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on the big footprint Af the GSM system. 

I i i dgcnc ra i i on  m ih i l c  nidio systems - 1nlcrn;i- w .  Ilona1 Mobile 'I'clccommiinications in the year 2000 
(lMl'-2lWl) ~ arc currently nnc 01 the key commuiiicaiioii 
technolugics in research, dcvclopmcnt, and interna1ion;il s lan-  
d. .iidrlation . ' hiidics due to the high market demand for ad~aiiccd 
wireless ctiniiiiunicatioii. The Eunipcan vcrsioii of IMT-20l10 i s  
ilic 1Jnivcrs;il Mobile Telccomniiiiiic;ition System (UMTS). 

Scciind-gciiel.atioii niobilc radio syslcms, which use digiial 
tcchnnkigy i n  contrxst to tlic first-gcncrntioii systems, arc very 

wurldwidc i n  providing service io uscrs. 'I'Iic cus- 
c i s  increasing much faster t l i i in cxixcied. The  

UMI'S 1:oruin cxpecis i iruuiid 400 ini l l ioi i mobile subscribers 

'l'licsc sccond-gcncratii,n systems arc dominalcd by Global 
Systcm f o r  Mobi le  Cirnunoniciitions (GSM), IS-llh, IS-95 
code-division i i inlt iplc ~ C C C S S  (CDMA), mil in Japan Ihy l'cr- 
so l i i l l  Uigilal Cclln1;n (PUC) and rcrsol ld l landyplionc Sys- 
tcni (I'IJS) tcchnology. GSM i s  ilic mobile rxliii standard with 
tlic Iiighcsi pciictratiun worldwide todiiy. 'Ihc penetration of 
mialiig systems (first gcncratinn) i s  slariiiig to tlccrcasc. How- 
cvcr, tlicsc sccoiid-gcncriitioii systems arc limited i o  inaxininin 
data rate. On tlic oilier hand, tlic pcrccnitage of tnohilc multi- 
incilia iiscrs will iiicrclisc significanlly iiftcl- 2000. According io 
ilic IJML'S l?iruni, in 2010 about hfl pcrccnt of tlic traffic iii 
Eunipc wil l IJC created by mobile mnltinicdia appliciitions [I]. 
A similar growth o l  inobilc &la irall ic is  cxpcctcd worldwidc, 
wi th iiii expected growth rate per year oil the nrdcr (if 70 pcr- 
cent i n  ilic next five years, starling from ;ibont 3 mi l l io i i  data 
iiscrs i n  19W lo about 17 million data uscrs ill 2005. 

More advanced services than current voicc and low-dat;i- 
ralc services are furcsccn and w i l l  br ing tugelher tlic thrcc 
worlds accurdiiig io (lie thrcc basic categories: 
* Compiiicr iliitii with In lcmct acccss, e-mnil, real-time iinagc 

Tclccoinniuiiicalions wi th  mubil ity. viilcociiiiferencing, 
tr. ailater, , '  multimedia ilocuinent tninsfcr, nvihilc computing 

~~ 

GSM, and intcgletcd sciviccs digital 
iic:twork (ISI)N)-likc services, video 
tclcplioiiy, widchand daia services 

* Audioiv i i Ic i~-co~i tcnt  wi th video on 
ilcniwid, intcr;ictivc video scrviccs, 
infirt;iiniiicni, clcctronic newspaper, 
tclcsliopping, valuc-;iddcd Inlcrnct 
scwiccs, 'I'V, iiiid ~ i d i i i  contributiuii 
F u t u r e  i nn l i imcd ia  services w i l l  

range lrom low tn high i iscr data rates 
(milxiinmi 2 Mhis). Tlrc iransmission of 
a large prcsccntalirni of 2 Mhytcs would 
i i ccd  8 s w i t h  ii 2 Mliis service c o n -  
pzircd to c i i r rc i i t  data transmission in 
GSM w i t h  9.6 kbis, wbcrc 28 min i s  
iicccssarv. The  G S M  Association. ini 
orgt i i i izat i i in [if GSM operators,  i s  

expecting a l i igli grxlc  O S  asymmctry bctwccn ihc uplink iintl 
rluwnlink fnr data Iraismissioii (e.g.; lor liitcriiel ~icccss) wi l l i  
much higlicr capacily ~iccilcil ini tlic downlink (Fig. 2). 

Within t h e  third-gcncratiun system (IMT-20fl0) iliesc di l -  
fcsent service iiccds are supported in ii sl'cctrom-cfficiciit way 
hy a combinat ion of (rcqiici icy- and l ime-div is iun duplcx  
(FDD and I'Dl3). T h e  FDD componcnl supports wide area 
covcr;igc mainly tor syinmctrical services, wlicrctis TDI) is 
suited cspecially f o s  ;isymmcirical services. 

TECHNICAL REQUIREMENTS AND 
RADIO ENVIRONMENTS 

'I'Iicsc m;irkci rcquircmcnts and service iiccds rcsuli i n  icchni- 
cal rcquircmcnts for t he  ongoing ilci'initinn of tli iril-genera- 
tion mohilc ri idio syslcms (IM1'-2000) iii Anicricii, Asia, aiid 
Iluropc [Z, 31. l ' l icsc systems aim to supporl a wide range of 
hcarcr services from voicc and low-rate tn  higli-nile data scr- 
vices wi i l i  up to at lciisl 144 khis iii vehicular, 184 kids iii out- 
clnor- io- indoor,  iiiid 2 Mbis i n  i i i i l o i i r  and p i cocc l l  
cnvirnninciils. Circuit-switched and packet-orienlecl services 
for symmetric and asymmetric traffic wil l bc supported. 

1'Iiinl-gcnor;itioii systems wil l be npcratcd in iill liidiu c w i -  
runinclits such a s  urban ancl suburlxin iirciis, l i i l ly and ini i i i i i- 
ta inons arcas,  and microcc l l ,  p icoccl l ,  and i ndoor  
cnvironmcnts. 'l'licsc rcquireinciits iirc quite wcl l  aligned in 
America, Asia, Huropc, and the ITIJ. l ' h i s  ciiahlcs a mu cl^ 
wider applicaiion rwigc of third-gencralirin systems than 01 

nnd generation. In addit ion,  the ahi l i ty  for global 
roaming h a s  to bc siipporied i n  tlic system design. 

