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ABSTRACYT

he GOM techiology is » purely digial cellular fefophons syshern that wan infroduned in

12 by

5 Buropesn inlecommuniogdion admivishalors caled e Contorsncs of ! Bwopean Posts ang

stegrapha and bunched Iy 1901 #wan o 1 wopean standid Bl yabad gloksd aceostimes ot

spreading in Ewops o become fhe prelared systom in venr 190 combrins sround the workd fstdany.

7 p{ng(;{mw} a5 g pd ganey atinn {2 £3 , ondining gﬁm gm,;g ayslony with e 18 grnesafion haing

the now obsolete sraloguy et felnghone system. # wlon sorvng g the stepping sionns o the

et genersbion of eoliular plones; e CDMA 30 cofdby phones. The GER

simppriand wos

- carphdlly plarmed to ooler for g many funclions thal ware known af e Sow and alen made faxilde

S

ot

ah b sccommodste fubiss day velopments. This project gives a concize desors slion of tha

58 system fom & echnie # point of view sl cubmineles with o descrintion of e various 058

WOtk opsraton in Nigeria,

aravercied colflar sysions have beon Iy exitlonoe sinee he saply B

siony b adopd
3 gohat stardard camg with the nead o myee on cortain aspacin of g vew tnchnology In ordsy
fster greatr rade relafions and inleraclion batwenn nafione. The fant Bt e winhd s ehrioking fo
became v global villege is prominend. Migoris, being the pst popitstod counby in sob-Sohaan
Alrica, with o teledersily of about 0.4 in 1999, oingdd the roce of e gl ora in Janumy 2000
wher it ebraced the Global Systens for Moblle Communieations (G5M The various nptaions of
GaM tnchaology In Migeris are Irielly desoribed with e aim of giving an etensive dew of e
e of evenls in the telecomauadoalion ndusiry. A baok gwosnd view of leeconrmmiontings in

Migeria s masentad fo bighlight e dewslopment of fnlooommunieations in Migesin in orddey dn

appreciale e stole of the foleom industry 8 present, snd pranaibdy, i the Iote
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T INTRODUCTIO

GEM chnology s Nigeria can be congidersd fo be in s infeny The ooy v I i
Migaria in August 2001, Todoy, two yows laler, he techiology v epjoyed powide acoontann fiod
i evident by inproved lelecamoumination services @ Migein The O8M fechaddogy b aplly

shargd Nigers info the bwenty-frst cenliny, couling Nigmin anong e counbles aquippad o

facn the ijﬁi?;i%é%? ara. Before the advent of GBM, other frms of wirslsss islonearrninations media

axisied, The o amslogue celliler lechmology was being operdded by BETEL {Higodon

Telacomnmuniostions Ll Migera's national fefecommunications servioss coamer congunry, Tonlay,
GEM lechnology has paved way for the inboduction of olher lelecommumingiions companing

fncluding Bred wirsless operstors and ot boporiantly, 8 seoond safional ielecoammunicaions

sepvines cariey to work siongshls MITEL

The inurney began in Devember ’53{}{ with eyt and foreign lscommonicaion oonpaning
sorpeding ko the much coveled Nigeisn Conpnunications Comyndasion (NCCY GERM fopnnen, iy
Patsupry 2001 alier a competive Tigitat Maliis Urense auclion hat was scloimed a5 fon, (i

"y

and logitimate, Hese frams omerged 5o 058 Hcensed operalors in the country, These nugur
players e EOONET Wi RELESS | (MGERIAL MTH ared Comemmination Invashuents Limiled (01
Tha aoly indigenous fon of the time, DHL was easetd oul of theoraon by the NEO after slflegadly
faling by meed up with the doadine for paynend of the balanoe of S foonse e by idaght of

Februay 9, 2001,

Bofore August 2001, MITEL, the nalions majey telscor company had fons the S00.000 bunulilnes

% shane s

sprving thy 130 milion Nigedans ghving » leindenslty of over 250 panple 1o ons fafopd

o3




{0.4%). Nigenia's idndensity i repted B be one of the o

of e Infeonational Telooomemuniations on {1 reconanesdation of 4 panple I 2 telophons

fng {28%3 D50 offered an » propinte solfion by s andilinate siuation bewrameo o By fgw

cost, Hgh copacily and ralatively s st th S,

The B3Mrace shaded in earmest belween the bwny digited mobile loensed operaloss - FUORET ang

RATN - who embarked on vigorous  pubiicily stunts fo caloh the buoe maketin he sountry, Pilugs

trlephone operalon FT0s) such as nloroslinlor, Rel Vol Mudtitinks, Collcom amd others glas came

)'

e the soene and have deployed mo mote then 200000 phicne fnes At prosend, e Rinodes

e

f‘ii’"?midf‘zi tions Covwndss

wireless phone sonvices. § e recantly approved Globacom as the secomd nationsl ranier

Fhuss, ne doubl iepesent 8 maior leap o fhe sty but 2 wide yawiog gap s8I sensds fo e Bited

sl

Bunm sevdoes, (350

b the Migsdan elecoms sonlor in spite of ese develomnants, Migsins lolop

ar eberwine, o8 ramdin the poorest and most axpengive around the world,

-~

This project B going 1o alfempt to dessibe e OOM Tarch ety frr o what #is - o twenly G
centry 2 generation lephone syslon with a globat coverage snd world wide seceplancn, i
standdards me golng fo be desoibod I 2 seple and conise forrd, which | hope woadd be

appropiale for the scope of His undery adusle projot

& degonption of ealidar syslens is inchuded o give g hackipornd pinbire of e eswdi of coliniy

T

EMT]

tlephony from cepton. This wae done by order Jo 9 e G54 faghn gy o B dloe noode of

aae lelephony avolution,




The 58 systom will be dosciibod in 2 beiof and com probester spproncl, Thiz s going fo be o

bighly snesarised version glvan that e G88 Speciioation ducimontis over 8OO0 pages long,

Chapler 4 19 going Io ook at e avighn 1 nedwosk operstors in B oo sy sk By B apfun goon e

information ahout them aod the wivy ey operste. This project wit attempd o comnpenn e v
srvices avaliable and welgh them on an infernalions seate The vadous operalors n e counby

Bee going 1o be called upon to give a descriplion of thelr networks based on e lollow ing neierin

s Transmission equipment flypes, lecheinal soerifications, dishibution of base sindiong,

* Dovinage aoas [Covasan maps, nonaimes sialisfics, fdeddeentty Bl cnves ol

s Selug {oost ease, souwses of power, probisns encomerad)

»  Humingimaindenance {what's wolved, prolidems snoonnformi)

= Billing {leills, intercomnocivity}

»  Sladistios deledensity, avsrage ool firme

s Fubye §’H:f"»§{$;’§1};g:§u




2 CELLULAR

SYSTEMS

21 fwfinition

£ coliular moliie commmmisation m seslern uson 2 bvae nemher of Inw Py wirelesn banmaifiors i

Py

areate cells. The ool is the bagie geogaphic wea of @ colivhar syslam. The uan of vitahin power
fevels aflow ool Io he s according to the density of wsers e demand within s freafiouhy

region. Thase celfs are designed in such ways sl s moblle uarrs bavel o one ol i sl

thelr comversations ara “%%az'zs:;iasi over” between colls in ey fo mabiain seandess service. Thee
vells cover Bid g sl swes, frequencios used by one ool com be marde swailnh fo iy npwnsther ool
some distance sway for as long as ey e iy enough o pawh olley o ool inlrierrape

Fhum, the nopacity of the ayslnm s greatly norsaned taough the reune of e suniable 4 Py

bantdhwidih,

22 The Evolution of Mobils Telephons Sysfoms

Celular lelephony 5 one of the fasteet grow ng and most demanding leleronsnanicatione

1 “,‘afz‘?f}i) 35, g ”;33;} 25 ﬁ’f}it" 4 {:{}"gizrfﬁﬁ{.gg%? ;?{‘{i";}ﬁif}f} gi{"i f‘{f{‘f ?g(" ('; g FuERy g{ﬁ{:gf%;";?‘ﬁ? £ 337:‘15 §§ }{3”1‘)
o And ooy
systenis tsing e digital focinology have booome e suveraal means of feleoommmadoaliiem that

sne counlies e more mobile phoses than el phonag, Fgeria s one of st conmirieg

Tha conoept of calilar servive s the use of 5 e nunher of low power anseilers o crens

sefls ~ the basic goographis service ares of 2 colidy corneadcation gystonn As mobile unerx




imrss from oot 1o oo, tere conversalions s havled off betwnon sedls iy nrder s

sRatiess sendcn. Fragencion gsed in one coll can b sestned i smotlier ol soie iobnen

weiltdey o ey gredpaphin mos The klen of coll based fohile valio nysieeny nppearnd of el
Laboralories G URAY iy the earty 1970s. However, mohils colinda « sysioms wors nof inbodurnt fin
sommergid sre unll the 1500, Dby the o atly 19805, anslogue colida iy dephone sysbeon
M

fed Hingdony,

experienoed 2 very apid growth in B ueope, partisudaly in Seandinasia and fhe U

Teane

23 Cellalar Systom Architecture

o i the

cellutar sysiem, e nove ing s of o apetalor is divided info celle, A cal

ag
soverigg sy of one fonsedtler o g oaned collection of fowmmitiess The sier of o eolt i
detrymined by the bananiiiors powsy Celluby syslnns mabe e of b prages Bonsuniton i

order o onabie the efficient reuse of the Requencies. e fact, ¥ e fansmiflers ueed wn ey

powerfl, the froquencins can nol be reused for hundreds of blamete 28 a5 thay aa bndted lo the

covering ares of the ransmitier

The Trequency band allocaled 1o 3 eollular mobile radio systen s dishibutnd over P A grong of caliy

bution Is repeated iy ol the covering ares of an opasatnn, The wholn sunber of radio

charmwls avallable nan then be vsed In nach goup of celfls s e covming mea of on
spgrabor. Drontonsins vead i3 coll wil by reuend soveral el sy The dichinee bebunnn thy
ey using the serm Fequency must be suffinlent to svold inferferanes The fmponny 1omme ol

incraase congiderably the capacity in number of users,

e oeder to work properly, & oeliular systesn must verlly the following two main comlitons




W The power level of a ansmilior wihin o dngle coll geet be fenited In oder fo rodies the
it ftannn with the bavemiliors of rolghboniny cedie The inderhnnes will iof produen

any doammn fo the systom o distmnn of aboed 25 30 3 e e sonntor of 5 ool bo

rasoren] belwson ansnitfers The recolver Blfers nngt slao b vary officiant

kv

Netghbouring colls can nod share e same channels. In arder fo reduce e bilorionce,

fhe fmuencles must be reused only within a corlain pafler

in order 10 exchangs e information nesded fo malniain e conwmednation foks within e collnler

netwouk, several radio channels so enervd o the sigualling infornation.

44 Cells
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Fig, 2.8 A Hexsygonad Kepresondafion (4 A Col

A ook is the

cogeoggapide unil of A oolluler ayslom The oo eedibe comes o e
honeyeomb sppemance o onlb ke shchee of the arang b which g coverage aging B dividod
i.olls are hase siafions bansmilliog pver smsll geopaphivel aeen thal we ropreseniod ag

hexagors. Foach cell sire vares deperding on the landsospe. Becmme of consheinde bnpoged by

nahwral forvain and maremade shuctires, e ue shepe of sellz is oot o parfect beragon

v fy




241 iypesofcels
e dimsity of popubidion o s ouay @ so s ieg Sed ditlioagd | bypon of ool me uned

daven ool

¥

B R oelis

= Dadachve oalls

w Uhnbrelacells

2448 Macro colls

Yhe macre colls e lgn colls for semnde and sparsely populsied srens. They e sosily usad iy

fura sean

2442 Moo cols

These colls are used for densely populaled arens. These types are mostly found i bwge wban

ceniies whers the densily of users s gulle ugs. By spliliing the exisling araas inlo sousdler oofls,
E: { k: E ]

it channsls saplable i Incieased a5 woll ap e capicily of the colls. Hhe power lovdd

of dhe ot s dsed i those cells s then deceased, reduning the possibility of usdlosnce

buhwoon sofybbonsing ool

24L%  EBolsctive culls

f iz ool abways useful o define a cell with a Rl coverage of 360 degress. b some cases, cells with

fae shaps and coverage aig eeodad Thest oells ae called solsclive oelis. Typiost




= uf sedoctive colls e the ool Hud oy be localad of e enliance

of tunnehs wiss

covelage of 360 degroes 1 nol needed. I s case, 3 selective coll with cove me of 124 degnng

i43.4  Umbrolla colls

& treeway crossiog very srrall ool produces s Brpaiant number of handovers among e

it et sl peighboting cells. I order fo solve s prodlem, the connept of unirelia cells s
iroshussd. A wnbrola ool covers sevoral siicro cells. The power level iside an wobvelis ool is

wrinaced conpiing i the povar bvels used in the mivro colls that foun e wnbrelia ool When

f mpead of e mnbile I oo ligh, Bamobiie s bandad off o e wabeel el The mobile will

thin shay ia.zs‘;gng,ézm ey sapne colt (i s cate the umbrella colf), This will caduce the nurnber of

