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Abstract

This research aimed to construct and find the efficiency of the instructional package for
Universal Mobile Telecommunication System Technology at TOT Academy TOT Corporation
Public Company Limited.The instructional package was constructed which consists of teachers’
handbook, teaching aids, exercises and test. Samples were 30 employees at registering in
Curriculum Universal Mobile Telecommunication System Technology in 2006 at TOT Academy
TOT Corporation Public Company Limited. They worked on the exercises and quiz after each
lesson then the post-test. The scores were computed for its efficiency with the formula E,/E,.

The results showed that this instructional package had efficiency at 81.46/81.05 which was

higher than the set criterion 80/80.

(Total 197 pages)
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mﬁ‘ﬁm%u%ﬁ’wuumﬂm;umqmﬁﬂwu 900 MHz Im%ﬁmzuu?il@mafm'ﬁiﬂuﬁmﬂﬁuﬁusluqisﬂ
dhupadiidedond WARC79  mwwRvedilssquiongtn  vhuewdieaiu 7

anigewing il 1983 (w.A. 2526) 24Ans FCC lAanAssAIINNLIW 800 MHZ T9l211A 40

o o

MHz & uiuldanuiutesdyayndnguuy duplex [1uan 666 dasdnyauins Tnaiusiay
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Fa9panniiANninTL 30 kHz duansluguil 13 desduminingdenaaldgn
il dAuTRssne Tnsdnyindewfiszuy AMPS (Advanced Mobile Phone System) Fauflu
szuntnsdmiliadeuiiuunisaganfizunewnden sruuuanildeuluansyoning tasse
AMPS I§EuTlalsEnn s utaalaned] 1983 (w.a. 2526) uwidsvanmiludiasdanin HGECG
auweed Tng Ameritech siasnludl 1989 (W.A. 2532) a3ns FCC lFamnasstasnanuildam

WAN1FRN 166 da9AND (AwIA 10 MHz) e liiusamannsasnissanisldenuang

Y a aa o a 1 [~
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% o a a K a o

Tunsdfulgeliissunsesiumnuqiiinau 155 Motorola 18WEmuIszLIL N-AMPS

(narrowband AMPS) NilAnsdnEuAd e ARIILIzIL AMPS Buldanu szuy N-AMPS I

ANNANTBITRIATYIUAINE LR 10 KHZz A9Tiu TuaniefidedanuDaes AMPS @11130

¥ 1

TsnslAiNesAwAes szuu N-AMPS anwnsnliisnsungldlane 3 au  luwunid

dszgmunuiuiy §Ensnenldssuy N-AMPS unuszuy AMPS i litsnisungnén

Taunnndn 3 wih wan A1 grade of service 189NTTLENNTHANATY  Waliiasannngld
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Tatd (1) Y3aA1 S/(N+|) ANRARY mmmumw ARININTDY ”tytyﬂm@mﬁ SRR SEEATGE
N-AMPS azdeendnfildiussun AMPS  ieuilasiogunil szun N-AMPS nnsld voice
companding  Wea¥1eussenniAdeaientuluenieRauides (synthetic voice channel

quieting)

Reverse Channel l Forward Channel

990[991| e s {1023 | 1] 2] soo [790| [990]991| e+« {1023} 1|2 |ees|799

A4

b
L

824-849 MHz 869-894 MHz
'{?'Jf”-’A' B ¢ P
Channel Number Center Frequency (MHz)
Reverse Channel 1SN <799 ~ 0.030N +825.0
990 <N < 1023 0.030°(N —1023) +825.0
Forward Channel 1< .N-*S"%QQ 0.030A" ‘+ 870.0
990< N < 1023 0.030 (N —1023) +870.0

/" (Channels 800 - 989 are unused)
aﬂw 1.3 mmmmﬂmmLﬂﬂmmmmummmmiﬁﬂmvuu AMPS

lutlssmaganw {13013 2 91aAe Vodafone uaz Celinet lAsaniumtageny
ﬂﬁﬂ§§ Department of Trade and Industry ABNNIATIIU TACS (Total Access
. . g ¥ =) Yo
Communications System) Auldanuluil 1985 (w.A. 2528) N1m3g1u TACS 1§5un3
BANULILIBLLUNUTIUIRINIATTIU  AMPS  inrzsiaenslilaninsguludairaauldam
neluszazoadumnids ANNIANFNTBININTTIUINAeIaag INIATgIW TACS denui
guANND 900 MHz warlAaunineaastasdyyinianud it 25 kHz sl
TACS Hldslunguilszmeylsl 1y dangm 8AN8 uaveadsise
wanaInAnaIaudn  fellumangiutesssuuinsdwiindeuiuuuinaganfsruy
[~1 dl Yo o d? ¥ = 1 oI/ [
audend iunsimuntlfuenuaannsgulutssmasine o fialan Auandluy
A1399 1.1 FTUUWANRTANNAANLARIFINAUMA88Ne aikty sruU A uNNTRRNLLIL
W dduiun1sdeasiudsanaziznisineadlesiud@aadundan  nineuLeddnnil
[~3 dl Y a uI/ = 2
gruiluszuvaunden Alfmelianisuengiaduuuy narrowband FM kaziAnundnazes
HaIATYYIANNDWINGL 25-30 kHz qiinsadilatenie (MS: Mobile Station) ldmatiang

Liﬁﬁﬂﬂ?\‘lﬂﬁﬂﬁqaﬂauﬁmﬂLﬂuLL‘LI‘LI FDMA (Frequency Division Multiple Access) WazN1g

Mauresguate insdnsiiaaeui (MSC: Mobile Switching Center) luuuuAanea nng
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NUIRNAE MSC dnadiludoudn ”ty‘ﬁ'zgmmimﬂw?ﬁ'@mﬂ’émﬂ WIEAN THANe
MSC ﬁﬁaﬁuﬁéwﬁmnﬂ@ﬂqa 217U mu@mm@zﬁmsﬁﬁfam’fwﬂwﬁfamﬁifazﬁmi"um@ call
IALLAREe MS mu@umm"‘im@ﬁmmmﬁﬁmu muaummﬁmﬁl (mobility) 284
@ﬂﬂiﬂiﬂmﬂmqmﬁ@uﬁ AILIANNIEMNATN handoff W3ahandover lusi

= : N
13NN 1.1 Nﬁ[ﬁlﬁ‘ﬂﬂuﬂlﬂ\ﬂﬂﬁ\mﬂﬂLﬂ@'ﬂ‘m’]ﬂm’] 1

NmTgIu | Uszina T#in | Multiple | Modulation | ginuA?IND | AINNINURS
aanld | access 1Hu MHz | da9ma1aE
NTT ﬂj ;u 1979 FDMA FM 400/800 25 kHz
NMT-450 ﬂ@:llﬂ?::mﬂ 1981 FDMA FM 450-470 25 kHz
AUNUALIAE
AMPS | anigawsni | 1983 FDMA FM 824-894 30 kHz
C-450 HLEFN 1985 FDMA FM 450-465 20/10 kHz
TACS ﬁxiﬂt]‘i:f 1985 FDMA FM 900 25 kHz
NMT-900 ﬂ@:ﬁ\lﬂ‘?zmﬁ 1986 FDMA FM 890-960 12.5 kHz
AUNUALLIAE
NAMPS zm%‘gmu?m 1992 FDMA FM 824-894 10 kHz
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NIAHWIIaNENNgsr UL I AnTilaReuuULmagasTun 1 MFuANg1Se
atennTugamadssy 1980 aawinlian FldisnislasednsdanuiuianauaenaInuIe
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1 1 o dll v o a o [~ 1 = dgl dl
e 7] wud dadendanalinnsaniivanulsrauanndiiaeteiinne IWIAeINIL
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T uanlutszma Al wwamslunisimunlasdisuazinsgunaauaull e
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gnafuiialilszmadu o 16iumey dnlinisimmnssuunsdwiindeuiuuuinagans

