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ABNTRACT

chiology 15 & purely gt cediuler telephone system that was inroduned in 1982 by
26 Luropean telecommuncabion sdministrators calied the Conference of Furopean Posls and
Teisgraphs and launched in 1991, Y was o BEwopean standard that gained global acceptante after
spreating in Europe 1o become the preferred system i over 190 counties around the world hday,
s categorized 35 a 2% gengration (30} celiular tslephony syslarm with the 19 generation being
e now obsolete anslogue celiulyr elephone systern. U alsn serves a5 the stepping stone 1o the
next generafion of cellvler phones the CDMA 30 celiviar phonss. The GBM standard was
saredfully planned o coler for 50 many functions that were known 3t the tme and slso made fexible

anough o acoormmodate Rture developments. This project gives 2 concise desoription of the
(5 systern fom 5 techrical point of view and culmingles with 2 descriplion of the varous G8M

network aperators i Migeda

Cormrneiciad celiula

1 4o adopt
a global standerd came with the need 1o agres on certain aspacts of a new techiology i order fo
fosther grester ade relbions and intersction between nadions. The fact el the world is shrinking o
pecoms ong gobal villags 1% prominend, Nigena, being the most pepulated counlry in sub-Saharan
Afica, with 2 feledensity of abowt 04 in 1889 loined the vace of e diglsl era in January 2001
when i embraced the Clobal Syslem B Mobile Communicalions [GEM). The various oneraions
88 echrology in Migena are brislly desoribed with the aim of giving an exiensive view of the
state of events in e elscommurdcation industry. A badkgrouns view of slecommuanicaions in
Nigeria is presented o highlight the development of elecommuniations i digena in order

apprecize the stede of the telecom indusiry ol prasend, and possibly, in the bdure.
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1 INTRODUCTION

{358 technology In MNigeria can be considersd to be in s infancy. The echnology was Isunched in
Migeria in August 2001, Today, lwo vears laler, the technology has enjoved » wide acoepiance that
is evident by wnproved telecommunicalion services in Migaria The GSM mohnology hag aptly
ushired Migana inly the twenty-Birst conbary, counting Nigera among e countries squipped o
face the digitel era. Before the advent of 88K, other forms of wirglass elecommuminations medls
esisled. The od anzlogue ool echnoiogy wes being operaled by MNITEL {Nigedan

)

Telecommumipations Lid ), Nigeria's national isiscommunications services carmisr company. Today,
incluting fived wirsless operalors and most wvporiantly, & second naliong elecommunioations

sesvices casmier to work alongside NITEL

The joumney began in Decsmber 2000 with many local and fomign elecommunicalion nompaniss
sompetiog for the muth-coveled Migeran Communications Sommission (NOCY GEM leenses. By
February 2001 after a competitive Digital Mobile License auction that was accisimed 25 fee, fal
and tepdimate, tuee frms emerged a5 GEM Hoensed operaiors i the counlry, These malyy

gy are EOONET WARELESS (MIGERIAY, MTN and Dommunation vestments Limded L)

7

I
p?r

The only mdigencus fon gt the e, G, was sased out of e race by the NED alter sllsgedly
fmling 1o mest up with the deatiine oy payvment of the balance of the loanse fee by midnight of

P

Februgry 8, 2001

Betore August 2004, MITEL, the nations maiy elecom company had less than 500000 landlines

(s

serving the 130 milion Migerians giving o eledensity of over 250 people 10 one Blephone hoe

o1




{3.4%). Migeria's ieledensity i3 reputed In be one of the poorest arpund the World in that i fell short
of the infernaiional Telecommunications Union (TU recommmendation of 4 people o 2 lelephons
e (25%:). GSM offered an sppropriate solution io this unfbriunale suslion because of iz low

aost, igh capacity and relativaly fast sel up spesd,

The 3544 race started In earnest betwesn the two duplsd mobide loensed aperators - ECONET and
RTH - who simbarkesd on vigorous publiclly slunis o caich Be large markstn the counlry, Privats
welenhone operators (PTO8) such as infercediuler, RefTel, Muliiinks, Celloom and others giso camg
on the scene and have deployed no more than 200,000 shone lings, Al present, the Nigeran

o ey

Cormrnunicaiions Comission granded Boenses o about 13 privede companies o operale fived
wirpless phune services. 1 #oso recanily approved Globacom 28 the seoond nations camis

Thess, no doubl represent 8 mainy leap in the Industry but 2 wide vawing gap 58 needs o be flled

3

in the Nigerian telenoms sechyr In splte of these developments, Migeria's telephone services, GBY

of ofherwise, s remaln the poorest and most expensive roud the world,

This prolect is going o aismpt o describe the G3M Technology for what 1 i — 2 anty frgt
carury 29 generation felephone syslem with 3 gobal coverage and workibwide sooeplance. iis

sandards wre going 1o be destribed in 2 simple and contise formal which | hope would be

sppropriate for the scope of this undergradusde project

& desorivton of celider systers i inclidad o give 3 background pistre of the world of celiular
stephony fom inception. This wes done in order fo B the G54 technology on the tme sals

celuir lephony auchiton




g

The GO0 systern will be desoribed i 2 Drief and comprehensive approach. Thisisgomp o be 2

gty summanised version given that the G5M Specification dooument s over 8600 pages long.
Thapter 4 15 going 10 look # the suisting nelwork operators in the counlry and iy Io give aooras
informadion sbout them and the way they operate. This profect will sltsmpt 1o compars the vanous
services svallable and weigh them on an intemebonal scale. The vanous operstors in the counlry

@ going i be called upon 10 give & desenption of thelr nebwirks based on the Bllowing orifenial

= Trangrrission souipment (ypes, lechnicsl specffioations, diswibution of bass stalions,

switching centres, mainienance schedules)

o Coversgs aeas DOVerags maps. consumer stalistics, eledensity, fulure covarage plans)

s Setup {oosh sase, sources of power, problems encountersd)

= Runningfmainienance fehats involved, problems encounderad)

s Billing {farifls, nlarcennaninity)

+  Stafistics feledensity, sverags call tome)

&

Fulire developmends




¢ CELLULAR SYSTEMS

21 Definition

L cefiular mobiie communicalion sysiom uses 3 e number of bow power wirsless ansmilers i
creste calis, The cell is the bagic geographic area of 2 cellular system. The use of varatle powey
mvels affow oells 10 be sired moording B the densily of users and demand within 2 parliculy
racion. These cells are designed iy such ways 1hat, as moblie users baval rom one oall B another,
thelr conversations are “handed over” between calis in order o malnian senmiess service. Since
colls cover but 2 amall area, Feguencies used in ong cell ¢an be made avallable o another cel
some dstance away T as loag 25 they are far encugh bom each ofher o avoid inlerierenca.
Thus, the capacity of the system is greally oressed through the reuse of e avallable frequency

handwicih

2.2 The Evolution of Mobils Telephone Systems

Caliviar telephony 5 one of the fastest growing and most demanding lelecommunications
applications. I represents a continunusly incieasing percentage of 8l new lephone subsoripions
ground the world Thers are more than 700 milion celivier subsoribers worldwide. And cellular
sysiems using the digitel lechnology have become the universal means of telecommunications hat

some countries have more mobite phones than fxed phones. Nigeria is one of such counties.

The concent of cellular servive is the use of 3 large nunber of low-power ansmillers ¥ create

nefiz - the basic geographin service wes of a celiviar communicalion syslem. As mobile users




wavel fom oell fo cell there conversations are “handed off bebtween calis iy ordey o maintain 2

searniess service, Frequencies used in ong oell 080 be reused in ancther cail some distance away

within a larpey geographic ares. The idea of caib-based mobile radio systerns appesred ot Bell
Laboratories fin USA in the aarly 19705, Howsver, mobile celiviar syslems were not inedised for
commercisd use until the 1580s. Dwing the early 10Bls, anslogue collulyr telephone syslams

gxperienced o very rapid growth in Furope, parbadarly in Scandinavia and the Uniled Kingdom,

23 Collular System Architeciure

in m oalluler system, the covering arse of an operatyy is diated info cells. A cell conesponds o the
covering sres of ons fensritter o 8 sl collection of ansmilters. The zize of 5 el s
deterraingd by e bansmller's power. Cellular syslems make use of low power ransmitiers o
order o enable the efficient rsuse of the feguencies. In fach ¥ the banomitters used are very
sowerfl, the frequencies can not be reused for hundreds of Siomelres as ey are Hmited 1o e

sovering ares of the ansmiller

The Fequency band aibosted to o celilyr mobile radio systen i distibuted over a growg of calis
and this distribution is repeated in off the covering area of an operator. The whole number of radio
channels avalialie can then be used in each goup of cells that form the covering wea of 8o

operay. Frequencies used in a cell wil he reused seversl cells away. The distance betwaen e

£

celis using the same Fequency must be suffisient lo avoid interforence. The Fequency reuse will

increase considerstly the capanty in number of users

order to work pronerly, g cellulay syster must venly the followang two maln contilions:

H
WM
§




» The power lpved of 3 ranseitier within 2 single ol oust be Bosled o order 1o reduse the
ntertererne with the Fansmiltens of neighbouring cells. The interierence will not produce
any damane e sysiem § 2 distance of about 25 1 3 nes the dameter of a ol is

reserved between ransmitters. The recedver Biters must aisn be very efficient

w Msighbowing colls can not share the same channels. In order io reduce the inferference,

34

the fragquencies must be reused only withs 3 ceriain paitem,

e eyl b exchargs the informedion needed o mairtain the conynunication inks within the celludar

setwork, seversh radio channels sre reserved for the signalling informatinn,

24 Ualls
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. 24 A Heyagong! Reprasentation OFA Dedl

A cull iz the busi geogaphic wit of 2 celilar systern. The ferm cellilar comes from the

honeyeom appearance of cuibibe shucture of the areas in which 2 soverage region s divided,
Cofts we base siafons Wonomitng over sl geogaphical aress thal e represenied as
hevanns. Fach ool size variss depending on the landscaps. Because of constainis inpose g by

.

natrs terrgin and manmade suchres, the us shape of calls s not a perfect hexagon.

p ;f;»




249 Typesof cells

The density of population in @ courby is so varled that different bypes of colls are used

e

Bacro celiz

w Selective oolls

& Uimbrefis nedlz

2441 Bacro cells

The maoro colis are large cells Tor remwle and sparsely populted aress. They me moslly used in

rrdl areas,

24.1.% Bcrp cells

These oolls are used for densely populaded areas. These types as mostly found o lrge when
cenlres where the density of users i3 quite large. By splitting the existing areas into smalier oells,
the nummber of channels available i increased a5 well 2 the capacity of the calls. The power level
of the trananitiers used o these cells 18 then decreased, raducing the possibilly of inerfarence

between netghbouring cslis.

2442 Besctive cells

i i oot sbways useful o define o coll with & Sl coverage of 360 degress. I stene cases, cells with

353
-y
&
Wb
oy
ooy

g shape antd ooverags are needad. Thaese oells are calisd selechive oslis, Typical



auprrpies of selective celis are the cells e may be localed ot the erdrrees of howels whars
coverage of 360 degress Is ot neaded. In this case, a seleciive coll with covarage of 120 degraes

e

2414  Umbrella pulls

A frepway crossing very sl cells prodoces an important nursber of handovers among the
diftarent small neighbouning celis. I order 10 solve this problern, the concept of umbrelia csils iz
miroduced. An unbrells cell covers several riorn calls. The power lovel inside an umbralia cell i3
oressed companing 1 the powsr ipvels used o the minro cails that form the umbrella cell When
the spaed of the mobile i 100 high, the mobile is handed off tn the umbreila cell. The mobile wi
then slay longsr o the 2ame ool fin this case the wnbreia ostlh, This will reduce the number o

hemdovers and the work of te nedwk

A o aportant numiber of handover demands and the propagation charactenstios of g mobile can

25 Clusters

The celis are grouped indo clusters. No channgis are reused within g cluster. The number of calis

@ chusder misst be determined 5o that the cluster nan be repesad continunusly within e covenng
araa of an operstor. The bypical clusters contain 4, 7, 128 or 21 cells. The number of calls in eagh
shister is very imporiand. The smalier the nomber of cells per cluster iz, the bigger the numbey of
channels per cell will be. The capacily of each ool will be thersfore incragsed. However 2 halance
st be found in order fo avoud e interference that could coow between neighbowring clustrs.

