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ITEPIAHYH

210%0C TG TAPOLCOS OMAMUATIKNAG epyociog €ivor 1 peAETn TG HETASOONG
dedopévav mhve amd Kivntd Aiktoo 3™ I'evidg kat cuykekpipévo Tov diktvov UMTS
(Universal Mobile Telecommunications Systems). Tnv tekevtaio dekoetio T060 M
Koyedom Kwntm| Tniepovia 660 kot 10 Alodiktvo €Xouv yveopicel TPOUOKTIKN
eEdmimon naykoopiog. H avéykn tov avBpdmov yio kivntikdtnta amd T pid, Kot M
avéykn v tpocPacn oe mANpopopio Kol VINPESiEg amd TV GAAN, 0dNYNCE o
cOYKAMON TOV dV0 TapuTive «KOcumvy péca amd ta Kvntd Aiktva 3" Tevidg. To
diktvo UMTS, odnyeitar mpog ™ ¢@thocoeio evog all-IP dwtdov, mov emitpémet
npdofacn vYNAGVY TayLTHTOV 6T0 ALadIKTLO.

2V Tapodoo SIMAOUATIKY €PYOcio TAPOLGIALETOL AVOAVTIKA 1 OPYITEKTOVIKY KOt
Aertovpyikn doun tov UMTS diktvo, EekvadvTog amd T YEVIKE YopaKTNPIOTIKA TOV,
o€ OTL APOPE TO YPNGLOTOIOVUEVO PAcpa, TNV a&lomoinor Tov duTfépevov e0povg
Covng xou ™ doun tov kovyeAwv tov UMTS. Xt ocvvéysin moapovoialetor m
OPYITEKTOVIKT] TOL OIKTOOV, pHE avaopd otov €£omAlopd Tov ypnotn, to AikTvo
Eniyeiong Acvppatng IpocPaong (UTRAN) kat 1o Aiktvo Koppot (Core Network),
EVA TOPOLGLALOVTOL KOl TO TPMTOKOAAO GNUATOO0GIOG Kol EXUTEOOV YPNOTN EVTOG
tov UMTS.

21 ovvéyewa N epyacio acyolreitor pe to Bépa g mapoyng Iowmtag Yanpeoiog
(Quality of Service — QoS) oto diktvo UMTS. IMapovsialovror ot taéeic QoS kot ta
yopaxktnpotikd tovg oto UMTS, kot ov mopdpetpol mov avtég maipvouv yuo
oLYKEKPIUEVEG vrmpeoieg (eovn, video, &@appoyéG Pong TOALUEC®V  KTA.).
HopdAdnia pe v [owmra Yranpeoiog, mopovoidletor kot 1 vanpesio MBMS
(Multimedia Broadcast / Multicast Service) mov £xet oyedrootel Yoo to UMTS diktvo
KoL OVOADETAL 1 OO Kol O TPOTOG VAOTOINGTG TV AEITOVPYIDV TNG, Ol Sl0dIKAGIEG
vanpectwv MBMS, ot mapduetpol mov aut Toipvel Kot yivetol Kot avaAvor tomv
EMUEPOVG AEITOVPYIDV TNG.

To devtEPO PEPOC NG €PYOCIOG QPOPA TNV TEPAUATIKN OEOAOYNOT TOL OIKTVOV
UMTS otov eéopotmt ns-2, o 6Tl apopd 1 HETAO0CT SLOPOPETIKAOV E0MV Kiviomg
KOL TNV OMOTEAECUATIKOTNTA TV OUPOPETIKOV TPMOTOKOAL®V. Apyikd TepypapeTOL
0 TpOmOg mopaymyng kivnong vy tov  efopolwty Kot TV peBOdwV  mov
ypnoorombnkay wpog v kKotevBovvon avtr. X1 cvvéxew mapovcsidlovial To
AMOTELECLLATO TOV TEPAUATOV Y10, TNV 0rdO061 ToL Tp@TokOAAov TCP mhve arnd to
diktvo UMTS, kot mapovsidlovior o TpofAHate Tov TpoKHTTOVY 6T XPNON TOL
TPOTOKOAAOV 0TV, KLPIG Adyo ToL LYNAOL bit error rate mov mapovoldleTol 61O
acVPUOTO KOVOM. Mehetovtor cevapla yprong mov ypnoipomolovv toco UMTS
DCH (Dedicated Channels), 6o kax HSDPA (High Speed Downlink Packet Access)
HeTad00ElC. Me oKomo TN HEAETN TNG HLETAOOGTG KOl TOAVUECTKOV TEPIEXOUEVOL TAV®
and 1o UMTS, éywvoav avtictoyo melpdpato 6tov eE0HOIMTH Kot SomioT®inke 1
ovvatotto Tov UMTS va eyyonbel Tig SlopopeTikéc amaitioelg avtod Tov €i00Vg
kivnong (kupiog og 6Tl apopd TV KABLGTEPTOT TOV TAKETMV) KoL T «PLAMKN» TPOG
10 TCP mtpmt6K0AL0 cLuviTapén oto diKTLO.

Téhog, 0T SAMUATIKN VT Epyacio TPOTEIVETAL EVa GYNLLO, Yo TNV OVATTLEN EVOG
GUOTNUOTOG UETAOOONG TOAVUESIKOV TeplEyopévoy mave and UMTS, 1o omoio
Aoppéver vTOYN TOL TNV TPEYOLGO KATAGTAOT) TOV SIKTVOL Kol TPOGAPUOLEL TN pon
TOV TOAVUECIKOV dEGOUEVOV GE OLTH.






EXECUTIVE SUMMARY

The purpose of this dissertation is to study data transmission using Third Generation
(3G) Mobile Networks and in particular using the Universal Mobile
Telecommunications Systems (UMTS) network. Over the last decade, Cellular
Mobile Telephony and Internet have spread rapidly worldwide. The need for mobility
on the one side and on the other side the need for access to information and services,
led to the convergence of the two worlds using Third Generation Mobile Networks.
The UMTS network is slowly becoming an all-IP network that allows high speed data
Internet connection.

This dissertation discusses the UMTS network’s architectural and functional
framework starting from the general characteristics of the available bandwidth and the
UMTS cells’ structure. The architectural design of the network is presented next with
respect to the user’s equipment, the Universal Terrestrial Radio Access Network
(UTRAN) and the Core Network, followed by the signaling protocol and the user
level within UMTS.

After that, the dissertation covers Quality of Service (QoS) issues while using the
UMTS network. The two QoS groups are presented along with their UMTS
characteristics, and certain parameters for specific services (such as voice, video,
multimedia streaming applications, etc.). In addition, the Multimedia
Broadcast/Multicast Service (MBMYS) is discussed. MBMS is a service designed for
the UMTS network and the procedure and services of its functionality are being
analysed.

The second part of this dissertation deals with the experimental evaluation of the
UMTS network in the ns-2 simulator, regarding the transmission of different types of
traffic and the efficiency of the different protocols. The method of the traffic
generation is being discussed at first, along with the implemented modules. Following
that, the results from the experiments on TCP protocol performance over the UMTS
air interface are being presented and some issues that raise up due to the high bit error
rate that occur in the wireless channel are being discussed. In this case, we study the
performance of both UMTS Dedicated Channels (DCH) and the High Speed
Downlink Packet Access) transmissions. In order to study the transmission of
multimedia content over the UMTS, some experiments took place, and showed that
UMTS is able of guaranteeing the different requirements of this type of traffic,
especially regarding the packets’ time delays and the friendly behavior against the
TCP protocol, when coexisting in the network traffic load.

Finally, this dissertation proposes a scheme for developing a multimedia content
transmission system over UMTS, which takes into consideration the current state of
the network and adapts the multimedia data stream to these conditions.






ITPOAOTOX

To keilpevo avtd amoterel T OUTAOUATIKY €pyacio, TOv EKmOVIONKE GTA TAAIGLO TOV
Metantuyaxod Amdopatog Ewdikevong «Emotun kot Texyvoroyia YmoAoyiotdvy.
O tithog ¢ gpyaciog etvar «Metddoon Agdopévav oe Kivntd Alktva Emikowvoviov
3" Tevidioy.

[Ipwv Vv mapovciosn TOV ATOTEAECUATOV NG €PYAciag OvThG, ochivopor tnv
avéykn va guyoplotom Oepud 6covg pe PBondnoav, pe cvpPfodAievcav kKot pHov
ocvpmapactadfkay 6ho ovtd to dwotnua. O Kabnynmg pov Xprotog Mmovpag,
Avaminpome Kadnynmg tov Tuquotog Mnyoavikedv HAektpovikdv Ymoloylotdv
ko [TAnpogopikng ko Emotnpovikdg YrevOvvog g Epevvnrikng Movadag 6 tov
EAITY, vmpée o cOppovrog kot dG6KAAOG oL o€ OAN TN OBPKELDL OAOKANPMOTG
TOV UETOTTUYIOKAOV OTOVd®V Hov. OEA®m va Tov guyaplotio® Oepud yioo v
KaB0d1YNoN KOl TNV ETLUOVY] TOV Y10 GLGTNUATIKY SOVAELA, N omoia BEA® Vo eATil®
OTL £QEPE AMOTEAEGLOLTAL.

Opoimg, BéAm va evyapiotow Beppd tovg Kabnyntég too TMHYII yuo trv Tiun mov
pov €kavayv va. gtval uéAn g Tpyehovg emtponns, tov Kabnynt) IHovio Emopaxn
kat tov Avarminpot Kadnyntm lodvvn Fapoeardxn.

Emiong 6ého va gvyapiotom 0Aovg Toug cuvadéApovs kot gpidovg otnv Epguvntikn
Movéda 6 tov EAITY kot xvpiog tov ¢ido Anuntpn Ipiuma ko tov @iko kot
ocvvepyartn Avtovn Aiegiov, yuoo v moAvtiun Pondeia Tovg KATA TV EKTOVIION
ALTNG TG OUTAMUATIKNG EPYOCTOG.