U 1 aeswsazlszmalannidudasyiaiy LaznadnsIa9nI IR NLNBATT ARy 11N

TlasednaresuiazuinsgiuinaudAuldld (non inter-working)
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AziuguLsardna liiAniloyn dropped call uazilymianawuiy (crossed lines)

aaa o

nsldwmalulatisanaa NliaNuIuATaINIFIEANDE R lANINATY  Aett sruu g

wmalulatifasaaasiauqglaunndiszuunldinalulagioundan  anvianalulatfasead

v o a

wmatANsdsiad oA HANLaeaiuga wazaNTnatiuayunIsliLEng

anansteyauuslud - lAuenmileannnislitsnisdudes  deewnil nisimuwiszuy

I =

naAwilARaUNLLILITAgAN T3
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1 lugrzuvlmidaliiunnldmealulagianeadunug
[ dl £ % 1 1 -l% o o Y a dl
PAINTIWENLN LW@ELM‘EZU‘]JI@]N"]J’]?_IELMNNﬂmm’i@\‘}‘ﬂu mmimmiumuqumm;ﬁﬂmm:‘w
- X
LWKNNINTU
sluma?ﬂ@xﬂ;mmmuzmrmmﬁmwﬁmmmmmm@\i CEPT (Conférence
Européenne des Postes et Télécommunications) ﬁﬂ'z}‘llﬁﬂum (Vienna) Iulﬁfauﬁqmﬂu

3
1 1982 (w.A1. 2525) Uszmenusasuaus Lo liiiug drdsluinnusanioatiauiugos

IR F R NIIRG T U T FOR IE T e X S T NES A a1ana WinAAMNIAENEY
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pd 900 MHz  asgnlduneluiuszuuassusiazilssmei danunsarinemdnmdle
lanagavinafiazaireunnsgusanazall Suilesanagldfidnupuifisnd 1 GHz
@AFUNNIRaNIET  wnzaNRUss LN daeanTFaneieaeun daamatuladnild
muﬁlumm:ﬁu) waelldeuldan  AuznIsunnIReanT AN ANYed CEPT |Aaauiy
FlALeLAZARIANIEUTE GSM (Groupe Spécial Mobile) aAnE e ldvde
“Harmonization of the technical and operational characteristics of a public mobile
communications system in the 900 MHz band” mmzmammiz’%mﬂmmmmmm CEPT
TN GSM iluglaue term of reference Tusnes fau TunenFeunesd
1982 (W.A. 2525) Founuainisemaisasuaus idsauilanunueauaeangy NMT Tunng
Aeudeiauad iuwud]iR (action plan) %qﬁQMW1ﬁ§uﬂQWNLﬁumﬂwﬁﬂquﬁ%mﬂu
ya9tliRenri L‘ﬁlﬂlﬁLﬂuﬁuﬂmﬁlﬁﬁmmﬁﬂuummmgm GSM lugzazinanmaudnaunu
TunistlszguaesnnisinnuluneungAaniaueest] 1982 (w.A. 2525) laddennas

a o

a = | = ~ = o o aAa o [y
PYAINTLINANBDLINATIAIBTN LN IAN I UBIT 1982 TIANTCANATUNINEUINUAIMNARINAT

3
o

ﬁugma?m%mzuﬂmﬁﬁmﬁ NAsl

1. szundessunaninenlugiuanad 890-915 MHz uaz 935-960 MHz

2. Fasinsiudsziumsldeuiaaiussuoiiiusnsdudmsugunana 900
MHz

3. wisesgUnsnflanemandeuiizesszuy GSM Aeanunsnldanldlunnyszned
Ndaudan Tnaannzdszmalungu CEPT

4. Hesflinisdu 9 WuRuuenwileaninied e ulianudesnisly
anuziudslifaiauin WBnslud 7 wandudesrls ssuueesldsunseanuuill
fanwousiduuuy modular system ilea¥naaEaveuluniafiuinislus
Tituszuulidng

5. fsrAninmgelunslduouainmiu uazieies faciities AR lsUEnsuAddes
HAonuTiuae

6. faciliies fldsnlulnsednainsdmiuaciasanedoya Aildnululassaie

4 Ay
LARRLUNAIE
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7. wnunssrysialseandavzasia  ID Wiiulasvinaedeun  Fesaanpdasiu
o‘d‘ Y o o o . dld 1 o o
NUTIN LRI MUARIANELAENN9RT  routing MR TWIATaENe IngdnY]
warlasadnedaya
8. aiUnsnlilaremamaeunilszinngininiiialia (handheld) Fasanunsaldeuiu
4 y
FTULRDANT I
9.  AryoynoddaeAesiinisdingia
10.  llAnfwsiesiinadiudgelasedneTnsdwiitlszannaeslszma
1. rUUAe9a T MausIN LT LLARA R (charging system) 16
12, sesiinsldezuy signaling Miflusnsgau dewuste (interconnect) dnfiuguane
N3UsruATILINIadAnIENgIY GSM IaRn1snatatloundd 2 atinanazsieg
witelvnell  fygwusnAenislduuudaoan 900 MHz Wedmguszasddu <) 814
= A M v o A ¥ & Ao 1 ' ¥ 1 o v & KR
wanaea il ussnasuEasnslduuusaudsinaaAeudisnniun Mnldvuneanny
Re991N19eLNAINIasULNAAND 900 MHz llldeuiuszuuay anafludaanaiy
sanmsgIudanaeylsnasiauluaunpg et wnasaunaadesinanseiusnis

international roaming N1sluaReuaesdldnnawsesginanilaranianaeuiluglsl tae

TiiuAsssufianenatalassn wszdaaniandelunanslszmaness sl ifaaiunisld
gunsalinglaamiafnem
Tutl 1989 (w.A. 2532) unisaantanivuadamatinsesasAns CEPT lhgnlaull
[ ' . . . dl Y o i’/ g |
AYNLUAIANT ETSI (European Telecommunications Standards Institute) Falfansatiilul
1988 (W.A. 2531) Gnenp)ll AMUENINW GSM AsgneauidniuesAns ETSI (European
Telecommunications Standards Institute) wazneuds ol asudaludidly SMG (Special
Mobile Group) &wiudnustiaaas GSM lagnulasulu Global System for Mobile Live
LWRHANNNITAATA
Tuansnowimilasdiy GSM Mdsadiull  dsswedaingwldiaueniy
pagnisiaziingatne PCN (Personal Communication Network) Y392l PCS (Personall
Communication System) #1uiuldeulugnuadnud 1800 MHz IaaRdngilszasdiieli
a di % v dglJ dl ] ] . . Y a ¥ K
Usnsdeanslfanslinsaunguiuietinaunsans (ubiquitous)  §LEN1sannsndinng
Taseane nadniTlEaneaipaaun lenIuANFaINIIIraInTane e ldANTeneA e

fldvzamiuieresdnaa g 1 dieinadne  weAnres PCS Meaguuiuguaeanisld
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SuFNAUTEUL AIN (Advanced Intelligent Network) lasatnepaaunuazlnsatngilszani
! v o o pry Y a o K I o '

