the peneiits are Lmeasurable.
1 gl cecommind that group ©F gven s:%@;?;zzz‘é;ﬁ'gs::ma‘i project 550

nnovated, T sORIEC oi funds should be coOmpanics with related ghjestives.
A wi il Roow that coghieosing ix always 10 ke T s e have W
bothy ot Kaowledge and (oent avatiable FREOUTTE 1T aling oy iHe

RPN
el U

uch 2asier.
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