Téhog, Ba NBeha va. vyaploTHow Tov QiAo Kol «adep@d» Anuntpn Kiovon, pe tov
01010 Ta KOWA pHog dvelpa Kot TpoPfAnpaTicpol e £pepav g £0®. Tedevtaiovg, aAld
oyl éoyotovg, Ba MOl vo EVYOPIGTNC® TOVS YOVEIG MOV, Yo TNV VIEPTOAVTIUN
BonBeid Tovg oe GAOLG TOVS TOLELC.

Lazpa, lovviog 2005
B.I
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KE®AAAIO 1: EIzArQru

EIZATQIrH

210%0C TG TAPOLCOS OMAMUATIKNAG epyociog €ivor 1 peAETn TG HETASOONG
dedopévav mhve amd Kivntd Aiktoo 3™ I'evidg kat cuykekpipévo Tov diktvov UMTS
(Universal Mobile Telecommunications Systems).

Tnv tedevtaia dekaetio toco N Koyedwt) Kivnm Tniepovio 660 kot to Atadiktvo
&xovv yvopicetl tpopaxtiky eEdmimon naykoopuiong. To €tog 1999 cvykekpyéva, o
GSM dbiktvo (Global System for Mobile Communications) 660 kot T0 Atadiktvo
Eemépacav to Olakootla  exatoppdpla  (200.000.000) eyyeypoppévoug  ypMOTES,
naykoopiog, ékaoto. H avdykn tov avBpdmov Aowdv yror KivntikodtnTo Ko gveMéio
amd ™ pia ko yio TpdsPacn oe vInpecieg Kot TANPoPopies amd v GAAN, 0dNyNoE
TOALODUG VoL GKEPTOVV TPOTOLG LLE TOVG 0TTO10VS Bl LTOPOVGAV VO GLVIVAGOVY Kot T,
o600 avtd (ntovueva, Tov apyotepa THUVMOG B0 ATOTEAEGOVY AmAiTNON TOV YPNOTOV
TOV OVO AVTAOV TOPAAANAL OVOTTUGGOUEVOV TOUEMV/KOCUMV.

O opyaviopog ITU €yer oxedidoer 1o ocvonuo IMT-2000 (International Mobile
Telecommunications 2000), koppdtt Tov omoiov givor o UMTS diktvo (Universal
Mobile Telecommunications System) mov amoterel v e£EMEN Tov GSM Ko 6TOY0
€YEL VO OLYKEPAGEL TO, MAEOVEKTNUOTO TOL TPOKVATOVV omd Tr Oudd0oT TOV
TEAELTAIOV (KO TOV KVWYEAMTOV SIKTO®V KIVIITOV TNAETIKOWVOVIOV O£VTEPNS YEVIAG)
HE TIC VANPECIEC TOL JOIKTVOV, OM®G &€ival TO TMAEKTPOVIKO TayLOpPOUEio, T
TAONYNON GE MAEKTPOVIKEC GEAMOEG, M TNAEOIAOKEYT, TO MAEKTPOVIKO EUTOPLO, Ol
vanpeoieg TloAvpéowv kot OAeg o1 LVANPEGieg TOL TPOGPEPEL 1 VEAL TEXVOLOYiaL.
Aéyovrag vanmpeciec [Tohvpéomv evvoobue TIG LaNpecieg Kotd TIC omoieg €yovpe
GLVOLOGUO TANPOPOPIDV EIKOVOC, YOV Kol KEWEVOL GE £va dLOPKMOG LETARAAAOUEVO
ymoekd wepBaiiov. 'Etotl, mpokdntel Eva GOOTNHO KIVNTAG TNAETIKOWVOVING TPITNG
YEVIGG, Y10 TNV TPOTVTOTOINGT TOL 0ToiovL cuvepydlovtol ToAlol diebveig opyaviopol
TPOTLIOTOINGNG, e KOPLO AEOVA TIG ATOUTIOELS KOl TNG OVAYKEG TNG AYOPAC.

H peydin emrvyia mov onueiooe 1o diktvo GSM kot 1 amiyynon mov Ppnke, gixe mg
Bdon v avaykn yu emkovovia (mvig) amd OTOVINTOTE, OTOTEONTOTE Kol UE
OTmOlOVONTOTE. XT0 AUECO UEALOV, TPoPAEmeTOL OTL TO. acVpUHOTA OIKTLO, KIVNTOV
EMKOWVOVIOV €VPEiaG KAAvYNS B aVTIKATAGTCOVV To KAUCGIKE VveUpraTo dikTLo
Kot 0Tt Ta TPMTO, O AToTEAOVV TO PaciKd HECO Yo emkowvovia eovng. [TapdAinia,
N HeYdAn Oeicdvon tov dadtkTVOV 6T (M1 TOL HEGOL TOAITN TV CLYYPOVOV
AOTIKOV KEVIPOV £KOVE EMTOKTIKN TNV ovaykn yw npdcsPacn o avtd emi
KaOnuepvng Pdong Kot yoo xpovikd O1doTNUe TOV TOKIAAEL OAAG OV G€ Kopio
nepintowon oev eivan apeintéo. Me ovtd To dE00UEVA, TO CLUGTILOTH ETIKOWVMOVIOV
TPITNG YEVIAG £XOVV MG GTOYO VO TPOGPEPOVY £VOL OMOKANPOUEVO TTEPIPAALOV TTOL Bt
oLVOLALEL G Ui EMKOVOVIOKY] TAATPOPLLO £VO TPOSOTIKO (TEAKE) Yo KAOE ypnotn
«ePYOAElO» LE OTEPIOPIOTES OLVOTOTNTES EMKOWVMOVIOS OTOLGONTOTE LOPPNC.

2V Topovoa EPYACI0 GTOXOG NTOV 1 LEAETT TNG HETOPOPA OEOOUEVOV TAVE® OO TO
UMTS diktvo. X cuvéyela mapovotdletal 1) Soun g epyaciog.

210 Kepdhowo 2, mapovstalovior To Yevikd yopoktnplotikd tov diktvov UMTS.
[Mvetol ekteviC avagopd GTO YPNOCLUOTOIOVUEVO (QAGHO, TNV 0ElOToiNon ToL
dwtfépevonv gvpovg Lovng Kot otn dopn tv Kuyeddv tov UMTS. X1t cvvéyewa
TOPOVCIALETAL 1) APYLTEKTOVIKT] TOV OIKTVOV, LE OVOPOPA GTOV EEOTAIGLO TOV YPNOTY,
10 Aiktvo Eriysiog Acvppotng [IpocBacng (UTRAN) kot 1o Aiktvo Koppov (Core
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Network). Zto téAog Tov Kepaiaiov mapovoidlovrol Ta [IpwTdkoiia onpatodociog
Kol EMTESOL YPNOTN, EvTOC Tov UMTS.

210 Kepdiaio 3 mapovsialerar to 0épa g [Howdtntog Yanpeoiog (Quality of Service
— QoS) oto diktvo UMTS. Ilapovcidlovion ot ta&elc QoS kol To YOPOKTNPLOTIKA
tovg 610 UMTS, kot 01 TapAUETPOL TOV QVTES TOUPVOLV Y10 GUYKEKPIUEVES VIINPEGIES
(pwvm, video, epaplOYEG PONC TOAVUECOV KTA.).

Y10 Kepdhao 4 moapovoidletor m vanpesic MBMS (Multimedia Broadcast /
Multicast Service) kot avodveTon 1 SoUN Kol 0 TPOTOG VAOTOINGNG TOV AETOVPYLDOV
g, ot dladikacieg vanpecidv MBMS, ot mapdpetpol mov ot maipvetl Kot yivetot
Kol avAAVOT TOV AEITOVPYLOV TNG.

210 Kepdrawo 5 mapovoidletor o €£0po1®Tg ns-2, 6Tov 0moio vAomowdnkav To
TEPALOTO TOL TOPOLGLALOVIOL OTO EMOUEVO, KEQAAON. AVOALTIKOTEPO YiveETOL
avVOQOPE GTNV TAPOY®YN TNG KIVIONG Kot Hiot EVOEIKTIKN TEPLYPAPT] TOV KMOKO TOV
YPNOUOTOONKE Y1 TNV VAOTOINGT TOV SLOPOPETIKMOV LOVTEAMV.

210 Kepdhato 6 mapovstalovtal To amoTEAEGUATO TEPAUATOV Yol TNV ardd0sT TOV
npotokOALov TCP whve and to diktvo UMTS, kot mapovsidlovion ta tpofAnuato
OV TPOKVATOVV GE QTN TN XPNON.

210 Kepdrowo 7 mapovoidletar 1 epyacio mov £ytve Pe 6komd TtV a&lOAdYNoN TNG
UETAO0ONG TOAVUEGTKOV TEPLEYOUEVOL TTAV® armd to UMTS.

210 Kepdrowo 8 mapovoidletonr por mpdtaom yioo T onpovpyiot EVOG GLUGTHUATOC
UETAO0OMNG TOAVUEGIKOD TEPIEXOUEVOD, TO OTOI0 AAUPAVEL VITOYN TNV KATAGTOCT TOV
OKTHOL KOl TPOSAPUOLEL TN PO TOV TOAVUEGIKMV OEOOUEVOV GE OUTY).

Téhog ot0 Kepdrato 9 mapovoidlovral kdmolo cupnepdopata, Kadmg Kot To avotyTd
BépoTa IOV HITOPOVV VAL ATTOTEAEGOVV AVTIKEILEVO LEAAOVTIKNG EPYACIOG.