(fixed network) azganidnfaeiu ialvitznisadndlasainauargrudeyaredlasednewuy
. % v o/ e a e a o o EY] ?/ a
universal access 3vUU AIN sl ldiiuasnsdwilineaasing dmiuldeuiasanig
Fanauaziisni1anldane  ETSI AAN®IANNARINNT taznudn luanstiudaninuaes
52Ul GSM lAinauadaduanysniudn awiu iialildlaseng PCN dmiuldanulssniie
FINANARINIIeslssmAdang e N9 ETSI Asldlanssuy GSM Jndfudaelinld e
5211 PCN Tasnnsiingnuma nnaas PCN Wit uenupoudldanunesssiy GSM way
diutldrnisflimedsing o dwiunisdenleaiudesnnud PCN Asiuninsgau PCN

ANFULNUAIND 1800 MHZ aglananiiiindi

a1 lutl 1990 AMEANIUAMLANIATFIUENATEIINTAI N1R9gIU GSM ASlY
@3ariumunIuantazsinaan g ulumannmaslutl 1991 wana Nl AnEn1eues

(=1 % o 1 dl o o v o =3 v a

wuiudarivusmanauisluninsgundeanmliudelianann - Anzinauasingula
dl b5 [ 1 v 1 %3 [~ [ dgl
Nazuiiloymisianans sasnisuteuimuuinsguesniduma fail

a1 iflunundagauninsgiuwsnasniviusenisldnulul 1991 Inefiiiann
praLAQNLENITEng 7 luunedeuminiuanndiannanfansunu i ideuiulasede
[ % :J/ dl =3 dl o I u‘ d-dla ] I
fariy wmsgumlad 1 Aadlusesgiundeldanysaluasininegun  Tasedneany
wmsgia 1 Mdlaneasdldnundsmaiuuans wiun 1 wewnsngian T 1991

punlaanauly  wazmusaanataldanuaeludanndinedlulldann  Tasedne GSM

dsznavdagesdlsznausing o Aldu Asuandlugln 1.4

1
=

a2 ANSRNLENN96in9 o Wasumadldanuauld uiladetinnats/dedniag
paoantlusuma 1 uazdiudpeilaridusundrdnyidu n1eavin handover wazn13vingw
wasginsafilateniaedann wenainid euluwla 2 felduiudanmunaasszun PCN 19

¥ o dl o é’ o v Aa s &l dd‘d o )
mumnummﬂm GSM TaN19NTENU mlmnm@qﬂm‘mﬂmamqLﬂmuwmﬁmmummu

'
o

luuuy dual band lwnatsienn suwimuidinsgiuluna 2 Gusuwiunniidaldnuass
Twdenwniiaelull 1992 uardugaluil 1995
UNg 2+ Wunnsweunilandne Waldszuy GSM aunsausulsfidniumnny
£ 1 dl v Y a ¥ o a Q‘I 3|
feanslud o] veeman IunAngld  flisne wedn  wasidunaniaan
¥ v = a g dl dl S a ral/ dl Yo
pniatihasanaluladlunisnanginsalinaeun il auaniRuasaridunlaiunig

WaHININTW i e 2+ Gusuludl 1993 uaziinisdseniAninsgiuma 2+ aan
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|

g9nudluilszantl 4 atiupa atiutl 1996 atiutl 1997 aifutl 1998 wazetiuil 1999 9 un

o

dndnglula 2+ Bun SIM Aldszsuuseiuln 3 T ellannsdnsiadoynyoudesuuy
Enhanced Full-Rate (EFR) speech codec W\‘iﬁ%;umiﬁﬂmul,mu multi-band
(900/1800MHz) m@mﬂm‘aiﬂmﬂmqmﬁl@uﬁ 7¥11 CAMEL (Customized Applications for
Mobile Enhanced Logic) 9¥uu HSCSD (High Speed Circuit Switched Data) 9l

GPRS (General Packet Radio Service) Uslnmaa SIM Application Toolkit L6

/L> BTS ] HLR
—1 VLR
BTS |— BSC [
| AuC --
MS BTS _— __ GMSC | PSTN, ISDN,
|7 Data network

-
|

'

4

EIR [
|

'

'

|

'

|

|

|

'

'

BTS

L----1-1 1

r----+-4 7Y Femmmme e - - 4

—7 5 BTs [ ] BSc [~

» s _  Datalink
------- Signaling link
MS: Mobile Station HLR: Home Location Register
BTS: Base Transceiving Station VLR: Visited Location Register
BSC: Base Station Controller AuC: Authentication Center
MSC: Mobile Switching Center VLR: Visited Location Register
GMSC: Gateway MSC EIR: Equipment Identity Register
PLMN: Public Land Mobile Network OMC:  Operation and Maintenance Center

71U 1.4 uamsdautlsznavsing - 1e4lAsetng GSM

HSCSD (High Speed Circuit Switched Data) \umalulagingniaualng Nokia
e iiudauniieresinggiu GSM wa 2+ atiut) 1996 waluladl HSCSD teulipTes

gunsnlipdaunannsnld time slot 1611nnan 1 slot Tunnsfudedaya vinliA1AINIEI90
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dayad I dUlANINAL Nx9.6 kb/s %38 Nx14.4 kb/s Wil Inedl n ABS1UIY time slot

g

Pld wddannsldeuaes HSCSD Mnlinnssudedayadarnanuisaldnugaauls adnalsf

u

MmN HSCSD Lﬂumﬂiuiaﬂﬁﬂguuuﬁﬂmﬂm circuit switching  feriuAn bandwidth
efficiency TesszuLAaaslane i ldAuusiednals HSCSD gninanlemiluszazuaniia
nsthianiasetng GsM Tulisnsdearsdeya Wessuu GPRS 15@@%@%1&16’5«11& N3
H9uaeq HSCSD axgnunufifaeszuu GPRS

Tu99UINeNIRAINIATFIU GSM 1iFHW IBM Uaz Motorola Mineiansliszuy
GSM fLsnsdeansteyadnamatulad packet switching dae aeinslsfimn deiaueiilis
n9Llf)ias flasanlassing Gsm flassa¥rafluuuy circuit switching nafialuunnas
NIULLL packet switching anldenn  eeelsfismu Tudaasendnet] 1992-1993

ALK SMG TiFuLsInARUNazFiasinLEn1sReansteyaull packet switching 141

Tluszuy GSM anaa Aaemtaasnusing 7 luglslnaulaaztirlasetng GsM 114 lueu

1
o o A

lnzngatasiunsiudsdays INHIFNAINN19Ra9A WAL Wanant WENad ATy
WAzl SMG Guasiiednmpe  luanigewsni Guiinisliuinie CDPD daflu
a dl ¥ = . . o 1 1 IS Y a

vinen imalulatl packet switching tneimsariulnssdneaaganfansgliLanisunesely
anigeliing  Auiu Wnnstuluunues packet switching awiluiEnishissuy GSM
o | ¥ IS dll 4 I e o dll ¥ o ¥ o dll QI
el eldannsoudeduiuszuran o wlanld  eunisimundenivuaiveivg
Wrfd1 packet switching AglAFuNT1sussaaluIENIIIBIURBNLNIZLL GSM Tia 2+