Thiz interference s produced by the small size of the dusters, which is definsd by he number of




s per cluster, The folgl number of channels per cell depends on the number of svaiable

charmels and the ype of closter used. Fig 2.1 dlusirates g spven-oal clustar
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Fig 21 A Saven-Oalf Cluglor

28 Froguency Rouse

The concept of Faguency reuse is based on assigning 1o each cell a set of radio channeds that are
complstely differant From that of nelghbouring cells, The coverage area of cells is called the
fontoring, This folprint is limited by 2 boundary o thal the same set of channsls can be wsed In
differant cells that are far encugh away from each other so thal thelr Fequencies do not imtarfere.
Clusters faclitte the Frequency reuse paltern wheo they are aranged in sush a way But 1o bwo
celis uging the same s of frequencies share the same boundaries. Fly 2.7 below dustrates ha
use of clusiens with seven cells o facilitate an effectve Frequency reuse arangerent Colls with
the same number have the same set of fsquenciss. Because the number of avallable sel of
fenuencies is seven, the Fequensy reuse factor s 17, et s, each cell s using 177 of avallable

cafiuigr channels,

.
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Fig. 7.2 A frequency reuse paltern based on & Seven-cell cluster arangement

&7 LDomponents of 3 Celludar System

The cediviar syster offers mobile and porieble wmiophone stalions the same senvipe provided o

fuad slations over comvenionsl wirsd nops. B has the capacily o serve tens of thousands of

subsoribers in 2 mapr meropolifan ares. The oefiular communication syslem consicls of the

following components hat work tngether i provids mobile services to subsoribers.

# Public switched Telephone network (PETH)

& Mokl telephone switching offioe BATS0

el slie with anfenna sysism




» Wobile subseriber il (1A5U)

237 Public Switched Telephons Network (PETN)

The PETN 5 made up of iocsl networks, the exchange orea networks and e long-haul networks

that intarconnact telephones and other communication devices on & worlihwide basis.

212 Wobile isigphone swilching office (TS0}

The MTEG 5 the cendral office for mobile swiiching, B houses the moblle switching cenlre (MBCY,
fedd monitoring andd reday stations for swilohing calls fom cell sites to wire ling conlral offives

PRTNL In anslogue cellubar networks, the MEC confrols the syslem operation Bhe calls, Bling

informzdon, nostions of cellular subsoribers efp

273 The Cell Sie

The call gite refers o the physical locaion of redio sguipment hal provide coverage within 2 ogll
Hardware ooated at 2 cell site include nower sourses, inferface equipment, radie freguency

transoaivirs and antenna syshems.,

274 Hohile Subsoriber Uni

The ot subsoriber untt consist of 2 control wdl and » ansoeiver that ansmils and reoshes

radio ransmissions 1o and from o cell site. Thiee fypes of MELS gre avalable:




» The mobide elephone {used in cars, typioad ansmit power is 4.0 walls)

»  The portable (ypinal ansmd power is 0.6 walls)

w The ransporiable fyplosd ransmit power i 1.6 walls)

The mobide wieshons 16 ingtadled In the funk of 2 car and the handsel s nsialled in 3 convenient
oabon o the diver Porlable and ansporiable lephones are hand-held and can be used
apywhere, The use of portable and fransporiahie felephones 5 Hmited i the charge e of the

intenal batlery

28 The G58 Evolution

in the 1980, most mobile celdar systems wirg hased on ansiogue fechnniogy. As demand fyy
mckiie lelephons servicss ingregsed, service providers found thad Dasi enginesning assumplions
borrowed from wirs-ios Banding) networks did nod hold ee in mobile syalame. While the avarage
fandiing phone call lasls 21 least ton mingies, mobids calls usually run ninely seconds. Enginears
wha sapented 1o assign My or more mobile phones 1 the same radio channet Bund et by doing

o thay increased the probability that 2 user would not get digd fone - thig s known a3 call-biocking

wnhabilty. A% 2 wpience, e sy sysiems quickly became salwaled and the qualily of
3 ¥ 8

servics decressed rapdly, The crical problen was capacity.

The sdvantages of digtsl calloler lechnologles over ansloque celiulyr networks wohude increased

copanity and security. Technology options such as TOMA ami COMA offer more channels in e




same anslogue colbar bondwadth. Thess echnologies hove offered oressed copacily angd

affiviency therehy allowing a greater number of smullanenus conversations per channel.

The G50 systern can be consitdersd a3 the sl digita af systerm. 1 uses an advanced form
of T Dlvision Mudliple Access (TOMA} with o capacity of close o Bleen imes that of analogue

systerrs. The different reasons hat explain the Tansifion fom anglogue fo diglisl echnology are

presenied helow,

£8.%  Thecapacity of the system

As it s eaplained i above, cellular systems have axperenced a vary mporant growth, Andlogue
systarrs were not able o cope with this increasing demand. i order B overoms this problem,
new frequency bands and new Bchaologies were proposed. Bul the possibifity of using new
fonuency bands wis rejecied by 3 Big number of countries baoause of e restioied speclum
{evan # later on, other frequency hands have been allocated for the develepment of mobile celldar
rathol. The new analogue lechoologies proposed were able b svercome e problem o 8 certan

dagras but the cosls werg oo imporiant

The digital system was, therelore, the best option o handle e capactly needs in 3 costellective

WY,

28.2 Compatibility with other systems such as 150N

The decizion of adonting o dighal lechnnlogy Tor GSM was mads in the cowrse of developmg e

srarsdard. During the dovelopment of BBM, the wiscommunications industyy converted o dightsl

:

bl

R
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rreihnds. The 1SDN network iz an exsmple of thiz evolution. In order to mske GEM compatible with

the seyvines offered by ISDN, was decide that the digital lechnology was the best aplion.

Addmonglly, & diniid system sllows, sasly than an andlogue one, he Implementadion of flrs

snprovaments and the change of s own characienslics.

283 Aspects of quality

The guality of the service can be considerably improved using a digitad techaclogy rather than a0
anglogue ore. In facl ansiogue sysiems pass the physical dishwbances In radiv angmission

fsuch as fades, mullipadh recepion, sputous signals o inferferences) o the recslver. Thess

&

dishurnances decrease the quality of the communication because they produce effects such a
fadeouts, crossialk, Hases, et On the oiher hand, digital syshems avold thess effects anshrming
the signad into Bits. This ransiormation combined with ofher fschnigues, such as digial coding,
poproves e qualily of the ransmission. The improverment of digtel syslems companng
analogus sysiams s mors noticesble under dfficult recaption conditions than under good reception

conditions,

284 Roaming

s defined as the abiity for o cellulr customer o aulornatically make & recelve voice

Pl
X
Py
ok
Rl
U3

e

colly, send & recelve dats of Aocess ofher senvices whan raveling suiside the geographic

.
- A




Boaming is ohnkaly supparied by mobifity memagement, muthenbogtion and biling procedurs

Establishing roamdng between natwork operators s based on Hoaming Agreameants,

i the visied nefwork is i the same country s the home nelwork, s I8 known g Matong
Roaming. If the visied network 5 cutside the home country, this 18 known 88 Infernationsl or
Clong Roaming. If the visited nefwork operaies on a dfferent wehnicad standard than the bome

nehwork, this is hrown a8 inder-standard maming.

G50 Boaming, which involves roaming between G5M nebworks, offers the convenience of 2 single
number, 3 singis bl ang # single phone with wordwide avcess to over 180 countries. The
comvenience of GSM Rogming has been a key diver behind the gobsd suoess of the GBM

Hatform,

DO Coverans Mo s & onigue mesouce containing information supplied and approved by te

P o TN £ e 3 b oy
members of the GEM Associaiion,

Metwork, Services and Roaming information are corgnually apdated o reflect the evoiving silusbon

®
&
S
B
<@

world-wide. Interactive coverags maps, updated quererdy, sllow you B navigal 1o 58

axacty YOu G801 USe YOur phong

Today's second-genoraion GUM setworks deliver high qualty and secwre mobile voice and data
services (such a5 SMS Text Messaging) with full roaming capabilie 55 the world




3 THE GSM SYSTEN

31 History of G5M

in the beginmings of celllar systems, each counlry in Ewope devaioped i3 own systern, which was

Es

a0 undeziable situstion for the bliowing reasony

= The eguipment was findted to operale ondy within the boundares of pach counlry,

o The murket i each mobile equipmend was limiled,

in order W overcoms these poblems, the Conference of European Posis and Telecommunications

{CEPT formedd, In 1982, the Groups Spécial Mobile (GSM n order 1o deveinp 2 pan-Buropsan

\,“«.

mobile celidar radio systern. The G50 acronym Inter beoarne the aoronwm for Global System fur

Mobile communications. The standerdized system had i meet cortam orieng

s spectum efficency

& international roaming

w Low mobile and hase stafions oosis

y Good sublentive voice qualily

- b




»  Compatibiity with other systems such a5 1BDN ntegrated Servinas Digitd Plebuork)

W Ability fo support new Ssenvices

Lirdie the axisting celiular sysiems, which were developed using an anslogue technology, e

(350 syaiem was developed using 2 pursly digial tlechnoiogy.

in 1080 the responsibilty for the GEM specifications passed from the CEPT © the Bwipean
Teloommunications Standards buhtute (ETSH. The aim of the GEM specifinglions 5 1o deseribe
the funclionality and the intarface for sach component of the 5, andd io prowvide guidance 0o
e design of the sysim. These specificalions wil then slandardize the systerm i in order o
uarantes the proper inerworking helwesn the diffeent slemaents of the (M system in 1580,
the phase | of the GSM specifications were published but the commerst il use of GEM did not slant
und mid-1991. The developers of G5M chose the Narow Band Time Division Mulliple Ascess

scheme {TOMA) which was vel 10 ba proven at that tme. They ! i faith the adwancement

CEHYEIES gorithens and dightet signel processors woold allow the Rflrend of the origingd
iitena and the continual improvernant of the systar i terms of quaity and cost

Tre ovar 8000 pages of GSM reoommendations provide funstiondl and interface desoriphons oy

panh of the funchons entities defingd in the system.

The most important svers in e developmant of the GEM systerm are pray seniad i the table 1




Y EAT dovenis

1987 Eéﬁﬁ? %taﬁ} o5 a GOM group in order o develop the standards for a pan-Buropesny
o shular mobile sysiem
1485 savoption of g fish of ecommendations B be generaled by the group
sns g igit tests were perlormed in ordey 10 test the differant radio eohniques proposed for the &
riertace

1087 TORA I3 chosen a5 ALCBSS mathod (i fact # ?gii% t;e ussd with FOMA} ifzéﬁ_aé ?v‘;amwagém*-g
wf Understanding (Mol signed by telecommunication eperatns epresenting 12 countriss)

1988 Jafigdation of the S5M system

1464 Thae rasponsibifity of the B84 specificalions is passed 1o the ETS

19490 Ponsarance of the phase 1 of the GSM specifications

1441 Lommersial launch of he GEM servio

19482 iEnlargement of the countries that signed the GEM- Moll» Goverane of larger cllesfalmos

1543 gf overage of main roads GEM senvions slart outside Burops

1885 §?’?$n £ of the (50 spenifications Coverage of rurdd areas

Tabie 1. Eventy in the development of GEM

From the syplution of GBM, # s clear thet GR8M s not annore only & Buropesn shandard. G8M
metuorks sre operaiional or planned in over 170 counties around the world The rapid and

innreasing acceptance of the GEM systerm s Sushaded with the iollowing hgwes:




w1 mallion B5M substribers worldwids n the beginning of 1984,

# Uer & million G8M subsonbers workivade in the haginning of 1985

& Uwer 10 roiflion GO8M subsoribars only in Ewrope by Devernbey 1555,

Since the appsaranse of GOSM, other diglal mobie systems have been devs

charts the differend motile oeliuler systems developed since the commersiad

SYEIEMS,

ioped. The iabls 2

imuneh of ool

Yoo Mabile Celular System

14981 Nordis Mobile Telephony (INMT) 480

1982 Amedean Mobile Phors System (AMPS)

1986 Toldd Access Communication Syster (TACS) Radio COM 2000 C-Nelz

‘

1086 Nordic Mobile Telephony (BT, 900>

r (MADC)

1991 Giobyl System for Moblle sommunicstions> North American Digital el

System (DO 1800

904 Personal Digitel Cellider (PDO) or Japenese Digital Celbdar (DO}

el

1092 Farsong Communications Systers (PO 1800 Canadar

1995 PCH-United Siates of Americas

Tabis ¢ Mot coliilar systems

T




37 Bgucture of the G5 network

The 353 network s divided oo severdl funcliondl endties, whose fungtions and entiies as
specified, Fig. 3.1 shows the malor components of 2 GBM Network. The G5B Melwork can be

givided into three magnr parls

w  The mobis station (M5

» The Base Saton Subsystern (55

s, -

»  The Network Subsystermn [NES)

fipire 3.1 Archiferiure of the GSM network




329 Hobils Station

The mobile station consigls of e mobie eguipment e termingl) commonly known &6 the

handset, and a st card cafled the Subscrber iderntty Module (D)