INTERNATIONAL STANDARDIZATION ACTIVITIES 
'l'hc i i i ternationd st;inii;ir~Iizaiion activiiics lor  IMT-2000 h~ivc 
hccn meinly concentrated iii the d i lk re i i t  rcgio 
p c m  Tclccommunicalioiis Siandards Institute 
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Mobi le  Griiiip (SMC;) i n  Europe, Rcscarcli l n s t i l u l c  of 
Tclcciimmuiiications Traiismissiiiii (KlT1') i n  Cliilizi, Associn- 
l ion or Ibidio liidustry and Uusiiicss (ARIR) a i d  Tclccommuiii- 
cat ion Tcchnii logy C o ~ n ~ n i t t c c  (IK) iii .lapin, 
1'clcci)mmuiiic;iliiiiis Tcchniilogics Associaticin ('ITA) in Korea, 
mid 'I 'clcci~in~~ii i~iici i l ioi is Iiicliistry Assirciation (TIA) iiiid TI PI 
iii llic Uni lcd States. The scct~nd-gcnclalioii syslcins arc domi- 
niilcd Iiy GSM, lS-I30, IS-95 CDMA,  and PDC, wliicl i 1i;ivc 
bccn talien intu iiccount hy tl ic rcl;ilcd regional hiidics i n  the 
clcsigii of system proposals Cor b;ichw;ird coiiipaliliilily (l'ig. 3). 
Thcsc systcms iirc cimncctcd 10 l l ic  two lypcs v i  corc nclworks, 
MAP mil ANSI-41, and their cvolutioii to the lliird gcncration. 

1TU - K;idiricoiiiiiiiiiiicalioii S1;iiiil;irdir;itioo Scclor 
( I lU-I<)  T a s k  Group (TG) X i 1  callcd for rad io t ransmiss ion  
tccli i iol i igy (RI 'T)  proposals by . lune 11198 and  [or system 
cv;ilu;ilioii hy Scplcmbcl- IWi 131. ITU inlcnds to l r c c ~ c  iotcr- 
nelional Ilcctrrniuciid;ili~,lls at thc cnd (11 I99'). 

The K I ' S I  process slxrlcil $11 lhc ciid or lLW6 ;ind w a s  sulxli- 
1 grouping, rcliiicmciil. and synllicsis ph;w 

niid ii dclinil i i in plxisc. E I SMC; clccidcrl on tlic Ixisic iicccss 
scliciiic i n  Janu;iiy l9W to I J C  wklclxind C U M A  (WCI IMA)  in 
t i i i i rcd Iiaiids (FDU) .  a n d  lor l i inc-d iv is i i i i i  CUMA ('I'D- 
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2G: PCS + MAP 
3G: UTRA + MAP-'' 
2G: 18-95 t ANSI-41 
3G: cdma2OOO + ANSI-41 
2G: 15~136 + ANSI-41 
3G: UWC-136. EDGE + ANS1-41+ 

2G: GSM + MAP 
3G: UTRA + MAP 

2G: GSM + MAP 
3G: UTRA + MAP+ 
2G: 18-95 + ANSI-41 
3G: cdma2OOO + ANSI-41~" 
2G: PDC 
3G: WCDMA i- MAPi 
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In addition, ni;ijor intcrnational operators initialed ii hal-nio- 
nizatinn process bctwocn 3GPP and 3tiPP2 in the context or 
tlic ITU-R proccss, which will result iii ii globzilly harmonized 
concept (discussed later). 

INTERNATIONAL FREQUENCY ALLOCATION 
Aviiilablc spectrum is a prcrcquisitc for tlic ccon~mica l  snc- 
cess of a new aystem. 'l'hcrcforc, World Administrative Radio 
Ciinfcrcnce (WARC) 1992 identified spcctrnm fix third-gcii- 
cration mobilc radio systems (Fig. 4). 

Eurnpc and Japan have hasically followed thcsc rccnni- 
mcndatinns for FDD systems. In the lower band, parts nf tlic 
spectrum are cnrrcntly used fnr Digital Enh;inccd Cordless 
Telecommunications (DECT) and PIIS, rcspcctively. The 
FCC in tlic United Slates has ;allocated a signilicant part nf 
the WARC spectrum in lhc lower b m d  to sccond-gcncratiol1id-gcticniti~ii 
personal communications scrviccs (PCS) systems. Most of the 
American countries arc following thc FCC frequency dloc:i- 
tion. In China big parts 0 1  thc WARC spectrum are currently 
allocated to W1.L ;applications. Currently, no coin~nnn spcc- 
t r im  is ;ivailable worldwide for third-generation mobile radiii 
systems. Additional spectrum is rcqucstcd lrom WAKC 20l10. 

INTERNATIONAL RESEARCH ACTIVITIES 

ACTS FRAMES PROJECT 
EUROPEAN RESEARCH ACTIVITIES IN THE 

The Eimipcaii Commissim has partly Siindcd rcsc;irch activi- 
ties io thc Advanced Communication Technologies and Scr- 
vices ( A C l S )  framework rclatcd to third-generation mobile 
radio systems tu support consensus building and international 
standardization activities [6]. Prcccding framework rescarcli 
programs wcre Research of Advanccd Cnnimmiication Tech- 
nology in Europe (RACH) I and 11, cspccially in tlic ATDMA 
and CODIT projects to investigate advanced 'L'UMA and 
CDMA-bascd radio intcrfaccs. The European Cominissioii 
has Inuochcd ii fifth framework program with tlic theme "Crc- 
ating a User Friendly Inforintition Sociely," which is also open 
to non-Europcan countries. 

Thc ACTS program starlcd iii 1995 with ahnut 250 prnjccts 
in total. More thxn 25 projects a rc  rclatcd to the mobile 
domain with the a m i s  ;ind projects 171: 

r T~-~~T-~ 
- 

MSS 
- 

Eiiabline Leclnioloeics: FIRST. SOlCl. SUCOMS. SUN- 

MSS Braadcart auxilary ResWW U.S.A. 

BEAM,-TSUNAM? II 
* Sciviccs ;ind applications: CAMUI.EON, MEMO, MICC, 

MOMENI'S, MONTAGE, MOVE, OnThcMnvc, UMP- 
TID~JMI"I'I, USECA 

MSS 

- 

* UMTS: Cobncn Uxnduc, PRAMDS, Moinnay\, KAlN- 
UOW. STORMS 

* WLANs,  MUS: Aw;acs, CAUSINIX, Medim, Sainha, WAN11 - Salcllitcs: Asset, CKAUS, Insurcd, Ncwlcsl, Sccoins, 
Sinus, SUMO, Tomas, WISDOM 
Thc Future  k i d i o  Wiclclmnd Multiple Access System 

(FRAMES) Prnjccl was t he  only ACTS prnjcct dealing wi th  
tlic terrestrial cnmp~nicnt of thc UMTS nidio inlcrlacc. I t  is ii 

consortium comprising pirtncrs Crom manufacliarcrs, opera- 
tors, s m a l l  to mcdiuin-sized cntcrpriscs (SMEs), ;ind tlic 
research coininunity [XI. I t s  main goal was tn clcvcliip ii radio 
intcrIacc p r q x x i l  which fulfills the rcquircmcnls for tcrrcstri- 
al third-gcncration mobile radio syslcms. 'lbc delinition OS tlic 
nriginal FRAMES Multiple A (1;MA) schcmc fulfilled 
tlicsc rcqoiremcnts and took into accinint the big worldwidc 
footprint of tlic GSM fiimily willi respect to harmoniml rtadio 
paramctcrs and lhc GSM cnrc nclwork. 