Bandovers and e work of the nobwok,

Adon important number of handover demssds and the propaysdion claractenstios of 2 nuoblis oan

fslp do dstact s bigh speed,

285 Chustors

The colls are gouped mio clusters. Mo channels @re veused within a clustar. T he ponadir of onfls i
& chisbn owsd be delespiund so et the cluster can be repaated cunlinneusly withs the sovaing
area ol an opetalor, The typiosd lusless sontain 4, 7, 12 of 21 calls, The sunder of colls i asch
chaster is very inportied. The smaller e nuniber of cells per cluster I8, the Dlgger e number of
channels per ool will be. The Capacily of each el will be thevelure wrsasad. However & halancs

st be found By order b avold the mipderencs that could oocwr bebween naighbouring dlodiars,

erancs 5 produced by e sipll size of the clusters, whith s defined by e manbr of

. H




Fhe el suenber of ol g coll dopends on e msber of asiiabio

thay

oand e bype of chedor used Pig 21 Mestisdes g soven colf clusior,

~
;"./
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f’ ] ‘.
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. By
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2.6 Frequency Reuss

ha oreept of Fequenoy reuss 15 based on assiguing o each coll 3 set of radio channels il are
cotpintely differant bom B of pselghboudng cells. The coverage ama of cells s olimd the
footpind This foolpring is fndled by o bowmbaey so that e same st of chanuels oan e used in

st cells thad are e onouuh away Bom oach ofinr so hat thel bequendies do ool defoe

Clushrs facitale the Faguency rouse pallai when they e amanged i such 8 woy hat 5o o
calls using e smng sel of benpencies share the sume boundains, Flg 2.2 beloy Hlusiralns the
use of clusters with seven cells 1 faclitale an effactive fequency reuse arangamend Cells with

¥

e same munber have He sanw sel of bequencles. Becase e sumber of avallable sel of
Fied

fepmncies i seven, e beguenny sause faclor s 17 thal &, cach ool is using 17 of avaliable

sl channals,
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Pag 33 A ugeesny vouse paltem hased on g Soven ondl clusior af rasvgaspe,

27 Components of a Cellular System

The cellular sysiarm offurs mobile and poitable tebephione stafions the sams servics provitded o
k: ? ¥

fagtt stalons ovy comvertioend wired oops. # bas e capavity o servs fons of Biousands of

subseibits in a mainn mebopolitan arss The coliuler conwnunioation syalEn consisty of the

v conponends that work logethor b provide mnbile sendues fo subseiars,

Tetephone nebvoark (PRETR)

» Hlobile lephone switthing office 4T500

s with snfonng sy




s Robile subsatber art BLR

274 Public Switched Telephons Nelwork (PSTN)

The PEIN is mimde up of local nebeorks, e sxchange area networks and e long-busd natworks

al infurnonnect laphones s offier conpourication devices oo a worldwide hasi

.12 Hobils telephone swilching office (T50)

Tho MR s e caulal offios oy nwbile swiiching. I bousas e moblle swiching cenbe 80,

fiokd mondlodng and reby slalions for swilching calls fom ool sles o wite e canbid offices

PETNY I anslogue celiular ostworks, the MEC contiols e system opsration ke oalls, bifllng
information, boations of celluler subsoibes slp.

213 TheCell Gite

The cod site redeos o e physioa! cadion of rasfio sgulpmant st provids covrpge within a vell

Pardwars keatod ol a ool sls wohede powss sowens, derfson equpmnent radic begunnoy

Fansosivers and andenna syslens.

#7174 Bobile Bubsorber Unit

Thi bl submoriber unl consist of 8 contiol unll and a ranscelver thal teosmils and soshes

ns o and from a celf sie. Thies fypes of BISUS are avallatie:

fackio Banss




wo ha bl dedophonn (sl i s, typlod ansndt pownt is 4.0 walls)

e podalie yplcd banselt powar is 1.6 walts)

» The ramsporiable (yplca bansnd powsr 3 1.6 watls)

Fhe pwbie ehphons b oslafiod b e bonk of 8 o amd the handset s nstliod i 2 converden
fouation o e dever. Porlable and banspoioble tdlephiones are hamdbald ol con be osed
anywhers The sse of potabln sd banspodable elephonas s luled fo e chorge Bile of e

widernal batlary.

28 The GEM Evolution

by the THEDS, miost mobile collday syshang wore besed on onslogus lechmdogy. As domend ke

saobiie b

b styvioss inoreased, seadce pussdt s found il bagle englnearing assumplions

borriwed on wire ne i) nebweorks dad not bold ua nmebile systeng, While the averags

e phone call lasis & least e winules, molile calls wsuglly run ninely seconds. Enginsas

whio rpeciad o assign By of more gwobile phones © e sane radio chiame! e thad by dolpyg

sy sy oaased the probabilly e 5 vser would md gl dal tons - s s keown as cal-Blocking

gobablity. As @ gonsequencs, the emly systems gquickly became salursted and the quality of

seivine e

sha Wi

Phe pibvastuges of Goitad culuby ncluclogies over snsioque colitar nebeoks mchude norcused

o

sepacity and secaily. Technidogy opllons such a3 TEMA and CEMA olfer miore chamels In o




pavne andepus colivler bandwidih. These Boimologes have offorsd ncisannd napacity

stficienny theroly sllowing a graader manber of sonfimonus convorsations per channel

el

i G5M system can be considered a5 the frst digital celluder sysham, 1 uses an advanced T
of Tare Division Multiple Access (TDRAY with & capacily of cluse by Meen oes i of ansdogue
systems. The dilferend reasons Bud explain e bansition rom sdogus o diglad eclawlogy oo

B S A
gresaad boiow.

£8.1  The capacity of the sysiem

As i s suphained Iy above, cofuley sysiers have axparlonced a very bypoitant growth, Asslogue
systams woig mob sl o cope with his nceasing demared. In ander bo overcoms s b,
pow Rogueney bands and naw lechnolopiag were proposed. But the possibilly of using now
feguency bands was regscied by a big numbey of counlries beoause of e rasticled spechum
{oveny # ater on, ofher isgueny bands have beon dlocated for the developmand of niblie cellulyr

sadiod. The new analogue lechinloging moposed wore able b ovarcome the poblem o 8 carlain

sares bl e cosls wers o mporiand.

The sigiial systarn was, heele, e bast oplion fo handle the copacty necds in a cost pifuctive

Y.

2832 Compatibility with otber systems such as 1500

The dacision of adopting s diglad fechoology for GEM was roade i the cowrse of devebplng e

stmebird, Daslng the developent of GOM, e elecompmmications Indugly converlod B digihal




sthods, e 0N nebeb 5 an eample of s evolution. ader B maks 13 $4 comnpatitde with

e servions sified by ISDN, 8 wes docile thel e diolig e fwwdogy was e best oplion

Addionally, 4 digtal syster aliows, saslly than a anaogue ons, the imglenenidion of hdue

snproverenis and the chan e of s own charauimisiics,

8.3 Aspucts of quality

Phe quatity of the service can be considerably bmproved using # digilal eotmoiugy ather than an
andugy oo B lach selogun systoms pass e physkoal destinbances i sadio Yansoission
faty s fodus, mallipath reception, spisleus slondls o Interioe mois) o the eoeiver. These
dishabanues decwase e qualily of the compumication because they produce elfais simh a3

fadeouts, srovslali, hisses, ele. On the other hand, digiad systoms avold Bese sifocts wanstonming

the signat info bits. This transfoimation combined with uther techolues, such 83 dightd codi g,

mwoves e ouslily of e fansniss The provement of digial systems comparing o
analogue syslonis i o aeesbio weler dificull veceplion sodiions than under good reception

cotuiiions.

284 Hoapdng

Foaaing s defined g5 the abillly for o colfular customey o sutoowlionly make & recaive wine
calia, vend & revelvs dala, o access olher services when Yaveling pulside the goographing

o 0f the horne netwoik, by means of ushng a8 visiled netwaric

AR Gl ¢




Hoaring & lochnioally suppoted fry ambifity mansgerent, sufheniication sl bty proseduins,

Eslablishing soaming between network oparadors s bused on Romuing Ageenienia

i the visitod network is In the same counbiy a5 e home petverk, His s known as Mabongd
Huamdng. i e vislled nelwork s oulside he houw soundry, this s known as inlemationad o

lobal Roaming, I the visited network aparales on 3 dersd bohaiodd standand than the bome

subwork, Bil i known as inderstandand roaming,

LBk Homiuy, whish volees romming betwsen GOM nelworks, offors the convaione of o singhn
mirdher, o sogie W and a shigle phons with worldwide access o over 190 counlies. The
consmancg of GEM Romoing bas been a key diver belind the global success of the GOM

Mattorm,

GOM Coversgs Map b a unlipe resowse sataining infurmation supplied and approved by the

st s of the GEM Associadinn,

Fluotwork, Seranes and Bowriog dormation am continually updated 1o 1eflac i syesdyvingy shanfion

worid wads. btscachve covarage sups, opdalsd quadedy, aliow wou lo pavigels B ses whers

axanly You 080 use your phone,

Todday's second-generalion GEM astworks deliver Bgh qually amd seare moblle voice and data

servicas (such ag BMSTad Messagiog) with full roaming capatitiies soross the wordd,




3 THE GSM SYSTEM

31 History of GEM

i the beghnings of celiuley systenis, each counlry In Europe developed s awn sysiem, which wig

an undeshable siwation for the following reasons:

» e sqdprnent was Hrded o operate ooy within he boundaries of each coungry

» T ket oy sach mobils squipmen] was Bagled,

B opdar Yo overcon these probiems, e Conference of Euopean Posts and Teleoonyaunicalions

{OEPT) formed, in 1982, the Groupe Spéoial Mobile (G588 n order o develop a pan-Furopesn

ebile calludar vandio system. The GEM acronym ey becams the aoonym by Global System fur

KMobite conpmadcafiony The sendadized systont bad o meel cotlain coleiy

v

Spnctian offickney

o dntenativns roaming

o Low nobile aod base slalions costs

Lpvmad nubfactive vodoe gquadity




w Lonpalitiily with othor systoms such ag 130N {integeated Senvioss il Netwo k)

ity Lo sUppO iR Serviies

Unlhe e existing ool systerns, which were developed using an an alogus Bohnology, e

GUM ayslan was doveloped using 3 pu rely dighal techanlogy.

Ut rasponsibifly R the GOSM spociicadions passed hom e I DY 8 e Daopoan

Teleomaumicatons Standards Instilute (E780. The alm of the O8N specificaions s W dosoribe

he deslgn of the syslen Thess speticatons wit ten standardize e syslem in ader b

guaranies the proper interworking betwean the different slaments of e GSM syatem. In 1080,

i phas

(‘s Ea

1ol the GEM specifications were published but e commercial use of G50 B not et

&

w1901 The developers of GUM chose the Mamow Band Tine Division Rudlipls Acoass
sohanng (TORMAY which wis yel b Do proven o Bug e, They had fath the mbencemest i
vompression dyoittens and digitad slgnad pmocesnons would duw e Bdflaraed of e el

giaie and e confinugd nprovernent of the system i e of g sy vl oo

The over 8000 pages of GSM recoenendations provide fuctionsl and inlerace descriptions iy

ganh of the funcliondl entitles defired o the system,

The most inpotiad svents in the development of the GSM systenm am presented In e table 1.




Y e

Hovanls

LEPT establishes 2 GOM goup by order 1 davelop e slandands g pan-Bmopemy

g
elitiar mobils systan
5 Adopton of a st of recomenundalions o be generalad by the goup
s gj"émé fasls weye perfonmed B ardey o sl the difleresd radio lechidauns proposedd for the el

it,,fcy*e

AR Is chosen as eccess modhod {n fact 1 will be used with FOMA) nitlal Merworonduig
of Understandin ;{i’wi signedd by telecommunication eperalors frepresenting 12 counlies]

1A Validalion of the BEM aystenm
§i fhae ppsponsiblity of the U specifications 1o passed e BT
$isn foppatance of the phiase 1 of the GOM specificaions

H oo lauach ;‘;f{%é i G5h servicy »

17 Jentgenenl of the counlries thal sigied the GOR Molls Uoverage of largor ciliss/aimars
1 overags of man fonds GOM services slart aulside Furops

G0, Phase 2 of the GEM specilioations Coverage of nural weas

Fable © Fyers in the devefopment of GLM

Fropn e

eyotudion of GUAL I s vl that 550 s ood anvinore only g BEwroposn slandard. 354

pedwinks ave opesliongl of planped B oesr D counbies aowd the workd The rapsd A

TR i’ké It

epties of e UM syalien s #oshadind with the lnlfowing guon




¥ 1 3 mdlion GOM sbsodbers workbeids in the baginning of 1994,

wo U & pdilion GEM subsoibers worddwide by the baginning of 1885

wo ey Hhpdlon G5B subsoribes only o Purope by Decasher 18

aaancs of G358, ofbwr dulisl mobile systang hove beon dovelopod. The tobls 2

s Hig

e differont mobile colluleyr systens doveloped sinte the commaiat lunch of calluby

systants

R fiu dic Boble Tolaphony (NMT) B

1gt Global Bysten for Mobile comasmications> Nerh Amearivan Digitd Celidar (OB

fafide 2: Mobils collular systeams

- 4




32 Structure of the GEM netfwork

B divided ioto sevoral funclional sofilies, whoss funclions and enfilies are

speified. Hg 31 shows the mdier conponnnts of 3 GSM Metwark, The GLM Melwork can be

sitvitded it Buen ialor pavls;

gy

a o Ehe Matwork Submystear (NS5

5
“
Fo %,
Fi i
3. e Ay ",{:g 0 AN 3 “
A

4 intesfars

Bbis butefh

P

flgure 31 Apchifechas of e GSH netwmk
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121 Mobils Station

the mobile station consists of the moble eoulpmest e loumingl) commonly heows o the

bansdsel, and g mnad cord called e Substriin Wenbily Module (584,

Fhers e oot ypes of leminals distinguished pindpally by el powsr and applicafions,
ot fernmnal is wlentifiod by is uninus eostionsd Moblls Equipmend idently number (0451, The
Hed lermunais ary e ooes istalled in carg. Thelr masimum allowsd oulput power 15 20 W, The
G pratabde lorminals can also be nalolied In vehiclas, Thelr masdnum aliowed oulput powey is