There are difforent types of lerminals distinguished principally by thel powsr and apnaions.
Each termin Hfied by is unigue internationst Moblls Equipment lentily number (RAED The
‘e termings @ the ones insialied in cars. Their mawimum aliowed oulpud power s 20 W The
504 portable termingls can alse be instalied in vehicles. Thelr maxt raurn aliowed oulpul power s
B The handheld termingls have experenced e bigpest success thanks o el weight A
vohane, which e confinuously deoreasing. These terrinals can emitup 1o 2 W, The syclubon of

woehmnlogies allows decrasing the maximu aliowed power 10 DBW

The S 15 2 smart card that identfies the termiingl. By inserting the 34 card 010 the termy ingl, the

aeer can have aocess o Al the subsorbed services. Without the Gk card, the rming s o

sperational. The S card is protected by & fourdigh Perso  Wentification Mumber (PIN] In order
i ey the subsoriber fo the system, the SIM card containg some paramelens of the ¢ uh

as e Internationsl Mobile Subsoriber ety IME1. Ancther advandage of the SN card is the

mobitty of e users. in fact the only slemaent thit personaises 3 mingl 5 the B o

Therelures, the user can have a00ass o subsoribed services in any serming ualng his BiM card,




322 The Base Station Subsystem

The RSS cormects the Mobile Station and the NES B s in charge of the fansmssion and

reneption. The BS5 can be dvided info Bwo parts: The Base Transcebey Station (B13) o Bage

Station and The Base Sietion Controlier {8501

The BTS somesponds 1o e ransosivers and anfennas used in each coll of the nelwoik. A HiS s
usugily placed in the contre of a cell. s ansmiting power defines the size of g cell. Each BY5 hag

betwesn one and sikeen wansceivers depending on the densily of users inthe cell

The BAC cordols 2 group of BYS and manages their radio resouress. A BEC is principally in
charge of handovers, Freguercy hopping, exchangs furslions aod ¢ codod of the radio equency

powar lavels of the B4

335 The Network and Swiiching Subsystem

s o ole i5 1 nansge the Communicaions hetwsan the moblle users and oUer UsRE, such 23
et users, 10N users, fxed telephony users, efo. 1 also includes data bases needed in order
1o store information shout the subsonbers and 1 manags thelr mobility different components

of the MES are desorbed below,

T

Ay




3231 The Mobile servipes Swilching Center (M50}
i the contrel component of the NES. The ME0 perlorms the switching funciions of the nebeork. #

gheo provides connention tn othey ninbile celiular networks.

3232  The Gatowsy Mobile services Swifching Cenler {GBIEC)

A gotmeay 15 & node inleroonnecting two networks, The GMST s the interface bebwsen Se owbile
seihdar network and the PETAN His iIn chargs of mouting calls from the et network owards &

Py e

{358 user. The GMEC is often implemented in the same machines a5 the MEC,

3233 Home Location Reglster (HLE)

The HLR i considered a8 g very important database that stores information of the subsenibers
beinnging o the covermg area of g MEC. It slso stores the curent location of these subsonibers
and e services 1o winch they have sooess. The location of the subsoriber comespontds 1o the 557

address of the Visitor Locstion Hegister (/LK associaind o the terminal.

3234 Visitor Location Register (VLF)

The VIR contging information fom o subsorber's HLR necessary in order o provide the

subsoribed services o visiting users, When 2 subsoiber enders the covedng ares of & new MBD

the VLR associated fo this WMSD will request infmation abuut e new subsorber fo @




corresponding HLE. The VLR will then hay uah informstion in order B assure e sulsoribed

services without nesding 1o ask the HLF each ime 8 communioafion s established,

The VLR s slways implerenid ngethar with 2 M50, 50 the ares under conlrol of the MEC s 3o

the area under control of the VLR

3235  The Authentivation Cenfer {Aull)

The AuC register & used for securily purposes. § prowdes the parameters needed

authenticaton and snorvption lunctions. These paramelers help b verly the usar's wisoly.

3258  The Eguipment identity Reglster (EIR)

The FIR s alzo used b security pumoses. 1115 a register cortaining information about the molile
eguipments. More particularly, £ contains 3 list of gl valid terminals. A terminal is identifind by #s
internationsl Moblle Fouipment dentity M55 The BIR dows ten fo Torbid calls fom siolen of
gnathonsad womingls (8.g., & eringl which doss nod respect the speciicalions conserming e

s BE power,

3237 The GSY Inferworking Unit (GIWU)

The GV eoreseonds To mn interbace i various retworks for dede commumications. Diring these

comnuricaiions, the ansmission of spesch and data oan be altomated,

b3
2N




324  The Operation swf Bupport Subsystem (055)

The C85 i connected i the different componends of the MSS and 1o the BEL, in onider 1o congro!

s

and mooritey the GBM system His also in charge of conlroliing the Wraffic nad of the BES,

However, the inceasing mumber of base stelions, dus 1o the development of cellular radic

'.;

networks, has provoked hat some of the meintenance fasks are fansferad in the BTS This

ransfer decreases considerably the costs of the maintenance of the system.

3.3 The geographicsl argas of the GEM network

The figure 3.2 presents the different greas thal form a G8M nebwork

PLEN AREA

MECNLR AREA

LOCATION AREA

{ELL

2 fg’iﬁff 37 si&a ik armas

A i hos sremly been explained 2 ol Weniifisd by s Cell Global Wentlly number {DGI

corresponds o the radio coversge of 2 base ansoaver siafion. A Lacation Area (LAY, dentifind by




is Lonabion Area ldentity (LAD number, I3 2 group of calls served by 2 dingle MOOMLE, Agroup of

eation aress under the control of the same MECNVLE defines the MECALE arss. A Public Land

HMohile Metwork {PLAM is the ares sorved by one nelwrk opsraior,

34 The GEM lunchions

n GUA, five main fonclions oan be defined

# Transmussion

> Ralo Resources mansgement (BR)

= Mohbility Management (MM,

v Dommunicgion Management {CM).

»  Operation, Adminisiation and Maintenancs [DAM],

341 Transmission

The wansmission unnlion inchy subrfunchons:
T

’“»\.‘7“'




«  Thefirst ons s relsted 1o the means nesded for the ansmission of user information.

«  The second ong 5 relded 1o the means needed for the wensmission of signaiing

information.

Mot ol the components of the GER network mre shongly related with he vansmission funclions
The MG, the BYS and the BRC, among others, are deeply soncamed with fransmigsion. Bul othes

componens, such 2 the registers FLR, VLR or BIR, are only conserned with the ansmission o

thair sipnaliing neads with other somponents of the GEM nebwark

342  Hadio Resources Managemend (RE}

The role of the BR function 3 to establish, maintan and melease communination links hatween
mobiie slalions and the M50, The elements that e mainly concerned with the BR function are the
mobile station and e base shalion However, as the RRE funciion s glso In charge of mainiaining &

connection even ¥ the user moves Fom one ool io another, the MEC, in charge of hanovers,

ghan concemed with the BE funciions.

The BH is slso responsitis for the management of the frenuency spaclan and the reaction of the

network fo changing radio eavironment condiions. Some of the man RE procedures that assure
its responsibiibes mre Channed assigrenerd, change and elease, Handover, Frequensy hopping,

Hseonfinunus ansmission and reception, and Timing advance.

3
i




s this paranraph ondy the handover, which represents ooe of e owst anpodant responsibiiilies of

the BR iz desoribed

3424 Handoway

The user movernments can produss the need B changs the channel or cell especially when the
quality of the communication % decrsasing. This procedure of changing the resources 15 called

handover, Pour differant types of handovers can be disinguished:

» Handover of channels in the same celf

»  Handover of calls controlied by the same 8BS0

)_":5/“

w  Handover of cells belonging io e same MU bt controlied by different BEUs,

o Handover of cells controlied by differeni MBCs.

Handovers are mainly controlled by the MEC, However i order o avold unnesessary signaling
informstion, the Brst fwn ypes of handovers are managed by the concarned BEU {in i case, the

WS is only nodified of the handover).

The mckile station iz e active partivipant in tis procedurs. in order 1o perform the handover, the
mobiie siation condols oontinuously ds own signal shength and the synal strength of e

weighbouning oelis, The fist of cefis that must be monitorad by the mobile stalion is gven by the




e power messuements dllow deciding which the best cell is in order o mainiain

he guality of the municafion Bk, Two basie slgorithms are used iy the handover

The 'minium aoceptable performance’ glgonithrn When the quality of the ranamission decreases
fie the signal is deteriorated), the power lovel of the moblie is intreased. This is done usll the
increase of the power lsvel has no effect on the qualily of e signgl When s happens, 3

wniiver s periprmsd.

The ‘power budoe? slgonthe This slgorifn perbrms 4 handover, inslead of continuously

increasing the powsy level, in order o obtain & good commuicalion gquaity,
343  Mobiity Management (M4}

The M funchion i m charge of 2 the aspects related with the mobiity of the user, spenially the

location management and the suthentioation and seounly.

3431 Location mansgement

b

When a mobiie stadion i3 powensd on, it performs a locsion updale procedure by indicaling s IME!

i the network. The first lncation update provedurs s called the MG altach procedurs.

The moblie station diso performs lnoation uptdaling, In ordey 1o indicale i3 current looation, when
ves tn g new Locaiion Area or 2 diffierent PLIAN. This location updating message s sent fo the
neny BASONVLE, which give defach procadure @ order to el the nebeork thal 8 15 mo longey

connachad

-




3432  Authenticalion snd security

The authentication procedure mvelves the 3 card and the Authenicalion Dentre. A seoret key,
storad in the S cord and the AuC, and o ciphering algorithm calied A% are used in ordey to verdy
the sghenticlty of the user. The mobile stalion and the AuC compute 2 SRES using the seorel Key,
the algonthm A% and 2 random mueber genersted by the AuC. i the bwo compuled SRED are the
sane, the subsoriber s authentioated. The different services to which the subsonber hag access

are gian chacked,

Another seaply pronedurs 8 ook e euipment ientity, i the 5] number of e mobdle i3

aythorised in the BIR, the mobils stalion s alfowed o connect ihe nebwork

i order fo assure user confidentislily, the user i registared with a Temporgry Mobile Bubsoriber

ety {TRASH after fs first lncation uptale prosedure.

344 Communication Mansgement {CH

The Db function is responsibie for

& Ol conbol

P

»  Supplementary Services management

YIRS managinent

L3 -




3449  Call Control (00}

The 00 is regponsible By call estabdishing, mainiaining and relessing a3 well as for selesting the
fype of servics. One of the most inporiand funcions of the 00 s the call rouling. Inarder o mach 3

mckile subscribey, & user digls the Mabile Subscriber BN MBISDN) numbey which incluges:

# o acouniry oode

& anatongl destination code ientifving the subscrber’s operalty

v noote eoresponding o the subsorber's HLR

The calt is then passest 1o the GMEC 6 the call is originated from 2 fixed nefwork) which knows the

HIR spending 1o 3 corfgin MISDN number. The GMEC asks the HLR for information haiping
BN

t the ool roubing. The HLR requests this inbomation fom he subscriber’s current VLR, This VLK

{,‘}

alincstes lemporarly 2 Mobile Stelion Roamdng Murmber (M5RN) for the call. The MERN numb
the informetion relurned by the HLE o the GMSC. Thanks o the MERN manher, the ool & rouled

to subsoriber's current MECVLE. In the subsoriber's surrsnt LA, the moblle i3 paged.

3442  Supplementary Services mansgement

The mobile station and the HLR are the only components of the GEM network involved with this
function. The different Supplementary Services (851 1o which the users have a00ess we presenied

betow




3443 Short Bessays Services mansgement

ar 10 support these services, a OHM natwork s in conlact with 2 Short Messans Service

t?)

Certre trough the two Dllowing inberfaces

= The SME-GMED for Mobile Terminating Short Messages (SME-MT/PPY I has the same

ot a5 the GMED

o The SHS-WBASC for Mobile Criginating Shont Messages (RME-RMOFPP)

345 Operation, Administration and Maintenanoe {QAM}

The OAM function sllows the operator 1o monitor and condrod the systermn a5 well 25 1o modily the
configuration of the slements of the system Mot only the 0S5 is part of the O, #ao the BSS

and NES parbicipate in s funclions a3 113 shown in the following sxamples:

Eals

»  The componends of the BES and NES provide the operator with gl the information #
needs, Thiz information is then passed fo the 085 which s i chargs of analvaing ¥ and

conirol the nelwork,

s The self test tasks, usually incomoraled in the componends of the BSE and NSE aso

aegrihute io the OAM functions




]

»  The BSU, i charge of condroling seversd BT5s, s another axample of an QAN function

Pt

parformed ouiside the 085

15  The G5 radio interface

The 1 intertane is intertane hebwesn the mobile siations and the fxed infrasincture. H i

nne of the most important interfaces of the GOM sysiam

."i

O of the main oblectves of GSM i rosming. Thersfore, i order fo olain & conplele
sompatibiity between mobile stalions and networks of different manulaciurers and operalors, the

radio interface oSt b compieiply defined,

The apectrum eficiency depends on the radic nleriace and the Wansmission, moe parficulady in
aspecie such a8 the capacity of the sysierm and the eohnigues dsad in arder 1o decrease the
inferference and o prove the Faquenoy reuse scheme. The speciicalion of e ratdio inferface
bz then an anporiand influerge on the ﬂ,:zew rn efficiency.