l3;asccl on the  IJMTS rcqiiircmcnls, and t he  activities and 
dccisinns i n  diffcrcnt regions of tlic world at llic hcgiiiniiig nf the 
project, the FMA schcmc was devclopcd in Il)L)6. It combined 
'IDMA and CDMA tccliniqucs into one liarnionizcd pkitform to 
c o p  with all possiblc UMTS scenarios ;ind tn address possihlc 
Icclniiczil solutions from ii glnhzil pcrspcctivc (Fig. 5) 17-91: 

Mode 1 (FMA I): widehand TDMA with and without 
sprcading - Mode 2 (I'MA 2): widcband CUMA 
The FKAMES Pmjecl iissnnics that UMTS (and partly IMT- 

201)O) will hnild on an  cvolvcd GSM nlatform with scvcriil bun- 
I ~~~ 

drcd million snbscribcrs a t  the t ime of l aunch.  Under  the 
assnmplioii thal UMTS iiiid GSM will npcrxtc in parallcl tor a 
long time, il is import;int that dual-mode terminals bc easy to 
hnild. 'lhcrcforc, FMA wiis Ii;irmonizcd with Ihc GSM nctwork 
in ternis 01 mdio paranctcrs and prolocnl slack ;is far as possible. 

With respect to the status nf worldwide slaiidardiz;itioii &vi- 
tics ;it thc time the FMA concept was dclincd at lhc end of 1996 
the main goal o l  harmoniz;itiun wiis lo riiccl diflcrcnt system 
nceds of diffcrcnt possilk access schemes i n  diflcrenl rcgin~is 
and to cnsnrc compatibility with second-gcncraliori systcms. 
Uiincccssary diifcrciiccs lrom ii tcclinical pninl  c i f  view 



Ii  c lwe c 11 T D M A  - i i  iid C I1 MA- I1 a s  c d 
sclicincs iirc aviiiclcd wi ih i i i i t  sacrificing 

1i;irmonizccl ikppriiach Ihclwccn i i  T I  )MA 
;ind CUMA modc and tlic GSM fii i i i i ly 
i i i i i i i i i i izcs lcrinioiil Iiartlwiirc complexity. 

At lhc bcgioni i ig  cif I9OX tl ic 
FRAMES l ' ru jcc l  adopted  the I T S 1  

ion O I L  t l ic  1JTRA COLI- 
cept lor fur thcr i i ivcstig;it i~ii is. ,111 , 

investigations lliivc hccn focused in ~iiurc 
dctai l  o i i  cl ia i i i ic l  cuding ;ind iiiodiilii- 
lion, rcccivcr algorillims, I;iycl- I asliccts, 
aiid nclwork i ispccls tor the I:L)I) and 
TDU coiiipmiciils lo rrptiinizc llic sclcct- 
c d  scliciiic cvcn furtlicr. I n  aclililion, Llic 

CIlC good aspccts UF cacl1 tcchllolllgyy. 'Ihc 

Codes ,r 

Channel bandwidth Channel bandwidth 
FMAl without FMAl with 

spreading spreading 

Figure 5. Ilasic FMA iniillipk (KOC,SS .scliowes. 
~ ~~ ~~ 

Channel bandwidth 1 

I FMA2 

piisal 10 be siiliinittcd Inim .I;I~~III tii U"-R, 'l'lic key Iinramcters 
Siir t he  (:DMA l:DI) Core A iiiid Till) pruposiilr, thc stiirting 
p ~ i i i l  01 llic WCI IMA slriilics, iirc summxircd iii [1&121. 

With the rc~~rgi in izal iu i i  of the I M'I'-2llll~l Stiiily Ciimmittcc 
iii IW7, scvcriil working groups were cslablishcil lo pcrforin 
t lcti i i lctl stiiclics 011 WCUMA. l ' l icrcal tcr ,  lhc Air Intcr f i icc 
Working ( i r r rup  look ovcr the  rcsponsihil i ly of ctinducting 
stidics on W C D M A  I r im tlic Iladio Transiriission Tcchnirlo- 
gy Spcciiil Groiip. 111 particdiir, air intcrhcc Iiiycr 1 ,  wliicl i i s  
closcly related lo the riidiii triiiisiiiissioii technology, wiis slud- 
icd i n  dcki i l  I>y Suli-Wi,rl<ing (iruup 2 Eormctl iiiidcr tlic Air 
I n t c r f ~ ~  Working Griiup. 

A t  llic siinic l i i i ic, All113 frrrmcd a C ~ i i i r d i i i i i l i ~ i t i  Griruti 
LIIIC~CI the Sl;ind;ird Suhcimmillcc wi th tlic giriil <)I achicving 
i i  glirbiil sliiitdard Tl ic Cowdit ia l in i i  Groiip p i i d  clnsc allcii- 
t ion to miivcinci i ts iihroiiil, and ciirricd out various activities 
liir IiiiriiiiiiiiZiitii~ii.  'l'hanks 10 ilic pru~ i~ i s ; i l s  lrmi sonic Euro- 
pcati mcmbcrs, tlic I i i i i i i i i i i i i ~ i i l i ~ i i  with IJ'I'IIA was ~ i d i l ~ i t c c l .  
'I'Iic ~:o~irdiniiticrn (~iroul i  a ls i i  cirnvcncd regular nicctings with 
' 1 IA  iil I<orcii. Mciiiiwliilc, l i~ i r i i i i i i i i~ i i l i~~i ,  wi l l i  f l ic cdm;i2000 
coiiccpt wiis a l s i i  iliscusscd. For t l i i i t  IxirIiosc tlic Ad Hoc S 
(iriiiqi wiis krrincd 10 take c u e  01 i t s  tccliniciil studies, iind 
t l ic  oiitconic i s  iiow rcflcctcd iii tl ic W C I I M A  spcciliciil ims. 
All l l i csc  slucly resu l t s  wcsc rcflcclcd in draf t ing the  finill 
Japancsc pro~~iisi i l  siil i i i i i ltcd to I ' I ' [J- I I  in luoc 1998. 