2mv ovvéxeln mapovotdloviar Ta Gpbpo oL SMUOCIEVTNKAY, OTO TAAICL TNg
TOPOVCOG OMAMUATIKNG Epyociog oe o1efv cuvEdpLaL.
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TO AIKTYO UMTS: APXITEKTONIKH KAI
AEITOYPI'IKH AOMH

O oyedocpdg tov diktvov UMTS (Universal Mobile Telecommunication System)
QTOCKOTEL GTO CLYKEPACUO TMV TAEOVEKTNUATOV TOV VE®V TE(VOAOYLOV KOl TMV
EVKOAMMVY TTOV TPOGPEPEL 1 KIVNTH TNAEQ®Vi, OTOV d€ oG EVOLOPEPEL TAEOV LOVO TO
KOUUATL TNG TMAEQ@Viog (G emKovovio oVNG) 0ALL Kol 0VTO TOV EQUPUOYDV
molvpécwv. ‘Etol, yuo to ovotiuato thAemkowoviov 3ng vevidg €xet tebel mg
TPOTOPYIKOG OTOYOG 1N avENOT TOV SVVATOTHTOV Kol TNG AETOLPYIKOTNTAS TOV
KWWNTOV TEPUOTIKOV TOV YPNOTH, OmO T Omoiol TAEOV LEApPYEL amaitnomn Hetagd
GAL®V va TapEYOVV TAOVCLEG GE NYO KOl EIKOVA €PAPLOYES ToAvpuécwv. H ypovikn
petapaon o€ avt T YEVIA cuoTnUATOV O pmopel va Kabopiotel e axpifela axoua
kaBdg B egaptnBel amd TIG avAYKES Kol TIS OMOTACES TNG ayopds, m omoia Bo
AVTILETOTIOTEL EEYWPIOTA Yo KAOE NTepo av Oyt Ko yopo. [Ipoidvra kot vanpecieg
3G ékavav ™V eueAvion Tovg otnv EAAnvikn ayopd tovg teElevtaiovg Unveg amod
ovyKekpluévn  etoupeia, 1 dwbecipudtTo OpOG TOV  VINPECIOV  Elval  aKOpa
TEPLOPICUEVT] GE GUYKEKPLUEVEG TEPLOYES TNG YDPUG.

Muhdvtag pe ta €mg TOpa dedopEva, oV Kol EYOVV Yivel onUavTIKA Brpato Tpoddov
OTOV TOUED TOV KWVINTOV TNAETIKOWVOVIOV, VIAPYOLV EUPAVELS TEPLOPIGUOT GTOVG
EQIKTOVG  pLOUOVC HETAOOONG OEdOUEVOV Kol TANPoQopiag, KoOdC kol otn
duvatodTTO. TAPOYNG TOAVTAOK®V VANPESIOV. Mo omd TIg TAEOV KOVOTOUES
mpotdoelg Kot mopoyés tov UMTS 01ktvov mpog Toug ¥PNOTES TOL Elval ALTH TOL
[6e0tob Oweiov Ilepipdirovtog (Virtual Home Environment, VHE). IIpdketton yuo
po. TAaTQOp 1| omoio TapEYEL o TAELAO0, OOMUK®MY GTOEIMV Kol epYarEi®V Yo
TOV OPIGUO VINPECIOV GTOVS KOMGTES KOl TOVG TOPOYOVG, £TGL MGTE VO LWITOPOLV Vol
EMEKTEIVOLV TIG O VILAPYOVGES LINPEGIES Yo va. eivar cLUPoTéG 6TO VEO TTEPIPAALOV
AL KOt Vo, OMLLLOVPYHCOVY EVIEADS KOvovpleg. Me Tov tpdmo avtd emyelpeiton va
TOPEYETOL OTO KWNTO TEPUOTIKO TOL YPNOTN OAN 1M AETOLPYIKOTNTO KOl M
TPOCMOTOMOINGT OTIS VANPEGiEG MOV aVTOS omoAaUPdvel 61O OmiTL 1| GTO YDOPO
€PYNGI0G TOV, TAPAAANAL LLE TNV IKOVOTNTO VO, KIVELTOL.

[ T ovvolkn d6unon tov UMTS diktdov Ba ypnoiporomBovv apketd ototyeio
am6 1o Aiktvo Koppot (Core Network) tov GSM phase 2+ (tng onueptvig dnAaon
HOPONS oL avTd £xel ThPEL Kot 1 onoio Bempodpe OTL aviKeEL 610 GTAd0 2+ dTOV
napéyovtar vanpeoieg GPRS - General Packet Radio Services). Mg avti] ) Oedpnon
0l GMUEPIVOL TTAPOYOL KIVITMV TNAETIKOVOVIOV 0QEVOS TPOGTATEDOVV TIG EMEVOVCELS
TOVG GTOL GLGTNUATO 2MNG YEVIAG TOV GLVEYILOVY VO YPNOUOTOIOVVTOL KOl OPETEPOL
elvar og Béon va avtaneEEABOVY 61O KOGTOG TNG HETAPAOTNG TPOG TNV EMOUEVT YEVIA
cvotnuatwv [1].

2.1 I'ENIKA XAPAKTHPIXTIKA TOY AIKTYOY UMTS

2.1.1 XpHoIUOTOI10bUEVO Qacua

H ypnion tov o@dopatog amd tovg AETovpyolG TOL OKTVOL givol €vog TOAD
ONUOVTIKOG Tapdyovtag yia v mepontépm e£EMEN tov UMTS. Tpénetl va drotiBeton
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APKETO PACHO DOTE VO KAADTTOVTOL Ol CLENUEVES OTOLTNGELS € VP0G {DVNGS Yo TV
Kivnon mov Ba TPOKAAESEL 1] OVATTVEN TOAVTAOK®VY EQUPUOYDV EVD 1 ¥pNomn Levydv
ocvyvottv Y. Asutovpyion Frequency Division Duplex (FDD) 6Oswpeiton
emPepinuévn. To edpog tov KdaOe wovolov mpocodopiletoan ota 5 MHz. Avtd
onuaivel 6Tt uropel KATo10¢ KOHOTNG va EMAEEEL:

e 2 x5 MHz: emioyn mov cuvendyetol £vo Kot LOVO EMITESO OACTPOUATOONG
GTI GUYKEKPIUEVT TEPLOYY).

e 2 x 10 MHz : egmloyn mov ocvvendyetor OvvordnTa Yo dVO emimeda
OLCTPOUATOCNG, TOPAOETYLLATOG YAPT, £VO KAVAAL Y100 TN MACTOo KLYEATN Kot
éva ylo T micro M pico KuyéAN mov pumopet vo tonoBetnOel oty 1010 TEPLOYN,
avaloya Pe TIG 1010iTEPES aVAYKEC.

e 2 x 15 MHz : emoyn mov emtpénel TANPT SOGTPOUATMOOT TPIOV EMTEOWV, 1
omoia givar kKo n mpotevopevn amd o UMTS Forum Aon kabodg emdéyeton
TN GLVUTOPEN macro, Micro Kot pico KLWEADV 1 UEKTOV GYNUATOV pe pio
macro Kot 800 micro KVWEAEG GtV 1010 TEPLOY).

e 2 x 20 MHz : egmoynq mov evdeikvutar yioo cuvOnkes avénuévng {nftnong
KaOMOG TPOGPEPEL TOAOTAES ETAOYEG.

Tavtdypova pe ta Levyn GLYVOTHTOV KATO0G KOWGTHG pmopel v emAégel kot )
Aertovpyioe Time Division Duplex (TDD) edikd ywo mepmtocels 6mov Exovpe
TEPLOPICUEVT] KIVITIKOTNTO, TOV YPNOTAOV OT®G Yol TOPAOELYHUO GE E£CMTEPIKOVG
x®povg. Kat mdAl vdpyovv duvatotnteg ETAOYNG:

e 1 x 5 MHz : emAoynq mov pmopel vo TPooPEPEL EMTAEOV AVGELS E0IKA GE
TEPUTTAOGELS AGVUUETPNG KIVIONG.

e 1 x 10 MHz : emAoyn mov gvdeikvuTon Kot TEAL Yo OCOUUETPN Kivion aAld
G€ KOO TTLO OTTOLTNTIKEG CLVONKEG.

Onwg PAémovpe oty epintmon g TDD dev vrdpyetl avdykn yio devtepo kavail. H
EMAOYYN NG AETOVPYIOG QTG €YEL VO KAVEL KUPIMG UE TNV OTOTEAECUOTIKOTEPT
dwyeipton g acvupeTpng kivnong (méve kot kbto (evén - uplink kot downlink), 1
omoio. 00T 1 AAL®G Bempeital dedopévo 0Tt Ba eivar n ovvnOng mepintwon. Me
Baon Aowdv T1g TpoPAEYELS Kat TIG VTOBEGELS Yo TG avaykeg TG ayopds, to UMTS
Forum mpoteiver t ypnon evog Cevyovg 2 x 15 MHz kot evoc povov 5 MHz
KOVOAL00, ®G EAGYIOTO TPOGPEPOUEVO OO TOVS TOPAYOVS PACHO, Yo TNV TPMTY
@aon tov diktHov. Avaroya BEPora pe TG Wwitepeg cLVONKES Yoo KABE Ydpa, avTd
TPENEL VO, TPOTOTOLEITOL KATOAAT AL

Ov mepoyég 100 PACHOTOS TOL €ivol OBECIHO Yol TOUG TNAETIKOIVOVINKOVG
Tapoyovg kbe yompog kabopiletor and v IMT-2000 kot Tovg debveic Kavoviopovg
m¢ ITU. T 11g meproyéc 6mov avapéveTor 1 UEYUAVTEPT] OTNYNOTN TOV €V AOY®
OKTVOV, 1 KOTAVOUT TOL PAGLOTOC POIVETOL GTO TOPAKAT® Ypaenuo (Zynua 1).
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Yympo 1: Kotavop @acpatog Yo TiS KuploTepes mTEPLOYES TOV TAAVITN

Onwc pmopodpe va dakpivovpe amd 10 oynue toco 11 Evpomn 6co kot 1 larovia
€youv emAélel va aplepdcovy Yo 1o eniyeto koppdtt tov UMTS dwktoov (UMTS
Terrestrial Radio Access Network — UTRAN):

e yw ™ Asrtovpyia FDD:

0 v meploy] ovyvomtev ond 1920 — 1980 MHz yw v ave Cedén
(uplink).

0 v mepoyn ovyvotntev and 2110 — 2170 MHz ywo v xate (edén
(downlink).

e yw ™ Asrtovpyia TDD:

0 v mepwoyn ovyvomteov 1900 — 1920 MHz ywo dve kol kdto (evén
(uplink kot downlink).

0 v mepwoyn ovyvomtev 2010 — 2025 MHz ywo dve kol kdto (evén
(uplink kou downlink).