%

uazldaaqn suRNmuitantuua GPRS delgEudulull 1994 uanatnnisliuianiglulvum

o

packet switching uda f¥Uu GPRS €4N

[ %

s A o g ymas 3 = |
oUsrasd iednliRdsnisdnnelasadng
a o & 1 dl ¥ 1 = a a % 1 = U1
guwmefidnuarinedig IP 8y o) lednalilsz@nsnnson Tudasusn Annsaanisnilian
fariun GPRS azwdaaialull 1995 usitlsngdndenivun GPRS Hnansenusessuy
GSM agiannn Tnaanng nanisiudinauingiandusesdiniaasuutlaegnamin uay
Tasedneuansiesinismnslassdnedeyagauinliivguars MSC ndldagiin  Mnldau
Wnundeniuun GPRS Avsesutiveanidunanama wmsgiu GPRS wlah 1 iludaumile
2891173511 GSM 211uTl 1997 Twanuefinnmsgiu GPRS wai 2 iludaunilsnesninggin
GSM a1futl 1999

EDGE (Enhanced Data Rates For the GSM Evolution) Wuwmalulagiansusann fld

Aunefudeaing luszuy GSM Walissuu GSM uazszulsIN GSM/GPRS dungnldeu
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[ ) Y %
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Global subscriber growth, wordd {millions)
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4. aﬂLmuma;,ma‘mmqngQﬂﬁuEmgaﬁlﬁqqu “luﬂ 1934 (.4 2477) 32unTAsvineAeaNsARRUARNY MATIANNS
a‘iuaﬂ' TUAIAUIENA LRGN NI ARAN 1L Nﬂwmmu%ﬂwu’]m (amphtude modulation) 1@0ﬂumﬂ°ﬂmulﬂu

03 e a8 e Sy vuummmwmmmmwmmu fusuauinenaudaende 7 V\
LN WUIRN P18 wivin fin Aeaneaieauin

Trnd szmAauigainang
T 4 e d e Ansdszanuins1idn “lwﬁqqnmwmiwmao Anuauginand
5. tlymdnAtyreenisdeanssaanduinghe
iummquwmmm‘lummmwmnm 5,000 it
multi-path pr ion phenomena, fadin . I
ulti-path propagation phenomena, fading vuummmwﬂuummmmmwmm HuRe szunlasetnalally

. Sao o o '
phenomena, radio resource NHATUILANA e TeadnAulasedng PSTN (Public Switched Telephone Network)

qn . wazAnmalianunsnm e finsdmiitennsielldediylaTanns
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- | 1% 3 = [% a
Tasvlna@agnslsanascazusn (2) asnlsenauvassuuiasnslsaneluann

Access network

il 1946 (w./. 2489) ﬂi”mﬂzwl%'ﬁﬂLﬂ,ﬁnﬂm‘ii”uu‘ﬂmﬁwﬁmﬁﬂuﬁ
Fegnansnuifiuniausn Taelsinnetnsdwsium push-to-talk mmumuw

lm\muummmmummnm\umm LA2INIALUN mlumtwemi@wmuwum

Core network Exeig
mmﬂmmmqm umﬂ‘mﬁmimw@m‘numammn (FM) wazldaunn network
ANNAN9T84 bandwidth WL 120 kHz

Tutnesemananaasse 1950 - 1960 Annsldszunlasadng IMTS - Core network: quangsdvilnaeun
(Improved Mobile Telephone Service) 's‘:uuﬁigmmumﬂﬁﬁms - Access network: AnUFIU
nadwiifluuuy full duplex SArugnunsnlunisuyumaneiaesn - Subscriber terminals: Mobile handset, cellular phone
(dialing) UaZMN trunking WULSRTWR 16T - External network:  PSTN
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AufiliLEnnsantia Center
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nsuflaiymndsnanaldimailamagand (cellular) Tmﬂmmmwum
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“Mobility” maaqﬂnsrﬁﬂmamﬂ%’ma Cellular Network Generations

1% generation
-Analog system

1. Mobility iflupnuarsnsozesglnsnflaranielians fawnsn -

s obility:
Wndslasstnavanté lunnaniuiuazlunninan: The “Evolutionary” Route to
- Basic service (voice only)

- melwas gunsoflanemicl¥ansarunsnldiiznisluivui Wireless Data

- Basic mobility

. 4 ‘ Y
fdsunauaunsananszanell1ina

2™ generation
- Digital system

3" generation
- Multimedia Service &
- Primary voice with SMS service| Mobile internet

- Country standards

- MaAuneiaagunnszin ilaanisldnszuaunng - Incompatible

handover .
; : : and slow-speed data service |_ :
2. Tuanensslifinnadenrefamduing ssrdnsgnniisuiugneal o ' CETTED BITER A e E

. © thd 49 3 - Advanced mobility (Equipment _Global radio access

dananeliana §nn9vinenu 2 edneiaiuayuilafdu mobility e & personal mobilities)

-Seamless roaming

- Location update { Regional solution Global solution (try-to-be)

- Paging indication FDMA TDMA CDMA

UMTS Technology 113 UMTS Technology 114

[ = | N = -
:a:‘]JLL‘LI‘]_I’llﬂ\‘l Multiple Access Frequency Spectrum Allocation for US. AMPS

TDMA

FDMA
Different Carriers Different Time Slots
° 4
Forward (down) link
hd hd Y Reverse (Up) link

-

o FDMA: Frequency Division Multiple Access

CDMA TDMA: Time Division Multiple Access
o  Diferent langages” CDMA: Code Division Multiple Access
o ) Reverse Channel Forward Channel ~ 30kHz
o
° [oo0]oor] .. [ 2 [ 2 [..[79][os0foor] .. [ 1 [2[../[re9]
) ag
: . - Y 824-849 MHz 869-894 MHz
o i’zuuv'i'l'n':ﬁ FDMA NWI’]’IN"!U‘EF_WIN;FI
o] o o ; 45MHz 45MHz
o szuufld38 COMA fianuquiniign

Note that channels 800-989 are unused.
UMTS Technology 115 UMTS Technology 1.16

[ o I e = -

Carrier frequencies and TDMA frames for GSM CDMA Concept (1)
[124 | — —
= =

TDMA frames (Downlink) -—
S — —
= [1]2[s[a[s]el ]3] =
> ! S U4enams -
§ 45 MHz % ™ Duplex channel
8 j _ TDMA frames (Uplink)
- — delay T
200 kHz 1| [ 2| = L —{1 23‘4‘5‘6 7‘8‘
1 [+
Data burst

time 156.25 bit periods = 576.9 s
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CDMA Concept (2) Evolution of Cellular Wireless Networks
USA a5 i avde?
275G 3G 46
(IMT 2000 )
HSUPA
HSDPA!
™
EDGE UMTS
R
| S W-CDMA
ooma 2000 Y1, Motk s
3x
UWC 136 COMA 2000
1XEVDV.
(CDMA 2000 'CDMA 2000
X 1XEVDO
Voice service Voice and low _ Voice & medium-speed ‘Actual multi-media
speed data services data services (voice + data + video) service
N-AVPS: narrowband Advanced Mobll Phone Service  EDGE: Enhanced Data Rate for GSM Evoluton  HSUPA: High Speed Uplink Package Access
UMTS: Universal Mobil Telecommunication System  IMT: Infemational Moblle Telecommurication  USOC: Urited States Digital Celluar ystem
HSDPA High Speea Downlink Package Accsss UWG: Universal ireless
UMTS Technology 119 UMTS Technology 1.20