In  piir~il lcl wi l l i  these stiiiiil;irdiratiiin activities, individual 
cwiqiiii%s arc i i l so  iiivulvcd i n  tlicir own rcscii~.cIi activity lo sup- 
por t  the sl;iiidnriIiziitioii. A 2 Mh/s tr;tiismission l ic ld trial w in 
co~iduc~cd rucccssIolly silli W(:I)MA tccli lahgy. WCDMA sys- 
tem lcsls arc iiow being ciinductcd iising ii ~cntativc air iiitcrfiicc 
spccificatiun ui ARln WCUMA. Thcsc systcin tests iirc ciindiicl- 
cd ti irl  iinly i n  .Japan liul a ls i i  iii Asiiin ctiunlrics siicli tis Singe- 
pirc, Milaysix, Soutli Kwcii, iind C:I , i im 

THE 3 G P P - B A S E D  
TECHNICAL PROPOSAL FOR IMT-2000 
THE BASIC U T R A  CONCEPT IN EUROPE FOR 3GPP 

'Ihc UI'RA concept coiiipriscs 1'1)l) aiid TI)U coinpiiiictils l a  
cfticicnlly suppirl tlic i l i lfcrciit UMIS scivicc nccds lor symmcl- 
rical iii id asj~iiinictrical scniccs. Uuriiig tlic cvilliiiition priiccss on 

I SM02, i i i i i i i i ly  t l i c  I'I)I) coinpiinen1 w a s  
ic original 'SL>-(:IIMA cii i iccpl (I:MA I w i th  

spreading) l i i i s  bccii adnptccl 11) I'DD, including the  harnio- 
~i iz i i t io i i  of pafimctcrs hctwccn PULI iiiid TIID. ' Ihc current 
s ta tus  of Llic stnnd;iriliziil io~i ivi l ics and wurking assinq-  
l ions iirc suiiiiilarizcd in llic I I SMG coii l i ihi i l ioi is to ITU 

p;ir;miclcrs of thc UTRA crrnccpl iirc prcscntcd i n  'I'ahlc I. 
i l l  l h C  C I l d  of J U O ~  tllld C l i d  < I C  S C l J ~ C l l l h C r  I'J'IX 17, 8,  131. I<Cy 



THE BASIC CONCEPT IN JAPAN FOR 3GPP 

Tlic WCDMA priqiosiil of ARIB i i l s i i  consists o1 lhc FI)D 
;ind T D D  cimipiiiiciits. Due to the 1i;iriiioniz;ition w i t h  lhc  
W(:DMA ciiiiccpt lit ETSI SMG2, wliicli was pcrlnrmcd cvcii 

iii i n  J;inu;iry lOO8, the FDD compo- 
s i i i i i h r  to t l ic  HTSl U l ' R A  concept. 

'I'L)U, oii the other Iiiiiid, was dcsigiiccl Ix iscd  on ihc siimc 
conccpt i is  tlic FIID compoiiciil, hiil ;idoplcd m n c  dirlinctivc 
ctiaractcristics sucli tis U~CII-IOO~ powci crmlrol and 1r;insmil 
clivcrsily tcchiiology. Allcr tlic n T S I  SM(i  dccisioii iii .January 
I W S ,  l l i c  iicccss sclicnic hccarnc more iidcqii;itc to l ie  cii l lcd 
'CD-CDMA instead of simply WCIIMA, hccausc sonic 'TIIMA 
coinpimciits wcrc includcd to lzikc advantage (11 the teclinical 
mcr i l s  of T D - C D M A  (Tahlc I), Tlic parainelers arc q i i i l c  
well ;digned Iiclwccn llic ETSI SMG aod ARlU proposals. 

THE NORTH AMERICAN CONCEPT FOR 3GPP 
Comparcd to iitlicr scgioiis, iii ilic Uii i tcd Slalcs i l i l lcreni  sec- 
ond-gcncra l io i i  mobi le  r i id io systcms l iavc l iccn dcploycd, 
wli icl i  liiivc d i f f c rcn l  rcquircinciits w i th  respect t o  1h;ickward 
compatibi l i ty (Fig. 3). ' l hc rc  arc two fol ly cst;iblislicd corc 
networks currently hcing used f o r  wid-gcncuit ioi i  systems 
iii tl ic U.S. niarkcl:  ANSI-41 i i i i d  (;SM MAP. The ANSI-41 
corc network is i iscil by AMPS, lS- l3 l i ,  a r i d  IS-95 air i i i lcrl i icc 
systems. ' Ihc GSM MAP core iiclwork i s  uscd by GSM air 
intcrfacc hascd systcms. I k i t l i  tlicsc core networks wi l l  cvolvc 
i i i t i i  t l ic third gcncnitirrn, ;incl l l icy must intcrwork. 

ANSI-4 I spccificatirin iiiid slandaldizati~,n work i s  hc ing 
c h i c  in TIA cornmil lcc 711.45 (spccilically 1'R45.2), and i t s  
evdi i t i i>i i  to third gcncuiti(in is  hcing cerricd out in the tccliiii- 
cal spccilicalinii gl-riups O S  RG1'1'2. 'I'Iic ANSI-41 -hascd coic 
i ictwork wil l  hc used hy cdm;i20I~II-hase~l radio ~ C C C S S  iiclworks. 

(iSM spccific;itirin work i s  hci i ig done ill IIic F,TSI SMG 

Multiple access method 

Carrier chip rate k-- 

cmmit tccs  aod Ii;irii i i i i i i~,cd lor U.S. rcquirciiiciils i n  TIP 1.5. 
This relal ionship l i t i s  o i i t  changed lor l l ic th i rd-gcncrat io i i  
sl;iiid~irdiz;ilioii work. GSM cviilutiii i i lo i l ic  th i rd gcncmiioi i  
w i l l  bc ci irr icd iiiit in RGPP i i i id I i a r m o n i m i  to U.S. rcquire- 
n ic t i ls  i n  TIPI.  The GSM MAP-liascd corc network w i l l  hc 
uscd Iiy I JTRAN-lxiscd r;idio ~ C C C S S  iiclworks. 

Four KTT propos;ils wcrc submilled to ITU from tlic Un i t -  
cd Stalcs iii J ~ i i c  199s. l h c y  wcrc WCDMA-NA from 7'11'1, 
WlMS froin TR46. I ,  UWC-136 from '1'1145.3, ;itid cdm;i2000 
Irom TR45.5. Suhscqiicntly, WCVMA-NA ; inc l  WIMS coii- 
vcrgcd ti l  hccoiiic WP-CDMA to strengthen WCDMh's RTT 
piisitii io iii tlic Ui i i tcd Stalcs. As ii rcsiiIt, W1'-CUMA bccamc 
t l ic  Eiflh IC11 propiisal sul in i i l led 10 II'U i n  J;inu;iry 1999. 
Wlicii TI 1xc:iiiic ii mcnibcr of 3GPP, 'I1 submilled proposals 
to iiicludc lhc packet fciitiircs of WP-ClIMA in 3GPP. 

As a parallel ct lort,  3G1'1'2 ;ind UWCC arc also working 
lo have their lli ird-gcncr;itii in tcclinologics spccificd by the 
end o l  1999. 111 liirii, ilicrc wil l  not h e  ;I siiiglc thircl-gcncr;i- 
hi stmilard lor CDMA in tlic I~Jnited States. 