Ba yivel ©ot6c0 mpoomdbeld amd QOPElC Kol KOTAGKEVAOTES TOYKOGHI®OS Vo
YPNOCOTOLEITOL TOVAYYIOTOV Omd KOwoL KAmowo Pacwkd evpog g {dvng tov
eaopatog kot wiaitepa n mepoyn 1900 — 2025 MHz (yw emiygio kot dopvpopikod
dikTvo) Kabmg ko | mepoyn 2110 — 2200 MHz (yw emiyglo Ko dopveopikd 4iktvo
naAr) [8].

2.1.2 Aéromoinon Aratif@éuevov Evpovs Zaovyg

To Aixtvo Eriyeiog Acvppatng [pdsPaong UMTS (UMTS Terrestrial Radio Access
System — UTRA) npénet va vrootnpilel Asttovpyia yio VYNAEG AmOLTNGELS QAGOTOC
KOl TOLTOYPOVO, Y10l TOWKIAQL YOPOKTNPIOTIKE cVvdeong mov Oo kvpaivovior omd
GUVONKEG ECOTEPIKAOV YDPWOV UE HIKPY] KIVITIKOTNTO TOV XPNOTOV £0G EEMTEPIKOVS
YOPOVG OOV 01 ¥pNoTeg B Kvohvtal PE TNV TOYVTNTA TOV OYNUATOV TOVG GTOVG
avtokivntodpopovs. Ta PBacikd mpofAnpato mov avieT®milovy o1 6YedICTES TMV
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CLGTNUATOV KIVITOV ETKOIVOVIOV Vol Ot S10KVUAVGES AOY® 01400061 TOAAATADY
opouwv (multipath fading) kot n mapepPorn) amd GAlovg yproteg o€ £va meptPdilov
EMOVOYPNOYLOTOINONG KavaA®V. ATOd0TIKA o€ TETOOL €ld00VE CLVONKEG givar T
Aeyopeva ocvotnuato Atdyvtov Pdouatoc, AOy® TOL SPOPIGHOL GTN GLYVOTNTA
(frequency diversity) mov €iodyst to gupv @dopa. Tétolo cvoTNUO €ivol Kot TO
CDMA (Code Division Multiple Access — Awaipeong Kddwa) émov ypnoipomoteitot
O0Mo to SwtiBépevo pdopa Yo kdbe cuvoldreén (Otav To avTIKEipevod pag givor M
ouvdldreln), oe avtiBeon pe ta cvotiuoto TDMA (Time Division Multiple Access —
Awipgong Xpovov) kar ta FDMA (Frequency Division Multiple Access — Ataipeong
Xoyxvomrog) Omov to OTfEREVO €VPOC (VNG GLYVOTNTMOV OlUPEITOL O OTEVEG
TEPOYES oLYVOTNTOV (KovdA) Kot kdBe Kovail ypnoipomoteiton omd pio M
neplocdtepec oLVOLNAEEELS. XTa ovotnuata [ToAlaning Tlpoonéhaonc pe Awaipeon
Koodwa kdbe petdooon dedopévov aviiotoryel o vo Lovadikd Kodkd, 0 omoiog g
EMTPEMEL Vo OloKpIvETOL Ad TOAAEG GAAEG TOL TOWTOYPOVO EKTEUTOVTOL OTNV 1O
epoyn ovyvotntev. Etot, epdcov o ypnotng mov AapuPdvel £xel 10 6mMOTO KOIKO
umopel va dtakpivel T HETAOOCT TOL TOV aPOopd omd TIG VIoloutes. Oélovtag va
OMGOLUE U0 TO TOPOCTATIKY] OvVAToPdcTacTt Tov Tt akpPdg cvpPaivel 6to medio
oV YPOVOL Kol TNG ovyvoTNTaS Yoo To. Tpioe avtd €ion [HoAhamAng Ilpoonélaonc,
mapobéTovpe 10 akdAovbo oynua (Zynpa 2).

frequency frequency frequency
~time

FDMA time TDMA fime CDMA

Yypo 2: Kotavopn Tov Kavel®v 6To Tedio. Zuyvotntag Kot Xpovov yia
FDMA, TDMA kax CDMA

Mo avtd o mieovekmpatd g n texviky CDMA evpeiog (ovng (W-CDMA) éxet
emieyel Yo to emtyeto diktvo UMTS (UTRAN). Ilpoxetron yuo éva Direct Sequence
(DS) CDMA cvotnua 6mov ta dedopéva tov kabe ypnotn moAAATAACIALoVTOL LE TO
oyedov Toyaia bits tov W-CDMA kwdikov (channelisation codes), ot onoiot pdiicto
glvar opBoyavior petald tovg. Ta Wwitepa yapakmmpiotikd tov DS cvomnudtov
elvatl 0 amhdg oYedOGHOG TOV TOUTOOEKTN, 1| TOAD KOAN ovTurapenfoikn dpdon, N
O0OKOAN aviyvevon Kabmg Kot 1 KAAY GCUUTEPLPOPA OTEVAVTL GE O1AO00T) TOAAATADY
opouwv (multipath fading). BéBowa vmépyovv kot peovekmiuoto Onmg eivor o
OTTOUTNTIKOG KO YPOVOPOPOG GUYXPOVIGHOS KOOMG Kol 1 omaitnomn yu YpNyopes
yvevnpleg kadika. Xto UMTS ypnowomorodvionr emmAéov KOOKES YL TO
ovyypovicpud kor v mepimie€n (scrambling). Téhog m teyvoroyia W-CDMA
vrootpiler kot Tig dvo Aertovpyies Apepodunong (Duplexing) FDD xor TDD.
Qotéco v v TDD zmpotdton gviote kot €va vppdkd poviého TD/CDMA.
Yovendg ot teVIKES appdpounons oto UMTS gaivovron oto Zynua 3 [1].
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time

power density
power density

L

channel bandwidth channel bandwidth
WCDMA TD/ICDMA
FDD mode TDD mode

Yympa 3: Teyvikég Apgropopnong oto UMTS

2.1.3 Aoun Koweiav

To diktvo UMTS amookonel va yivel £va TpoyoTikd ToyKOo o dikTvo 10 omoio va
ocuvdvdlel otoryeior pe tomikn emiyewn euPérewn (oe emimedo kpatmv) poll pe
d0pLEOPOLG oL Ba KaAVTTOVY OAO TaL TAATY Kol UKN ToL TAovT. ‘Exel wg Pdon
pico Kol mMicro KLWEAEG Yo TNV KOALYN TOV OVOYKOV GE OOTIKA mEPPAALovTa
(TEPLOPICUEVIC OYETIKA £KTAONG) KO TPOEKTEIVETOL LE XPNOT TOCO MACro KLYEADV
(mov umopel va e&umnpetodvion amd otoryeiot ToOv TAPOVTOS CLOTHUOTOG 2NG YEVIAG)
v gvpeieg TEPLOYES, OGO KOl SOPLPOPIKAOV KIVITMV SIKTO®V Yo TNV EMTELEN TNG
KaOOMKOTNTAG. ZVVERTMC 0 YPNOTNG HECH Teplaywyns Oo pmopel vo petokiveitot
yopic vo avtilopuPdavetor (mpémet va emtevyfodv KOTd TO OLUVOTO LIKPOTEPES
OLOKOTEG) TIG OTOLES OAAAYEG GTO OIKTLO OV YPNGIUOTOLEL Hog Kot Ba To PAETEL Gav

éva eviaio ouvoro. [Ma va £yovpe pia OV TOV OGOV EVVOOVLLE, TAPOLGLALOVLE TO
Zynuo 4:

263 Satelite public mobie & privat residential &
nebork:s foed nebworkes feoed nebworks

Xyfqpa 4: H ka@orhkin ntaykéoma kdroyn too UMTS siktdov

[Ipokeévov va eEacporiotel n emttuyio ko n ypnyopn anodoyn tov UMTS diktdov
(ot0 dpopo mov yapate to GSM diktvo, mpoéktaon kot BerTicTonoinomn tov omoiov
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npénetl vo Bempeitat), ot TEPOYOL KVNTAOV EMKOWVOVIDV TPENEL VO TAPEYOVY OGO TO
SuvaTd EUAKOTEPO TPOC TO YPNOTN TEPPAAAOV €pyaciog KOl EQAPUOYDV, L0 WOEN
nov ovoudletar [deatd Owaxod TepiBairov (Virtual Home Environment - VHE), oto
OTOl0 VO EVOOUATOVOVTOL Ol TEYVOAOYIKEG Kouvotopieg g Kowwviag tng
[MAnpogopiag. I'ia 10 okomd avtd mpémel 10 draTBépeEvo pdopa vo aglomoteitar 6Go
TO dLVVATO TEPLEGOTEPO. [IEpa amd TV ONTIKY YOVIK TOV TEYVIKOV TOV UEAETV|COUE
GTNV TPONYOVLEVT] TOPAYPAPO, VITAPYEL Kot ovth TG Lepapykng Kuyelwtig Aoung
TOV JIKTOOVL, LE XPNON Macro, micro Kot pico KOYEADV, OTMG £YOVUE NOT AVAPEPEL.
[dwaitepn mpocoyn mpémet va 600l kT T0 oYESIOGUO OGOV APOPE TOLES AEITOVPYIES
ko teyvikég (FDD 7 TDD) 6o ypnowomomoovpe oe kdbBe wkoyédn. Yyniéc
AMOTNOELS KIVIONG UTOPEL VO AotTovV SCTPOUATOOT) TPIOV ETITESMV, Y10 AOTIKES
TEPLOYES TOPASETYILATOS X AP, KATL TOV TOAVOG OeV ivar amopaitnto ££® amd oTEC.
Me avtd 10 oKeNTIKO M €&umNpPETON OANG TNG KIvomg HETOY®YNS KLKAMUOTOG
vyniAav puludv pmopei vo avatifetor otic pico Kuyéres (01 omoieg cVUP®VA UE TIG
TEAEVTOIEG EKTIUNGES TPoopilovtal Yo KAALYN EC0OTEPIKOV YOP®V), 1N Kivnon
VYNAOV puOudv (0x1 TO0O0 OCO GTNV OUECMG TPONYOVLEVT] TTEPIMTOON OUME) Yo
YPNOTEG KIVOOUEVOVLS HE YOUNAES Tayvtnteg (melol) umopel va avotebel otig micro
KOYEAEG eV M Kivnon vyniodv puludv (akdpa yoaunAdtepmv OUMG o€ GUYKPIOT WE
TNV TPOTYOVUEVT] TEPIMTMOOT, Y10 VO Elvol €PIKT Kot 1 eEuanpénon) Yo YPNOTEG
KWVOOLEVOLG e oyfuata pmopet va avatedel otic macro koyélec. [apdaderypo avtng
NG AOYIKNG oyxediaomg dideTor 0To akdAovho oyfua (Zynua 5).