B The bandheld brainals have exparienced the bggest success thanks 1o Bl welght

voline, which e continutusly deoreasing. These lenvingls can endl up o 2 W The evolilion of

wlogios allows decieasing the maskn slfowsd power o BB W.

fha SIS sonnmt oand thal weplifos e lombud, By soding e S8 cand Inl e roingl, e
pher can have ocess o o the subscabed sovices, Withod the S card, e onaing s agt
aparational. The S0 candis protecied by 2 four-diglt Personad Blentification Muanbey (P In order
Ly oty the subsoriber B the sysioan, e B8 card contains some parameterns of the user sish
#s iy indernationg Moblle Subserdber lde iy GRASE. Another advintags of the B cord is the

ity of the users. b faot the only sloment ol personalises g leaninal i the 5 cand

Therofure, the gser can have acvess o subsoribod services in any leming using bis S card




d2.2  The Base Stativn Subsystem

the BES consscis the Mol Siatlon and the NBS W s b chan ya of the Yansmizsion and
receplion. Yhe BES can be dividsd Inlo fwo parls The Base Transcoiver ftalion {15} o Hase
Siadion and The Base Slation Comrnllor (B5C)

Fhe BTS conasponds o the ansoevers and sndennas used in esch call of the nedwork, A BTS &
usuadly planed by the conbra of 8 osll, s banumitiiog powsr defines the size of 5 call. Fach BTS has

hetwaen oos and sideen anscelvery depending on e density of users in the oall

Hhe B0 conbiols a group of BYS and monayes thelt radlo resouses, A BS0 iz prnclpaly i
charge of handovers, euency hopping, exchange funclions and sontrol of the radic freguency

powss foveds of the B Sg

323 The Network and Swilching Subsystom

s miain s is W mansye e communitations between e moblle users and other wsars, such as
o users, BHON users, faed wlophony users, oo ¥ sso includes dads bases seaded o ondor

,,,,,,

b sba Bdonn

ton abiiud the subsoibers and B swnage thelr mobifity. The Giffeent conwonenis

of the NE5 e desonbod bulow,




3243 The Muobils services Switching Cenfer (MEC)

s the cential cumpanent of the MBS, The M50 parforms the switihng functions of the netwoik, |

abais provithes Connsclon 1o other mobile collulay networks,

3232 The Gateway Mobils services Switehing Ueofor {GMES0)

Aygadeway 6 node inderconiuoting feo setworks. The GMSC is the inferface hotwoon e nobi
amdar network vl e PETH B i charge of routing calls fom e Tred network towards a

Gil user. The GMED Is ofien inplemented in the same machines as the MEC,

3233 Home Looation Rogister (HLE)

The TR s considorad 85 8 very ipodand database that stoes informadion of tha submetbens
betonging b te covering area of a M50 I also slores the cursnt incalion of Hese subsoitere
gt the servives b which they have access. The kwation of the subsoriber consspomis io e 57

atess of the Visiior Localion Hegister (VLR) associated to the lenming.

1234 VisHlor Location Register (VLR

shir o o submortber’s R npoaas

The ViR contams bom vy B ordey o opoowide the

e services b visiting users. When o subscriber entens e covering srea of # new MS0,

e VIH sssocaled o this MBSO wilt request informlion abod the pow subsoriber o i

s
s
H



copmsponding ML The VLR will then have enough formation Io onder o sssure e subsoribed

serdces williout needing to b e FLR cach e a conwmusioation is establishad,

Fha VLR B ahwirys nplomented ogether with g 880, 80 the moa waler conbiol of e M50 is also
thar swes pudor oouleol of i VIR

1235 The Aulhwndivation Centor (AuC)

The Aull reglster 5 used o oseourlly puiposes. B prowidss e paiameims needed for

matheniicalion and sacryplion lunclons. These paramelars help fo verlly the vaet's idenlily.

32386 The Equipmest ldentily Reglster (EIRY

the bl s

si ased for securily paposes. H s 8 regisler confalning donmation about the mobils
gauiprants. More palicelaly, § condeing a st of aff valid eiminals. A lermingl s endifisd by g
ternadionsd Mobile Eoulprment ey (8ED The BIR dlows Hen o fobld calls from siolen o
snssthonlond eninals (g, & lenmingl which does oot respect the specificalions concaring e

it B powst )

LRAT The GEM Inforworking Uil {GIVU

The GRYL cuesponds fo an idadace lo viious nebeobs oy dots cornamiations. D these

conmpuaneations, e ransmission of speech and data coan be alisnsted,




424 The Opwation and Support Subsystem (D55

Hie U555 conneled lo the diffent componants of the NS5 and 1o e BRC in onfer 1o congol

and prndor e GEM systom s mlso in chage of contoliing e il foad of fhe 1155,

Howower, the busesing mimber of base stellons, dup o the developmaent of colidler rnlin
notworks, hus provoked that some of the malolenance tasks we banslensd o the 315, This

ramsfer decresses considerably e costs of Hie mainloranee of the sysiam,
8y

33 The geographica] areas of the G58 network

PLBH AREA
KISLAVLE ARES

LOCATION AREA

LELL

Fapang 320 GEM petwink areas

A5 R bes aboady beso soplaned 8 ool dentified by ds Cell Global Menlity mamber {0088,

veryasponds ke ibe radio covirays of & base banscelver slation. A Localion Arsa (LA}, idenglied by

AT



ity Location Ares idedity (LA suniber i 5 & groog of colls servad by 2 gingle MSCALRL A group of
fonalion maas uoder the conlol of e same MBOANLE defines the AECALE wea A Public Lol

Mobde Nubworh (89 MM I he aea sevvod by one nstwork opesdor

34 The GEM functions

i 5 fue moin functionz can be defined:

P E -ty

e Bl Hestiuces numimgoniad 33

w Hobisty Mansgermant (M)

o Cosppmuniaion Managenment (0M),

&

g {OAR)L

w Uperafion, Adisnsiiation wéf‘,r 3

241 Yeansudssion

The ransmisslon funclion nchedes wo sub-funciiong:

Ay



s The sl one is relatend o e neans neaded %y the ransmission of user idoimation

« Phe sacopd ong s opibled fo e means nooded o e basadnsinn of shpdiiog

wiorswibion

biot a the conponents of e GUM nelwork e shomgy mided with the bansmission funcions.
The M, the BTS and the BED, among others, are deeply concerned with Fansmission. Bul oiber
componends, such as Be registers HER, VLR o B are only soncarned with the ansedasion &

thair signaiing nesds with oher components of e G5M nelwork,

343 Hadio Resowrves Mansysmend (R}

Fhe ol od the BB Bewdon o asiablish, ouloban and redesss conunioatiuy bnks babepo
smobila stalions md the MSE, The glemenis that are malnly concerned with the BI funclion ars the
mbile stalion and the base slation. However, a5 the RR funclion s #lao In charge of maintaining &
conpeclion even i he vser moves o one cell o ancher, e MBSO, b chorge of handpesrs, i3

dno concerasd with the BE funglions.

The RE s also responsitde for e maeagsment of e beouency spockum and the reaclion of the
sedwnr b 0 changing radio onvitonment cumlitinns. Some of the msln BH praedwros hat assun
o responsiviiios ag Chawred sscigrnend, change and miease, Hambover, Proguonuy hopping,

Fowar doved condiol, Disoontinuous fansiission and secaplion, and Thuing advance.

Pt
-
~




I Hds paragraph oty the handover, wiich repesents one of the most oporiad respon

fhs 11 i desonboed

£424 Handovey

The user povernests can produce e seed © changs the chammet of oo, especially when fhe
guadity of the compuntoalion i decreasing. This procedure of changing e msownes is called

fandover. Four different types of handovers can be disinguished:

57

Fandower of channeds e sams gl

> b huplover of colts nonbolind by o smne B50,

» Handover of colls belonging 1o e sarne M50 bud conticilag by different BSUs,

Huandovey of cells conbrolled by diffrant MSCs

X

Handowses are iy controlisd by the M50 However i onder 1o avdld oopecessay sigoafing

fonmation. the st bwo bypes of handoveis are nanagad by the concaned BEC {in Hds case, the

G s oy nubfiod of e handower).

The mobile dation is the aotive pariicipant in this procedurs. by order e pardom e handownr, e
mobile siation contiols sontinuonsty B own sigosl shrength and e signgl sbongth of the

peighbowing cells. The st of cells thal must be monitored by e mobile stalion b ghven by e



base stulion The powsr mossswenents aflow deciding which the best celfl is i ordsr o mainialn

the spealily of the conymuieation §ob. Two basio slgurithms are used for the handover

Thir i secoptable pedonnance’ digoiflen When e gualily of the unsmlesion derepaes
{Le the signad s detenoraied), the powsr ovel of e moblie &5 increased. This b done unil e
ienss of B powsr lovel huas o effect on the guality of the signal When ihis happens, 2

fandover is patfonmed.

the ‘power budgel slyorhm This slgoiihm parforms 3 handover, inslesd of ronfinuoshy

incraasing the power lsvel, b order B oidsia 2 good sominioalion quslity.
143 Mobifity Managusent (M)
The MM funclion & in chargs of &l he aspects related with the mobilily of e user, spacialy the
fcation managemen] asd e authenlication and seouity,
3434 focation mansgement

When a okl slalion s powered on, i perfunms 8 locabon updale procedise by ndioating ds A5

b the nebworh. The finstlosation updale onadurs & cafied the 451 allach moosdus,

The mnheln stadion alsy pasforns ogation updating, by ordey o dicaie e cunend ncalion, whesn
mnves fo g new Localion Arma o a different PLMN. This looalion updating magsage s sent o the
new MOUNLR, which give dedach procedus i order 1o ledl the nebwork that 8 5 ao longsr

panecid




3432 Authwsstivation and secwity

oo mithentiontion prooeduse beoles e S cond and the Anthendioaiicn Conde A st key,

shoredt it BIM ood ang the Au and a cibiering algonithes oo

A% e vaed i ondey o vesify
Har sudbenhcily of the user The wobils siation and the Aul” cisppute a SREY s the secrel kay,
the algoriihm A3 and & random manher genagrated by the Aul, If the twoe conpuled SRES are e
e, the subsoriber 18 authenticalod. The differant services o which the subsoriber hes aocess

sre sten chocked

by ponadue © 10 chack e equipent identity, 1 the BT sumber of the mobiln in

sitborbsid by the DHL theobiie slafiug o alfowed 3 oonnect e polwoik,

b pedar o aatwe user confipniially, te user is registorsd with a Tenpurary Mobile Subsariber

Hhandity (TREE after s s locadion updats mocedurs,

144 Compnunication Maasgement (CR

The O function 18 responsible for

v Oul ool

P hupplemcsiary barvicss management.

» o Bhod Messas Services managoiment



3441 Call Control{CC)

Tha 00 iy rey Fe1EH vabids b ol e sladdinds 2’“; v Tih s;wm aysd pedoayd L e #oan fuy salooli #3 thie
fyper o savine, One of e mosh wnpt bt funchons of the GO B the ool routing, by onler 10 1each

modie sidsatbey, s user dials the Mobie Sulmoriber 150N PASISLI muaoher which inchules:

o gonunby sode

¥ ansliond destinaion code ienfifying the subseriber's operator

e ooty comasponduig fo Bw sideoibacs TE

Fhe ool s e passed (o the GMSC § e ol is otipinated bom a fred no borkd which krows the

HLR corresponding 10 o cwlaln MESDM sunber, The OMSO asks e MLR for ndnrmad iy helpbng
o the calt couting. The HER requests s information from e subsoriber’s surent VLR, This VIR
docates lemporadly 1 Moblle Stallon Roamiog NMisnber BASRN) for the call, The MORN number s

e infrration eeturned by the HLR 1o the OMB0. Thanks to the MORN number, e ool s oot

o subsoriber's current MBCAVLR. b the subscribar's cursnt LA, the moblis 5 paged,
34.4.2 hupplemestary Servicwes muanagemont

The mobde stdlon and the HLE are e only components of the GSM netwark involved sy this
tungtion. The differerd Supplementary Bervices (S5} o which the usars have so0ess 1o presenl

bk,

o
-



3443 Shost Message Services management

v ordar o suppont fiese sevices, g 000 nelwork i i confact with a Short Messogs Sorvice

Lante thyough e fwo fSllowing w3 g faan,

o

> bhe SME-GMSC By Mobile Terminating Shon Mossages (SMBMTPFYL ¢ has the came

ok o the GMED,

¥ The SMS-PMED for Moblle Originating Short Messages M8 ML Ridy

A5 Uperation, Administration snd Mabwtenanes §OAMG

T DAM function alfows the operaier fo mosiler and control e systom a5 well 2 B modi fy the

sonfiguration of the slements of the systerm. Not oy e U85 is pad of e OAM, also the BG%

andt PGS parlicipate i s funclions 85 B s shown & i fhse following examples:

» Hhe coposants of e BSE and 885 provide the opordor with a8 e information i
peaita, T infonmation & thes passed o the 055 which ks in duwge of anayring # and
soviiob g nedeind

«  The self o fasks, ususlly incopotiad i e sonponents of e BSS and N5S, aiso

conbriinde o the OAM Bmclinns,

$od




s bhe BEC i charge of coniofing soversd 185, Is anothor oranmin of mt OAM fanfion

pitonnad oudsids the D58

S
g

Tho GEM radio bwriace

Fhe rodln inderfaon B e leifooe belween e gnbila stafions and e fed nbashuchie, ¥ i

cree: O e mnost inporiant interfaces of e OSM systom,

Lae of Bw maln objoctives of GSM s maming. Therefre, fn ouder fo obiailn a nopipeis
compatitaily Detwaesy mobile slations and petworks of different mumdactures and pyse plons, the

reschie intarface st be complalely defined
Fhe spechum eificicocy depends oo e radio interfne and the varsaiasion, mase particulaly i
aspects sush as the capacly of be syslem and the echelques used In oider to decieass e

iterderance and o lprove the frequency rese scheme. The speaification of e radio nisince

fas Hen an irporiand influsnos on s BpEC sfficiency.