In atltlilioii, cslal)lislied opcnitors and grccnficlil opcrators 
h;ivc to bc clisliiigiiislicd d h  rcspcct lo the iiviiiliililc spectrum 
for t l ic third gciicration iii l l ic  Ui i i led Slate. 
iitors ciiii currently only iisc ilic available PC 
dcploymcni 01 1liird-gciicr;itiirn systems. 
rcqoircnicnls lor I)achward coiiip;itihility ;ind systcm deploy- 
i i icnt in available Tree oency s l o t s  must hc taken into iiccoiint. 
On ilic oilier band, g nl ic ld opcr;ilors iirc more frcc in thc 
selection of tIiiril-gcncr;itioii iccbiiology w i ihou i  being coli- 
ccriicd with rcquircrncots oii backward comp;ilihiIily. 

Tlicrctorc, t h e  GSM Allihiicc i i i id UWCC's jo in t  agrcc- 
i i ic i i t  v i  using EDGE as the coniiiiuii cvoluliirn palh lor CiSM 
i i i i i l  IS-130 'I'IIMA results iii spcculiitii in ilia1 UIXiE  wi l l  bc 
l l ic lli ird-gciicralioti slandard lor GSMII'DMA in tlic Un i tcd  
States inaiiily Sor cslablislicd opcr;itiirs. 'I'lic logic i s  i is  fcrllows: 

WCDMA (DS-CDMA-based) TD-CDMA 

4.096 Mchipsls 4.096 Mchipsls 4.096 4.096 

WCDMA (DS-CDMA-based) TD-CDMA 

(1.0241n.1921i6.384) M C P ~  (1.0241n.19211 ~ . ~ M ) M C P S Z  
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1 Pulse shape Root raised cosine r = 0.22 Root raised cosine r = 0.22' Root raised cosine r = 0.22 Root raised cosine r = 0.222 

Carrier spacing 

No. of power control 16 

groupsltime slots 

5 MHz 5 MHz 5 (1.25110120) MH2 5(1.25110120) M H r 2  

116' 

1 Data modulation (DYUL) I QPSK 1 QPSK IQPSWBPSK lQPSWQPSK I 
Spreading modulation QPSK I (DYUL) 

/QPSWHP~K 

1 Spreading factor 1 Short codes, variable, 11, 2, 4, 8. and 16 1Short codes, variable, /Short codes. variable, j 





tlic spreading. In the downlink. tlic scl.ambling codc ia ii ccll- 
spccific 10 ms (40,960 chips) scgmciit  of a G u l d  codc or  
length 2Ix - 1. Dctails arc ;ilso ilcscribcd io [7, 8, 131. 

Uiffcrciit coding scliamcs i m  undcr invcstigstioii dcpciiding 
nn thc hit error  rate (BER) a n c l  delay requirements of diffcrcnl 
services. Convolutional codes with rate 113 and 1i2 and coii- 
strain1 lciigtli 9 arc applicd fur scrviccs witli BER rcquirctncnts 
uii llic order of IO-'. For scrviccs with liiglicr BER require- 
ments OII the order or In-li and less stringent delay rcqiiirc- 
ments, convr~lut ionel  coding in ctrncatcnation with oii icr 
Rccd-Solomon (coding rate in the order of 415) coding plus 
outcr intcrlcaving is uscd. Turbo codcs arc currcotly iindcr 
iwcstigatioii for  liiglicr-data-ralc and high-quiility scrvi 
cach scrvicc, coding and iiilerleaving is applicd; tlic rcsulting 
data stream is rate matched and multiplcxcd on the carricr. 

The F D D  componcnt  supporls hoth asynchronous m i l  
synchroiious intcrccll operations. WCDMA cmpluys iiii inter- 
ccll asynchroiious network to makc tlic nclwork rolnisl and 
casy to huild, tis wcll as in arcas whcrc tlic Gluliiil Pnsilioiiiiig 
System ( G P S )  signal is iiol availiiblc. In ordcr  t u  rcalizc 
siiiootli and quick cell iicquisitiim cvcn in an inter-cell asyii- 
clirinious cell nclwork, ii kist cell sciircli Function is rcqiiirccl. 
'This fuiictioii is provided by  lhc specific structure [if llic 
pcrch chiiii i icl. Vast cell search is rc;iliacd by using a cumiiioii 
spvcading codc for clctccting of slot timiiig i i i id thc scraiii- 
bling cudc group idcnlilication codc, so tha t  tlic sciircli raiigc 
of scr;inibling cndcs can l ie  ii;irrowcd down  The first sciircli 
codc is a 256-chip corlc, which is transmitted oiicc cvcry slol; 
i t  is 1111' siiii ic for cvcry base station i n  llic system. The sccuiid 
scarcli codcs i irc tr;insmittcd in paral le l  with the first. Each 
sccond sci~rcl i  codc is cl i i iscn f r o m  a sei 01 17 d i f l e r cn l  

which among llic 12 di nt  codc groiq)s tlic hasc slalion 
clownlink scrsmhling cudc hclongs. Sc;ircli codc symh 
sprcad only with iirthiigutwl Gold codcs so l l i a t  the r 
can casily dctcct them. With this pcrcli clianiicl slriictii 
spccd ul  cell acqiiisilion Iiy the mobile station can I)c signifi- 
c;intly iiccclcratcd. During llic cell sciirch pro 
s l a l i n i i  ac~irclics tlic biisc staliiiii 10 wliicli il has  tlic Iowcsl 
pa th  loss. The  initial cell scnrcli process is carricd 0111 in 
tlircc sicps: slotisymhol syncliroiiizeiioii, lranic syncl i r i in iz-  
tion iiiid cudc-grnup idcntilicaliirn, and scr;imbling-codc idcn- 
t i  Eiciit iun . Wit 11 t lic spr  cadi i ig  ;in d scr ii mh I i i ig  c o d  cs 
dcsigiiatcd, the mcasurcmcnt o f  l l i c  rcccivcd lcvcls cif l l i c  
pcrcli cliaiiiicls i n  tlic nciglihiiring ccllsiscclors can he lpcr- 
formcd by rcading llic coiilciil o l  the RCCII. 