MM : plco and macro cells

F2 : macro cell layer
TDDFDD sveriay cell
[plcocell]

f1: micro cell layer

Yympoa S: H Igpapyukn Koyehot) Aopn tovo UMTS diktvov

Ot micro Kvyéreg enedn akpiPog mpoopilovioar va KOADWYOLV EEMTEPIKOVS YDPOVG
Omov OU®G Ol amaltNoElg o€ puOUoVS petaPopds dedopévev Ba etvar avénpévot,
€0KA o€ aoTIKd TEPPAAAOVTO, EVOEXETAL VO UV €XOVV TNV £E0Y®OVIKT] LOPPT TTOV
TapovctaleTal 6To oYU dAAL avtiBeta va £xovv popen eapayyov (canyon-like)
MOTE OV TPOSAPUOLoVTaL TNV TOTOAOYIO TV dPOUMV KOl VO KOADTTOVV £KTOCT OO
200 ¢mwc 400 pérpo pnkog [1].
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2.1.4 USIM

Mia onpovtikry kawvotopio mov ewonyaye to GSM diktvo kou mov Pondnce oty
QTOTELECUATIKY Kot €0pLOUN Agttovpyia Tov HTav ot kapteg SIM (Subscriber Identity
Module) 1 orlmdg ‘E&umveg Kdpteg (Smart Cards) 6nwg ocvvnbileton va Tig
arokalovpe. H ypnon toug enétpeye ) dvvotdtnTa Yoo VYNA 0GOAAED OALL Kot
Y. Tpocmmonmoinon oto Kwntd teppatikd tov ypnotn. ‘Etor kabog n teyvoroyia
eEeMooetan, ta mpoogyn ypoévia omdte kot Ba avoamtvybei to UMTS dikrtvo,
avOUEVETOL M Popnyovio TOV KOPTOV aUTOV Vo, UTOPEl Vo, TPOGEPEL KAPTES LE
HEYOAVTEPT]  YOPNTIKOTNTO KOl  OTOOMKELTIKY]  1KAVOTNTO, YPNYOPES HOVAOES
enefepyaciag, avinuéves dvVATOHTNTES KPLATOYPAPNONG Kot TAVTOHYPOVA AEITOVPYin
amd amootaon (yopic va ypeualetar dnAadn va €pbel oe emoen 1M KAPTO UE TN
ovoKeLn pe TV omoia Ba cvvepyaotel kot Oa aAAnAemidpdoet). Ot véeg avTéG KAPTEG
mov Ba ypnowomolovvror oto UMTS diktvo 6Ba ovoudlovron USIM (UMTS
Subscriber Identity Module).

Me tov tpomo avtd Ba eivar QIKTO 01 YPNOTEG TOL SIKTVOV Vo H100ETOVY CLOKEVEG
oL Ba TOLg TOPEYOVY AVENUEVT] OGPAAELD OTN UETOPOPE TOV TPOCMTIKMY TOVG
NAEKTPOVIKAOV dedopévav / ototyeimv, vynAovg puOoLe pHetddoong Kot eneéepyaciog
TOV OEO0UEVAV, OLVOTOTNTEG YOl OIKOVOMIKES CUVOAAAYEG Y®Pig v xpeldleTal va
Bydhovv v Kdapto amd TO KWVNTO TEPUATIKO 1| TO TOPTOPOAL TOLG KOl OKOLO
QACVPUOTY] OVTOAAQYY] TPOCHOTIKOV OTOWYEI®V (TOPASEIYUATOS YAPT  OOKTLAIKG
QTOTVTTMUOTA, VIOYPOPES Kot KAOe €ldovg apyeia) v tavtomoinom. EmPdiieton
®OTOC0, OMMG KOU OVOUEVETAL VO YIVEL, 1 YPNOOTOINCT KOOV TEYVOAOYIDV GE
YOUNAO TOVAIOTOV eMiMEDO 0md GAOVG TOVG KATAOKEVOOTEG KOl TOVS TOPOYOVS TV
VANPECLOV OVTIGTOLYO, TPOKEEVOL VO UMV VTAPYOLV TPOPANUHaTe acLUPATOTNTOGC
KaBdg 0 xpNnotg Ba Tagdevel and ydPo GE YOPA KoL 0o NITEWPO GE NTELPO.

2.2 APXITEKTONIKH TOY AIKTYOY UMTS

H yevu apyrrextovikn tov diktvbov UMTS eaiveton 610 mapokdte oynpo:

External
IP Networks

Xyfqpna 6: Apprektovikn diktvov UMTS

2g auTn TV eVOTNTA aPYIKE B0 TOPOLGLUGTEL EV CLUVTOUIN 1 APYLTEKTOVIKT O KOt
oxediaon tov Owrvov UMTS. 210 Eyfua 7 mwov axolovbel, mapovsialoviot
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amAOVGTELUEVA TO EMIMESD VTOD OOV dlakpivovpe Tov Topéa Tov EEomhiopod tov
Xpnotn kot Tov Topén Y Todoung Tov AKToov.

-
LH

*  Binslsshendoarin

TIEAL

T -I, Uaer Equipmsal domain

Xyfqpna 7: Topeig / Enineda appirektovikig UMTS diktoov

2 ovvéyewn Ba avaivcoovpe kol Ba Tapovoidcovpe Tov kKaOe Topéa Eeymprotd padi
LE TO EMPUEPOVS GLOTATIKA TOV, ££€TALOVTOG TN XPNOWOTNTO KOl TIG AELITOVPYIESG TTOV
emteAovvTOL 6€ aVTOV. Na onuetdcovpe povo 0tt Aéyovrog EEomhoud tov Xpnom
EVVOOVLE TO KIVITA TEPUATIKA TOL ALTOG XPNCYOTOLEL TPOKEUEVOL V. GuVOEDEL GTO
diktvo UMTS kot va AdPet t1¢ mpocpepdpeveg vinpecieg Ommg eivon n opdia, o
cuvtopo ypoamtd pnvopota (SMS), n mepuynon otov Ioykdéowo Iotd adrdd kot
TOAMES AAAES OV Oev Exovpe yvopioel oto mAaicta tov GSM kot mov Tpokettar vo
avantuyfodv 610 véo mePIPAAAOV TV CLGTNUATOV THAETIKOWOVIOV 3NG Yevids. O
Efomlopnog tov Xpnotn mpémet var Sob€Tel TV KOTAAANAN TteYXvVoroyia Yoo TV
acvppotn Cevén (tov oto oynua mapovsraletor g Uu) pe ta onpeia tpodcPacng tov
dwktvov (UTRAN). And v édAkn, Aéyovtog Aiktvo Koppov (Core Network) xon
Aixtvo Emiysiog Acvppatng IlposPaong (UTRAN), mov and kotvod amotelovv v
Yrnooou] Awtdov, €vVOOUUE TOVG QULGIKOVS KOUPBOLG TOL SIKTLOL Ol Omoiot
eEumnpetohv GAOVS TOVG TEAKOVG Yp1oTEG KOt bIToaTNPilovy TIG TPOPAETOUEVES KATA
nepiotaon vmnpeciec. H avédivon mov akoiovbel e€etaletl ta emineda avtd pe ™)
oepd mov avaeépnkav, apyilovtag amd 10 aniovotepo mov givar o EEomhoudg tov
Xpnot Kot oAokAnpavovrtag pe to Aiktvo Koppov.

2.2.1 Eéomiiouos tov Xpnoty (User Equipment)

O Efomhiopdc tov Xpriotn meprhoapfdvet dwapopa eminedo eEomAopod Kabmg
mpaypatonolel T1g acvpuateg (evéelg pe ta onueia oHvoeong tov OkTvoL (givar
VIEVOVVOC Y10 TNV AGVPLOTN EMKOVOVIN) Kol EAEYYEL TIC EPAPUOYES AOYIGUIKOD TOL
vAomotel To kvntod teppatikd. Tavtdypova Tpémel va givon cLUPATOC PE TEPIGGOTEPES
amo pio teyvoloyieg KaBdS TOLAGYIGTOV KOTA TN HETAPacn amd To OiKTLO KIVNTMV
emovoviov ¢ 2ng vevidg (GSM) oe avtd g 3ng (UMTS) emPdiietar va
Aertovpyel ocwotd kot ota 0Vo &idn mepPdirovioc. EmmpdcBeta, vmdpyer o
TEPAUTEP® OLOYWPICUOG TV CLGTAUTIKAOV TOL TEPUATIKOD avdpesa oty Képta USIM
ka1 otov EEomhopo Kivnmg Emkowveviag (Mobile Equipment - ME), énwg gaiveton
0TO ZyMua 8, pe kovo onueio avaeopdg Kot emkowvoviog tn deraen Cu.
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Yympa 8: Xvotatika Eorhopod Xpiotn

Onwg éyet avapepbel o EEomhopnodg Kivntng Emkowvmviag mepiéyel ta anapaitro
otoyeion TOCO Yoo TNV OoVPUAT cOVOEon OGO KOl Yo TIG €QPAPUOYEG AOYIOUIKOD
(6nw¢ mapadeiypatog xbpn o TEPPAiiov yio T dacvvoeon pe eopntd Hiektpovikod
Ymoloyiotr)). To yeyovog ovtd QOVEPOVETOL OTO OYNUO UE TNV VTOPEN VO
Eexyoplotdv ovtotntev, g MT (Mobile Termination) mov &ivar vrevBovn yuo T1g
Cevéerc ko g TE (Terminal Equipment) mov givat vrevBovn yia tic epappoyés [1].