&1 Freqguency affocation

Two emmny bands, of 25 Mz sach ong, have basn allocaled for the G50 systom

The band 830915 Mz has been sliocated Ry the uplink divection fransaiting hom e mobile

siab jo the base siadion

I




Thar aned 935900 MMz bas beso slocated b Y dowolind dhection (hanasiling fom Be base

Hut pob Al the sounties om use the whole GSM fequency bands, Ths & doe pitwipally to niflitry
ey and to the exdslencs of prvious andog systems using part of te e 25 M2 fopeaey

baruds

3E2  Mulliple sccess schemes

fhe muliple access schems defines how differend simultansous commumicalions, belwesn
diffrend roobdle slabons sHusded i different cefls, share the G0N radio spscinen. A min of
Freguency Division Mulliple Access (FUBMAY and Time Divislon Multiple Accass (TDMA) combined

3

with fiaguency hopping, has been adoplod as the ruliple acosss schenw for GEM.

3541 FOMA and TDHRA

Using FUBAA, & frotuency s assignud 0 & user. So the barger e mumber of usars i o FRMA
sysfem, the hwger the number of avatiable Feguencies must bo The bmied avodable ral
spectun and e faol ted g user will not fos 15 assigned eguency unil e doog oot peed i

gy, sapln why the mamber of uaers In a FOMA systam Can be "quickly” lalfed.

(i the olher hand, TOMA aliows several users bo shere the samg channel Bach of the users,
sharing the common charel, ae assigned thelr own burst within 2 group of bursts called a frane,

Usually TORMA Is used with g FiIA shuchee,




fn GEM, & 25 MHz heguenoy band i ziivégiz—}zie ushg a FUMA scheme, nlo 124 canier b REIES
spactd one bom each oltier by & 200 Wiz Beyuey band, Motnudly 8 25 MHz Feauancy band zan

proviss 125 canler Fequencios bul the st coder frequency 18 used 58 3 gusrd band betwenn

s ther services work] g on bewer Beguensias, Pacl g i gpenny in Hum divided i
e using & TEMA scheme. This schome spiits th radio chanoed, with & witth of 200 Kz, hin 8
Bivsbs. A burst s e unil of Bios in g TORMA systan, and § issls approvingtely 1577 ms. A TOMA

framne 18 formed with B borsts and fasts, consequantly, 48158 ms. Each of the sighd bursts, that form

g A frame, we then assigned o a sl user

Y822 Channel structure

A choned eonespands fo o securenne of oie buist gvery fame. # s defined by s frpuonny

and the position of fis comesponding barst within g THIMA frame. b GEM there are bwo types of

shanneks

#o the bt shaonels used to banspod spesch and deda lnfamation,

A used o paleork management messages md some chael

3823 Teaflic channels (T0H)

g

Fulbrate ballie chansels [TOHFY wie deBned usby o group of 26 TUMA Fames cdled a 26

Badifame. The 26 Mullfane lasts consaguently 120 ms. I this 76 Mollfame s pactore, the el



charmads fof e downlink and uplink are separated by 3 aesis, As g consequence, the mobilas wil
sod nead 1 bansnit aod rooeive b the save e which shupiifies considersbly the glechoning of

2 syslen

o framns ol fors e 20 Mol oo siruchise have ditferent inwlio

e
;\(':r

Iy

w2 ames e reserved B affn

o thame ks used B the Sow Associalad Condrol Channel (BACCHL

oo Fhe st bame ds soused This kBe hams sliows the moblle siation lo painn dther

13

fanchons, such as measmiog Be sigoad shongth of neighbosing cofls

Falrate balfio channais {TCHA, which double e capacily of the syslerm, me dlao gouped i o

-t ame bt the infernd shuchae is different

31524 Cowplrol channols

Acvortng fo helr fmclions, fow dilfent classes of conlrol channels s detingil

P cent channeds,
¥ Copnennn contiol channels.

v Dladicated conbol channels

- 38y -




auisad cordral channgdy

2525  Brosdesst channels (BOH)

The BOH chanmels are used, by e base sialion, 1o provide the moble siadion with the sufficiend

ik

vation B omsnls o swehvonize wilh the nebwork. Thres different types of BOHs cas be

distinginhad:

e he Deoadeast Contod Chamed {001, whinh ghas o the mobile sidlion tha prraneias

seded i order ko entity and seoass the pebwak

W The Syncheoisation Chanssl (SCHL, which gives 1o the oobile stalion the Yaininy

suquencs needet in onder o demodulate e inlormalion Tansimilted by s base stalion

»  The Feguancy-Curection Channed {FOCHY, which supplies the mobile slation with the

frenunngy relerence ol he

i oy fo synnhronize i with the nebwal

3826 Common Control Channels (CUUH)

The COOH chamnels help @ establish the calls fom the moblis shafon o the nelwork. Thios

diffent ypes of COGH can ba defined.

N
.
H




»

15287

The Bandom Ao

i Pagiog Chisnne (PO B used o aledd the mobile sialion of an woming oo

Uhannad ACHS which s used by e mobile sialion o requast

senvns §r e nobyork

e Acoess Grand Channed (AGUH) s usad, by the base ghallon, to informs e moble
stahion about which channst ¥ should use. This channedis he sewer of s hasa stalion o 2

HACH fom e mobile siation

Dodicated Controd Channels (DLCH)

we used fon massige eaxchangs batwesn sevir sl nwblles o a mobits and e

gebwik. Two diffarent ypes of DUCH can be definsd

S

#

The Sandalons Dedivatad Conbiol Channel {SDCCH), which is used i order o suchangs

stpnaiing informabos i e downlink and uplink dirsotions.

The Slow Assosialed Conol Channel (SACCHE 1 iy gsed f channe! malnlenanee and

channed conbol

-




2528 Assouvisted Contrpd Channels

Pastiiated Contiod Climmsts (FADCH) sadace ol or pard of 2 Baffic channe! when sigant

stgnating indonvation must be tansmited, The FACCH chaneels carry the same inforoation s the

SHRUOH chanpals,

2528  Durst shuchue

As o hay be stated bole, the bursh is e u

fniraie nan be distigdshed iy GHA
i

yo The heguenoy sorection burst s user

fnarsd bagd o different stroclive,

R

bid o dilfloend shunhs e,

st i e of 3 TOMA system. Pouwr dilforent iypes of

fon the FLOH 1 has e some engih 23 e nomgd

EAT A

b syrchiaszadion bustis used on the SOHL I has the same length as the moamal baest

e bhe raudong acenss buistis usod on e BACH and s shotlor than e notgd bansd

o bha noraad buestis used ko cary spesch o data dnfornation. B st approsimstely 057

s mul has @ length of 156 25 bits. Hs shruchise Is presenisd In figwre 3

sl
e
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Frae 33 Shoche of the 26 Muliframe, the TIA Fame and e nonnad Iiegi

e Lot bits {13 re & group of Hess Bils sed fo zero and placed 2t Be beghlng snd e end ol 8

burst They are used to cover the perdods of ramping up and down of the mobile’s power,

e eoued dats bils corvesponds B twa groups, of 57 bils each, contaiing signaling or user dats,

N

winp Hugs {5} budicsle, o the reveiver, whuther e dommefion coniod by » burst

The sk
sorssposuds o balic o signaiing dala.

The Faining sequence has o loogth of 28 Bils. B s used fo synchronize e recelver with the

2

inserning information, avciding then e negntive effects produced by 3 nudlipath propagation.

The guard period {GP), with g leogth of 825 bils, is used B avoid 8 possiile ovalap of beo mobiies

by Hu panging B




15230 Fregupncy hopping

The propayalion condiinng and thersle he mulipsth fading depand on the radio feguency, In
srdder fo avold imporland differences In e quality of the channdls, the giow feguency hopping 8
indroduoed. The slow lieguency hopping changes the frenuency with avery TOMA e A fagl
Fequaney hopping chingss the boguency many Bews per frame but #55 nol vsed in 058 The

feguenty hopping also reduces the elfacts of sochanned ntefarencs.

Fharn are difiyeat fypes of foguouey hopplng slgorittens. The algorthen selected is send teough

i Broadeast Condol Channels.

Bven d feguency hopping con e very usell for Be syslem, & base siation doos mod bave &
support i pecss ity O the ofber hand, 4 sobile stalion has 1© accepd raguency bopping when

base siafos duciides o use i

16 Converfing sowce idormation o sadip waves

ha Bgare 35 presents e differsat aperdions thid have o be padorned o order o pass Bom the

spsech sowte o radio waves and vice veisa,
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fgpis 3.5 Frome speech souros fo radio waves

o somon of domation 5 dola wwd aol spesch, e spesch coding will no? be petorned.

361 Bpeech coding

noof speech s, ol e moment, the most bnpotlant servos of & moblle celiuly
sysern. The GEM speech codec, which will wanslorm the anglog signal {wls) o g dighyl
reprasentation, has o meet e lollowng culeds

he one oldsined with provious celiulg

Boguaity, o leost as gond as 8

o




e oreduns the redundancy i the seonds of the voics, Vs reduction s s ensential due 1o the

freated capacity of Fansimission of 2 radio channet,

» o Ihe speech codes must sol be vty complex benauss wanplexily 12 equivalent to bigh

INgFARY

Tha s cholos for the G5B speoch codes is 3 ondas named BPELTD {Ragular Pulse Pagitalion
bong-favm Pradiclion). This cotdes uses the ortion fom gravions saplas {ds nlonnation
does wit changs very quickly) in ouder 1o predict e curend samr phe. The speech s is divided
iy Bocks of 20 ms. Those blucks s then pesaad {o the spesch codes, wich has g rate of 13

kbps, b ordder o oblaln Blocks of 260 bits.

8.2 Channel cuding

Uhannet coding addy redundancy bits o e odging forstion in mder i detact and cogrnet i

plssitie, st el oncwiad dinluy the wansnissinn.

383 Chamnsl coding for the GSM dala TOH channels

s

The sharmet coding bs parfonned using two codes: & ook code and @ sonvolutionl node,



fhie Blook code cotrespds o the block code dedingd in the Q88 Recorpmendations 0503 The
Ulork cote taceives an nput block of 240 bits and adas four 2o tai bits af the end of e fnput

ook, Tha outid of the block code 12 0o cnseutsily 8 bock of 244 biis,

A comalitionsl cols adds redundancy Bits in order to modect e informabon. A sonvolutional

eacidnr contmng memory. This proparly dfferendales a convolutionad code Bom a blook code. A

o

# oot can be defiued by faes varlables. 1, k and K The value o coieaponds o the
et of bils o the oulput of o gocodpr, b i B ounder of bt o the | st of He blosk and ¥
e mamoy of e sncoder The b, 1, of the code is defined as follows 1 = ki Lals
consiler o convolidlonsl code with ihe foliowing vilues ks egual 9 1, to 2 and K B0 5. This
sonvoiulionsl ool uses en srale Wi B = 12 andd & delay of K = 8, which means that ¥ wilf add 2

eedundant bt for each Input B The convolional cods uses 5 consesytive bits n arder to sornpute

U‘P

e cedundancy bt Az the convolulinnal code is 1 12 rae convoistional code, 8 Mook of 488 bits
gonerated. Thess 488 Bils are punciured i order o s prostine & block of 458 bits, {isiety bwo hifs,

ebdatned an olows, are not Yangaithad

B

GOt 15k i=01, . 31

Fhg Bogk of 458 bits produced by the convolionst code s then passed to tha bilerleaver,

164 Channel coding for the G3M speech channels

Belwe spplying the chanogl soding, he 260 bis of a OO speech fame me divided in Haoe

ditferant classus acowding o el nction and paionen. The nost bpoibed chiss B e dass



i conianing 50 Gds Mo b bopotbance s e olass B, which containg 132 b, Tha least
inprtont 1 the olass B which containg the remgining 78 b, The diflsmal dlasses we soded
differantty. Fstof off, the class 1o bils me Block-coded, Three parity bits, used for smor detastion,
are added o e 50 chass ta bits. The yosultant 53 bils sre addad o the olass b Bl Fow zan bils
ara atded to his biock of 185 bits (5034132} A convolutional code, withy = 12 and £ = 5, iz then
applied, chianmg an oulpul block of 378 tefs. The olass I bils e added, withoid any profection, io