A logical cha i inc l  is del'incd hy t h e  type uf informalinn 
imnslcrrcd. The Iiigical cli;iriiicl struclurc 01 WCDMA 1h;isi- 
cally follows ITIJ-I1 Rccomnicndatioii M.1035. T h c  lugical 

- Conirnl cli imicls (CCII) wilh logical hrmidc;ist control chaii- 
iicl (L-BCCH), logiuil paging clianucl (L-I'CH), lugiuil for-  
ward i icccss cliaii i icl (L.-FACLl), logical raiidoin i icccss 
channel (L-KACH), and dcdicalcd coiitrnl cliaiiiicl (DC(:H) 

* Traffic ch;iiincls (TCH) with clci1ic;itcd t r a l f i c  c l i i i i i i ic l  
(DTCH) iiiid user packct t ra l l ic  chiinncl (Ul'Cll) 
Tlic pliysiciil hycr uflcrs iiiforrnalion lruisfcr scrviccs t i i  t l ic 

iiicdiiiin acccs\ control (MAC) and higher 1;iycrs. ' I l ic physical 
layer transport scrviccs are dcscribcil by hnw aiid with whiit 
cliaracierislics datii  arc iranslerrcd over tlic radio iiilcrlacc. 
An iidcquale tarm for t h i s  is tlic hrrii,spo,f rlrun,iel. 'lraiispiirt 
cliamicls ciiii lic gciicrally clasaificd into tlie IWO groups: 

Coininuii ch;iniicls with broiirlcnst coiilrol cliaoncl 
(UCCH), paging chamiel (PCH), forward access channel 
(FACtl), and miidom iicccss cl iai i i ic l  (RACII) 

In the FDU cuiiiponciil, ii physical cliaii i icl is clcTincd by 

olth11gun;ll codcs o r  I C  256. 'lhis scqiiciicc iiidic;ilcs to  

C l l a l l l l C l  typcs arc: 

* Ucdicalcd cliiimicls (DCFI) 

codc and  Ircqucncy, and, in lhc uplink, alsu by lhc rclativc 
pliiisc (UQ) fur thc pcrch cliariiicl, coninioii physical channels, 
aiid dci1ic;itccI physical clianncls. 

U T R A  FDU snppmls itill-xfrcquciicy Ixinduvcr, iiilerfrc- 
qiicncy liandovcr, ;ind intcrsyslem handovcr. For intrafrc- 
qiiciicy liandover dcdiciitcd circuit-switchcd cliaiiiicls iisc soft 
Iiiiiidovcr, dedicated packet tliita channels c m  use solt or l i m l  
haiidovcr, i iod the common chiiiincls iisc l i d  1i;indiivcr. In  
tlic casc of intcrSrcqucncy Iiandovcr, hiird handovcr is iipplicd, 
wlicre the mrrbilc mcasurcmciits on otlicr Srcqucncics iirc pcr- 
formed iii slotted inndc downliiik triinsmissirrn or with ii duiil 
rcccivcr. lnlersystom liandovcr is needed bctwccii UTRA i ~ n d  
a1 lcast GSM. l h i s  is a hard Iiaiitl~vcr prnccduvc, 

TDD Component - Tlic TI ID  cutnpuiiciil is based on 11). 
MA, which is ii combination 01 TDMA iind CI)MA. Each 
c slot comprises ~cvcral  (iiianiiniim 16) nrtlingniial spread- 

ing codcs. Dif lcrcnt  user bit r i i tcs a rc  supported by codc  
audiur tiinc s k i t  punling. 111 tlic iipliiik tlic v;iri;iblc orthogonal 
spreeding fiictnr is also applied. U p  to eight users can sliiirc 
up to I6 spreading cotles. Doc ti1 the small iiiiiiihcr nf s p r c x -  
iiig cndcs per l imc slot, t h i s  iippriiacli enables multi-oacr 
delcctiiin or juint t l ckc l i o i i  with tirdiiy's tccliiiology lo mili- 
galc iiilraccll intcrfcrcncc [7, R, 141. 

111 join1 tlclcction scvcr~11 siiiiullaiicoiis rcccivccl spread sig- 
i i a l s  within oiic lime s l o t  arc dctcctcd ,joiiiily by using X I I I  

forcing or miiiiniiiiii inciiii square error ;ilgoritliins 1141. Thcrc- 
f o x ,  the I ~ ~ I I ~ I C I I I C I I I S  011 pcww urnir i r l  ;iccuracy, cspcci;dly i n  

d. Uuc tu llic TDMA compoiicnt, iiilcr- 
giirilhins by inciins oF dynamic c1i;iiiiicl 

a l l o c a t i m  (D(:A) ciin bc xpplicd t o r  h i l i  cuodiii i i tcd i ind 
iincourclioatcd opcraliiin .Joint detectinn is I;icilitiitcil by ii spc- 
ciiil training S C ~ L I C I I C C  hr  .joint cllii i i i icl cstimation. In ctintr;ist 
l u  the FDD conipuiiciil, tlic uplink micl;iinblc signals in the 
' IUD cnmpmcnt iirc time miilliplcxcd iis in the downlink. l1O 
iiiulliplcxcd signals lor cliariiicl csiiinalion woiilcl iioi show 
;iclv;iiit;igcs iii a disconlinuous 1l)D compniiciil. In ~iilililioii, tlic 
siimc slructorc lor uplink and downlink is clcsirablc wlicii dirccl 
nio1,ile-lo-mohilc commuiiicalioii is lalicn into iiccuiiiit. Thcsc 
midamblcs oT diSFcrcnt ectivc users in llic si i i i ic time slot arc 
liiiic-shiltcrl versimis of CIIIC single pcriodic hiisic cii i ic 17, 81. 
Therefore, lhc jiiiiil cliamicl cctiiixition 11f tlic cl iainiel impulse 
responses of diflcrcnl iiscrs cii i i  IK iichicvcd hy a single cyclic 
corrclzihr. The dilfcrcnt user-spccilic chuincl implsc rcsponscs 
iirc obtaiocd scquctili;illy i n  tinic at tlic corrclalor output. 

The  basic f r m c  slrucliirc oS UTIIA TI ID is siiiiilxr t i1 
UI'IIA I U U  wilh a lranic Ici iglh cif I O  ins and I 6  lime slots. 
Tlicsc slols arc uscd For iiii addilional TUMA compoiicnt in 
tlic multiple ~ C C C S S  sclicinc. Ilgiirc 7 sliows lhc frame struc- 
ture, including llic sprc;iding codcs witliin cacli ~ i m c  slot. 'I'lic 
super lmmc length has hccli sclcclcd LIS 720 "IS = 0 121) ins 
for linndovcr and h;ickw;ird compitibilily wiil i  GSM. 

l:ur duwiilink signaling (e.g., UCCII, FACW, PCI-I, SCII, 
paging), up t o  two t ime  s l o l s  arc alluciitcd. They arc iilsu 
i~pp l i cd  to powcr cniilrol a n c l  liiiiidovcr iiicasurcinciils iii l l i c  
iluwnlink. The cuiiimon cimlrol c1i;mncl for uplink is llic rail- 
t l ~ m  iicccss c1i;inncl (RAC3 I). Tlic riilio of asyriiiiictry hclwccn 
driwnlink and uplink traffic caii Iic ~ c l c c l c t l  lictwccii UL:UL 
= 1511 iip 111 117. Bctwccii uplink iiiid iluwiilink several switch- 
ing points a r c  supporlcd lcr enable ii higher powcr cnntrnl 
upd;itc rate t h o  on a frame basis. 