[ o - [ o ]
1G Cellular Wireless Networks A NMT 470 Network
i Multiple thupmdld | Anandnenes
WATIIU szina . Modulation ) o
ﬂﬂﬂ’L‘ﬂ access 41U MHz TAIAND
NTT njﬂ_u 1979 | FDMA FM 400/800 25 kHz
il Core network
NMT-450 | na ‘M.Vlﬁ 1981 FDMA FM 450-470 25 kHz Outsids networks
AUNURNIAE
Q Access network
AMPS | @vigeniin1 | 1983 | FDMA FM 824-894 30 kHz -
C-450 1993y 1985 | FDMA FM 450-465 20/10 kHz E
TACS Snqe | 1985 | FDMA M 900 25 kHz S
NMT-900 | nquilszina | 1986 FDMA FM 890-960 12.5 kHz
AunuALAY S : Mobile Station
BS : Base Station
NAMPS | anigauiint | 1992 | FDMA FM 824-894 10 kHz MTX : Mobile Switching Exchange
UMTS Technology 121 UMTS Technology 1.22

[ = - [ = |
t . . . . . .
1% generation Wireless Networks oy laserinainsdnitaaaunlusus 1
o Q
1. 1% G cellular telephone networks are based on analog technology. " o
. - o o
1. ns Msglardnasunuaunal aniudansn
2. 1% G cellular systems use FM modulation. 2. WEmsiiaernznsdeasmaie ity
U ) o 3. whednsdwiiiadeudaunalunTnuasditmiinann
3. 1% G wireless systems provide analog speech and inefficient, low . . N 4 o4 4
o ‘ , 4. msueusnAdesedmsiuaznisuasquiatesinsdniiadausing
rate, data transmission between base station and mobile user. 4 - b
ARUINE
P L ey
5. mavemiidfldls (incompativility) 2asnnsgusitg <) fdldan
However, the speech signals are usually digitized using standard, 6. panaflanadniiesannisuiresratneena Rl dua
time division multiplex format for transmission between the base W iwrastnsiniirdeuiiseune uazAnsssuiianlunislditnieg
. L
station and the mobile switching exchange (MTX) and always digitized A awinlinisieanslianegnuesindursnisituauduniigme:
for distribution from the MTX to the PSTN.
UMTS Technology 1.23 UMTS Technology 1.24
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[ Tor | (e Tor -

o Aa ' o ¢ o = ° v
nuiialasstnalnsAnniadaun GSM AMEYINU GSM mells ETSI
TunnsuszguaespniznasunisdeansnsaunALLes CEPT (Conférence ludl 1989 (w.A. 2532) viunseandaniuaiianafinrasasing
Européenne des Postes et Télécommunications) fingailauw (Vienna) luiian CEPT leignleuliesfuasdng ETSI (European Telecommunications
Aqwien T 1982 (w.A. 2525) UssmAnnsasuaudlidlfiiug Srdvldfiann Standards Institute) 39184ndea11uTl 1988 (W.a. 2531)
fonfleataiugisssy Mazansunuauinruaninsgusanaedy lseen B Arzinu GSM Aagnaanidniuesdng ETSI (European

1oy e1arelfifinAadeTiEuanE MHz azgnlduaalfuszuy - ) . 4 ,
900 Mz azg Telecommunications Standards Institute) uaznneuaslilasude i

\{lu SMG (Special Mobile Group) dmiudnustenas GSM lign
waenilu Global System for Mobile W@ MANaNISN1TAAA

saausiazlszmelaiansnsoinaudn il ‘Eammmﬁwﬁ@m%dmm@uéw
azmunlyl

AnzNITLNIRRANsINIALL AR CEPT Idteniudaiauauazdnda
ALULTNLTE GSM (Groupe Spécial Mobile) WeAnsneldvade
“Harmonization of the technical and operational characteristics of a public

mobile communications system in the 900 MHz band”
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[ o | [ o |
AilinlaseanainsAnitAaaun PCS1800 PCS1900

sznadanquldiauanauiesnisiaziilassdng PCN (Personal PCS1900 system is based on the GSM technology
N oy N

(EomvmuzlcauonlNelworkl naTely PCS (Eeursona\ Cormglunlciuonjystemy) i} reconfigured for the North American market.
Awifuldauluguanui 1800 MHz TaaddnguszasAieliznisdeanslianels
m@uﬂqwﬁuﬁaﬂmmmmﬁ (ubiquitous) FldtEnsansnsaudrfiaredny
TnadwiiadenilBane Idmunnadesntsinarnuan taclidniledainumises
fliiesumbmesinasiddfemindis

LAATaY PCS l;”q@Quuﬁuﬂmwmmﬁﬁmui‘wﬂ"usxuu AIN (Advanced
Intelligent Network) TassinenndouiiuazlnssdnelszanTi (fixed network) Az
sauudndani Lﬁ@‘lﬁu‘?ﬁﬁﬁ%ﬁdimijLm:ﬁmﬂ"awmmimq“ﬂwLLuu universal
access 921 AIN venWiglTweinsdwidfaanedifen dwiulinuiainsly

a  dey
aneuazsneldans
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[ = ] [ o -
Personal Communication Systems (PCS ; ; .
y ( ) High Tier and Low Tier Cellular, and Cordless
The goals of PCS are to provide a mobile user with voice, data, and multimedia at b
any place. at any time, and in any format. Generally the PCS market has been divided into these three classes:
Thus the system has to either provide universal coverage or it has to mclude
. N . » all . Spvtem High Tier Cellular Low Tier Cellular Cordbess
interworking with other com ation systems, Thus MITattempts at providing
univeral coverage by a globally standard system have failed (for various technical, Cellsen bage (025-3%km) mediom (10-100a) sicad] (10-20m)
lustoric, economic, and political reasons). Uer speed hugh (<= 260 k) medim (<=100kmb) o (<=50kmh)
The market has often been fragmented based on: wide area coverage (especially B sy tagh! tl st
for business users), enterprise (focused in-building and on campus). and homes Hamdyet power convimption.  bigh (100-800mW) low (5-20mW) len (5-10mW)
(often equated with “personal or free-time usage™). However, we have seen that Spaach coding rate Tow (8-13kbps) Bugh (32kbps) lugh (32kbps)
this market separation is increasingly converging rather than further diverging. Deliy e Wby high (<=600m5) Yo {<ml0 ) Tow (<a1tms)
Traditionally, various PCS systems were connected to the Public Switched Couts high wedium Tow foften flat rate)
Telephony System (PSTN) and drived by telephony standards (and at the rate of Examphes GSM, D-AMPS, PDC T2, DECT, PHS, PACS
change of telephony standards), Today, these systems are increasingly connected cdumaOue, ..
to the mternet and driven by the internet standards & change at mternet speeds.
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2G Cellular Wireless Networks 2" generation Wireless Networks
dssinn i | Multiple Modula ’ Mo i Channel -
95" 5] i & = Y = @ e aa o