Hie cubigd Blonk of Sy convolutitnnsd ooder. An it Block of 450 bty b finally bl

3685 Channd codding for the G358 control clmnnels

i 58 e signaling information & it contained in 184 bils. Farty panily bits, oblsined uslng a fre

sods, and fow zoro Bty are added o e 184 bits belore applving the convolulional cole §r = 12
and K = B} The oulpet of the convolutional code is then a block of 456 bils, which dons notnesd o

b punaiied

1851 Infwissving

Ao iderleaving rewranges a group of bils i g parlicular way. B s ussd i pombination with FEC
condes b order fo bnprove the parformance of e s comeclion mechaisms. The infeteaving

decisnses e possitility of Insing whnde [arsls duing the bansmission, by disporsing the enus

Being the s less concenirated, Es ey easler bo corest B,




3652 Intwleaving for the G3¥ confrol channels

A bawrsd iy GEM bonsolls bwo Bocks of 57 Jdain Bl aach. Therefue e 456 bils conesponding i

the oudpadt of e chard soder B into four bursts 47114 = 458% The 456 bils aee dividad nlo eight
Blosks of 57 bits. The fvst block of 57 Bl containg the bilmanhers {3 B, 16, L 448 e senond

oy e B manboss 1, 8 17, 448, sl The st ook of 57 bis will then conbidn the 18
swrels {7, 1o L 4bBY The st fow Blocks of 57 Bils are placad i the oven panbored Bils of
fonr Bsts The oiber fow Blocks of 57 bils s plisced in the odd numbered bl of the sang fow
burats. Therelbre the inferdeaving depth of the GEM nsdeaving b condiod chanaels Is four and 2
new dala block slans every fowr bursls. The bleleaver for conbel channgls i5 cafled g bok

resbannular interleaver.

3853  inslwrfeaving bor the GEM spesch channgls

Fhe bhoskc of 458 bils, obisinad afler e channgd coding, is then dividad I alght Bocks of &7 bl in
Hig same way as H i saphidned i o povicus pavagiaph. Bol these eighl Mocks of 57 Ulls ae
distiibuted diffoenily. The frst low blocks of 57 biig sre placed in e evenumhared bils of fouwr
consecubive bursls. The olher our blocks of 57 bits are placed in the odd munbered bils of the next
four bursts. The inferdenving deplh of e G5M inlerdaaving for speech channsls s then eight A

new data block glso starls svery fowr bursls. The infedeaver o spoach channels s called & biock

dagona mlerleavtr



1654 lterleaving for the GEM data TOH channels

A parboudy wlereaving scheme, wilh an inledeaving depdh eguad o 22, 1s applied to the Block of
456 Bils obbdned aller the chamel ooting. The Mook is divided into 18 Blods of 24 bis each, 2
Blocks of 18 biis gooly, 7 Bocks of 12 bls each angd 2 Blocks of 8 Bilg each. s apread ouy 27

Brarsts i e ullowing way

w o e fust and e byenty-geonnd bursts oary o block of § bils e

o The seood s e byenly-fosl bursls cany one bogk of 12 bils each

e The third and the twentieth busts cary ong ook of 16 Bils sagt

> Frosndbe eth o dhe sinelonatl nasl, a block of 24 bds b pleced by sach byl

Aobngst will B cay information bom Bve of gy coosecutive dula Moosks. The daia blocks are

sabd t be biladoaved diagonally. & now dats Book starls suary four bursis,

386 Burstassembling

apns

The burst assendling prossdum 5 o charge of gouping e bils inlo busls. Seclion 3529

presends the diffiesdt bursks shimhaes and deaoibes i detail the shuchwee of he sonnal st

CA47 -




Ciphering

Lipheng 15 uasd W protect signaling sod user dala, First bof all, @ ciphering key is compuled using
tha slgothes A% storsd on the S cord, the subseriber key s a random nunber delivered by e
setwark (s randon numbor 15 the sanie as e ong ased B e aulhondication primcdugl
Senully, & 114 B sequonce iy produred using the cihoring hoy, ary glgoriien oaflod AS andd e
burst nunibars. This B sequesion 15 than XORed with the fan 57 it blocks of dals neldedd in g
st bt

I arder o dusipher comsctly, the seoeiver has B use the same o posthm A for the deciphering

procedie,

387 Modulglion

Hhe gdubation chosen B e GEM syston i fie Qaussian Mins s bl Bedny (ORIUKY

The alm of this section is ml 1o doseribe precisely the GMEK modulalion A5 s oo ong and 8

13

g

Wrples he presentadion of 100 many wathematica soncepls. Theredore, only brief aspects of

e GMEX modulgtion hos been chosen as a Gosmprnnisg bubween spochum eificiony,
cotpiedly ad fow spunious radistions #hel retme e possbiliios of mlacend chamw
mtariorencn) The GMOK awdulation b 2 1ele of 270 5/ buusls and 2 BT prohiet aounl B 3.3

Figins b prasonts e panclpls of s GRESK nuiulator
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LE8  thscontimeous Transeission (DTX)

This s anollyr aapect of GOM s couldd have boen chuted a3 one of tha ra wirenents of the

GHM speech coder. The function of e DTX i suspand the radio ansmission duing e
sience pords. This can bocone quits inforesting # we toke o considerafion tha fact tha
person spesks less Han 40 or B poiest diting 2 convorsalioes. The D7¥ bodps then i indinn

bt srencs bolwean difierent colls wad b inureass the sapacity of e systom § also exlomis the

e of wnoliin's baltery. The DX funation g pes forreed ks fo two main tosduroy

= Fhe Vulce Aulivity Delection (VAD), wiish has o dalenning whethe i sound fEpesanig
speech o noise, aven ¥ the backgomd nolse is very im portad, I the voloe slimdd s
consitered 83 noise, e Yenseillyr s huned off pros ducirg e, an upleasant sffont

S

calted clipping,

wo the sornbond nulse. An bwewesingd of e 7Y function s Sud whon e signg s
congidsed @5 neise, the ansnilier Is lined off and thare fore, 8 bl glinnce i bowd at

tha recedver. This can by very amwoyioy b the user of e receplion because # saoms Hud

- ;z? -




te connectiun is dead. o order to overcane this problem, the recelver crostes & nimim
of backipound nolse called combort noise. The comford 1 noise eliminales the nession

that the commtion is dead

283 Fauing advange

Fhe fivdng of e busts banstissions is ve iy inportant Moblles we gt differont distances fiom thy

hase slations. Thelr delwy depamls, conse yuendly, on thelr distance. The aine of e Soun iy gdvanse
f5 that the slynals coming from the differant mabile siations arttve fo the base station of the dight
e The base sialion measwes he B bing delsy of te moble slations, ¥ e hgsi

corgspnding 10 & moebile stelon mdve oo inte and overtag with other brsts, the hase shation

tedla, this mobile o advance the bansnission of 35 bamrsts,

3E 18 Power controd

Al the save Bie the buse shations padoon i ting messwements, they also REHE Y
meampends on e power lovel of the different mobile stifions. These powey levels are adiustpd

£

30 i e power s nealy e same B each bugsl
A base station also cunbrols #s powsr level, Tha mobile s wonn nsasures e shongth and the

Guaity of e sigonl betwaen fself avd e base stafion, I the nmobile siaion dops nof racnive

soifectly B sigoal, the base stalion chignges s power level,

- 53 .



3811 Discontinuvus recepfion

s g mothod used o oonsere the moblle station's powsr. The paging chaniet is divided jolo sub
chasneds cunesponding B smale vobile stafious, Bach obils siblion «8 thes ooly sion’ o i3

sl shmnnet and will iy in the dleap sode dwiing the other sub channels of e paging channel

3642 Mudtipath snd sgualisation

Gakd regquency bands, radio waves vellest om bulldings, cars, Bills, eln So ot only e
st signal (he outpul slgnat of e emilier) Is recedve by a0 anferna, bul also many reflacied

signads, which comipd ibe information, with differen phases,

Araguizer s chargs of astracting e dghd’ signal fom the recaived slgngd H eslimatns the
channed snpulse response of the G5 syalesn and then consbiucls an invarss e, The recelr
knows wlioh baining sequanos st walt for, The equalizer will then, comparing the secalved
oy seugunnce with the aining soguance 1 was oxgsciing, computs e cogllicients of s

channel ingilss responst. o onder 1o oxbaot e ighl sl e reoeived siunal 5 passad

i? :Uie«j% TR RAt O R § gii‘f



Li GEM services

s aporiant o oot thal Jl e 058 sorvices wore not inlmduced sincee e ;

b By fsvs boon nboduced 6 9 reqular way. e GUM Momomandun of §

tdufined fowr classes Ky the droduction of the diferent OSM SEEVILER

Fo B hbroducad at the sl of he service

strotuced o dhe s of 1991

> Bl Inboduced on avallabity of bt s channsls.

B Thake sesvioes ane optiong,

g catigories of serdnes can be disliupdshed,

# HBomor sorvions,

& Gupplementany Senvices.

ot s of (YR
3

sdes shiing (olh



378 Telsservices

s ELoh

& delenhony (18 P

o Facshile group 3IE1

w beergency colls (£ 18 Py,

# Todedoy

yo Gt Messwe Sendees 01 F2, A} Lising these sovioos, o wsaans of o pysdonen
of 100 slphanannnie characters can be sent B o frons 2 nobile station, H the mobiia is
powaed off the message & shaed, With the 5M5 Cell Sioadeass {GRU-CHY, g

mgssage of g maxdmun of 93 charlers can be broadosst o o mobiies in 2 certain

geogr aphic sl e,

» b el Hrough s servoe, e subsoriber can reteive fax m sssages o any fax

i

w oice ol Hils serace couesponds to an aas woring nunhing,

372 Busgrer ssevices

A bearer sovvice 15 used for bansporting user data, Some of e bears sendoas s listed below:

'
R




o Asynchronous and sywhronous data, 30600 bps (1)

3

» Mloepate spooch s dida, 3009600 s (1)

= Asynolyonous PAD {packelbswilched, packet sssenbisfdiassemblon aunass, 3

G600 bos (£

> bynphsonous didoatid packel data access, U090 bas (£

373 Supplsmentmy Sarvices

o Lal Forwarding (51} The subscriber can forward inconting calls fo another muniber ¥ the

is busy {OFBY umescheble (CFNBEC) or o theve s no reply {CFNRyL O

P

called mohile

fovwn ding Can abag be applied vocondifionally (CFUL

e Dal Beaving, Vhere are dilforeat ypas o ol Baring’ serenes

®

iy of A Ouloning Dalls, BARD 1)

s Baring of Culgeing dernationsd Calls, BOIC R

s Baying of Guiguing Indernationsl Calls except Yose dispcled loward the Home

I‘

FLMN Coundry, BOICeal0 {89

s Dhapsing of Al ineondog Dulls, BAMCIEYD




* Binsdng of eomilig colis when soandn SRIAY

boFuls e ackive cul on hokt

Call Wailting, CW

2} Wdoes the user, during 3 conversation, sbout amnthey foming call

Hhe user can answer, reject or fonore B8 inconil vy adl,

P

fabdin of Charge, AoC (23, Provides B user with oning ¢ §=,:,z~z;9 idormatio

anty seevicw (2] Possibiiity of nstabitsbing a nlt ipaly ponversation,

Closed User Growp, CUG [A)L H conusponds 1o » goup of dsers with finited possibiliies of

caffing {only the peopls of the groun aud nertain susivbers}

Calling Line Klestifioation Presestation, CLIP {AL U supplies the called user with he 150N of

prEsention,

Connted Line Meofialion Presenintion, Colp (AL 1 supplins the calling user with e

dirsstory number be gols i bs call is forwarda

Gosnecled Line dendificalion Restoction, Coll (A3 4 onables e called user to reelict e

pressiation,



2 .