2.2.2 To Aiktvo Emiyeiac Acvpuotng llpocfaocng
(UTRAN)

To UTRAN oamoteAeitar amd éva ocvvoro RNS (Radio Network Subsystem),
vrocvonUdtev acvppatng npdcPacng, kat’ ovaroyio pe to BSS (Base Station
System) mov ypnoyomowovvror onpepo amd to GSM. Ilpdkerton yio to onueio
TPOcPacNg TOV TEMK®OV YPNOTOV TPOoG TO dikTvo Kot givar vrevBuva yuoo v
EYKATACTOOT KOl TOV TEPUOTIOUO TV SIOOA®Y TOLG 0TOI0VE YPNGUYLOTOLOVY TOL KIVITA
TEPUATIKA Yo Vo oAAnAemdpdoovy pe To diktvo. Awyepilovtar oniadn Tovg
ACVPUOTOVS TOPOVS TOL OIKTVOL Kol cvvdcovion pe 10 Aiktvo Kopuod pécm g
otemang Tu énwg paivetar 6to Zynpa 9 mov akoAovbel. [epriapfavovv de 6o Tov
aropaitnto eE0MMSUO Yo TIG LETAOOGELS KOl TIG GUVOECELG OGS EIVOL OVOUETAOOTEG,
ELEYKTES KOK.

Core Hetaroms

dm 4l
! RNZ i FHS
| | b
! RHEC . RHC
i Hode B Hode B : Hode B Hode B 1
L S A o B A o s A N A S I R
O o e e e e (o e ) e e 1 o e e £ e o

Xyfqpna 9: To Aiktvo Eniysiog AcOppatng IIpéspaong (UTRAN)

H oyéon mov €xel kéBe yprong mov cuvdeetal oto diktvo, pe To vrosvotnuo RNS
mov tov e&umnpetet etvan £va Tpog éva, ka o oxetikdg RNS ovopaleton Serving RNS.
AVTOg Ko povo glvar appodlog Yo TNV €YKaToTaoT Kot T ANEN TOV GUVOEGEDV TOV
xpnot. Qot1660, cuyvd gival dvvatd kamolo dAlo RNS va mpooceépel Toug mOpOoLG
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7oV dtayepileTot 6To KIvNTo TEPUATIKO TOV ¥PNOTN, O TEPIMTMGN TOV AVTOS EIGEADEL
oe KyéAN mov edumnpeteitol amd TO GLYKEKPIUEVO VTOGVOTNUA, TO OO0 GTNV
nepintwon ot ovopdaletat Drift RNS [1].

2.2.3 To Aiktvo Kopuod (Core Network)

perfeer] | BTV | Go| & ” %
C5- 7 GMLSC GGSN
MGWT T
j=3 . Tan
VIR |5 VL
1= ¢ B G SGSN
MSC server | MEC server
= T ox
CS-IGW ™ CE-MGW ey
b "‘*\_
1T 47 | @b
et = — Tl —JE:
BSS A T —. RNY
Thor
BSC RNC |- oo —
/ﬂhb \ Tuo sy
“Nees] [_xeed]

SIM—ME'LI‘} o T Cu

SIM | |USIM]

A5

Xyfqpna 10: Aopn ko dracvvoeon koppfov UMTS diktvov

To Aiktvo Koppov mepilapfdaver tig ovtotteg ekeiveg mov vmootnpilovv kot
Ol0IGVVOEOLY T QOUIKA GTOLYEID TOV TOAPOVCIACTNKOY HEYPL VTO TO onueio. XTo
Zynua 10, mepéyovrar oia ta Pacikd cvvBetikd tov UMTS pali pe tov tpdmo
Ol VVOESN G TOVG (OLEMAPES), KOTASEIKVOOVTOG TIG GLVEPYAGIES TOVL AdPdvouy ympa
petalld TV oVTOTHT®V. £TO CGYNUO 0VTO, UE TIG EVTOVES YPOUUES TapovstdlovTat ot
OEMOPEG / GUVOEGELG TOV YPTCLUOTOLOVVTAL Y10 VO EELTNPETHGOLY TNV Kivion TV
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OEJOUEVMV TOV YPNOTAOV EVD LE TIG OXVES YPOUUES CNUEUDVOVTIOL Ol GUVOECELS TOV
ypnooroovvtol  yioo  onuotodocio. Emiong, vo  emonudvoope Ott av Ko
napovctalovtal 6Aot ot KopPot va eivar amgvbeiog cuvoedepuévol, ivar mBavo yio )
OlleVVOEST AT VO XPNCIUOTOLEITOL KOO0 GALO diKTLO, OTMG Y10 TAPAOELY IO TO
SS7 1 1o IP. Ta véa ototyeio mov Ba TAPOLGLUGTOVY GE QLTH TV EVOTNTA POIVOVTOL
070 Ve UEPOC TOV GYNUaTOg Kot TeptiapfPdvovtal oto mhaicto CN. Ot Aettovpyieg
OV KOAOVVTOL VO, EKTANPMOGOVV EIVOL 1) SLXEIPLOT) TV TANPOPOPLOY TOL GYeTICOVTOL
pe t 0éom tv ypnotdvV KABe QOpd, EAEYXO TMV AEITOVPYLOV TMOV VLITOAOIT®V
OVTOTNT®V TOL SIKTVOV KOOMOG Kot M TePaywyn Kot avdbeon tng eEuanpétnong tov
YPNOTOV HEC® KATAAANANG ONUOTOd0Gi0G oTovg KOpPovs. Xtn ouvvéyew Ha
AVOADGOLLE TIG ONUOVTIKOTEPES OO TIG OVIOTNTEG TOL TOUEN OV TOV.

Ot ovtotteg 00 Atktoov Koppod ywpilovtar oe dvo xatnyopieg avdioya pe to
eldog g kivnong mov e&umnpetodv Kol SloKPivOvIoLl GTO GTOLXEID. TOV TUALOTOG
Metaymyng Kvkiopatog (Circuit Switched — CS) kou tov tufpoatog Metaymyng
[Mokétov (Packet Switched — PS). Ymdpyovv BéPaia ko kdmoleg oviOTNTES KOWEG,
aveCapttog tunuotog. To tuquo Metayoyng Kuvkiopatog meprhopfaver Tig
ovtoTTeC TOL  LEOOTNPILOVY  VINPECIEC TPOGUVOTOMOUEVEG «OE  GUVOES»
(connection oriented 1| oAA®G vINPEGiec oL ypnoiponolovyv CS type of connection)
oV onuaivel 6Tt ot TOPOL TOL SIKTHOL SEGUEVOVTAL KATA TNV EKKIVION TG GVVIESTG
KoL TNG LANPECiag Kol amelevfepdvovTal pe To TEPAG avThS. TEToeg ovtoTNTES Elvar
ot koppor MSC, GMSC ot VLR. Avrtifeto 1o tunpo Metoywyng IMokétov
epAapPaver Tig ovidTTEC TOV VITOGTNPILOVV VANPEGiEg TOL YpnooToovy PS type
of connection, Tov dev gival ONANOT TPOCAVATOACUEVES GE GUVOEST. AVTH onuaivel
OTL OoveEAPTNTO  «TOKETO» 1 OAMOG OUAdEC bits UETOQPEPOLV TUNUOTIKA TIG
TAnpoeopieg kot ta dedopéva tov ypnotn. Kdabe mokéto pmopel va dpoporoyndei
ave€dptnto amd TO GAAO KOl VO YPTCLUOTOUCEL OOPOPETIKOVS TOPOVS TOV
GLGTNUATOG, avAAoyo He TNV kivinon og kdBe xouPo kox. Térowor kOuPor givar ot
GGSN ka1 SGSN, 1] yevikotepa ovtotnteg mov vrootnpilovv 1o GPRS. [Tépav tav
TpoavaPePOBEVTOV KOUPBOV VIAPYOLV OTMG EITALLE KOt 01 KOWVEG OVTOTNTESG, OTMG £ivart
ot k6ppot HSS (Home Subscriber Server), HLR (Home Location Register), kot AuC
(Authentication Centre). AkoilovBei cOvroun meptypagn tov porov kdbe evog amod
avToVG EEKVAOVTOG 0md TOLG KOWoUg Kot cvveyilovtag pe avtovg tov CS Tunuotog
Y10l VoL OAOKANPMGOLLE e TOovg kKOpUPovg Tov PS tunpatoc [2].

2.3 IIPQTOKOAAA SHMATOAOZXIAY KAI EIIIIIEAQY
XPHXTH ENTOX TOY UMTS

g oavt] Vv mopdypaeo Oa  TOPOLGICTOLV TEPIMNATIKA To TPOTOKOAAQ
ONUOTOO0GI0G Kol EMITESOL YPNOT TOL YPNCUYLOTOOVVTOL YO TNV EYKOTAGTOON
ovvdéoemv petald tov kopPov tov diktbov UMTS. e avtd 10 onueio npémel va
ONUEWOGOVUE OTL TO TEAELTOIO YPNOIWOTOlEL pio omd TIC MON  OVETTLYUEVEG
teyvoroyieg ATM 7 IP o ) petddoon tov makétmv ehéyyov Kot dedopévav (control
kot data plane avtictoyo) oto evovppoto (otabepd) koupdtt tov Siktvov. H
Tapovciosn mov Ba yivel 6e avt TV Tapdypapo d¢ Ba KoTamactel pe Tov TpOTO OV
petadidovror to makéto Kot Bo €oTidoOVLUE OTA EMIMESO OIKTVOL Kol TAV.
AxoAiovBolv 600 oyfuata (Kot ) 6mov TapovcldlovTol ATAOVGTEVUEVEG EKOOGELS TNG
OPYLITEKTOVIKNG TPOTOKOA®V 7oL ypnoiponoteitor oto UMTS v to emineda
ELEYYOL KOl OEOOUEVOV AVTIGTOLYO.
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IP Multicast

P

) (Refay) Wuticast

RRC - > RRC [RANAP | w—p [RANAP | GTP-C | 4—w | GTR-C _':‘;' -
5t

sCeP sCeP uop
RLC RLC | ‘sign. ggn | UOP uoe

Bearer Bearer

L1 L1 L1 L1 L1 L1 L1

MTIUE Node B RNC SGSN GGEN MC Server

Xyfqna 11: ApitekToviKn TPOTOKOAL®V o€ emimedo eAEy oV Yo To TN PO PS

270 GYNUO TOV TPONYEiTAL OTMG KOl GTO TN TOL aKoAovOel paivovtal pe BEAN ot
ocuvdéoelg mov eykabiotavion. [o TG vanpecieg oL HOG EVOOPEPOLV KOl TTOL
aPOpovV UETAY®YN TOKETOV, OWTO TOL €Yl onuacic eivolr va gykatactafodv ot
GLVOECELG ad AKPO GE AKPO, OTTMG PaivovTon Le Ta PeYdAo BEAN 61O TAve HEPOG TOV
Kka0e oynuatog. Ot cuvdéoelg avTeéS otV TPAEN amoTeEAOVVTOL Ad EMUEPOVG HETAED
TOV KOUP®V TOV GLOGTNHOTOG, TOV GNUEWOVOVTOL HE PIKpOTEPA BEAN. Ta TpTdKOALN
OV YPNCLOTOLOVVTOL Y10 TO GKOTO 0vTO B0 TAPOVGLAGTOVV BT GUVEYELD.