HPIIW | VTR o | access | oo [ ETHAIIMARRMENE ot 1. Mnalulagnsudasdoyayrnudes il idudyoufaneaduge 14
GsM900 | glml | 1991 | TDMA |  GMSK 890-960 200 kHz wallAnInangaduLLLRanes uasianuannsnlunisdssansua

usbc USA | 1991 | TDMA | 7U/4 DQPSK 824-894 30 kHz ﬂﬁiTWiLLUU‘fu@N (advanced call processing capabilities)

(s 54)

9 o o 9 o = A P
PDC | @iu | 1993 | TOMA | 74 DQPSK | 810430, 1426-1453 25 kHz 2. aanuuulidaundniunisliusnimiades wAEnEnnsldeuaes
(Reverse CH) a = Y @ o , a a
040.960, 14771501 13N1588aN390YAANETIN LW 13019 SMS 13013 FAX
(Forward CH) 2 ae ) o N
eezie| al | | e | s 7101380 200 Ki1a 3. Guldanrilmanssuiassdnauuulvdfiannisznisatunnans MSC
el ol | @ o | ez e e a4 Tnensldgnand BSC (Base Station Controller ) lusinuitis
i ' =

MIRS | USA | 1994 | TDMA | 16 QAM wansisiy 25 kHz TTMINANTUTIUUAT MSC
CDMA One USA 1993 CDMA | QPSK/ BPSK 824-894, 1800-2000 1.25 MHz

(IS 95)
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N b= B | B =T B |
A GSM Network GSM Architecture

Core network
Outside networks

o—72.,
Gateway MSC
{GMSC)
MS
MS : Mobile Station s \
Figure 1: GSM Architecture

BTS : Base Transceiver Station

BSC : Base Station Controller MS Mobile Station

MSC : Mobile Switching Center BSS base station system

GMSC : Gateway MSC NS5 network and switching subsystem
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AMNAINITAUDILATIINY GSM Mobile Station (MS)

Speed: 14.4 kb/s using each of 8 GSM time slots. Tbe MS I‘S apiece (.)f equipment which is 9sed by a )
mobile service subscriber for access to services. It consists

Low speed data: SMS of two major components:

Spectrum efficiency: Circuit-switched services 1. Mobile Equipment.

2. Subscriber Identity Module (SIM).

Only the SIM of a subscriber turns a piece of mobile
equipment into a complete mobile station with network
usage privileges, which can be used to make calls or
receive calls.

UMTS Technology 1.35 UMTS Technology 1.36
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Mobility Types for MS

Terminal Mobility

mobility depends on the kind of mobile radio network.

Personal Mobility

and has access to the network. The use of all kinds of

telecommunication services is then location-independent.

The subscriber is connected to the network in a wireless way — via
radio or light wave — and can move with his or her terminal relatively

freely, even during a communication connection. The degree of

The user identifies himself or herself (the person), e.g. with the

help of a chip card, at the place where he or she is currently staying

UMTS Technology
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VA UNNGTTUL GPRS

-

. The popularity of the 2G wireless cellular system.

2. The increase in usage of Internet applications in daily life

by computer connecting to the Internet network.

3. People starts using portable laptop computers and palm
pilot handheld computers to access their electronic
information such as email by dialing up to their ISP when

they were away from home.

UMTS Technology 1.38

-
Wunegszuy GPRS

environment.

5. Temporary solution to solve this problem was to
implement CSD (Circuit-Switched Data) and HSCSD

4. Cellular phone modem was developed to provide access
to the Internet through their cellular phone handsets.
However, the circuit-switched core network could not
support the burst of data traffic and thus it would be a

waste of resources to use it in a mobile computing

[ o
TAg9dina GSM / GPRS

Resources are

allocated among users

Resources are
shared among users

SGSN: Serving GPRS Supporting Node

GPRS Routers

global Internet.

The main entities added in the GPRS are:
SGSN: acts as an access router to the GPRS core network.

GGSN: act as the gateway router interfacing the GPRS core

network to other packet data networks (PDN) and to the

UMTS Technology

(High Speed CSD). IP enters into the network GGSN: Gateway GPRS Supporting Node
UMTS Technology 1.39 UMTS Technology 1.40
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Functions of SGSN (Serving GPRS Supporting Node)

- Authentication and admission control

SMS-GMSC

- Billing data collection MSCNVLR  SMS-WSC

- Relay, routing, address translation, and mapping
- Encapsulation and tunneling
- Domain name server Gn (Gp)

- Mobility management SGSN (or GGSN of other PLMN)

- Ciphering (logical link control layer)
- Logical link management

- Compression (sub-network-dependent convergence protocol (SNDCP) layer

UMTS Technology 1.42
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Functions of GGSN (Gateway GPRS Supporting Node) GPRS Time Slots
HLR GSM Users:  fldusiazanazgninualild 1 time slot

GPRS Users: §ldusiynauutisiiunisld time slots $auriu
- Message screening

TS 1 ‘ TS2 | TS3 | TS4 ‘ TS5 | TS6 | TS7 | TS8

- Billing data collection

One user in each slot 6 share slots

- Relaying and routing Dynamic Allocaton =~——————————

- Encapsulation and tunneling (GPRS tunneling protocol, GTP) saathatu : Amualil voice users 1 5 time slots

- Mobility management data users Wisifunsld 3 time slots
UMTS Technology 1.43 UMTS Technology 1.44
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AMANAINITNURITE UL GPRS GPRS nodes
GPRS introduces new network elements
Speed: Up to 171.2 (21.4x8) kb/s using 8 GSM time slots. + Serving GPRS Support Node (SGSN)
a . | T o s + authentication & authorization, GTP tunneling to GGSN, ciphering & ion, molbility
(3andnlasatne ngdAnit 3 win (3x56kb/s) aaLFanan 1, session 1. interaction with HLR MSC/VLR. charging & statistics,
as well as NMS interfaces.
1n99918 GSM 10 i1 (10x14.4 kb/s) + Gateway GPRS Support Node (GGSN)

« interfacing to external data networks (basically it is a network router)

. encapsulating data packets in GTP and forwarding them to right SGSN,
Always connected, no dial-up. (Based on TCP/IP network routing mobile originated packets to right destination, filtering end user
traffic, as well as collecting charging and statistical information of data

architecture) network usage

. o P o GPRS is the result of committees trying to “adapt” Mobile IP to GSM systems.
Spectrum efficiency: Resources %gﬂhmumwmmumﬁu-

ATl
UMTS Technology 145 UMTS Technology 1.46
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EDGE TAs9iineg GPRS / EDGE

linalulatives Digital signaling processing s115uilgs
manengaduain GMsk 4 8psk vilantiigiuuas MS

y GSM, EDGE
A1130RAnsednan73EnINaiY InsdeinaanseanidluiFanm o2 .
1N E

wiaztesdtyiynianunsnadeandayafisziuanuisa 48 Ve

m GPRS Network (===

=/

IP router

kb/s sta14 time-slot (913 HAdnFageanlsna 384 kbis

Officially a 3 G standard

SGSN: Serving GPRS Supporting Node

GGSN: Gateway GPRS Supporting Node

UMTS Technology 147 UMTS Technology 1.48
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Problems of 2G IMT2000 Terrestrial Radio Interfaces

U High growth rate of mobile users has made 2G short of

frequency resource.