> Operalns dedersdsed baniog Boshicion of dlferont servines and oall dypes by e

e
o
-

e




35M NIGERIA

41 IRTRODUCTION

Ui Augist 8 2001, there was nuch fndwre b Nigsin with the bunch of e mucheawsited 20

eruice. DF Bires companies finally toensed sadier is January fo provide

e, Jinbabwe-based ECONEY Wirsless was the st 1o come on board, bealing by 24

}1

hows e August B deadiee set by Mgeda's Wecomvmmicalions reqislor, the N ai il
Compmunivations Comnissinn, NOC, The nexd day, he offer consee, Soulh Alloa's M PN, snn
fnched 5 servives, The fird e ool ncusbent, Nigesian Telecomommications Pio., MEEL
Ioflowed sull a day laler. A fow hours afier the launch of the B9l servion, when ladifls bor the servive
wire anpnusced, bope broed int despaln. Newspapers nest day canded howling heediines THE
GOM TARIFE RIPAUFE, GEM NOT TOR THE PUOOR, sl Fven e Nigsbn presivent showed

concenn, and asked o @ rovow. Howewse, having padd he sizeabde sum of 5285 ndilion for a

fnense, MIN ECONET and NITEL fusd evary renson 1o keap s,

fhe failis so announcsd were thad a Miysian O5M ool phone sebaodber would poed shout
RIGUD o parbcipate in collular isisphony, inchuding about NSOBUO %y Bne aclivalion ant @

monthly tental of about N3O0 ol charges of aboul NBG per snule for loodl calis plus VAT weis

aleo announugd. Following e maow over the i, FOONET was o aler g ginally lower #s

bty froms N per nitule o MAD for peak poriods, insiead of 4 sarior sdvertised M 24, for olf

peak. Dospite calls for furdher rovicw I e Geills, including frons the president, e Naliond

Assenily awl e adion's ifluential badiional lnsders, the NOO Chid Bxacutive, Froest Nk

sand with 2 sense of resignstion that Sere was Bl o nothing that Bs agency could do sbod e

L
~



st by e opendurs. s only iesponse was o hops thal compatibion wonld dibve down
peicon B duw cowrss. BETEL . the incumbant oparalr which runs the sxisting fixed Bnes, doo
seviowed apwanits e lariffo fur B sorvioes, up i obe lanlred poroant o some cases, The medis,
which fd raloed the hopes of Migekans so Hgh on B5M, could only lament et what 2 one-time

Migehan compnunioslions sl iow 8 senaler i the Naliondl Assembly) had sald in the pdd

1 had cone bue: thal lelophones wera oot psd for the poor,

4.2 HALKGROUND ON TELECOMBUNICATIONS IN HIGERIA

The saly wecommunioniions mbasiuchne in MNgads wes gewed lowards serving the oolomal
sbydrislaiion and econorny, AL Nigens's independence in 1960 thee ware ardy 18,724 ielephons

s b an estimated population of 45 mdion, glving & leledesnslly of 004 lddaphones per 1
poengde. Over the yoars, additional flophong Boes were hrought in, bul the counliy's rapht
pupiliion nregse and olher faclors, sush a8 aud and elficlency, cancelisd any nprovernent

the wmladensily, Acoording o e lernational Telocommunication Uikon 1L, by 18305

37

Migeia'y lelsdensily was 8 mee 03 I rose shighily o 0.4 by 1889 according o the NOO
Mugeris's Inlodanslly in g foy oy oo e Adican average of 167 (10U Bvan the NOO admils that
Rigeria bas had o vary Botlnd ielepbong nebwork for many vams, and he waling sl s estimaled
s over ten lion people who have applied 1o the oombend notwork, MITEL {aslabiished In 185}
fur services. FETEL had asiabiished a subsidiary, Mobile Telscompunications, of M-Tal which &

responsibia for e anslonus callily secdioe. Today, M-Talis In chargn of Nilel's G50 Netwok

- B8 .



43 THE FIXED ENVIRONSENT

Y

Anoarding o MITEL, thera is a national network capacity of 700,000 fixed telaphons loes in Migatia

and more Baa 400,000 ar conedled. Tha MOC, whith is responsible for e regulation and
festiuchinny of e elecommunicaions sunhar, falling undsr the Madshy of Lommunications, had
i the middis of 1000 spproved abowt 200 operating foenses for o privale providers of varous

feleconmumicalions semvices aoss the country, This gensraded a lof of solivities in e sa0tr Bke

shisand for foleconwranicafions i itprnent, acoassotes. sonauiioney arwt orhniond pnaviarashing,
¥ :

Howsver, e oiviilan adm which ok owsr fom the it ay in May 1909 sty
sancelind the loenoes. In the Wtlovang July, e new president sonounoad plare o privadise
NITEL, and aulhodsed the NOO 10 su yet another sel of new vences, which i did ML siso
approved eight povals Bnes fo be connecled o I switohis g Systent in order o wovide serdoes b
wlferant Migeian geopolied zones. Also n 1Y, MITEL set up a packet switched X.25 service
v Tedkom 588 VSAT basa Spsnabhenm service 1 South Alica lo ik Migeria's major oitins for
dita cornugicalions, bost of Migeni's lephone syslem iy sl ¢ valegus as ooly the mar ities
sl s sily fowns have bortng dhgitad, Shuce TG, the Duoe on ey Sloronns was glven

e contant o digiies e counl ¥ delenons systandn phases: o ot of e work s s ongoing,

mstaling o fod lelephons Boe in Figerta 8 o0 eosy matler In 1998 2 fine may cost oy MGG
GO0, and could take sevarat months and cumbsrsome papenvork. However the new government
Bas greatly seduced the offiial cogt of applying for & new ns; HIUTEL off wially charges MU, 800,00

for a new and e, However, wind s stdmned was o new wave of & apglivations for sevives, s



corygaading the sheady milfes-ong waiting Bne. To conipansate for Hs dismad parformsnoe in the

reshlential sector, MITEL bas Inr long been operatigg a payphone sysism.

B aier MUTEL s moeption i Y085, 11T was condracted to supply and instal] payvphons Kosks aff
geed the counby. This coicided with & downturs of svents in e Nigerian soonnyy, mud the ol
Loxes became exgy prey oy vandals. Therelore, due fo vandalisstion in e ooln-upteatod system,
#owas suon wilkliawn o sanving, Much ister, e sohnologioally more advanond oard phong
systan was brought i, Bub dos o the buge populslion, the sumber of cands B salisly domand
wonid be enoronus, and they wers aot odhooarning. This gave roors for sand verdors’ who uok
sbvastage of e opporlunity o do bilsk Lushhess, charglag for he use of thelr cads somatimes

mwe than double the NITEL charge, And since the cards are usually oo exponsive fu e

comoa clizens, many had no cholow bullo yse e servioas of the vendus.

Major Ancan projects i which Nigsnda s parlivipaling inchede the ECOWAS Telecomsnunications
Prolect and e ATAT AleDes subarine cable piolpstl Modorn secls of the Nigsiae

enuirny, typdied by off and hanking are locking Jovward B changes In the lelscoms seclon

44 THE GEMENIRY

The blgerbn govenme s ool oub o sohievs ap pssential gosd Haough privatisation. # set up &
Mationd Councdl on Privatiselion with the Vice Presidest 88 chalnnen. The By Teohnics!
Dormritien o Pyivalisabon and Commenialisation, TOPC, which had been set up by e millbey,
ves renamied e Bureay for Public Boleipdses, BPE, aod chargad with the wohnicad sepacs of

e privadisoion promargne Olher nfoencing gualens behel e consliborabln MNigoioan
g : 4

e




4.3 THE FIXED ENVIRUONBENT

Aunording 1o MITEL there is 8 nationad netwirk capacily of 700,000 feed Slephone inas in M i

and moie e 400000 me compced. The MU, which I responsible for the segptadion and
meshiutining of the wleonnmasdcnions sor o, failing under the Minis by of Communiostions, had
e pididle of 1999, approved abot 200 spersiing loenses for mivale provides of various

Wiscmumunicaions services aorns the cotinilry. This generatod 2 fof of activition I te seclor Be

demand ky telocumanmications sipspme, aonessuries, aonsulianey sl nchnio partneships,

Mowevey, the oivilian administration which mok over Fom the millary In May 1999 prompty
Ganelled the loences. In i following Judy, the new pesided swmoun: vesd plans fo privalis

MITEL, and suthossed the MNOD i Hsuw ved sroiher 5o of new Hoences, which # did, MUEL aiwo
¥

approv eight pdvide fems o e connecing o s » Mg systern in onder fo provide sesvices to
diferant Migedae geo-polifdl zones, Also in 1599, NUTEL setup 4 packet switchod ¥ 25 sarvico
via Tethom SA's VBAT based SpaceStoam service fo Bouth Afice o ik Nigsda's iy wor sifles by
i communadions. Most of b bgenia’s lelophone system s sl analogue a3 oidy the gl cities
awd wiversity o have becume digital. Since 1986, the Comen cormpany Remens was glves

thes conlract io digitine the coun dy's Brlecoms syshen in phasss: 2 fol of the work e sHi nnguing,

tnstaling a fixed feieohong i in Migera 5 0o easy madler In YO8, 2 fine may cont v MG
B, and coutd ke severad nionths and swnbersnse papawotk. However, e pow Gire rnen
bk groatly reduned the officis cost of applding for a new fine; NITEL offy wizdly charges NB, 0080

for & new land e, Howseer, what s obitained was 2 now veawes of applicsfions for senvines, fius

T



sivigrants, who omy wand 1 nvast & bome, And glse oy wand 3 more sificlend lddacoms sanvioe

o contant ilalives and ends. The substantisd od and banking indusbies ss giso koan,

¢

Fo opave e woy ke e G5 booosing sd cdbsy sostiuchabg pmooesses, the NCU bad held
comferences o fashion oul modaliles for g new leiscoms policy and the Bheralisalion and

pebvatisation rogime, AL 1998 conforsnce, axpus sugpesied ways 1 achioving these ends, Many
bebove Hud dereguistion hos e advoslage of binging o new money, Bigh ponsialion of
isphong denslly and slso bringing sompeliion o e indushy. Novsrheless, deregulalion o
piteatination should be approached with coaulion and necesswy sleps must be aken hafe

dhvesting governmient assels

Rigerin oined the world's Jigiad ool nebwark in Jonusey 2001 The ctmpsting opsrabing i
Migarta weare selected through a puldic suclion, which began on Jasusry 17 and saded on January
14, 2004, Four floes cucossshully concloded e auction bul only hres met the swndatory domding
for paynsend of e lesose foe of USDIZES willion each. The sucoossled i wesn Doonst Winlasy
wrighnadly fom Jimbabwe, MTN owned by a South Alican company, and RNITEL, the Nigerian
governeat owned BEoormmunications parastalsl Cononunication nvestmeeds Limdled (R, e
onty Indinenous B Al the tine, was eassd out of the raoe by the NCU alter alleyedly Tating o
mnst up with the daading for payment of the balance of the foense fee by mudsighl of Felvuary §
M The race sharled i sanest bodwenn the b dighs! mobie Beensed operalors -~ BOONET
st MM Poonel Wisless lbunched e servioes on August §, Bollowed by MTH on Augst B
BATEL fouh off the waxd day August 8 The moblle ostworks In Mgers operale i e GHMBH M

ard GEM BOG MUY foguancies.
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Migeria s pursuing an ambifious teleconsunicalions expasion program axpected fo bnprove e
naticnat whiensity thal was ot 0.4 percent belfors the advent of GSM. Nigera inlends fo ursase
Ha e v Boas Bom BUO.000 0 over 4 million within e o 35t 2 years, 20 peyoent of these ineg

sa expeniad 0 be beldled morudd conenuties i compliance with B and e Phogsnan

gevsrnment dhectives on usiversal aconss obligation.

Pha Migetlan governient hus sald that I &5 conmitied 1o instaling sbout 2 niion mainiines
£ mitfion dightal moblie nes bedtre the end of 2002, Within Sis fow fame 2 seoond nebwork
areed wil be Soensed lo compele with MITEL. Migerds has reviewsd Its ielscommumiations policy
frst published w Oclober 1999 and has issued operating llcenses 1o several privale operatons in
thee 350 Mtz bequancy range for zondl, reylonsd andior conwnunity Ielephony. A second naional

atp, Glolnmom, was also Boensed. Diobaoom hag g slavled work on inslalintion of

srsipman, siecling bansmission masts and laving of bansnission cables. As ot A SHERINGEIN I

savvines ave pot stwted yot despite the Gt Sud B promised o st tansiission by Mesoh, 7001

4.5 THE GSM GPERATORS I HIGERIA

Hhe sntive operatons in Nigera me:

s PUUHRE T WIRELERS

w G GEACOM {(Yal 1o launch)

Aa,
e




Fha above-menioned GEM operatons have weached seversd stiges In the execdion of ther duties
a5 oM servine providers, TN, Bconed wireless and Mg have shice starled operation and hisve
Boon opotliond) over since desplie pordods of hilches and sonmfimes Wl shuldown, The
wuenban! nobrork MNitg hag the loast sumnber of Bws and sofay, #s services have bean desoribed
by sy subscribins &g grossly neliclend. The contrant fo ncrease e murder of Bies has hoen

awardat g the public i sl waling for sesalts. So far, Niled's il aee w choapest avatiabic

followed by Eooned and Hen MIN. Togother, these tues rheaks give o conbined subsiriber

base of 2 adlion placing the leledensily of GEM phones only at shout 1.6%. Combining this with

i ranbay of landBoes and fxed wireloss lnes wousd yve & combined feledensity of ovey 20%
$

This i A remarbable growth om a teledensity of a mere 0.4% in 1959 Thare's st 4 long way o

g i Migorka i o aohieve e [T reconenaeled lndensity of 35%

b3

by ders of subsoriber base, MTN hay the tighest with aboud 12 millions subsoibers as ot Augus
ZBY Hhe extond of soverage achisved by MIN g gulle roouabkalle glean ot i hag exoeedel s
sed fargel On s nols, MIN was desuibad mois wiidly compaed fo the ofhor nelwaks The
genaral cullonk s %;ézéiaw}fﬁ_: o be whal is oblainabls i the other aatworks. Many sspecls of thel
opyations @ quile sl since they are ol follewing the same specificalions. Differences g in
odas of opeyalions and publicly techniuues. Nilgl GBM, balg st iocundent network B worlhy of
menon This was done in oudeyy 1 give # picture of bow things were and possibly bow things
woubd bawe oo shoult Mg be dlowed lo oparale dlose. The benelts of mivaission sre clealy
sead i s suenaro and based on s observation, e role of privale owned networks can bast

b sppreniatod.