381 Freguency sliocation

Two frequency bands, of 25 MHz each one, have besn dllocaled for the GEM systerm

The band $00-915 MMz hes been sllocaled for the upliok direction {ransmiting fom the mobiie

stafion o the base sialion),




Ve band S35-980 Mz has been giocated for the dowrding divection fransmiling fom e base

siation 1o the mobile siation),

Bt not gl he countries can use the whole GBM fequency bands. This 5 dus principslly o miilary
reasons sl b the sxistence of pravious analog systems using part of the two 25 MMz fequency

hands.

183 Multiple scoess schemes

The muliple aocess scheme defines how different sioullanecus communioalions, between
differant mohiis stafions shugled in oiffererd celis, share the GOM radic spectum Ao of
Eregupncy Division Mulliple Access (FDMA} and Time Division Mulliple Avcess [TOMAY, combine

adopted as the mudline atcess scheme By M

m

with Fequency hopping, has bes

3521 FOMA and TOMA

Lsing FDMA, a frequency i3 assigned b o wser. 50 the larger the mumber of uters o 3 FOMA
system, the lorger the number of avallable freguerncies muost be. The mited avallable radic
specirum and the faot il 8 user il nol Tee U5 assigoed fequercy untl he does not need

anynons, expigin why e number of users in 2 FOMA sysler oan be "quickly” limited.

D e other hand, TOMA slows seversl users o share the same channel Bash of e users,
sharing tha common channgl, are assigned their r o Burst within a group of bursts called 2 Fame

sty TOMA Is usad waith g FDMA slructure.

- 3w




fn GEM, 7 25 MMz fequency band is divided, using o FDMA schame, Into 124 carder Faguancie
spaned one frovn each othey by g 200 ke frequency band. Normally 8 25 MMz Feguency bend can

rovide 125 carier feouencies byl the frst carier Frequancy 5 used a5 2 gusrd bangd belween

=

GEM and other services working on lower frequencies. Fach carmier reguency s then divided in
e using 2 TOMA scheme. This scheme splits e radio channel, with 2 withh of 200 Mz, oo 8
pursts. A burstis the unid of tme w2 TOMA system, and ¥ lasls appronmately 0577 ma. A TDMA

frarne i formed with 8 bursts and tagts, conseguently, 4816 ms. Each of the sight bursts, that form

a TDMA frame, are then assigned i 3 single user.

2522  Channel struchs

A channgl corresponds o the recurmance of one burst every frame. It is defined by s fegusnoy

and the posiion of s corresponding st within g TOMA frame. In GEM thers are wo types of

Channely

¥ The waffe channels used B banspor! speech and dabs information.
» The conmd channels used for nebwork mansgemen messagss and some channsl

mgienancs iagks,

3823 Traffic channels (TOH)

Full-rate waffic channgds {TOHFY ae defined using 2 group of 26 TOMA fames called 3 26

’

Mulifrarme, The 28-Mudiframe lasts consequently 120 ms. In this 25-Mulliframe structure, e raflic




channels ko the downlink and oplink are separated by 3 bursls. As o consequencs, the mobiiss wil

ot naad o ransmit and receive ot Be same time which simplfies congiderably the elacironics of

the system,

The farmes that form the 26-1Muliframs strocture have different funciions,

# 24 Tranes gre reseyved o alfin

» 4 hame s used iy the Slow Associsgled Conlrol Channed (SACTHE

= The lost fame 8 unused This idle fame dlows e mobile siion o perfrm other

funciions, such 25 measwing the signal srength of seighbowring calls,

Hatf-rate walfic channels {TOHMY, which double the capacity of the systern, are also grouped in 2

Zh-Mutame but the interngd siruchers is different.

3834 Control channgls

Aeoording to thedr functions, our different classes of conlrgd chanmels are defined:

> Brogdeast channels,

¥ Cormmon controd channglg,

v Dedivated conbol ohannsis.




» Aszomated control channgle,

35825  Broadosst channpls (BOH)

Tha BOH channels sre used, by the base stalion, © provide the mobie station with the sulficient
mfornation # needs o synchiomse with the setwork Thise differsnt fypes of BOHs can be

distinguished:

» The Brosdosst Dondrol Channel (BOCH), which gives o the moblle slation the paramelers

needed i order B idendify and ancess the network

= The Synchromisaion Channel (SCM), which gives 1o the moblle stalion the fanng

spquence needed in order o demoduiate the informaton tansmitied by the bage siation

» The Fragpency-Corestion Channel (FCCH), which supplies the mobile station with the

frequency refarance of the systerm in arder fo synchionize i with the nelwork,

2528  Common Conlrol Channsls {CECH)

The COCH channeis help o esiabish the calls from the mobile stafion or the nelwork. Thres

different typas of CUCH can be defined:

A
e




»  The Paging Channel (POH)L | is used i ded the mobile station of an incoming o8

# The Random Access Channel (RACHY which s used by the mobile slabion fo regued

aecess o the nelwork

» The Access Grant Channed (AB0H) B s used, by the base siglion, @ inform the mobile

siation shout which channel # shoudd use. This channel s the answerof abase stedion o a

BALH from the mobile sialion

1537 Dedicated Controf Channels {DOCH)

The DOUH channels e used for message sichange bebween severd mobiles or 2 molile and the

network. Two different types of DCCH can be defined

= The Sandsione Dedicated Control Channst (SDOCH), which is used i order 1 exchangs

signafing information in the downlink and uplink direclions.

» The Siow Assovigied Condrol Channed (SACCHY i is used o channel malnienane and

shannst controd,




32528 Associsgted Control Channels

The Fast Associated Conirol Chamnels (FACCH) replans ol or parl of 2 raffin channst whan wgert

naing information must be ansmitied. The FAGCH chanmels camry the sarme information 25 ihe

e

SOCCH channsis,

3528 Burstshucturs

A3 ¥ has been stated before, the burstis the unitin e of 2 TOMA system, Four different types of

ursts an be distnguished in GEM

S The feguency-norrection burst s used on the FOCH. it has the same ength as he norm

burat hut a diferent structure.

» The synchronization burst s used on the BCH. 1 has e same length as the nommad burst

hut g diffsrent sruchire.

o The random aoness borstis used on the BADH and is shorler than e normad burst

S The normal burstis used o ooy spesch or data information. 1 lasts approsimately 0.577

ms and has a length of 15825 bits. s struchure Is presented infigwe 3.

T
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Figure 3.3 Stuchurs of the 28-fuflifame, the TOMA frame s the norosd st

The tail tits (1) are 2 group of three bits st fo zero and placed et the baginning and the end o &
They are used lo cover the parieds of ramping up and down of the mobiig's power,

bePrg ¥4

The cotdad data bis coresponds o o groups, of 57 bits sach, containing signaling of user dala

The stealing fags (S) indicsle, to the receiver, whether the information carried by & hurst

corrsspongds fo raffic or signaling dela.

weros has g lengih of 26 Wi, I s ussd to aynchionize the recelver with the

The faining setuencs has
wneorning information, avoiding then the negalive afferts produced by 5 mulipeth propagation.

th of 525 bits, fs used o gvoid 8 possible overlap of fwn mobiles

;
.y
Vo en

Y3

The (}Ja?@ Qé‘f?’{)ﬁ F5E wth

thyiney the ramping Bme.
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35448 Freguenuy hopping

The propagation condiions and thersfore the muliipath fading depend on the radio frequangy, in
order o avold nportang differences in the quality of the chammls, the slow Fequency hopping s
wtroduced. The slow frequency hopping changes the frequancy with svary TUMA frame. A fagt
freguency hopping changes the Tequency many tmes per Fame but § s mob used In 558, The

fraquansy hopping alse redusas the effects of co-channe! interarence

There are different types of Feguency hopping slgorthms. The algorithm selected is seat fwough

the Broadeast Dontrol Channels,

bven § fequenoy hopping an be very useful for the sysiem. 2 base sigtion doss not have 1o
supprt i necessanty On the other hand, 3 mobilie stafion has o accept freguensy hopping when 2

3.8 Converting sowrce information fo radio waves

The figure 3.5 presents the difforent operafions that havs o be performed in order io pass from the

speenh sourcs W radin waves and Vics versa
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figure 3.5 From speech sture 1o radht waves

i tha source of information s data and ol speech, the spesch coding will not be performed,

361 Epsech coding

The ranamission of speech 2. 21 the moment, the most important senvice of 3 mobdle celluly
systern, The GEM speach codec, which will wanshrm the angloy sional Duioe) inlo & digitl

representsion, has i meed the olipwng orites

= A guod speech gualty, Bl least 35 good as the one oblained with previous cellular




# Toreducs the redundancy In the sounds of the voice. This reduntion s essentisl dug o the

frated capacily of Fansmission of 3 radio channg

= The speech odes must not e very conplex hecause complesly is souivalend o high

¥

b
COBIE.

The final choice for the GEM speech codes s 2 coder named RPELTP Regulsr Pulse Excitation
Long-Term Prediction). This ontlec uses the information from previous samples {this information
does not change very quickly) in order to predict the currest sample. The speach signg i divided
0 locks of 20 me. These blocks are then passed o the spesch codec, which has & rabe of 13

kb, i order o obtain blocks of 280 bis.

182 Channgl coding

Channed coding adis redundansy bils o the origing formation in order io detect and cormeat

possible, errors el oocured duning e ransmission,

383 Channel coting for the GEM dats TOH channels

The channst coding & perlormed using wo cotes 3 blook sode and g convolutinnal code.




The biock code comesponds o the block code defined in the GSM Fecormmendations 0503 The

biosk code renelves an input bock of 240 bits and adds four zero 19l B 2 the end of the npud

Bock. The output of the block code s consenuentiy 5 blook of 244 bits

A convoiutionsl onde adds redundancy bits In order tn protect the information. A convolutions
encoder comaing memory. This property differentintes 2 convoluional code from o Hook code. &

corvpiutiong code can be defined by twes varaldes: o, b and K. The value 0 comesponds 1 ths

nimber of bits & the culput of the emsoder, & 1o e number of bils 31 the nput of the block amd K

e memsry of the encoder. The ratin, B, of the code s defined a8 Bllows R = ki Lefs

sensider & convoluional code with the llowing values Kisequdl o Lndo 2 and K o 5 Thiz

r’\s

convoiidional code uses then arsde of B = 172 and a delay of K = §, which means that i will add 2

reduraiant bt for each inpul B The convoluliondd code uses & ourseaulive IS in order fo compute

the reduntiancy bt As the sonvolutional code is g W2 rale convolutional code, 3 Block of 488 it

\(’5

gererated. These 488 bifs arg puncheed in order o produce 2 block of 456 bits. Thirky two bils,

otdsined as follows, are nof ransmitied:

SR AR LTI SRR A Y

The block of 455 btk produced by e convdiutions code s then passed 1 the inlerisaver,

384 Channel coding for the GEM sprech channels

Belre spplvng the channs! cotding, the 260 s of 2 GBM apeach frame are divided in thies

different classes avcording o thelr fimction and wnortance, The most srnorisnd nlegs s the ol
1 :

- & -




2 comaining 50 bt Next in vporlence IS the class i, which containg 130 b The least

wrporiant is the class B, which conlping the remaining 78 bifs. The difierent ciasses are ooded

differentty. First of 2 the class la bl are bock-coded. Three parity bits, used for eror deleciion,
e atded o the 50 class 1z bils. The resultant 53 bifs are added 1o the class 10 bits. Four zern bils
are agded o thig block of 185 bits {50-3+132). Aconvolulionsd code, with r = 12 and K = &, is then
appiind, ebigining an output bock of 278 bits. The class 1 bits sre added, withou? any profection. o

the oulput block of the convolulional coder. An pulput blook of 456 bils is nally oblained.