IMT-DS IMT-MC IMT-TC IMT-SC IMT-FT

U service limited to voice. WCDMA CDMA 2000 | | UTRAN-TDD UWC 136 DECT

(UTRAN) FDD Multi-carrier TD-SCDMA EDGE Single Frequency

U Global interoperability and inter-working remains unsolved. Direct spread S — .

=g <

a Technology needs to be updated to meet the challenge B

CDMA TDMA FDMA

FPLMTS : Future Public Land Mobile Telephone Network
IMT : International Mobile Telecommunications

from Internet world.

UMTS Technology 1.49 UMTS Technology 1.50

o = .
3G/UMTS Standardization

I
To facilitate rapid concensus buildmg, two 'BG Partnership

In 1995, ITU-T began FPLMTS (Future Plans for Land Mobile Projects” have been established to provide a forum where
:.ervn:e providers dl‘ld manufacturers can work out many details
fo

Telephone System), which later changed to PLMN (Public Land

Mobile Network). G Services and System Aspects

- TSG Radio Access Network

- TSG Core Network
D@D ED DD
o .3gpp.org

e 3GPP2: Foused on cdma2000 with 6 TSGs
T on Access Network Interface
- TSG-C on cdma2000 Radio
- TSG-N on ANSI-41/WIN
- TSG-P on Wireless Packet Data Networking
3GPP - TSG-R on Interface of W-CDMA Radio Access to Evolved
ANSI-41 Core Network
- TSG-S on Systems and Services Aspects
- See www.3gpp2.org WIN = Wirsless Intelligent Natwork

www.3gpp.org

UMTS Technology 151 UMTS Technology 1.52
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UMTS Air Interface JFavAmiaaIssUL 3G UMTS

Code Division Multiple Access Q Global standard

Users all transmit on the same frequency at the same time O Backward compatible at least with GSM and ISDN

Separate by assigning each user a unique signature or code O lhisnaz multimedia

O wEnsdwsuflifesdaszainmaluladnisdntilasdng
Faanduing uazlaraiyagiurediasadnesedidannn
13ng

O nnsdniiesedannsmdauseaduuuy wideband capacity

UMTS Technology 153 UMTS Technology 1.54
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AALAUABITEUL 3G/UMTS

AL g Ayesiassing UMTS fi 2 atheite
1. pnaresdoyags:
144 kops Tdeustlusn newanaieie
384 kbps dauuuuipuuanaiang
2,048 kbps ”L%mumﬂ‘lumms/wuuqmﬁq
2. funuittnasasnelimadns Auedsresnanagues
UMTS Node B #Atszanms 8 winunndnaes GSM BTS usidlrngan
gand1 1-1.5 i

Node B ifluamilguanalpssing UMTS

87 luanilguaesiaseiog Gsm

UMTS Technology 155

T
3G/UMTS Capabilities

Third generation mobile: 3G, IMT 2000
Voice quality comparable to PSTN
Data rate of 144 kb/s for fast moving users
Data rate of 384 kb/s for slow moving users
Data rate of 2.048 Mb/s for stationary users

Support for packet & circuit switched data

1.56

UMTS Technology

T
Challenge for Operator

Investment:
GSM - GPRS : minimal
GPRS -3G: majorinvestment in infrastructure & Licence

Network Capability:

GSM - GPRS : huge change in operation

T
3G Deployment

GSM/GPRS
EDGE

<>

EDGE can be used as a fill-in for a gradual change in data

UMTS is a 3rd Generation Mobile System

2M

115K
0171 K
y 4
576 K
ks 5
A

A y | y y A Ay
GSM HSCSD GPRS EDGE UMTS
1993 1999 2000 2001 2003

UMTS Technology

GPRS -3G: some additional services & facilities rate.
UMTS Technology 157 UMTS Technology 1.58
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Versions of 3G UMTS

[ Release 1999 (R'99): Standardized in April of 1999
1 Release 2000 (no implementation)

[ Release 4 (Rel'4): Standardized in April of 2001

O Release 5 (Rel'5): Standardized in March of 2002

[ Release 6 (Rel'6):

UMTS Technology

Thai Mobile
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3GPP Release 99 (R3)

UE (User
Equipment)

SGSN: Serving GPRS node RAN: Radio Access Network

GGSN: Gateway GPRS node RNC: Radio Network Controller

UMTS Technology 1.61

| o -
Migration to Soft-Switch Technology

Classle MSC Solution Mobile Softswitch Selution

v E—\] MSC Server
I 1o
I I _ ClassicMSC | :
(Control and Switching) ™4y, Mobile Media Gateway
[Switching)

Classical circuit-switched network Mobile Softswitch netwerk

UMTS Technology 1.62

=
3GPP R4

IP/ATM
Backbone

VolP: Voice over IP
IP extends further into RAN: Radio Access Network
MGW: Media Gateway

GERAN: GSM/EDGE Radio Access Network

A distributed switch

the core network architecture is introduced.

UMTS Technology 1.63

T
3GPP R4

+  The 3GPF B4 inroduces separation of conpection, s control, and services fog
CMW CS domain,
Media Gateway (MGW ) an element for maintammg the connection and
performing switching fumction when required
+  MSC server: an element controlling MGW,
= Packet switched vosce (Voice Over [F).
The C5 call i changed to the packet switched call in MGW,
For higher uniformiry the U5 asd PS domsain is mediied by [P Mulsmedsa
Subsystens

CAMEL will have a comnection 1o the PS domain clemsents.

UMTS Technology 1.64

[ o

ARALANAINTENING RI9 and R4

CS domain evolution

Notes : PS domain structure remain unchanged

UMTS Technology 1.65

= - .

IP/ATM
Backbone

VolIP: Voice over IP
UTRAN: Universal Terrestrial Radio Access Network
MGW: Media Gateway

GERAN: GSM/EDGE Radio Access Network

UMTS Technology 1.66
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3GPP R5 (All IP network) 3GPP R5
o—7
a High Speed Downlink Packet Access (HSDPA)
GERAI PSTN
E B MSC Server . .
vew == MOW O 1P Multimedia System (IMS)
Yoz, ipaTM (455 =
IP/ATM IP Multimedia
WCDMA backbone Subsystem (IMS) O 1P UTRAN
E Node B RS
o O —_—
ue SesN LY These features provide significant spectral/network
" " Internet
Veice and data are [argely handled in the reme efficiency, performance, and functionality advantages over

same manner all the way from the UE to the
ultimate destination SGSN: Serving GPRS node the R'99 and Rel'4 standards.
GGSN: Gateway GPRS node

MGW: Media Gateway

This structure is considered the ultimate

convergence of voice and data.

UMTS Technology 1.67 UMTS Technology 1.68

| o - o -
All-IP Architecture Paradigm shift

3G architecture is targeted to be a single unified network that is all 100%

all-IP. This evolution to IP-based network has 3 outstanding merits: Paradlgm shift for mobile & fixed-line operators

QO an IP-based network promises lower communication charge and reduced
system building cost.

Packet switching technology:
ATM and/0r IP
All-IP

Circuit switching

technology
O it makes it easier to develop applications integrating voice and data
communication. If the move to IP is carried out end-to-end, then Internet

Service Providers will be less dependent on cellular operators, and will be

able to develop applications more freely.

. - Multimedia services: voice,
Voice & limited data
picture, video & data

services

O since it is possible to handle both voice and data on a single all-IP core

network running costs can be cut substantially.