T




Eoonel wicless and Glohacom ae brielly mentioned. A desription of thelr nelworks 85 given by
e UM sstusialion i gven As 8 August 2003 Globacore has not stuisd sommestiyl

Gpsations vol slthough lest Paanisskas bave beon oaried ol

451 WINHHIGERIA
ERAN Sackyground
MIN i a2 South Ablcan ool network operglr and is fisled on the Johunnesbing Stock

Exchangs unter e wibesila of e MOoll Group. Launchad in 1954, BTN now hay ovr fw

maffinn subsoobes. Licerse awanded in 1993, MTN owns serice provider M-Tel and bas nleresls

PR Talk Callula, Legl Wieless & ks Holdings.

B Mgeia Comnsnunicslions Lhvdled 5 pad of the MIN Goup. hooporaid in Migais on
Movesnhoy 8, 200 85 8 privals conpany, # senwad a lopnen 0 operale OB Blephony on
February 8 2001, fom the Migedan Communications Conmission. MTN's GEM nebeak iy one of
the largest in the world. 1 has approximately 4000 sites covering 19 200k of road, 900 000k of

fand and providing aocess lo 84.8% of South Aliio's populalion.
T May 15 2001, MTN onmrged as e Bl o owke o call on Hs GOBM selwork i B now

dispensg f Minia Thereatler, e oonpany laanchod Rl copmsroidl oporations baghing

with Lagos, Abugs and Post Hisoomd

-~ {) « ; -




MITN's protusts and services ars avaiiabie of is Prondship Conties and 3 nadiorewitle nebeork of
dudberships, barks and  convenderes  chionels  bwleding esdedes, pelrol stallons and

naotghbeiond sloes,

R deands the Bdusliy with servion aealtabilly such as Pay Ag You Go e preopad pockagel,
mmmess e postpeid o conbraot package), Booster Card, a5 will ag o svay of valus added
services that include Sharl Message Service, SME, Infornationad Roaming, Wirdess Application

Frofoool, WAP, MTN Funtonss, BTN Direclory Engudiies and Renwile Interachve Yoo Regpongs,

The company cutrently hag a lotd of 14 molile swilching centies covering 35 cilies with about 500
base stations. B has o sudeorbay base of aboul 1.7 ndlion Jdiowad by Coonet whslans, which bas

abowt

OO0 Hoos as b August 2003 This places MIN In e oading posliion in lonng of

Lovirage ad subsonbey base,

fr Jdonugry 2003, MTH celebrated e completion of g nalion-wids nidcrowavs radio ansmiszion
backbune kouwn a8 the "YHello Balwn® The MTN YhelloBaiw' was comstusted fwough ap
%&a;éfsiﬁ'z&ﬁi of LISS120 eifflon by BTN and can enable op fo 1,900 voice calls o the som Bnn
Migavian Prosident, Olusogun Obasasg, fonmally commissionad the complation of the project i

Pobada, Ko Stale

BATH Migada's minrowavs backbons spang 1400 klometias, bom Kang i sotens Nigeis
souliwmids, branching off towards B sast and west raspechvely af Lokola In 8l it avarses over

120 Migarian fowns aud villages and many commumitiass will have accesy 1o globat idonnation sod




ok lor the frst Bme. I aiilion, S baokbors will enabie MTH Migesta to provide noverags

e a griwing eumder of highways in Nigeda. Before the conypdelion of s microwswe fnk, MTH

WA kg o ks o sderoonnect most Migerian cities. This was undasiable esperisly din

b dhe dong Bassimasion dolay associaled with spdelile bansmissions,

BN Migsis Is 770% owned by Mobile Telephone MNeleorks dernationat Lidlad, with the

batance of 22.4% shareholding residing In the hands of Nigstss pardners,

4512 Holwark Desoriplion

MTH Nigeda Communications Limited - Networt Information

Opprator Nane B BTH Migarls Communicaions ot

Patwink Mg " BATH Mignnin
Blubwink Fype " LB GUG TG
Hanidaet Ui . BATIG NG

Fatwork Cods 5 B21 30

f—:-
HY
~.‘.

Metwork Slalus o ve August 2

4513 Products and Seaviony

A BTN starter pack condaing e Bems ncoded 1o establish 8 sonneclion o the network exoep!

for & sobdbe handsed which s oplionsd. The foliowing Bems we contained i a starker gk

AL oard

w2t -




s MOUO B0 worth of calls 5 dan ¥ H00BSS

Aontaw subsicbay pays g proscdbed amount 0 gt a stanter pack, which contains the 514, e lnads
taist bt Bls phose o gab snneas b By SER ncbarnk. Thera s hum oy gk fd conno wdih
cedlphnnen s tha Sustormer doosn? batler abod getting o nobile stiion,

L5 L3 Pap s you go

This is e sasiest and Tastest way o o oy the benelits of celivlar commonioation. 1 is suilaiite for
cusionens who do nof wish i eelsr inlo g contract o tay down deposils bul wanl scoess b
elecommunicalion services fnstantly, #y o vorsalle collular patkage that gives e cuslang
frendon of cholis and Feedom of rmovenmend, § offers nmediste access o e BTN COM etk
thronigh an "A i one” accoss and sifiee cod Wik a Sitd sard dlieady badud i the o, Pay

a8y G0 cnabios the subsiriber o pay f hs ooy bebus nuddng e oalls That way, tha

vt is i conbiob of his ol costs,

Loading & 12 digh seeret code Biat s soratchied off an sl one access cand offers 3 memg of
paying B calls. The vabie of the baded oord i erediled o the subsoibors moount and the
subsenber can hen make cals o the lung of the slodiad anourd. Such oards are avsilalle fom
RN Sleniship conbes sl authordsed dedlers, Frishulont atempds o omd a plone with Tedse

pOGEs e piovenied by Piochig any usy el gukes ree unauer

attesyds, The

andbuntiog chanens of snocnss i such an atengd are guie shay - B Y

2,

MM dlao offars a range of cellphonss g nciudes work Fanous brands such as Nolda, Priczson,
Alnatel, Motorols and Sismens. T hving an MITH cellpdons glves the cusiomer 2§ tanufactrarg

15

Warrandy and Teohnled Wananty, ¥ g fag ¢ devilops during the warranly perisd. MTN fakes

SR LT




rrsponsibility for sopals or eeplecemend of e phooe, Repalrs o carviod oul at the MM Savics

Hhe MM Baostor Cad is an addionat aysdion B the boowy wsir His cand peovidos o reduciion of
a3 DEG L calls sl for a peekd of 30 congovidive aninfesrapbnd davs fom the e that e

Lard bs Bl on o e cellphong,

Aldneons-Card  Call Valug Bevess Perlod

LRI Wi L Moy

W3 ese v H3ES 4 Gldays

H 8, 400 ‘ - HH 988 ‘ _ Glbdays

* Acpess Paod - means e by of days one oo receivs unlinniled inconing calls.

Moothly Avceess { 4 500

CIEERR L CoEw

pAIN fo Oty Midworks _ IR - 25




Monday - Friday
Peabk Podod
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Internativnat Rales

Gounlry Witk Boosterpwd

Africs
fone 1
Jinbabwe, Zombia, Bolswang, Malawd, Agnla
Kamibia, Do Republic of Madagasosr, Bouth

Aliica, >§*1:<Z el Kingrdom of Lesathy,

?z}fm ;2
Algark i, Oanbla, Dibasls, Poople’s
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Al cdis me caloualad and charged in units of 60 seconds for the frst and subsequant mimdes. In
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e event hat the sibariiber ynng Ay part 0F 8 unit the substriber shall be fiable for e full charge
1 rnspt of ST

A prices g S ges 50l ont e b i of WAL

F 5812 Businesy Vi

This 15 desigred 1 aifer e customer the cog Sy benedi of ow fangs andd e converienes of
By o calls o the on 4 of gvery monih, An demized bl is e garh month, this mlows by

e

paviig e gonth ty voliphone W i anns, Bubsuior whe of, A 00 e Business TG ans fHan
foa 13 ponseooiive ol il oot ME T 43 bonus s oe redbend b thedy JOLOL,

i be 3 businpssy I subsoritior, YO it b reguiag ot o JMITH b figens subsoniber
affeenent (e appioved s agresment s bind HESOF @ pindmaey period of 30 days, afier wiich

il vemain in place ¥ choose o canoed § by giving MIN 30 days vobice. Together wil

Your subscriber mpsemer i aongoff, refundaide securily depoc wil be raguled

shiows i olnbers Galted the calf duration ant the calf cosle. Ones I
sbseHber agocment i spproved, the sibsedbor obiaing o Bk, which containg the 54 saed anid
FatiE gulde. Thy subsariber i gven @ chance o chnose BI5 o nombier keown s the "Golden
Burnb”,
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Tarills

Vhusinngs Thue {18}
plonthdy Avsens
PeskRate ]
NN

T o Ohers

Tl Peak Bate

ClewlostRate

ntornnhonal ool rades s an i Pay 4y you Go

45405 MIN prolilE

This is a conbract packans with & bw acoess e comaared B business TRAE 2nd 1 low tadlf plan
corrmarsd 10 Pay a5 Yo Go (PAYD) MTH moTIME customens haw the oppodunity of payiog lust

H1500 monthly aocess foe and B33 al pedd time for MTH o MM oalis.

ot ofors benoBits of convarsion Bon pay a8 you go without chaginyg nmuelens o S, &
credit @l focdity and a diad o scoound budance check faclily we slse b place. This pachags s

tusit convement, @5 tere i o nesd B load an all oo soraleh caid,

Agtivation Heguiremeniy



he fullowing aotivalion mgubersenis 80 b submasibors who wish o ke on fhis

package.
o Adonn of whwdiication, wiich could be g driver's Boanse of lansdions passpoil

= Completion of @ subseribey agesment foun

s Payment of he cost of e slader pack =M= §, 483 00

¥ Poyment of monthly acoess fee of =N=1 50000

o Pavinad of seouily dopostt of sie 10 80000

The completad fonmg aie o be relurmed Io the Foeodship centers, forme flled o the dosier cullsts

ae also W be rebused B e Frissdsbly coplers. Coee e above requirements e med, the
systerm woull sufomatically alfocals g randomly genarated MSISDN b the ProTime S0 ofer

verifying # e above amounts have boso pald {Lhiess 3 Golden Number bas been specifind)

Agtivation of ProTime B woudd ONLY be done al the Fusodship nanters,

Aoy submonbor carently on MIN Pay as You Go i wishes o migrate 1o the MIN Polime

package may dosp providesd the ooy ol are mad

¢ Adonnof idendification, which could be & driver's Soensa or Internalional pagsport




= Uosppdetion of @ migratiun e and banding v soch by Promdship conler o doalor
oufted iy e fonn, e subscrbe ool b reguired to wille Baber o BMEIBUIN and

B4 b inthe oo

e Paymont of monibly socess foe of =M= 150000

s Payroon of secority depost of <HNe {00000

e wendd be aoenatioally ndgiated affer 48 hows
faritts

......................................................................................................................................................................

‘Pouk Hale

O Poak Rate SRR . A

ow Cogt Bate _ . A

A0 TN A R | 2

45134 MiNiad

This is a prepald service with 2 ol that deoreases the more calls e made. The more oalls ae

sade within g onth, e cheapsy B oal Charges Detome.




i ostards ol NSO wad 0wy g0 as low as MK dopanditgg on the annunt of Bk e This e the

e yoar bk, the dnge vou pay.

BTN hedps you ansis thal your woled ool sosls dont excead e custormer's pemond budoet, 5o,

vou buy the smount of ool oredit and sooess e vou want and pay for it before vou make calls
H £ 2

N pay a5 you Go or MIN boostescand subsciiber oan change 1o BTN Sexd by digling "517#
and thay will be suomatically moved lo MTN flexd Thelr abtime value and aooess e wil b

wansforrad mwedislady o MTH Bexé

Tariftsy

{alls made i Higenia t off operators and selecled Yalue Added Servicey (ALL HOURS)

bevel 46 - Ty DR . .
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How o swilch o thisioall *5188 O Load & boosturcsnd cosh NAGDD B N R A
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heex then snoiber booslerord needuto b B ooh ohange MIGR
i o o skl b v bask lo Be MTN pay
ol G0 Cpdion, aulonmlivaly

Fak Chargy Hanl Fae

L83 MEN s Messenger

s i anothr contrant packags e business e, B offsis o cost effective BMS fanil plan that

e

satiais bof e noeds of corporations and organdsalions using Shart Massags Servine {SMB] based

applications of customers wsing & igh ol of fext messages. Text messagns ae charged N8

g nassais ot ol nes and Al olber condklions ss 190 e 35 the business ne paskags.

£.5.8. 3.8 Value Adided Nervivey

MTH offers a wide rangs of value adisd senvices. Apset o making Volce Calls, you oo

more. Hedow oo sorme of the sepvices,

~a
-~




& Yolcemat

« Call Bansing & Forwarding
» {all Walting

o Call Lins deatification

+ Eahanced Yoioomad

« Shoit Messages (LME)

e Faxgvul

= ipternet
« International Roaming
s Glosed User Groupy

s Lustomer Servioes

&

Prmrgency Durvices

4544 Frabloms

Thi MIN network bes perlonmed qulle remarkably ax iy svident fom 2 comparson of the ees
(3584 operators surrenlly opraling B Nigeds. Nevertheloss, the users oan besl udge the qustity of
g lephong nabwok whather o not s 8 sobjoclve judgensnd The various complainis hal come

fown subosonbe s s antpne sded hokles

e
o




»  Lalls gebdropped whits you we sl spualing ol BTN Bills o,

¢ Aol gels conneclod bul e called parly does not bear e caller, The caller gads billed,

»  Difficadties i nading an sl beone cand due o nedweork failures,

= Prodongi deday o bonsadnsion of sl messages sammtimes for days.