18.5 Channel cotfing for the GSM control chennels

tn (35 the signaling information s just contained In 184 bils. Forly parity bils, obtained using a e
sode, and four xero bits are added to the 184 bils before mplvng the convolutional code = 172
gedd K= B The oulput of the comvolutional code is thien g ook of 456 bits, which doss not nesd

3851 inferfeaving

An interieaving rearranges 2 group of bits In 2 partionlar way. s used In combination with FEC
cotes i grder o improve the parformance of e ervor comestion machanisirs. The infedeaving
decreases the possibilly of losing whole bursls durng the Yansmission, by dispersing the enrs.

Being the srors Bss concendrated, 415 then easisr o corract tham.




38.5.2  Interivaving for the GSH confrof channsls

A purstin GOM Yansoils two blocks of 57 data bits each Therefore the 458 bils coresponding o
the pulput of the channel coder B into fowr bursts (45114 = 4581 The 456 bils are divided indo aight
biocks of 57 bits. The firsl ook of 57 bils condaing the b numbers [0, 818, 448 the second
one the bt rumbers {1, 9 17, L4490 elo. The last blook of 57 bils will then condain e b
numbers {7, 15, L ABEY. The frst four bocks of 57 bifs are plased in the even-numberad bits of
four bursts. The other four blocke of 57 bils are placed in the oddramrbered bils of the some fowr
burgls. Therefore the inteddesving depth of the GSM interdeaving for control channsls is bour and 8
new data block starts svery four bursis. The inderlesvey for control channels s called 8 blook

reciangutar interlegver,

3853  Imterlgaving for the GSM speech channels

The vlock of 458 bits. obtgined 2fer the channal soding, is then divided In eight blocks of 57 bits in
the same way as s explained in the previous paragraph. Bul these sight blocks of 57 bils are
distibuted differently. The frst fow dlocks of 57 Bils are placed in the evennumbersd bits of fuy

consecuiive hursts. The other four Blocks of 7 bils are placed in e odd-numbered s of the nexd
four bursts. The infereaving depth of e GEM interleaving for speech channgls is then sight A

new dats Mook also slarts every Tour burste. The interleaver By speech channeis is called 2 blogk

dizgongt inferipaver,

R L




3854  intoriesving for the GEM dats TOH channels

A paricudar migrlenving scheme, with an infereaving denth equsl o 22, s applied lo the biock of
456 bits obianed afer the channed coding. The block i divided o 19 Bocks of 24 bits each, 2

blocks of 18 bits sach, 2 blocks of 12 bits sach and 2 blocks of § bits each. i i3 sprosd over

bursts in the following way

#  The first and the wenty-sacond bursts carry one blook of 8 bits each

#  The second and the bvenly-first bursts camy one blook of 12 bits each

#  The third and the twentieth bursts carry ong blogk of 18 bits sach

» Fromthe fourth 1o the ningtesnth burst, 2 block of 24 bits = placed in sach burgt

& purst will then carry information fom fve o six conssoulive dals biocks. The dads biocks ae

sad W be ierleaved disgonally. A new data block siarts every fouwr bumsls,

368  Burst assembling

The burst assembling procedure 15 i charge of gouping the bils inle bursls. Seclion 35258

prasenis the different bursls stuctures and describes in deledl the shucture of the normal burst

-7 -




{iphering

Ciphering is used o profect signaling and user dala, First of &, a2 ciphering key s computed using
the algorihn A8 siored on the S card, the subsoriber key and 2 random numbey defiversd by the
network {us random i the same as the one used iy the suthentication prosedurs)
Seondly, 7 114 b sequence s produced using the ciphering key, an aigorithm called A5 and the
hurst numbers, This it sequence is then XORed with the two 57 b blocks of dada included in

sned st

in Grger W decipher comactly, the receiver has 1o use the same gloonithm A5 for the deciphening

DIGCEtE,

387 Modulstion

The modulation chosen for the GSM system is the Gaussian Mindmum Shift Keving [GMEBK)

The airn of this section 5 nol o desoribe precisely the GMSK modulation as B is oo long and
phas the presentation of oo many mathemalicgt concepts. Therefore, anly brief sspects of the

GMEK modulation are preseniad in this seclion.

The OHAE modulslion has booen chosen 25 4 comywomise Delween spectium efficiency,
complexdty and low spupous radiglions (et reduce the possibiliies of adistent channgl
iperiarence). The CMSK modulsiion has 2 rale of 270 5% khauds and 2 BT producl squal 0 0.3,

Figura & prasents the principle of 2 CRMEK modidator
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figure 3.4 GMEK modutator

3188 Discontinuous Transmission (TX}

Tria is gnother aspect of GEM thal could have been included as one of the regulements of the
S spesch coden. The function of the UTH 5 to suspend e radio ansmission during the
stenne pevious, This oan becoms quilte inigresting f we iake inlp consideration the fact that 2
persen spesks less than 40 or 50 percerd during 2 convarsation. The DTX helps then o reduce
intertornnce bebween dfferant cells and to norease the capacity of the sysiem 1 also axiends the

i of 2 mobiie’s baltery. The U7X funcion i parforrmed thanks 1o two main festure

= The Yoics Aotaty Delection [VAD), which has o defermine whether the sound repressnss
speech of noise, sven I the background nofse i vary important, i the voice signdl i
considersd a5 noise, the fransmitier i umed off producing then, an unpleacant effect

sefied chpping,

& The comiort noise. An inconvenient of the DTX funclion is that when the signal is
ponsidered 55 nuise, e Fansmitsr s buned o and tharefore, ool siienge B head &

the receiver, THs can be very annoving 10 he usey ol the reception besauss i sepms that
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= Barring of incoming calls when roamdng (AL

Call hold (B2, Puts an antive ool on hold,

Ll Waiting, OW (E2), Informes the user, during 3 conversation, about another § inmorning call

The user can answer, mject of ignors this incoming call

Fabvine of Chargs, S0 (21 Provides the user with online charge wiormation,

Multiparty service (£2). Possibility of establishing 2 mulfiperty conversation,

Closed User Group, CUG (AL i comesponds 10 3 group of users with fmited possibiifios of

caffing {only the people of the group and ceniain numbers),

Catiing Ling identification Presentalion, CLIF (A 1 supplies the callnd user with the 18DN of

the calling user.

e
Py
L

Calling tine identfication Resticlon, CLIR (A) ¥ snables the caling user &b restied the

presertaon.

Conmecled Une Wentfcation Presentalion, ColP (AL 1 supplies the caling user with the

fory number he geis F nis call s forwarded,

Connestard Ling identification Restiction, ColR (8) 1 snables e calied user o resict the

$
LA
N




s Opsigior determined baming {A) Resticton of difforent services and ool typun by the




4 GSW NIGERIA

41 INTRODUCTION
On August 8, 2001, there was much fanfare i Migerie with e laueh of the much-auatied 46
g finally Hoensed ealier in Janumy B provide

"si

arviva, Of three compa
irsless was the st o come on board, bosling by 24

i coliuiar telephone s
yigdor, the Nationg

teles

55h
the service, Jmbabwe bagsed EOONET W
set by Migerigs ompinications reow
see, Routh Alca's MTH, gso

teading
MITE

=,

hows the August 4
Corsmprinatinns Dommission, MO The nexd day, the ofher e
e thid, the local incumbent, Nigeaan Telecommmunicatons Plo,

o
b

taunched s serwigss. 1
day ey, A few hours ofter the launch of the st serace, whan rifls Tor the sorvive
Mewspapers nest day carmied howling headiings THE

dgerian president showsd

folowed sul s day ¢
wearg announced, hope furned inle despair

THE POOR, el Even the M

255 miliion for 4

GER TARIE BIROFF GEM NOT FOR
connern, and asked i 2 review. Howsver, having paid the sizeable sum of §288
feense, MTHM, EDONEY and KITEL bad svery reason 0 kesp mude

e would nest about

sell phone syl

sare that o Migenan GEM

The faifz so announced @
90 1w partivipale i celiuley telephony, inchuding shoul MNEGODD for Bne aotivation an
it for jos calls pes VAT were

004, Call charges of about NS per min

ety rental of gbout ok
gisn announeed. Foliowing the uprony over the teafls, ECONEY was B sty marginally lower i3
mingte o MAT for peal periods, instead of 43 earlier advertised N 24, for off

pogk, Despiie cafls for further revipw in the tarfls, including bom the president, the Nationgd
gditional leaders, the NOO Chisf Execulive, et Ndulowe,
oy oot do about the

31 o e
EARN Y

ity andd the nation's influeniigl
ssignation that there was Bifle o nothing that bis agency
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warits released by the opergh only response was 10 hops thal competiion would drive down
srices in dug courss. NITEL, the incumbent opergler which runs e sxisling fed Hnes, dlso

reviowsd upwards e briffs Ry s servines, up to ong hundred parcent in some cases. The meda,

<y
i 3
b
e
b
ph)
p N
k3

rasad the hopes of Migeniang so high on G, could only tamant that what 8 onetime
Migatan comounicaions minister [now 2 senglor in the National Assembly} had saiid in the mid

980 had come ue: that islephonss weare not meant for the poor

4.2 BACKGRUUND ON TELECOMBMUNICATIONS IN MIGERIA

The aaly ecommunications infrastructure in Migena was geared wards serving the colonisl
administration and soonomy. A Nigerla's independence in 1900 thers were only 18774 wlephons
fnes for an estimated population of 45 willion, gving 2 ieledensity of D04 lephones par
people. Over the vears, addiiongl felephone Bnes were brought n, but the coundry's rapid
populatinn increase and ofher faciors, such a3 fraud and inefliciency. cancelied any mprovament
in the wledensiy, According i the indermationsl Teecommunicalion Union (TUL by 1886

Migerias teledensity was 2 mers (0360 1 rose slightly o 04 by 1888 aocording o the NCC
Migera's eledensity & 2 far ooy from e Afican gverage of 187 [ITUL Bven the NCC admits that
Migeris has had a very himiled islephone nebwork for many years, and the walling st s aestimaed

gt over ten mitlon peopls who have applied to the incumbent network, NITEL (asteblished in 18385

'«\-.«‘

[Xe

by

for services. MITEL nad established o subsidiary, Moblle Telecommunications, or 8-Tel, which ia

responsibie for the analogue cellular service. Today, M-Tel iz in charge of Nitel's GOM Network




4.3 THE FIXED ENVIRDHMENT

Apcording to NITEL, there ig
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city of 700,000 fued wlephone neg in Nigena
ant more han 400,000 are connected. The NOD, which i responsibie i the regulalion and
resiructuring of the elecormunications sector, Talling under the Ministry of Compnumcations, had
i the middie of 1858, approved about 200 operating loenses for privale providers of various
felenorormunicaions sevices across the counlry. This generaied 2 iot of atlivilias i the secior Bke

demmnd for wlecomymunications equipment, accessonies, consultancy and ischnicg narlnershins.

Howeysr, the civillan administration which ook over from the milllary i May 1959 promplly

cancelied the Hoences. In the flowing July, the now gresident gonouneed plans 1o orvatine

aythorized e NOC B issue vel another sat of new loences, which  did NITEL dlso

approved eight privale frms Yo be connected 1o s switohing system i ontder fo provide services io
different Migerian gecpolibes zones. Also o 1988, NITEL sed up 2 pachke! swilthed X 25 service
vig Telom SA VEAT -hased SpaceSieanm servics 1o South Afica tn Unk Nigeria's magjor cities Ry
datn communications. Most of Nigera's lephone systom s sl angiogue 88 only the major oities

and university towns have become digital. Since 1988, the Cerman company Slemens was given

the confract o digiiss the coundry's lelecoms systerm in phases: a ot of the warl(is 8 ongong.

mstating 2 hod lephone g o Nigera s no easy matier In 1885, 2 ine may cust over MDD
300, and could teke several months and cumbersome papsrwork. Howsver, 1he new govemment

s groatly reduced the official cosl of applving Tor 3 new ing; MY

eed
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oy o new land ine. Howsver, whad s obtained was 2 new wave of applicalions Tor senvioes, thus
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compounding the sreaty milss-long walling ne. To compensale iy s disnwd peskemanse in the

rasidential seotor, NITEL has for long heer operaling 2 payphone system.