For niulliplcxiiig mil ciidiiig, similar sclicincs as  lor UTRA 
W I I  arc applicd; Sor real-time scrviccs lorward error corrcc- 
tion (ITEC), and Tor nnn-rciil-time bcrviccs i i  coinliiii;itinn uf 
autoiiiiitic rcpciit rcqucst (AKO) and IT(: arc used. Data are 
OPSK modolatcd. Thc tliitii signal is sprciid by orthogooal 
sprcatliiig codcs with length hctwccn I and 16 at id  tlic same 



modiilaliiin sclicinc a s  Bir I:l>tl. I<aiscd cosiiic piilsc shqiiiig is 
applied iii hoth FD1) iind TDI). 

Due t i i  tlic siiinc carrier Rcipciicy iii uplink ;aid downlink, ii 
'I'DU syslciri rcqiiircs ii lranic synchrorii~crl nctwiirk lo ai i~ l r~ i l  
iiiicrfcrcncc lnr c~iiirdin;ited iipcratiiiii. Tlic Flcxiliility lor asyiii- 
mctric;il swilcliing poiills iiiid their iiligninciit with ;iii,iiicciil 
cells dcpcnds, iii i l~c  ciisc of oiic avnilahlc ciirricr per opcrxtirr, 
O I I  the distribution of ~iscrs in the crrvcragc iircii, the l w d  iii tlic 
inclwork, mil lhc avail;ihility of  time slots fur DCA lo cscapc 
lrom closc i r~~ib i lc - t~~-~ni ib i Ic  iiitcrfcrcncc iii llic tiiric domaiii. 
Thcsc reqiiirciriciits iirc sigiiiliciiiitly rclaxcd lor inore carriers 
due tii tlic ;idditioiial frcqiiciicy coinpoiiciit. 

'I'Iic chani ic l  slriicturc i n  I 'UD is siiuiliir til VDD. UTKA 
'1I)U suppnrts iiilcrfrcqucncy hiird I~aiidiivcr iind iiitcrsystcm 
Iiaiidovcr, ;it Ic;lsc lo GSM. SoEl h;indovcr is aii iilition. 

EVOLLJTION AND MIGRATION FROM 
SECOND- TO THIRD-GENERATION SYSTEMS 

In dillcrcnl regions dinbrcnt sccoiid-gcncriilirii~ inobilc radio 
syslcins liavc bccn ilcploycd :is iii  Pig. 3, which iirc 1111: stiirling 
poiills lor llic cvoliitioii iiiid inigraliiiii 10 lliirLl-gcncr:ition sys- 
lcms. I n  tlic iixcil iictwork an  cviilutioii;iry Iiiilli is ciivisagcil, 
whcrciis iii  the r;alio iiitcrlacc ii rcviilolioiiaiy appriiiicli is iiccd- 
cd ti1 suppiirt high-rate scrviccs. This cn;iblcs a slcpwisc iiitro- 
duclinn cif tliinl-gcncralioii lcaturcs friim increasing capxily lo 
liiglicr data r;ilcs with, liir cxeniplc, CiSMlf sciviccs in llic core 
iictwiirk tii wireless iniilliincdiii appliciitiiiiis. 

It is iissiinicd that IMI'-201)0 will slarl in isl;inds iis Iiiisiiicss 
iirciis, wlicrc iiiorc capicily iind advanccil services arc occdcd. 
Pigiirc 8 shows a pnssihlc cvoliitiuiiary sccn:iriii lor the iiilrn- 
duc t ion  01 lliird-gciicr;itioii syslcms f rom tlic CiSM arid 
.I;ipaiicse iioiiils iif view. 

'l'liiril-gcncr;~tiii~i mohilc riidiii systems may hc ciinocctcd lo 
public third-gcncriiliiiii nidiii a inclworks (KANs) i i s  wcll 
as private sinall iillicclhomc ofli 01 10) iiclworks. 'I'n niiiiii- 
taii i  fu l l  cirvcr;igc lor sccoiid-gcncralioii services, ~lu;il-modc 
1criiiio;ils ciin ;ilso be coiiIicclci1 lo seciind-gciicralioii RANs i is  
GSM. Scciiiid-gcncr;ilii~~i RANs arc linkcil i i i  tlic ciisc or GSM 
lo tlic relalctl lixcd nclwurk via llm A iiitcrfacc and the m d i l c  
switching cciitcr (MSC) lor circuil-switclicd sciviccs i i i id vi;i tlic 
Ch intcrl;icc, the sewing (iciicric I'ackcl Iladio Service (Gl'RS) 
supporl ~ i i i d c  ( K i S N ) ,  and llic gateway GI'KS suppwt nndc 

t-iiricntcd services. Tlic lixcd ~ictwiirk cim 
ciiniprisc narrowband inlcgralcd scsviccs digital network (N- 
ISIIN) aiidlor public swilchcil teleplioiic i iclwmk (I'STN) and 
Internet networks. Asyiicl i r~ini ius transfer mock (A'I'M) inay he 
iiscd in tlic lxickhwic nctwiirk lor tr;iiisliiiri. 

I b r  mi cv~iluliunmy iull-oduclion of IM'1'-2000 i i i  isl;inds, 
a i i  cvi~lvcd GSM corc iictwiirk comprising MSC, Iiiinic locii- 
tioii rcgislcr (IILR), visilor location rcgislcr (VIA<), SGSN, 
and GGSN liinctiriiis togcllicr with liitiirc-priiol iniiov;ilions 
fc i im GI'KS PIi;isc 2, ATM traiispiirl, acid ciih;inccmcnls with 
II' tcchmlogy is very iittnictivc lor current mnl,ilc operators 
tu  rciisc invcstmciil. Ac t o  the  Intcrncl h a s  tu lie opti- 
mizcd hy lirii;idb;iiid b;ic iic iclwrrrks lor Iligli qii;ilily O S  
service. The Web will be one key qiplicalioii Ibr iliiril-gcncra- 
t i m  iriiibilc systcms. 

l'lic iiioliiliiy m;~ii;igcmcnl is ciivis;igcd 11) l ic  hascil 011 l hc  
inoliilc applic;itiiin par t  (MAL') by rcusiiig the FILII and V1.R 
tlalilbascs. ' 1 ' 1 1 ~  I,, intcrfiicc belwccii I l ic radio Iiclworh CUII- 

trnllcr (IINC) iiiiil tlic MSCISGSN will l i e  coniplctcly slam 
ilarclizcd. 

sclicinc a i d  core ~ictwiirks 
liiiscil ini PDC MAP arc i isctl fiir the sceimil-gciicratioii system; 
thcrc :ne no GSM core iiclwiirks in pl;icc. lhcrclorc, l l ic pl;iiiiicd 
scciiiiriu lor l l ic  iiniilcinciit;itiiiii of tliir~l-rciicl;ilioi~ nclwiirks i i i  

In Ja1xi11, l l ic I'DC radio ii 

10 ms frame duration 

- 
this cnviroiimciil is lo ilcploy aii cvvlvcd 
GSM cncc network as ;in ovcrlay lo Llic scc- 
ond-gcncratioo iictwork to eoiiiiecl tlic scc- 
iiiiil- and tliiril-gciio-;itiiin syslcins via an 
interworking liinclioii. In  this 
possible to liavc a n  infcgratcd iiclwork lor 
circuit-swilchcd mid packet services, hy 
introduciiig cquipinciit 1h;it t;ikcs lull 
iidviiiitagc o l  sucli iicw tccliiiologics iis 
ATM, hcc;iiisc new cqiiipmenl iiiiist h e  
dcploycil i n  ;iny uisc (Fig. X). 