»  Appirost e SMS il gol blleod bler on

»  Difhouily o gelling connecied due io congs

454 HIEL GoM

4.8.2.1 Hackgrowmud

Fhe snondie vt of Migerka's ncunbent nebeork is Nited G584 U shulod ansmission on the % of
August J0UY und siims then He performance bas been desoribed by many ag biubly epileplic

When the st audversiary of GEBM was oolebrated iy August fast your, Milel GSM had 10 B0
subspabers. Dunng Bw celebralion penod, § was in e process of seliing 100,000 fnes. Afley

sedhng off those Boes, MITEL stopped sollng oul Bnes. As of August 2003, Mitel was opsrating

Cng of e probieres MUTEL faced was that of infersoomectvily, Mite! ad diffioailies iy maching a
arpeament with the othey beo GOM operalors on lasills, Bconst witeless and MIN ae demanding
RSy Ry sl the opdls they forndoats. Mg charges N3 e nbide for Nited fo Mited calls, Paying

B o of M2 would spell loss fr Nilsl The inlerconneciivily probilemn became g bighly discuesed




oblen bd so fr, nothing much has been done. The Migedas Conpnunications Congnission

(GO has blad o reaobve B matler bt Bdled

Aftar the Gl of the alisnpl o selboff Nitlel 1o privale lnvestors, the Government gava the
pomirant B the mamagement of Mifel & Peplasoope Infernational. This gesiurs wag dovs i it
Wings In order belore attempling b sell # again, Pendascops bdernationsl is » privalely owisd
qnconmpeidcaions company that s based o Netherands. Pendasonps will ba poid 4 mition UB
dolts per year They have supplicd 3 koy officers each fu Nilel and Milel GSM CEO, Chigt
Finance Oficer {CFOY and Chisf Techpical Officer {CTO)L The company ook over i Merch 2003 -

aid shihes by the Mol worksis who have boen agaiost e plvassation provess - and has siee

b Rlarch 2003, the Goverrnent swarded e contract for the axpansion of Miel by 1.2 adlion hes
1 Huee lelocoms companing, The compaies ara LM Ericsson Swedan), Molorola 058} and JTE

{Cbnay, The contract was awarded al @ ol of 155 adllion LIB1,

“p «.
c

The iob was expiuied 10 be compledad in 3 monhs, g e forget bas not bean mad thise mondhs
¥ %’ g ‘.-g

fder. The Chinese Company involeed in e project was deliyed by the SARE cullvesk In Ask
that preventiad e Enginoers from coming over fo Nigera. The ollier compindes e being delaysd

by the Government's inabifily 1o pay them on lime

Hobweon August 2007 and August 2000, e swnber of subsoriptions grow Bom D0 o THEG0D
andd b venainod 50 B the pust 1 months, The nunber of cliios covernd ow omn A o 13 aud

SRAL wan addad indo Nidel G5 s senduts,




by Apdl 03, the Migerdan Covermment aplt MNitel into two and Nitel G5M becine 3 separsle

Comgany, B roveied o s old sare of Migeran Mobde Telacomsmupications Lid MTEL MTEL

wan idiadly b chmge of Nilel's anadogos celluly ielecommmnioations,

4532

Hotwenk Bosoription

Operator Hame % Migerian Teleoonumudoalions Limted (NHELY

Hatvark Hamg % RITEL GO

Heotwork Typs % {350 BOOAIBED

Handast Code e

Helwork Code A G214

Habwork Stafus o Live Ootober 2004

4823

Profdems

METEL ds st nod fully inferconnected o Foonst Wieloss and BTN, angd 5o Nl GEM

b

¢ g

subsedbers can't otk in g combined base of 7 mllion G5 subeoibes,

Yt i patid 17 Diflion teire {126 milion UEDY 1o Eoonet Wirelass and BMTH fur oails wy
£y E

fornanated, Nitel GEM coudd nod b them back B the calls dlerminatod. The reaann given

was thal Milel GEM's equiprnent could nol give acowale calt dads reconds,

pited G508 being o gowernmost owned parastalid s hoawly bossd by the tonels of
manaucracy witch, given the slats of the aslion, 8 8 shong hindiance 1o officient

pEimsnes.
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4534 Metwork Bussiption

Oiperator Mo > Foonel Wireless Migoria {4
Mefwoix Moo P boongl Wialsss Ngania
Hebwok Type 3 LGB SO0 BLG

Handsal Code b ECONET

Metwork Coda

Metgork Slalus

2130

2 Live Aagust 2001
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$541 Holwork fesaiplion

{edihivom §.08 (o Blobie) - Motwok Tofia mation
LDpralor Name b Chobacom Lid
Mirbanrh, Mame o i Botels
Matpk Type & £3504 GO 1500

Hadeat Coile B g

£21 b
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Metwork Dode

Mobwork Status e Provisiona! Memnbey
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5 COMMENTS/ICONCLUSION
51 THE PRESENT

FTeleconmunicahuns o avoling lowents personal conmnunicalion nabwinks, whoss objontive can
be sisled as the avallability of 8 comnumication setvines anyima, anywhee, fo whyvona, by o

singie whenlly ouindey and g peckslable communiostion fermingd Having g mudiibude of

swiompahibds systems Byosghout the world moves us fathey xmv o thig
of seale crsated by 2 enified syslern are enough o sty i plomentalion, not lo wention the
cowanience of carving Just one conwouncalion lemnal enywhers, mgardless of naliongd

boundmins,

Anciban poind where GUM bas shown s commlinen i openness, standards and inforoperability
is the penpatibidity with e Intsgralod Setvices Digitad Moebwork (8N} e bs avolving in aost
husbiafised counbies, and Ewops I padiculer ihe so-oaflod TurodBDNY GBM I glso the st
systent to sk exdansbe use of the delligent Nubeorking concepl, In which servees e 800
suanbars we conceniraled and tunelled bom g fow cenlalised service cendios, nslead of baing

sibuted over suery swiieh in e counlry, Thiz s the concet babing the use of he varows

remsiens such as tha HLKL

The GHBM syslan, and s sibling sysians operaling o 1.8 GHiz {oalled GSM 1800 o DOSIBINY
and 1.9 Gz {fcafied GRMIBON or POSTO00, and operating In North Amarical, are 3 st spwonch
at a yue persond communication system. The SIM cad s 3 novel approach thal implsnenis

e onal pecdelity s additbon o weinal mobility, Together wilh bderashona roming, and stppod




by o ovaioly of servioes such as miephony, dole Yaosher, fax, Short Messme Servie, and
supplesmentay senvioss, GEM comes dose o fuliling the reguirements kg posonsd
cofmeniotion Systeny olose snough et s being waed 88 5 bass for the nest gonstation of

mobiin conwnuiuation techoulogy o Bwops, the Usheusal Mobide Velecummumioation Syslan

ii; 155 wiug Wb the 3 {-5 ‘)y-:;i‘ 3313

8.2 THE FUTURE

As el systers reach matusly, many arg locking fo e luhee, Wiile the POS heguencies
PR B - 2000 MH2) ore sl belng bull 0w, the nagd gonerabion of celluls conumuniondion i
being ninched To provide ue bonsgancous wohbwide witsless coverage will no gaps, 18O
fiow earth ol splefes are belng used. These LEO samfltes orbit e earlly i bigh spesd, low

slude orbiln with an orbilgd Sme of 70-50 minutes and an sfibsle of 400 - 700 pdlss, LEOs

provdte soall cowsrage cells woonnd e shee Wiashinglon shale. Shwe LEGs ae mol
gecesynchimons, ey s foed B By complels ol amd s many musd exds! b guaraning

gl Area s Loverad by ol least one salelite of ot fmes. Therehye, ool handoff i3 excouded when

the satelile moves, nob whes the person moves a5 #is vath ground based coliular syslems,

5.3 LIBHTATIONS

350 15 8 boad fopic thal cannot be covered infensivaly with 2 100 page document The GEM
spesficalions alone constng 2 whooping B000 pagss of recumpendalions and svaluations

yemad wards avcomplishing @ hiloh fee standard by s grodaad | have Bled o give an ovatviow

- B3 -




of the GEM aystern. As with any overview, e are meany delals nissing, Howsver, | aisd o give

tha gotiond aeay of GO sl the phidosaphy bobisd B dosign,

Phe descnplion of GEM I Nigena was inlended o aover e sarious astwork operslors i e

cownlry. The information needed o give such a descriphon nesded 1o come from e operalors
Hwmsadves. On approaching e managenen of s of these esiabiistments, ey divected e
i the ntarnet for off the formation | nesd. Consequently, Houond out 1had the Infermel, albelt 3 1ch
sogre of fonmalion, 15 oot enougl o desoribe the siale of alfdr in these parastatals. The
contents of these webstles were Iound fo be rather vague. | beliovs ey have easons B conneal
some aspects of tholr opershons iy securdy 1205088 oF possibly, economin oasons. Henoa this

gl wirs mostly wiitles with infoonalion rom s Inlerset,

54 RECOMMENDATIONS

This underg adusie project bas wpused e {o 80 much by by world of doconsnuniosiiona. Thy

%
3

vigiows especls of o lelecongnunioation system hove Desn shudied o galn g ull background
gioture One Ling | ooliced s he faol that Nigess a5 a counlry 18 5 pre consumey of aff the
ttneonyousitation sepvices offered. Migeds cannnd bosst of producing 2 single misrackip whon e

wstof e dovoloped workl is heading fowads mors advanoes echaologies. Mosl i ned all of the
eguipment usad in the eloompnedcations dushy loday are nported. lo fach, aunaging thess
compantes, ncluding owr ndigennus Nk i nob without the help of Joreign expatiates. | ballews
Migerians hove the capacily B bandle these compaties as wall 23 thair Brolgs counterpats, 1o
Hus and, brecunmend g dfftvent approasch by the governeent i solving the poblons associpiod

with o fechoologonl backwandness. More resouwrces should be chaonglled owards baning

mdigenous Engieais sven § I e balnbyy Bem sbiosd. The koowledge bought would be

B4 -




it mesn valsdle then an esivalent amount of ouprment bought, We shuud be o

itstod o he fofwe nol the piasul,

Une ol Bie ways | beliove the yovsmmment faded o ¢ cunsiiat fulirs consmpenoes is i the sale of

tha UM floenses. The amount sharged is guite exotitant mud every Nigedan that pays o his
e oalls foults the eifent The tailfs Hugtia s romain one of e highest i the wold, And
how cheap elecommumication servinas will gelis greatly bited by these Baolors, The govermnmnt

shauid senously ponder on issies thal have far reacting consequence before embay hing on any

ARy "’n> e roost {’gﬁ )

885 CONCLUSHN

ha stade of the lecommunioaiions induslry s Nigerla hay greatly ogroved In the past two vears
not eidy because of the GOM lechnology, bul olber secinrg of the ndusty bave ssjoyed an un-
abided @owth, An sxaple of sigh aspects 15 the interned sed corputer lleconmunications in

general inteomstwoking of conpulens has | woally enbanced moduntivity In the gonnomy hiough

efficiont ullisation of facilites that can be accessed from rannta calions, Banks hove cenlrmined

aetwoiks ol reke rangler of funds fasler el nah sadier. GSM ned torks huave faciitalind -

ol Hiese functions by e use of wipless dats bansler pavkages e HSODRO and DPRS with
eanwkably hegh dats aesfr speeds el can caler for rosl connections on 2 widless
comgaied nminal Bhe & laplop. The GOM handsets thinselves can be used iy gann acoess o the
internst Thase days, the difforesd modes of lelecomminication i can hardly be disassocinied singe
tha used of phones and the blere! e be two sides of he same sodn, Foy inslance, 5MS o ing

MEESRGES o be sent 1o g GRM user from the lered and vice versa. s oa be serd and

chved G HERM phones without hause of g ¢ sregnster erminal

o
I




Todays GOM platform bs g bugely supcesshil wholess schoolony and s excaplionsd shay of
global scheovenmend, i loss than len yeors since the first GBM network was conwnergialy
fmuchad, f bocama the worlds leading and fasles! growing mobile stomdard, spanning over Hi

CERIHIHS.

Today, GOM chaolgy s iy use by wore than ong is fen of the world's population ad i i3
exbmated thal o He end of 2002 there ware 787 miffion GBM subsoitbers aoross the 190 countiles

of e wondd,

The growih of GSM conlinues unabaked with mors than 100 riffion aew cuslormerns i e lagt 12
sasndhs. Shwe 1957, e sanber of GEM subsorbers has wrgessd by g shaggaing 10 fold
Pngring tade 2003 or eardy 2004, # i pradicted that globsd GSM subsoribers will smash hrough the

g Btk mak,

Flgeia i o lofl Bebind in this e of events. The eledenslly intreased fum B4 1888 0 28 1
3 Thiv i a stagoaring 400% horaase and with alf things baing equad, the leledenslty

eopaniad o isg o ) pascand by 2006,
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