UMTS Technology 1.69 UMTS Technology
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HSDPA (High Speed Downlink Packet Access) Channel HSDPA System Architecture

U offers significantly higher data capacity and data user speeds
9 vy g P Y P In UMTS R'99, entire

MAC resides in RNC

on the downlink (theoretically up to 14 MHz peak) compared to

R'99 UMTS through the use of very dynamic adaptive modulation, Radio Network Toother | (j.e. slow scheduling
RNCs | and feedback)

coding and scheduling with Hybrid Automatic Retransmission Controller (RNC)
o« ~N
To other Node Bs

Request (H-ARQ) processing.

Base Station

(Node B In Rel' 5 HSDPA, key MAC

a provides improved end-user experience for web access, file

)
. functions (MAC-HS) reside in
download and streaming services. Fast Layer 1 //' \\ Fast Laver 1 ‘
Scheduling, AMC Y the Node B (i.e. fast

(Adaptive ACKINACK and scheduling and feedback)
U provides wireless broadband access to the Internet, Intranet, P = iChannel Quality
Modulation and
and corporate LAN. Coding) and H-ARQ Feedback (CQl) MAC : Medium Access Control
UMTS Technology 171 UMTS Technology 172
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HS-DSCH (High-Speed Downlink Shared CHannel)

HS-DSCH is a new transport channel type that allows several users
to share the air interface channel dynamically with peak channel

rates up to 14 MHz.

The HS-DSCH uses 2-ms Transmission Time Interface and fixed
spreading factor of a 16 that allows for maximum of 15 parallel

codes for user traffic and signaling

The HS-DSCH supports QPSK and 16QAM modulation, link
adaptive, and the combing of retransmission at the physical layer
with H-ARQ.

UMTS Technology 173

[ o
Fast Scheduling

While R'99 uses scheduling of packet data at the radio network
controller (RNC) level, HSDPA moves these functions to the base

station, and thus closer to the air interface.

HSDPA uses terminal feedback information about channel quality,
terminal capabilities, QoS needs, and air interface resource
availability to achieve more efficient scheduling of data packet

transmissions.

UMTS Technology 1.74

[ o

Fast Retransmissions and H-ARQ

When channel decoding of data packet fails, due to interference or
other causes, a mobile terminal immediately requests the

retransmission of the data packets.

While R'99 based networks handle those retransmission requests
by the RNC, in HSDPA those retransmission requests are managed

in the base station.

If decoding of the initial transmission fails, a retransmission is sent
which is self-decodable or can be combined with the initial

transmission, still kept in the buffer, before channel decoding.

UMTS Technology 175

[ o
Channel Quality Feedback

To accommodate fast Channel Quality Indications (CQI) and
ACK/NACK signaling for H-ARQ from the terminal, an uplink High-
Speed Dedicated Physical Control Channel (HS-DPCCH) is
defined. The base station gathers and utilize the CQl of each active

user determine when each user is scheduled is on the HS-DSCH

UMTS Technology 1.76

[ o
Adaptive Modulation and Coding

The modulation and coding schemes are adapted dynamically
based on the quality of the radio link while maintaining the power
level constant. In addition to QPSK, HSDPA defines 16-QAM
modulation that can be used when interference conditions are

favorable.

HSDPA supports the use of up to 15 parallel codes that can be
dynamically shared amongst different users. Rate 1/3 turbo is used
in HSDPA. However, by varying the transport block size, modulation
and number of multi-code rate can be anywhere from i to Y.

Through H-ARQ with early terminations the code rate approach 1.

UMTS Technology 177
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Mobile Broadband Terminal evolution

Terminal type

CPE -:"_3]
~ 15 den. || HSDP.
Integrated
in laptop == [ iwcoma Hsppa
Phoneas =3
modem E WCDMA HSDPA
PC Card &=
- WCDMA HSDPA
Time
UMTS Technology 1.78
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Comparative Network Speeds

HSDPA [ ]14.4 Mbps
coma20001xev-D0[___ | 2400

W-CDMA stationaD 2000

W-CDMA Moving[_| 384 Watch video “HSDPA straw” and “HSDPA”

Theoretical Data Transmission
EDGE [ ] 384 oot (kans)

CDMA 1xRTT [ ] 144
GPRS |:| 114

CDMA15-95 ] 64
HSDPA: High Speed Downlink Packet Access

UMTS Technology 179 UMTS Technology 1.80
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3GPP R6 MBMS
3GPP R6 is focused on improving capacity, quality of service enabler One key feature for 3GPP R6 is the multimedia Broadcast
and delivery for multimedia packet-based services. Multicast Service (MBMS) which defines capabilities to address
Key features for 3GPP R6 are the same information to many users in one cell using the same

radio resources.
- the multimedia Broadcast Multicast Service (MBMS)

The MBMS is a unidirectional point-to-multipoint service in which
- the Generic User Profile (GUP) framework data is transmitted from a single source entity to multiple
The advanced receiver performance specifications (e.g. diversity recipients.

receive at the terminal), access network sharing, trace management,

remote control of electrical antenna tilt, IMS enhancements, etc.

UMTS Technology 1.81 UMTS Technology 1.82

[ o I | = -

US Carrier 3 G Evolution Key Drivers for the wireless communication System

Migration Path of TDMA/GSM
1 Consumer needs.

AT&T Wireless GSM/GPRS overlay EDGE WCDMA/UMTS
Cingular Wireless GSM/GPRS overlay EDGE WCDMA/UMTS Qr ai " i " lat decisi
adaio spectrum allocations regulatory decision.
T-Mobile (GSM) GPRS EDGE (July 2003) UMTS enhanced with HSDPA P 9 Y
at both 850 MHz and 1900 MHz (plan)

a Technology advance in signal processing, access, LSI

Migration Path of CDMA . . . . . .
oeon el circuit design, RF circuit design, and other

Sprint PCS 1XRTT EVDV
US Cellular (TOMA) CDMA overlay IXRTT EVDO Evov miniaturization. This advance provides ability to design
Verison (COMA) | XRTT (nationwide) Evoo Evov portable radio equipment smaller, cheaper, and more

EVDO : Evolution for Data Only .
EVDV : Evolution for Data and voice reliable.
1xRTT : Single Carrier (1x) Radio Transmission Technology.

1XRTT has the capability of providing ISDN-like speeds of up to 144 kbls

UMTS Technology 1.83 UMTS Technology 1.84
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Future trends Advantage of Wireless systems

+  Techniques:

) o ) O Tomakea phone call, people were no restricted to the
Further separation of the user plane from the control plane.

Towards packet switching network, location of the telephone jack
Transparency of access technologies. Greater emphasis 1o services and qualiry|
- AG? . . L
+ Data rate ~20 Mbps (200 Mbps) a During making a call, people have ability to move around.

+ Self planning dynamic topologies.
+ Integration of IP. . . .
— OFDM U The infrastructure can be built easily and quickly.
* Services
Location based services. Many services existing at the same time ar different
resolution.
— Separation of users:
+ Commercial
+ Private users

+ Private users with specific needs.

UMTS Technology 1.85 UMTS Technology 1.86

Question -‘

&

Answer

Thanks you for your attention.
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A. CDMA One
3. EDGE
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n. UMTS
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A. EDGE
4. DECT
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A. 144 kb/s
4. 384 kb/s
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n. gunsalraslasadneudndaasld MSC, GMSC, SGSN, uaz GGSN
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