Soon after NITELs Inceplion In 1885, 17T was confracted o supply and insigll payphone Kosks 2
ovar the country. This coincided with a downiur of evenis in the Nigedan econony, antd the Coin-
hoes becave sasy prey ky vandals, Therelore, tue o vandalication in the coln-opergied sysham,
Fowas soon withdrawn rom service, Much iater, the schrologioglly mure advanced oxd phong
systarm was broughl in Bul due © the large popudaion, the number of cards o salisly demand
would b enmrmous, and they wers not forthooming. This gave room o “card vendors who look
atvantage of e opporunily o do biisk business, charging for the use of el cards sometimes
rore than double the NITEL charge. And since the cords are usually oo sapensive R the

cornon cfizens, many had no ohoice bt io use the services of the vendors,

IRAT R

Magr Afcan proiects in which Nigeria 1§ partichpaling inciute the ECOWAS Telscommuninations
Progot and the ATET Alncs subrnaning cable prolect Modern sestors of the Migenan

conomy, typified by oif and banking are looking Toresrd fo changes in the isleoms seclor,

4.4 THE GESM ENTRY

The Migenan govermment has sebout o achieve an essential goal through privatisalion. i setup 2
Natong Councll on Privalisation with the Vice Presifent as chaiman, The former Technicyl
Cormpritien on Frivetisetion and Comnerciplisation, TOPC, which had been set up by e military,

was renamed the Buresy for Public Enterprises, BPE, and charged with e technicad aspects of

the privatisstion progamems. Other fluencing quarlers include the considerable MNigaran

£
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erigrants, who raay want i invest ot home. And slso reay wart g more efficient teleooms service

o contact relabves and Mends. The substantial o and hanbing indusines are alon ke,

o pave the way for the GEN foensing and other restuchuing processss, the NCO hed hei
conferences © fmshion o modsiies fr 2 new islecoms polisy and the hheraBasiion and
prvaisaion regime. At g 1959 conference, experts suggesied ways o achioving Bwse ends. Many
belipve thd dereguistion hes the advaniage of ringing It new money, high penetiation of
tephong densily and dlao binging compedition 1o the industry. Nevertheless, deregulation and
prvadsation should be approached with caution and necessery steps must be taken before

divasting govermment assels.

Migens nined the worlds dighal celfular nebwork in January 2001, The competing opersions i
Migeria sedected through 2 public suction, which began on January 17 and endad oo January

14, 2001 Four v suscessidly contluded the auction bl only fhres et the mandalory deadiine

for payment of the license fee of LISDZAES milion sach. The successiul firms wars Foonet Wireless
arigingly from Jmbabwe, BTN swned by 2 South Alloan company, and NITEL, the Nigedan
governmant swned elecommunicalions parastalal. Communicaion Investmenis Limiled {CIL), the

oty indipenous frm ol e tme, was eaced ol of the race by the NCU afler sllegedly faling o

meet up with the deadiing for payment of the balance of the license fes by mudnight of February 9
2001, The race sharled in eamest betwesn the two digld mobile Heensed operstors -~ EDONET

grgd WTR Eoonet Wisless laurched s services on August 8, Sllowsd by MTN on August 8

MITEL ook off the next day August 9 The moblle nebworks in Migena operate in the GEMEOD MHz

aned G5R 180D Mtz frequencies.

MR




.11 Discontinuous reception

tis 3 meinod used 1 consernve the aobie sighinn’s power. The paging channs! is divided 0l 5Ub
channels comespanding 1o singls molde stabons. Each mobile stalion wil then oy Ystew 10 #5

sub channg and will stay in the sleep rode durog the other sub channals of the paging channel

3.6.12 Multipath and squalisation

Bt Sie GOM Faguency bands, radic waves reflect rom pubdings, cars, hils, ete. 8o not only e
vight' signal (the oulput signal of the om ey} i received by an amenng, bt aisny many refiected

signals, which corrupt the infonmadon, Wi ith difforent phases.

A enuatizer s in charge of exracting the gt sionel fom the receled signal it estimates he
channel npuise response of the GHM sysiam and then conalructs an invesse filler. The receiver
knews which ainng sequence i must wall for The squaizer wil then, comparig he reost Bt
frafning s with the fraining sequence it was sxpecting, oon pte the cosficients of the
chammel impuiss response. In orter © exdragt e roht sigeal, e moelved sl passed

hrough the inverse filter,




PMigena s pursuing a0 smbiEoos BEComiTnDaions eapmsinn pogam expecled o bvprove the
national teledensity that was 81 U 4 percent before the advent of GEM. Nigeris infends 1 intreass
s fined wire nes fom BU0L000 o over 4 milllon within the next 2 vears. 20 percent of thase lin

are pected 1o e inslalled In orurgl communiies in complisncs with 11U and the Nigeran

govermend direcives on universsl aotess obligaion.

The Migenan government has said that it comamitted fo instaliing about 2 milion mamiines and
1.2 million dgital meble e before the and of 2002 Within this e fame, 2 seoond nebwik
caresy will be lcermed o compele with MITEL Nigera has reviewed s Blecommunnaliong policy
fral published in Ootober 1999 and has issusd operaling Hoonses 1o seversl privale operdls i
the 350 MHz frequency range for zonadd, regiongl andior commanily tefephony. A second nghonad
sy, Clobacom, was also loensed. Globscom has long shorled wok on insiiation of

o

sguipmant, erecing ransmission masts and laying of Fansmission cables. Ay at August 2003 s

kg

services have not started yel despile the ot that # promised io Stan bansoussion by March, 2000,

4.5 THE GEM OPERATORS IN BIGERIA
The achve apaatnrg in Migens arg

» BTN

o GLOBACOM (Yol to meh}
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The shove-mentioned GSM operatons have reached severgl stages in the exaoubon of el dulies

5 (35h service providers, MTH, Boonet wircless and Mitet have sine started cperation and have
benn operatinngl ever since despile perinds of hilches and somelimes ol shutdown The
ncurbent nebeork Nitel has the lsast number of nes and 5o far, s services have been desoribeg
by many subsoribers 28 grogsly neflicient The contract io ncrease the numbey of Bnes has bean
awerded and e publc lx ol walling Tor results. So far, Nilel's onifls ore e chaspest avatiable
fodlowed by Econst and en MTMN Together, these wee nebworks give 8 combingd subsorber
base of 7 million planing the ledensity of GBM phones only #1 about 1.68%. Combining this with
the muober of landiines and Bxed wirdless lings would give 2 combined feledenslty of over 2.0%.
Thiz is 2 remarkable growth from 2 Bledensily of 2 mere 0.4% in 1980 There's ol 4 ong way 1

g0 Migeria is o achieve e 11U reoommended isledensity of £5%

in tarms of subsoriber base, MTN hag the highest with about 1.2 mifflon subsoribers a8 2t August
2003 The exient of coverage achisved by MTH is qulte remariable gven el ¥ has excesded i3
set target On this nole, MTH was desoribed more vividly compared 1o the olhey netvorks, The
genardl oullook 8 be%me{} i be whet is oblainable n the other nebeorks. Many sopects of ey
pperaions are quite simdlar since they are ot following the same speciiicalions. Diferances e in
mothes of operations and publiclly fechnipues, Nited GBM, being an incumrbent neteord iz worthy of
mandion, This was done in order 10 give & picture of how things wers and possibly how things
wonild have been should Nt be silowed o operdde dlons. The benefits of privalisalion are dearly
seen in this soenario and based on thiz ohaervation, e role of privale owned netyorks can best

b appreciged,




Econet wireless and Globactm as biefly mentionsd, A desoriplion of thel networks a2 given by
the GUM associsfion B given As of August 2003 Giohavom has nol siarled commersial

operanng yel sithough test ransidssions have been camed out

451 MTH BIGERIA

45114 Bachground

MTM ke 3 South Afrcan celiulsr nelwork operator and io lisled on the Johenneshurg Shock
Exchange under the umbvella of the M-Celt Group. Launched in 1984, MTH now hes over e

roifion subsonbers. License awarded in 1992, MTHN owns serdice provider B-Tel and has inlerests

in - Talk Celiular, Leal Wirsless and New Bucks Holdings,

BMTH Migera Communications Limited s part of the MTN Group. Incorporsted in Nigeda on
Movernber 8, 2000 a3 2 privale company, it secured 2 Hoense 1 oparate GEM teleshony op
Februsry 9, 2001, o the Nigedan Communications Cormmission, TS GEM network s ong of
the lrgest in the world, 1 has approvimately 4000 sites covaring 19 200k of road, B00 D00kme of

tard and providing socess to 94.5% of South Alred's populsfion,

On May 18 2001, MTN smerged a3 the first o make 3 call on s GEM nelwork in the new
dispensation in Moerds Therealer the company launched Bl commerial operaiions baginning

with Lagos, Abua and Port Harsourt,

B T




MM products and senvices e avallable ot s Friendship Canbies and 3 nalion-wide melwork of
deglershins, banks snd convenience channels including sabeses, pebob sisliong and

neighborhood slores.

BTH leads the industry with service svaliabilily such as Pay Az You 0o {he pre-paid package)

musiness Time osbpaid of sonlract package), Booster Card, a3 well as an array of value added

servicns that nclhude Short Message Service, SMS, internationsl Rosming, Wirsloss Applicadion
Progocol, WAP, BT Funinnes, MTN Dirsctory Enguinies and Remole inferachve Voive Responss,

Thie company curently hes o fotel of 14 mobile switching cenlres covering 35 oifies with abowt 500
base siations. 1 has a subscrber hase of about 1.2 million foliowed by Eoonet wirgiess, which has
about SO0.000 tnes a3 ot August 2003, This places MTN i the lpatding position i tems of

soviyage and subsoribey base

i dapumry 2002, MTH celebraled the completion of 3 nation-wide miprowave vadio Yansmission
bankbone Known a5 the "YHelle Hahn® The MTN YheloBehn' was conshucted Hwough an
investment of UEE120 milion by MTN and can enable up o 1500 volos calls & the same fime
Migenian President, Olusegun Obasanio, formally commissionsd the completion of e proisdt in

Lokola, Ko Siate,

MW Migerd's microwsve backbone spans 3400 Riometes, fom Kano in northern Nigenia
southwards, branching off towards the east and west respaciively at Lokola. by all, # faverses ovar

4 (s(

{ Migerian owns and viliages and oty conwnunities will bave access o globel informalion and

O




3F  GEM sorvices

i is important o note Hhat o the G services were not indrotuced since the sppearance of Gk
nut they have been Introdused in a regular way. The GEM Memorandum of Understanding (Mold

defined four clacses for the infduction of the different H5M sarvices:

$A]

W B ingroducsd ot the stt of the servipe,

B2 inioduced g the end of 1881

» Fhindoduced on avallability of halfvale channgls.

¥ A These services s optional

Three catmnories of services oan be disinguished:

> Bearer senvices.

#  Bupplementary SBervices,




271 Telsservices

N

Tedephony (E18 Ehl

o Facsimie group 3 (£,

» ShortBessane Senvoes (B1 B2, A3 Using hese senvices, 2 message of 8 maximm

of 104 iphanumens characters can be sent 0 o fraen 2 mobile stabion, H the mobiis is

powered off, the message s siored. With the SME Call Broadoast (BME-CBY 3
mgssage of 8 mepdmum of 82 charatters con be roadesst in s mobile sertain

geographicat ares

= Faxomsll Thiough s service, the subsonber oan receve fax messages & any fax

HELnE

s Woice el This servics comesponds 0 a0 answering maching,

272 Bogrer services

& bearer service is used B Wansporiing user data. Some of the bearer services g listed below:




Asyrchionngs W syrehronons ke, 300-9800 bps 1y

&

85l SCCEES, 300,

= Syne Chnous dagd

Sated packer dits ppr CBEE, 2400 G800 bpn £

L1z Sﬁﬁﬁf@f?mﬁf&f}f Services

& (it ?{;ms&mézzg {12 The Substriber pap forwarg sﬂmmm:; Lalls fo

G anidher Mimbey
Calleg Mobie

i the
bugy {LFs) Ueschahie {0

M;»}cj or i ¥ FEfe i

{LFU

80 reply i FNRy) oo
f{:s;waffjé{zﬁ

73 ‘-.iciu

58 #sn be ke Jrﬂunésisaf;%ﬁy

s ol Barring There ars {zgf‘v;zﬂrzi;«;}w of ‘cai ‘:zaffmg’seme:es:

Barring oy A Utitgning Calls, Bane £,

Barring of ¢ Unstgoing in HEtnationg o

Barring of A0y Memationg Catiy excapt thoge et in Ward the vy,

w"ﬁé‘
PLMN Coys By, BOI ()
Barting of sy 4 Seming Cals, BAIC i 1)

b
e
i




sechnoiogy for the st e, b addition, the hackbone will gnable RATH Migeria 10 provios COverage
o @ owing number of ghways n Nigenz. Bedore the pornpiation of s microwave tink, MITN
was ueing setelile ks B interconnect most Nigeran cies. Thin wee undesirable espacially due

w0 i fong ransrmission delay associaied with salelie tansmi 55005,

MTH Migeria is 77.6% owned by Moblle Telephone Networks ernsional Limdted, with the

neianne of 22 4% sharshoiding residing o the hands of Nigg iyenian parings.