GhHP

(Relay) [Relay)

POCP o+ - FOCP | GTP-U | -s4— | GTP-U | GTP-U | -—p= | GTP-U B e

Luoe
ALC ALC op UoP | UDRP uoP

L L1 L1 L L1 L1 L1

WTIE Node B RNC SGEN GGEN WC Server

Yympa 12: ApylteKTOVIKI TPOTOKOAL®V 6¢€ emimedo yprotn Yo to Tufqpe PS

IMa v mopovcioon avtr Oa akorovdnbei celpd amd KAt TPog To TV OGOV aPopd
To. EMMESN TOL SIKTVOL KO TO YPNOUYLOTOIOVUEVO TPMOTOKOALN. Oa NTOV ®GTOGO
TapaAnyn va unv avoeepBel 6t kKabe @opd mov 1o KNTd TEPUATIKO OEAEL va
AVTOALAEEL UNVOLATO ONUOTO00GT0G LE TO SIKTLO Y10, LETOYMYY| TOKETOV, TPEMEL VO,
petafei  oe  katdotoon PMM-CONNECTED (am6 mhevpdc  Awoyeipiong
Kwnrikdétmrog — Mobility Management). Otav 1 6hvogon onpatodosiag e 1o diktvo
dwkonel to Kwntd petoPaiver oe kardotacn PMM-IDLE oand omov dvvarton
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TEPLOOIKA VO EKTEAEL TN OOIKAGIOL TNG EVNUEPMONG TNG TEPLOYNG OPOLOAGYNONG
(routing area update).

g eMimedo oNUOTOd0010G AOTOV, ALY KOl GTO EMIMEDO YPNOTI), XPNOLLOTOLEITAL TO
npotdékorro RLC (Radio Link Control) 1660 amd tnv mAevpd Tov Ktvntol TEPUATIKOD
660 Kot amd v mhevpd tov KOpPBov RNC 10 omoio kot vAomoleitor Kotd Kavova
Tove omd 10 oTpodpa (eHENC Y100 VO TPOGOMGEL TNV ATOUTOVUEVT] AEITOVPYIKOTNTA GE
avtd (mov yw o UMTS egivar to WCDMA). X¢ eninedo onuotodociog to RLC
ypnoonoleitoan and to Tpwtdékolho RRC evd og eninedo ypnom ond to PDCP. Ot
Aertovpyieg mov avarlopPavel Katd TEPICTAOT Kot TAVIO AVAAOYO LE TIC «VTOJEIEEID
TOV AUECHE OVATEPOV TPMOTOKOALOV Eival OPKETEG KO Ol CTUOVTIKOTEPEG OO OVTEC
elval N KATATUN oM Kot 1] EMOVEVOOT] TOV TOKETOV, 1 010pBmon Aabdv, 1 mopddoon
KOTA GEPE TOV TOKET®V, 0 EVIOTIGUOG SITAMVY AVIITOTI®V, 0 EAEYYOG PONG, K.OL.

INa 1o eninedo onuatodociog to TPwTOKOALO KAEWL Yoo T dlayeipion TV TOPWV,
etvar to RRC (Radio Resource Control), yio to UTRAN. Avtd viomoteitanr peta&o
TOV KvNTOV Teppatikav kot Tov RNC xopfov kot ypnowpomotel omwg €xovpe
aVaQEPEL TIG CLVOECELG Kot T pnvopata mov tov mapéyovion ond 1o RLC. T
ocuvéyon ¢ onuatodociog peta&h RNC kot SGSN 1 aAlmng peta&y oo UTRAN
kot Tov Awctvov Koppov (CN), ypnowonoteitar to RANAP (Radio Access Network
Application Protocol) pe t€to10 tpomo dote 1 €£EMEN TV 0VO TUNUAT®V TOL SIKTHOV
va gtvatl ovolaoTIKE aveEdpTnTn 0ALA N EMKOVOVIN VO TOPOAUEVEL TKAVOTOMNTIKY. To
TPOTOKOAAO vTod givar Kovod TG0 yia to Tunpa PS 660 kot yia to CS. H cuvepyasio
tov o€ pe 10 RRC egivor té€t0100 TOV EMITPENEL OLGLAGTIKG TN CUVOEST] TOL KIVNTOV
teppatikov pe 1o CN. [Ipobmobétovpe wotdc0 1L VILAPYEL EYKaTESTNEVN 1| CVVOEDT
ONUOTOO00G10G OTO TAPUKATM EMIMESO, YEYOVOS Yo To omoio @povtilelt to SCCP. Av
KdtL 0¢ Aertovpyel koAl oto kdT® emimedo, 0 SCCP opeilel va evnuepdoel to
RANAP. Téloc, yia Ti¢ 6LVOEGEIS ONUOTOd0G10G, 1| emKovovia Tov kKouBwv SGSN
pe tovg GGSN emrvyydvetor pécw tov mpwtokoOAlov GTP-C (GPRS Tunnelling
Protocol for Control Plane). Avto emtpénet otov SGSN va cvvdedel pe tov GGSN
Kol vo TpomONcEL ToL TOKETA OEOOUEVOV PO TOVG YpNnotes. Emiong, 10 mpmtoéxoiro
GTP-C ypnowonoteitan ko yio tnv emkowvavio peta&d 6vo SGSNs mpokeyévoo va
avtalhdEovv mAnpoeopieg oyeTkd pe Kdmolo ypnotn Otav avtdg amoPacilel va
aAAGEEL mEpLOYN OpOUOAOYNONG Kol Vo €16EADEL 6T O1KA000Gio KATOWOL GAAOV
SGSN.

Amo ™V GAAN, 610 emimedo YpNoTY, TO TPOTOKOAAO oL ¥pnoiponmolel o RLC eivan
10 PDCP (Packet Data Convergence Protocol) to omoio eivat oyediacpévo va kévet to
mptdéKoria Tov WCDMA katdAAnAa Y100 LETOPOPA TV TTO KOWAV TUTMOV TOKETWV
TPOTOKOAMOV dedOUEVOV TV Ypnotav, onwg sivar to TCP/IP. Mg tov tpémo avtd
EMTLYYAVETOL | GVVOEST] TOV KIVNTAOV TEPUATIKOV e Tovg kOpPovg RNC. H xopua
Aertovpyio Tov givar vo cupmECeL To TEPLEYOUEVO TOV EMKEPAAID®V TOV TAKETMOV, TO.
omoio acvunieota Bo omatalovoay TOAVTILOVE TOPOLS TOV dKTVOV. TEAOG, Yo T
obvvdeom Tov Ktvntov (Tov kOpPov RNC oty mpaypatikdtnta) e T0 6ikTuo KopHov
kot toug kopPovg SGSN kar GGSN, dedopévov 0Tt peydAo pépog g Kivnong
TOKETOV  YPNOTAOV HEC® TOL OIKTOHOL €xel vo kbvel pe 1o [P mpwtodKoldro,
ypnowonoteiton to GTP-U (GPRS Tunnelling Protocol for data User Plane). Avtd,
TapExeL petamopd dedopévev xwpig cuvoeon (connectionless) kot cuvepydletor TOAD
kaAd pe o UDP npwtdxorro [3].

Kietvovtag 10 koppdtt t@v mpotokOAA®V mov ypnoiomoovvior oto UMTS, oe
EMMed0 ONUOTOOOGIOG KOl YPNOTN, KPIVETOL GKOMUO Yoo AGYoug TANPOTNTAS VO
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napobécovpe 10 Zynuo 13 to omoio mapovodlel TG OLVATEC KOTOOTAGES LG
2VvA00V KOl TOV JL0OIKACLOY oL VITayopevet 1 Alayeipion Zvvodwv oto UMTS. H
KATAoTOON 7OV Topovotdlel evolapépov eivar avty tov PDP Active, omdte kot
€YOVE EVEPYOTOMNUEVEG GUVOECELS Yo Kdmola vinpecia. H avtiotoym dadikacio g
gvepyomoinong Umopel vo EKKIVIoEL gite amd 10 Kivntd TEPUOTIKO, gite va TNV atnOel
T0 dikTVO [4].