(1 lhc siluatinn nf iliflcr- 
ond-gcncrntiiin systems 

in iliffcrcnt regions, 3GPP aiid 3GW2 
arc working iiodcr the ;iuspiccs iif llic 
Operator FT;irtnniiinitioii Griiup (OH(;) 
lu Ciiid ways fin iotcrwiirking bclwccri tlic 
ANSI-41 and GSM MAI'systeins. At tlic 
ciid ,it May lcJ9c) t i n  iigrecincnl bctwccii 
iiiajor iiitcriuilimd oi~cralors iind cmiiiii- 

hctrircrs was acliicvcd on tlic 1i;irinoiiiza- 
t ion l o r  ii Global  Th i rd  (jcticralion 
(G1G) CDMA ;ippriiacIi [ 151. The goal 
was lo Iiarinoiibc tlic niilio p"rmielcrs as 
m i d i  tis possililc, aiirl lo cii;iblc the cii i i- 
iiccticrii o l  llic 3GPP ;ind 3G1'1'2 co~iccpls 
to a n  cvolvcd GSM corc iictwork as wcll 
;is tn iiii cvolvcd ANSI-4 I core iictwork 111 
ensure tcriiiiiliil iiiubilily iind gliibiil rciani- 
ing. l 'hc G3G ;ipprmicIi incluibs: 
-P I l I )  direct spread (I)S) ,  h;iscrl on 

WCUMA in 3C;I'l' ~. c;illcd G3G 
(XIMA US 

~ ~ _ _ ~  ~- 



.FDD multicarrier (MC): based on cdnia2000 in 3GPP2 - 
called G3G CDMA MC 

* 'IUD, bascd on 3GPP - callcd G3G CIIMA 'I'DD 
Concerning intcr-bar-station synchronization, WCDMA 

will support citlicr asynchronous or  synchronous operation, 
whcrc crlni;12000 only supports synchronous operation. Thc  
downlink pilot will be a cnmbination of connection-dedicatcrl 
pilot signals in time-division multiplexing (TDM) mndc bascd 
on WCDMA, and a cnmmon pilot in code-division multiplcxing 
(CDM) modc based on cdma2000. The chip rate i n  WCDMA 
and in thc TDD conipnnent is rcduccd to 3.84 Mchipsis, where 
tlic chip rate in the MC componcnt remains 3.68 Mchipsh as in 
the original cdma2000 conccpt. The reduction in the cllip rate 
io WCDMA simplifies tlic dcvclopmcnt of llie I<F part of niul- 
limodc terminals (DS and MC FDD, TDD),  whcrc the chip 
rate of thc MC componcnt ensures backward compatibility for 
IS-95 opcrators. The additioiial requircmcnt to cnablc t l ic coii- 
ncction nf tlic G3G radio intcrfacc to a i  cvolvcd GSM MAP 

and ANSI-41 core network should l i e  ensured by modificd pro- 
tocol stacks in bot11 core networks (Fig. 9). As preparation for 
tlic ncccssary exleiisions to a given protocol stack, sn-called 
hooks will he introduced in both protocol stacks. 

Tlie cnmbiniition of alignccl radio parameters and a combined 
protocol stack shoiilil cnablc the neccssmy flcxihility lor tcrminal 
and g1oh;il roaming to support the nccds of intcriiational opera- 
tors and end users. l h i s  conccpt was subinittcd to ITU-R [IS], 
3GPP, and 3GPP2. Therefore, the iiiternatioilal stanckirdization 
activitics arc ongoing bascd on this conccpt, and arc supportcc1 
by the community of network opcrators and manuf;icturcrs. 

CONCLUSIONS 
A tremendous growth of mobile subscribers is cxpccted, with 
ncarly I .X billion in tlie year 2010 with a dominant hasc ill Asia. 
GSM is the mobile radio standard with the highest pciictrntion 
worldwidc. Mobilc iiiultirncdia will incrcasc aftcr thc vciir 2000 
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to about 60 pcrccnt of traffic in tlic year 
2010. Thcrcforc, tliird-gciicr;ition sys- 
tcins hnvc to support a wick range of 
scrviccs from voicc to low-data-rate up 
to high-data-rate circuit-switched and 
packet-oriented services. In addition, a 
high grade ol asymmetty for data appli- 
cations is expecled. These ncccls a rc  
eflicienlly supported by a combination 
of FDD and TDD. Thcy are rcflcctcd i n  
tlie technical rcquiremeiits nf intcrna- 
t ional s tandard iza t ion  bodies with 
rcspcct to the supported dat;~ rates and 
radio envirnnments. 

In different rcgions diffcrcnt second- 
generation systems are dcployed, which 
arc tlic starting points fnr thc cviilutioti 
and migration to tlic tliird gcneration. 
Based on thcsc conditions the regional 
standardizatioo hodies liave prepared 
technical prnpnsals, which arc submittcd 
to ITU-R. llicsc activities liavc bccn sup- 
ported by intcriiational research activitics. 
The  European Commission lias partly 
funded research projects within the ACrS 
franicwork rclatcd ti1 third-gcncratioii 
inobilc radio systems (IMT-2000iUMTS). 
One main area of research was the devel- 
opment nf a radio interface to provide 
technology which fulfills the IMT-2000 
rcquircmcnts. Thc ACI'S FRAMES Pro- 
jcct has clcvcloped ii spcctrum-efficient 
UMTS radio interlace (FMA). The origi- 
nal FMA concept was based on n harnio- 
nizcd approach (TDMA- and CDMA- 
bascd). l h i s  proposal was submitled to 
the ETSI SMCi standardiuation process 
for UMTS. ETSI SMG has decided on 
WCDMA in the paired hands and TD- 
CDMA in  the unpaired hands. 

The  international consensus build- 
ing process and tlic detailcd spccifica- 
tion of standards is facilitatcd by ncwly 
establishcd p;irtncrsliip pro,jects. X P P  
dcals with the proposals troni Europc 
(UTRA),  Japan (ARIB, TTITC), Korca 
(TTA), and the Uriitcd Statcs (TIP1); 
30PP2 is working on the  cdma2000- 
bascd proposals. 
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