45412 Hatwndk Desoriplion

HTH Higeria Comemuaications Limited - Network nformation

Operakor Mams 5 WTH Migeria Commuaations Limited
hietwork Mame e MTH Nigena

Metwork Type > GRR BO0/1800

Handset Dode b MTH-MG
Metwork Cotde S 62130

Mehwork Status o Live August 2001
4513 Froducts and Sendors

Aa WITH starter pack containg e erns needed B aslabiish 2 connecton o thiy networh axtapt

5 mobile handset which is opbonagl. The foliowing fems are contained in 2 starter pack:

2 EIR A st
s ASBAcard

e A Servne Guide




Iy’

o NEOG 00 worth of calls + & doys aocess

£ new subsoriber pavs a presorbed amount to get 2 slarter pack, whinh containg the 54, he loads
this i s phone 1 gain aoeass o the MTH network, There e humper packanes e come wilh

seliphonss &0 the custorner doasn’t buther about gelung 8 ribile siation,

4.5.8.3.F Pay o5 you 3o

This it the casiest and fnshest way to enjoy the benefils of callubyr communisation. 1 is sullable o
customens who o not wish io enter inin 3 confract of lay down deposds bt ward aoness

siecommuricaion services instertly. s a versatle cellular package thal gives the cusiomer
Spadom of choics s Faedom of movernent. it offers imynadiate scoess 1o the MTH GEM network
o a0 “Aineong” aceess and airime card. Wil 2 BIM card already inaded in the phone, Pay
35 you Go enables the subsorber 10 pay for B8 cails belore making the calis, That way, e

cushoner i in condrol of hs call cosls.

Loading # 12 digd secret onde Bl s 5 wod off an ai-n-one access card offers 2 means of
paving for oalls. The value of the loaded carg s cradied o the sshaodbars stoount and e
subseriber can then make cals o the tne of the cradited amount, Such cards are svaliabie from
BATH Fendshin contres and authorised deslers, Fraisiulent aflenmpls © & phone with fse
codes are preverded by bocking any user et rgkes iee wuscesshd alflermpis. The

rothematics chanoes of sucess i such an stlempt e e g - 1010V

TR aise offers a range of celinhones that includes world-tamous brands & deh a3 Mokda, Bricsson,
Homel, Motorois and Siemens. Buving an MTN caliphone gves e custorner a il Mamdachiens

Waranty and Tenhpived Warranty, I a Taull develops during the warranly perod, MTN txkes




responsibiity or repairs of replacament of the phone. Fepalrs aie carred oul ot the MTH Sarvice

Contra,

The MTN Booster Card is an addiions! aplion for the heavy user. This card provides o reduclion of

i 50% on calls made for 2 pedod of 30 consanubve uninterrupted davs from the fime thal the

sard i3 oaded on o the caliphone,

Alb-in-one-fard Leall Value

Agress Pariod

-

1% days

M1, 500 WY, 500

5 3, 000 ' W%, 000

Hdays

o, 400 W8, a0b

Vel

Bldays

" Aoess Perod - means the number of days 086 oan receive unlimited incoming calls,

Tariffs (M

Pay a5 you (GO

With Boostercard

“lonthly Avcass B

4,000

%?eaé& Rate

(8]
SR

HTH 1o MTH

[
L5

RTH to Other Networks 5

“OH Poak Rate v 48

ML Cosl Rale 30




Hionday - Friday

Pank Paring 3"%%0'6%3" 1Bhia BERG

4

{3 Pogk Payiod - 19hrs D00 - 28wsB0R0, (4w D000 - O6lye BRRE
Lo Cost Pennd . {*{;;{» 000 - 05 55959

{4 Pesk Rates are aoplioaile 2l day Sshuday, Sunday and Public Holidays,

intmnational Hates

Country ] Wk Boostersard

Africs
zma 1
Simbabwe, Zombia, Bolswana, Maiawd, Angola,

: Sy R
?ﬁam iz, Dern Fepublo of Madagascar, South Hi WIS

Mrica Swaziand, Kingdom of Lesotho,

| Ze}ﬁaz
Mg, Liwa, Ghang, Gambla, Libodas, People’s
Rep. of Guinea, Egypt, Morocon, Benin, Cole M1Z0 MIZG

dvoirs, Senegdl, Mal, Siers Leone, Mauiians,
Guines Bissan, Togy

fone 3 P
Restofpies oy 150
Europs s 115

 Asls, Horth Amerive 120 ” 130

_____ South America 1650 160
fnrgsat A . 310 34
inraset B | 450 i; 480 ]

S valls are onlouigied and charged in unfts of 80 seconds for the st and subsequent minules,

o £




the pverdt that the subscriber uses any part of 2 ot the subsoriber shall be lable for e Tull charge

it respect of that umt

Al prices and charges sel ouf are inclushes of VAT,

4.5 1.3 2 Buxiness $ime

Thig is desigred fo offer e cusiemer the cost saving benelit of low tanfi and the converiernns of

paving for calls #t the end of avery mondh An Hemized DI i3 380t sanh month, this allows for
paying the monthly celiphone bl in arrears. Subsoribers who stay on the busingss TIME il plan

£ eomseritive months, will roneive NB, 000 bonus agirtre credited o thewr socount

To be & buanessTBAE subsoriber, vou will be requied o conplets an MTH Migera subscnbey
sment. Once approved, 1his ageement is binding for 2 minimwm period of 3 days, afler which
i vl remmain in place uel you chonse fo cancel i by giving MTH 2 1 doys nofice. Together with

your subscriber sgrenment, 2 one-off, refundable seounly deposit will de required.

The lerrsed montidy bt shows the rumbers calied e call dursdion and the call cosls. O the
subsciiber agreament is apoved, ihe subscriber obiging 3 pack, whish contains the B4 card and
a senvice guide. The subsoriber is given 2 chance 1 choose 1S ow nurbey known 25 the: “aniden

Mumher®,

H
~d
-
Lt

¢




Tariths

Business Thne (TH)

Montbly Access M3 gnn

|
ok Rale

MTH to MTH ” Mz4

BATH 10 Oherg e

O Poak Hate MEl

et ow Gost Rate K15

iernglional call rales same a8 i Pay a8 vou Go.

45433 MTH proTItiE

Thiz is g confract package with 2 low acoess fee compared o bushness TIVME and & fow tariff plan
cormpared o Pay #6 You Go (PAYG). MTH proTIE customers have e opporhunily of paying just

BE00 montily sovess fee and B33 ol peak fme for MTH o MTM calls.

Protine oifers benelts of conversion fom pay a5 you o without changing numbers or S, a
oredi bl faclity and o digd i sooount balence chek fanilly are oo in place. This package i

nuite convanient, as there 3 0o need fo load an glinone sorstoh card,

Aotivation Reguirements

,,«‘;




The foliowing scivalion requirements are necsssary B subzeribers who wish 10 feke on this

sackage.

W A forn of enilication, which could be a driver’s license of intemationsl passport

;’ ;-/3;} o-yg‘?% rw " (. u"} ; ,::* g}"?”ff’fé’ ‘-"‘ﬂ.ﬁ f!;}f’f

w Payment of the costof the starter pack =M= §, 48000

w Pavment of moenihly acoess fee of =h=1,500.00

» Poyrent of security deposit of =R 10.000.08

The completed forms e 1o be raturned o the Tendship canters, forms flled 2t the dealer oulists
are @so o be rehaned o e Frendship centers, Unce e above requirerments are med, the
systern would automatically dlocsle a rendomly gengraed MEISDN o the ProTine S afler
werifying ¥ the above amounts have been paid {Unless g Golden Number has bean sped el

Aotvation of BroTime Sibs would ONLY be dong &t the Friendship cenlars.

Any subscriber currerdly on MTN Pay as You Go thet wishes 10 migrale o e BT Protime

cackays may 90 30 provided the following crterls gre met

e Aform of ientficetion, which could be 2 driver's linense of International passport.




s Compleiion of 2 migration form and handing s sug

oaiet, In the form, the subsoriber would be required I

S b in the form,

+  Payment of monthiy access fee of =N=1 300.00

s Payment of secuily depos of == 10,000,090

The subscriber woult be aufomatically migrated after 48 hours,

Taritis

s any Friendship conter o degle

write hisfher current BASIRDN and

Monthly Acness

1500

ok Hate

WTH fo MTN

N33

MTH o Others

A

hiZ8

* o Gogt Rate

WG

A 5M5

W15

45134 MTNfex

Thiz is o pre-paid sorvice with & el that decreases e mwre ol

e vathin 3 monily, e cheaper the o

‘M.}

:"\.3
Tt

#e mads, The vome oalls ore




i starts of NSO and can g0 as ow s NE depending on the gmount of Bl me. This means the

frore you Bk, e 1858 vou pay.

BTN helps vou ensurs thet vour ot ool costs don't excesd e customen’s persongl budget 5o,

you by the amount of cell cradit and acoass Bme yvou want and pay for & belore you mgke calis,

WTH pay a5 you Go or BTN boostercard subsorber can change 1o MTN Baf by digling "317%
and they will be automatically moved to MTN fexd Their aitime value and acosss tme will be

transforred impeedioely o MTH #axd

Tariffy

Galls made In Migeria to 34 operators and selected Yalue Added Services. (ALL HOURE)

Lovel 10 - 45 min B

Level 2045 - 1M ming MAD
Lovel 30127 - 240 ming 5
Lt 4 241 ming and above MAG




SHIS (160 charaviars) Ll 815
Forwarding / Bending aingione Up 1o N4S
Forwarding / Sending 8 piohure message Lip o MNBD

Custormer Services

\
]
o
P
e

ok

Wotoermatl, Using: 100, 114, 119, 128, 138 or 358 bada-card

Bl cafic NE

f«%i oalls Fres

”famf witch o Slendard "5188 OF andior flexd "5178 0K}

MO0 for sach chanoe, {See below B deteis)
‘ @ ;




Option |

Oiption 7

Oplion 3

Frepaid Option

pay #s you &0

boostercand

P

Poak MA0
Off Pagh ”\34?»’3
LI D05 i P, n

g MNIE
O Poak: M2O
Fow oosl M1S

CABming: MNAD
45-1 20ming: MAG
121 240mins - M35
@3& e«mzrr N3G

SIS

L

Howw 1o switoh 1o thisiDall "5188 OK
O
{Cach change N¥ERD

L oad & boostercard, cosh NAGGD

Lasts 30 gy
gt o
g (300 4

W pay s

another buosiercand ne
3l ve e back o the
don, suiomatialy.

4.5 1.3.5 MTNy Messenger

This i anuther contract package

Bphealions of CuUSTImMens

DE TPR38aT

# offers & owi ‘é

it

e business
camrs for the neads of comorations
using & high volume of B3 nessages.

& at off Bmes and gl other conditions ame the 33

fme. i offers g

aral crganisations using Short Mess

iz a5 the busin

4.5 1.3.6 Value Sdided Services

range of value added services, Apart from making Yoice ©

@ Helow are some of the senvices

Ahe San

Test message

t effechve SMS il plan th

rdice (G835} based

5 @re charged MY

255 e package.

Galls, you can do




% Yoltamail

« (a8 Barving & Forwarding

» (ol Walting

e Lgil Line identification

= Enhanced Yolcomgi
» Short Messages {3H5)

e Faxmail

e internet

= internations] Romning
» Closed User Groups
o Lustomsr Services

= Lmsrgency Servicss

4514 Froblems

The TN aelwork has pariorned quite remarkably a3 15 evident from 3 compaison of the three

S50 aperators currently operating i Nigera, Nevertheless, the users can best judgs the guality of

E

a tlenhons nebwork whether or not ¥ s 2 sublective udgement The various complainds thet come

fromn subsorbers sre enumeraind below

e




»  Dalis get dropped wiils vou are st spaaking and MTH bills you

e Al st connected but the called party doss not hear the caller, The cofler gets billed

»  [Hfcuilies in oading an gl-in-one card dus lo network falres

»  Prolonged delay in ransrmission of el messages somelmes for days.

K

o Spparent ree SMS thal el billed ater on,

»  Difficully in geiting connected due to congastion,

457 HITEL GSM
4521 Bashkgrount

The mobile unit of Nigeria's ncumbert network is i GEM. 1 slared Wansnission on e G o
August 2001 and since then its performance has hesn desciibed by many as hig ity apiepic.
When the frst saviversary of G5 was celelated in August iast vewr, Mitel GBM had 10,00

subsoribers. During the colebration period,  was n the process of selling 100,000 nes. Afler
sabing of those nes, NITEL siopped mifing oud Bines. A5 ot August 203, M was operating

18,000 ingg.

O of the protiems NITEL faced was at of iInferoonaschvity. N el had difficulies inreaohing 20
agresrment with the ofher wo (35M opersiors on tanfls. Econet wirsless angh MTH are demsnding
r18 per for aif the calis ey terminate. Mitel charges N2 per minula for Mited o Mt calls. Paying

N1 out of N2 T would speit loss Ry Nitel The interconnectivity problem becarme a highly discussed




mroblem bl oo far, nofbing owich has been dong. The Mgenan Conynusicgbons Commission

(MG bas ted o resolve the matter bl falled

Aler the Tahee of the gilermpt 10 selloff Nilel © privale wmvestors, the Government gove e
contract for the management of Mitel o Pentascope Infernationsl, This geshure was done o g
things i order before aflempling o sell ¥ again. Pentascope Infernationsgl 15 2 povalely owned
wlecommunicalions company that is based in Netherlands. Pentascope will be paid 4 milion LS
dolizrs poy vewr. They have suppled 3 hey offivers eah o Mitel ang Mkl GBM: CEQ, Chisf
Finance Dffcer (0RO and Thied Technicst Officer {0700 The company ook over In March 2083 -

gt shibes by the Nilel workers who have boen againgt the wivadiestion prooess - and has

x‘{)

staried work

in Karoh 2002, the Goveroment awarded e conlract Tor e expansion of MNitel by 1.2 million lnes
to three tolecoms companies. The companies are LM Ericsson {Sweden), Motorola (UBA) ang ZTE

{Chingl. The vontract was gwarded af o folal of 155 million USD

The iob was expected o be oomplsied in § moniis, but the target has oot bean met fuee monihs
ey, The Chinese Dompany ivolved in the project was delaved by the BARS oulbrssk in Asia
il prevenied the BEoginesrs from coming over 10 Nigeda. The other companies we being delaved

by the Government's inability 1 pay them on e,

Behwoen August 2002 and August 2003, the number of subsoriptions grew from 10,000 o 118,000
and s remaingd 5o Bor the past T monthe. The number of clfies coversd grew fom 450 13 and

SRS was adved indo Nitel 35845 senvices,




i fprt 2003, the Nigeran Government spilt Hitel ioto two and il 58 beoame 3 separaln

Covnpany. It reverted to 18 od name of Nigerian Moble- Telecomimminations Lil M-TEL M-TEL

WHS i

ially in charge of Miel's analogque coliuler isleconmunicalions.

4522 Hetwork Desoription

Onerator Hame o Migerian Telsoormurications Limied (MITEL)
Motwork Hame o MITEL GOk

Hetwork Type LGS 000800

Handset Code %

Hetwork Dode g 821 40

Kotwork Status W Live Cotober 2001

4823 Probioms

> NITEL jo 28 not fully inferconmested o Foonet Wirdless angd MTH, ard 50 bitgd 358

suhacribers can't ik to 2 combined hase of 2 million G50 subsg

S VWiile B ped 17 billion vam (125 milon USDY o Doonet YWirsless and MTN for calls they
terminated. Mt (G8M could not b them hack for the sells i lermingtad. Tha reason glven

s ot Mited (550's equipmerd sould ot give acowals call dits records.

» Mitel GSM heing 8 government owned parastaiel 8 beadly bound by the lenels o
masancracy which, given the stale of e nalion, B 3 siany hingrance o sfficend

performanne.




453 ECUNET WIRELERS

4531 Mepmork Deoscriplion

Cmergior Mams
MNetwork Name
Wetwork Type
Handset Gode

L rsdnasneie £
Matwiork Code

Metwork Bius

454 GLOBACOM

4541 Hatwnrh Description

“wonet Wigless Nigeria Lid
Foonst Wirsless Nigana
ik SOOI 800
EOONET

Live August 200

{iohacenm Lid (Gl Mebile) - Meteawk Information

Cperains Nape
Megwork Namg
Metwok Type
Handset ode

B et ' a .
MNetwork Code

Metwork Slatus

Clobacoem Lid
e Wobile
(GRS E00
Gl

G521 B

Provigiong Member




5 COMMENTS/ICONCLUSION

51 THE PRESENT

Teleccmmunications sre evolving towards parsonsl comsnunication nebrorks, whoss obiectve can
e sisted a5 the aveiiabity of aff commuricafion senvices anviime, anywhare, 10 anyone, by 2
single ienty number a2 pocketeble comnumicslion lwming Hawng & rnititude of
incompativle systems Hroughout the world moves us farther sway Fom s ideal. The soonomies
of sede creafed by 3 unied syslern are enough fo justly its implementafion, not B oendion the

converience of carrying just one commumication lermingl anywhers, regardiess of nationdl

Another point wheee GBM has shown its cormitment 1o openness, standards and ieroperability
is the compatinity with the Integrated Services Digital Network (150N hal is evolving o most
iusinaized counnes, and Furnpe n parfiouler (he so-called Buro- S0, GSM & alse the gl
systems jo make extensive use of the Intslligent Nelworking concept, i which services ke 800
manbers are concentrabed and handled fom o few cerdrgiised service cenfres, instead of being

distributed over evary swilch i oundry. This is the concept behind the use of the varius

sk such g5 e HLR

The GIM syslem, and He ibling systerms apsrating ot 1.8 GHz (oalled GEM 1800 o DORTRON
¥ }

}

SN,

“"S

and 1.9 SHz foalled GOMISG o ant operging in North America), are 8 firsl approach

ot & wue personal comemudoation systern. The SIM card 5 8 novel appro sach that implements

personal moliity in additon o terminal mobility. Together vwith idernabong roaming, and suppor




for o vanety of services smh a5 felephony, data anshr, fax Short Meszage Service, and
supplementary services, GSM comes close o Rullling the renuiamenis froa persond
communication sysken close anough that B s belng used a3 2 basks Jor the neat generalion of
menie communication fechnology in Furope, the Universal Moblle Telecompumication Sysem

ARITE whish s the 30 system,

82 THE FUTURE

e ool systems resch matwrity, meny @re looking fo the fulure, Whils the PLS Fraguencia

00 MHz - 2000 MMz are s being bullt e, the next generaton of cel ey commupicalion i
teing taunched. To provide ue homogeneous workbwide wirsless coverage with no gaps, LED
flow carth ord) sateliites sre being used. These LEC satelites orbit the sarlh in high spoed, ow
shtude orbitn with an orbitel e of 70-90 nimdes and an sifude of 400 - 700 miles. LEO%

srovide sroall coverage cells around the size Washinglon slale. Snoe LEDs are o

(_“‘i

gensynchronous, they are foreed o fy complate orbits, and thug many must gaist o gusranies
svery es ks covarad by at lsest one satelite 2t 21 tmes, Thersfore, call handof s executed when

the saielite moves, nob when the person movas 85 1tis with ground-based cellular sysiems.

53 LIMITATION:

GOM is o hroad ok that cannot be covered infensteely with 2 100-page document The GBM
specfics sone consume 2 whooping 8000 pages of recommendations and evaluations

gesred wards aecomplshing a hitch e standard. In this project | have ied 1 give an overview

e
]

s
i




of the TEM system, As with any overview, there are many detalis ing. However, | ied D give

the general favowr of GEM and the philosophy behind s des i

The descripion of (5OM in Migers was iended o cover the vano s nehprk operatng i the

country. The information needed fo gve such 8 des wription peaded B cong from the operalorns

thermseives. On approsching the management of some of these actablichrnents, they divecied me
o the Intarnet for 2 the informaiion | need. Consequenty, | found oul that the Intemet, albe A ioh

seuiree of information, 15 rot enough do describe the st of affairs i thaese narastaials. The
contents of these websites were founit 10 be rathar vagus. | believe they have reasons 10 N ERT
e aspects of thelr operations |y secunty 1838008 OF possibly, aounonis ressons. Hance s

project was mostly written with information from the darmet,

54 RECOMMBENDATIONS

undergradusis projent hes exposed me o 50 much in the wor i of teleomynunicabons. The
vadous espects of 3 islecommunication systery have been siudied o gain 3 Wl bechground
ik, One thing | noticed is the fact that Nigena a5 a counly i g pure consumer of alf e
selecommunication services offared. Nigera canmot boast of producing 2 single misrochip when e
rest of tf‘a: developad workd s heading towards more advanced echnologies. host, if oot aff of e

soviproet used in e elecommunicalions nduslry ey are mporied. In fach managing thess

companies, including our indigenous Nitsl s notw ot the balp of forelgn sxpabisies | belipua

rinerians have e capaclly to handle thess campanies 45 well as thelr forsign courterpants. 1o
this end, | renommend @ different approach by e government i & siving ihe problams assoniated
with our eohwiogiogl backwardness. Mo relournes should be channelied fowards Yaining

indiganous Enginesrs even I 1 means Ialning them ¢ droad. The knowledge bought would be

L RG.




mmh morg veluable than an equivalent amount of sguipment boughl We should be more

siprasind in the fulure not the prosend

One of the ways | belleve the government Talled Yo conzider Rilure conseguences i in the sale of
the (350 lcenses. The amount charged s quite exorbitant and every Migedan Y pays Tor bis
phone calis fesls the effect The tarifls in Migena <8 remain one of the highest in the world, And
how cheap elecommuniation services will getis greally binited by these facts, The govermment
should seriously ponder on issuss it have Toreeaching consequence before ambarking on any

project sapedially I i involves the resl of the workd

585 CONCLUSBION

The siate of e slecommmunicalions indusly in Migens has greally unproved in e past o yaars
nt only because of e GEM schnology, byt other sectors of the industry have enjoved an un
abated growth, An example of sueh aspecls & the Infernet and compuler I8 elecormmmisations i

generad. internetworking of computers has greally snhanced produciivily in the economy through

sficient uilisaton of facilites thal can be aocessed fom ergle neations. Banks hove conlralised
wyorks that ke Tansfer of funds faster and mueh eacier. B5M networks have faclitated some

of these functions by the use of wireless dede ransier pankages e HBOEC and GPRS with
rermahably high data bancler spesds thal can caler for inlernet nonnections on 3 winsless
conputer lrrningl ke 2 laptop, The GEM handesls themselves can be used 10 gain oess o e
inderniet, Thess days, the Hferent modes of lecormmunications can hardly be disgasociaied sinog
thi used of phones and the Indernet gre Bke two sides of the same coin. For inslance, SMS o teat
messaues can be sent o 2 GEM user from the Intermet ang viceversa. E-mails can be sent and

receivad on GOM phones without e e of 9 compuler lomingl




Faday's GSM plationn is 3 hugely successhyl wirsless tectmclogy and an excepliondl story of
giobal achipvement I less than len vemrs since the fiest GEM network was copranasially
launched. it hevame the wodd's leading and fastest growing vobile standard, spansing over 140

oouniies,

Today, G350 wohrology is v use by mare hao ong in ten of the wolds popuislion and it
estimaled that gt the end of 2007 there wers 787 pilion GEM subsoribers across the 150 countries

of the workd

The growth of G844 continues wabated with more than 180 mifion new sustomens i the last 12
months, Sines 1067, the number of G subscribers has increased by a stagearing 10 fold
Chring late 2007 o aarly 2004, it is predicled that global GEM subscribars will srmash tvough the

5

o blion mark,

Sigeria is not lef behind in s o of everds, The teledensity Incrsased fom B4 n 1088 w2240
2003 This s 2 slaggerng 400% increase and with all hings being equyl, e letenslly 15

axpectad 1o nse tp 10 parsent by 2006,
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7 Glossary

ARG
Amencan Digital Callutar

AMPE
Advarced mobile ohong serv

Aol
Aovice i oharge

AUL
Suthentication cender

b
Hirs Per Second

BEC
Hane Stadion Conlrodisr

383
Hase Station Syslam

BYS
Base Transceier Siation

KL
Cel Global identity

LUG
Closed Usey Growp

Doy
Digital Cellular System

LTHF
Duat-Tone Mullifregquency

EiR
Eguipment ently Register

G
GOM interworking unit

GHEC
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Chatway Mobile Services Switnhing Cendre
M

GHGK
{aussian mininum shilt keying

Lo
global system for moblle commmunication

HLE

fome ooalion regisier

My
Herts

10N
ifegrated services digal network

hilo

kbhps
Kiuiiis per seonnd

LA
Lonshion ares

LA
Locahon-Area ldantity

LPL
Lingar Pradichve Coding

Mz
hogahertz

L

hobile Servives Bwiiching Canter

SN
fohile Service Node

BxE
Massags Dentey

W
Mordic Mobile Telephone




O
{iparatons and mginienan

ou nanter
085
Coperadion and suppl SySEN
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rraondd COTTRITCARONS SEnAtES

oG
seranng diital ol

PLEH
Poblic land rabiie naiRork

55
Systching system

THOE
Tols antess eommunication sysien

TOMA
Tipe diviion multp

@ BOBES

LR
\ieitor location regisier
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