PDP-ACTIVE-
PEND

| DI (MOD PDP CONTXT REQ) |

h

DR (MOD PDP
CONTXT ACC) [ DI (ACTIV. PDP CONTX. REQ) [ DI (REQ PDP CONTX. ACTIV. REJ) [\
DR (MOD PDP
CONTXT REJ) DR (ACTIV. PDP DR (REQ PDP CONTX. ACTIV)
CONTX. ACC)

__— | DI(ACTIV. PDP CONTX. REQ)]
DR (ACTIV. PDP
CONTX. ACC)
—
PDP ACTIVE DR (ACTIV. PDP CONTX. REJ) ———— (_ PDP-INACTIVE

—
DR (DEACTIV. PDP
- CONTX. ACC)
l DI (DEACTIV. PDP CONTX. REQ)

DR (DEACTIV. PDP CONTX. REQ) DI (DEACTIV. PDP CONTX. ACCi

DR (MODIFY. PDP CONTX. REQ)

DI (MODIFY. PDP CONTX. ACC)

DR (DEACTIV. PDP
CONTX. ACC)

PDP-INACTIVE-
PEND
PDP-MODIFY-
PEND \
| DI (DEACTIV. PDP CONTX. REQ)

DR: GMMSM-DATA-REQUEST (Message), i.e. message sent by network
DI: GMMSM-DATA-INDICATION (Message), i.e. message received by the network

Xympa 13: Avvatéc KaTaotdoslg Katd T Awgygipion Zovodowv
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IIOIOTHTA YITHPEXIAX (QOS) =E AIKTYA 3G

Me tov opo Ilowmra Yanpeoiog (Quality of Service — QoS) avagepopocte o
ovvaTdTNTO. TOV OIKTOHOV VA TPOCPEPEL KOADTEPES VLANPEGIEG TPOS TOVS YPNOTES,
OnNAadn vmpecieg pe eyyunuévo puiud Hetddoons, auénuéva YopaKTNPIGTIKA Yo THV
elaylotomoinon TG OmOAEWG TV Ogdouévev, pkpod  Jitter  (dtaxvuovon
kabvotépnong) kor eheyyouevn xoabvotépnon. H IMowwmrta Ymnpeosiog mailer éva
TOAD oNUaVTIKO pOLO o€ KOBe GUYYPOVO dikTvO. ATO TNV OTTIKY| Y®Vio TOL YPNOTN,
elvar pavepd 611 avtog emBupetl amd to dikTvo O)L amAd va tov g&umnpetel, oAl va
Tov eEuINPETEl AVAAOYQ LE TIG OIKEG TOV ATOLTNOELG.

[Switepa onuavtikn givor M LVIOCTAPIEN TOLOTNTAG VANPESIOG KOL Y10 TO OLOXELPLOTN
ToV O1kTLOVL. 'Eva diktvo 3G Ba peyiotonomoet o k€pO0G Tov oe oyéomn e £va dKTLo
2G eav etvon og Béon va mpoceépel QoS. Tlapdrho mov 1 KOTAGKELY] £VOC TETOLOV
OKTOOV €lvarl TOAD 7O dOTOVNPY], TO. OIKOVOUIKE OQEAN amd TNV Topoy TETOLMV
vInpecdY ol omoieg ywpilovror pe PBdon 1o QoS, eivar mepiocodtepa. Emiong n
napoy” QoS elvar évag akdpo TpoOTOG amdcoPeons g EMEVOVONG TOL SIKTOOV, APOV
emrpénel v PéAtTiotn ypfion TtV mopwv tov. EmmAéov m mopoyn Ilowdtnrog
Yrnpeoiag emtpénetl ota diktva vo TpomBodyv otny ayopd TOAAG OUKOVOLKE ToKETOL
€TI0l (OOTE VO  TPOGPEPOLV  GTOVG  YPNOTEG TMPOCMOTOTOUNUEVES  VINPEGIEC,
TPOCEAKVOVTOG TOL VEOLG TEAATEG OOV KOADTTOVIOL Ol OVAYKEG OlOPOPETIKAOV
YPNOTOV, o€ avtibeon pe ta diktva 2G.

3.1 QOS E 3G AIKTYA

e avtifeon pe ta dlkrva 2G OTOV 1 HETAPOPE POVNG NTOV 0 KVPL0g AOYOG Yo TNV
onpovpyia kot v VIapén Tovg, To dikTLO TPITNG YEVIAG £YOoVV EmMIKEVIPp®OEL oTNV
TOPBEO0GT OEGOUEVAOV GTOVS YPNOTEG, TPAYLO TO 0TOi0 oNUAIVEL OTL VTLAPYOLY TOAAEG
dALeC VIMPEGTES EKTOG TNG LETOPOPAS POVNC.

210 diktva 3G 10 dikTvo KOpPHOV amoteleiton amd T0 CS Koppdtt TOV amAVTATOL Kot
oto diktva makadtepng yeviag kot amd 1o PS woppdti. H ypnowonoinon tov
KOUUATION TNG HETAYWYNG KUKA®UTOG TapEyel eyyonuévn I[owvmta Yrmpeoiog aAld
€xel oG PeYGAo pelovéKTNUo TNV 0EGELGT TOAA®Y Topwv. Katd v didpketa piog
VINPEGIOG TOV TPEXEL GTO KOUUATL OVTO, ONUIOVPYEITOL fiot LOVIUN GUVOEST LEGO GTO
OikTLO KO £TGL 1 YOPNTIKOTNTA TOV HIKTOOV HEIMVETUL OPOUCTIKA, TAPOAO TOL Umopel
1 60VOEGN QTN Vo NV ¥proipomoteiton TApms. Me dAda Adywo pia poviun cdvoeon
onuovpyeitor kol mopopével evepyn kaf’ OAn v odpkel NG EmMAEYUEVNS
vnmpeciog. Avtd emrpénet vYNAoVG pLOUOVE peTddoong aAAL OTAV 1 EQOPUOYN
TAPOUEVEL OE KOTAGTAON OVOLOVIG KO 08V LETAPEPOVTOL OEOOUEVA, 1| CUVOEST QT
TOPOLEVEL EVEPYT KOL OEV EMTPEMETAL 1] YPNOT TNG Ad KAmola AAAN vanpecia. ‘Etot
€YOVUE O OTUOVTIKY GTOTAAN TOpV KABMG dev VILAPYEL 1| dSVVATOTNTO EVEAIKTNG
owayeipiong tovg.

Avt M omATOAN TOP®V AVTIHETORILETAL LE TNV YPNCLUOTOINGT TOV KOUUATIOD TOL
owtHov mov PocileTor OTNV UETAYMYY] TOKETWV, T OMOI0L TPOCPEPEL ELEAIKTN
dwyeipton mopwv. Edv po myn dev exméumel makéTa Yo KAmoo ¥povikd dtiotnia,
avtd dev emmpedler to OikTvo, KOOADC Ol YPOUUES HETAPOPES HTOPOLV Vv
ypNoonomBodv and TG dAAES TYEG KOt £TGL 1) XPNOHOTOINGoN SIKTHOV TOPAUEVEL
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vynA. To kopro péinpa sivor n dapdraén tov QoS, 1o omoio sivor onuepa to
Booikd TpoPANe TO 0010 TPETEL AV AVTIUETOTIGOLY Ol UYOVIKOL OIKTOMV.

H petagopd pwvnig eivatl akdpo n To onpavtikny vanpecio, oAAd 610 dueco péEAAov
Ba xuprapynoel n petapopd dedopévav. O TMAEP®VIKES xprioelg Ba avtikatacTadovv
amd Vv Pivteo-cvuvoldokeyn 1N and v mAgpovio whveo arnd to IP (Voice over
IP/VoIP), n onoia 10N mapovoidlet peydin {Rmon kot xpnon.

O x¥prog okomdg evog dayeptot diktvov UMTS eivon ) emitevén tov an’ dxkpn o€
dxpn QoS €101 va mapéyovior oTovg ¥pNoteg vymAol pvbuol petddooons, kKaAvTEPY
TOWTNTO. QOVAG Kol KOADTEPN KOALYTN Kot OlofeciudTnTO TOL OIKTOHOL OF
KOTOoTAoELS cLpPOopnons. Kabog eumiékovion kot moAld dAAa diktva (dmwg yu
mapadetypo 1o Internet), ot am’ dkpn oe AKPN GLVOECELS €ivOl OMOTEAEGHO TNG
ouvheonc TV cLVOEGEMY KADE SIKTVOV TTOV VIAPYOLY UEGO GTO TEAMKO LOVOTATL.
"Eto1 1 SuokoMa £ykertat 6To va ouvdeBohv OAa ovTd To ETEPOYEVT] diKTLA , TOL OTTOTNL
Bacilovtor 6e S10POPETIKA TPOTOKOALN Kot TEYVOAOYiEC, o€ €val eviaio mepIPailov
VYN amodocems. ' to Adyo awtd elvar avaykoaio 1 VTopén HOG CUVOAKNG
TAat@Opuag 1 omoia Ba vrootnpilel Ko Ba cuvdLELel OAeC aVTEG TIG TEXVOAOYiES. Me
™V ¥pNoN MG TETo TAATPOPHOS B Kataotel duvatny 1 O10GVVIEST) ETEPOYEVAV
OIKTOH®V o€ o O1dtaén mov Bo amoPEPEL TO UEYIOTO SVVATO ATOTEAECLLOL.

To onuovtikotepo mPOPANUA Yo TIG €MOOCELS €VOG TETOWOL OIKTLOV Eival TO
acvppoto Koppdatt. H evpeon AMoewv v avtd givor éva moAvmioko O€ua mave 6to
omoio yivovtal cuveymg épevvec. 'Exoviag g dedopuévo tn duokora eniAvong avtov
ToV TPOPALaTOG, £xEl EMAEXDEL MG TPDOTN TPOTEPOULOTNTA 1| PEATIOTOTOINGN OC TPOG
v wpocpopd Tlowvttog Yanpesiog oto diktvo Koppov, KaOdS €161 pumopohv vo
petplachovv pe évav éupueco tpdmo o TpoPAnuota To. omoio Tapovstdloviol 6To
aCVPLOTO KOUUATL.

3.1.1 H Iloiotyra Yaypeocias amo Tty OXTIKY TOD
xpHoTn

H IMowmrta Yanpeoiog, dmwg NN ewmmbnke, eival onuoviikn yo 1o Kabe diktvo,
oAAG avTOG oL givol 0 TEAIKOG EMMPEAOVUEVOG €lval O YPNOTNG, O OMOIOg OV
EVOLAPEPETAL YO TIG EVOLAUEGES YPTCLLOTOLOVUEVES TEYVOAOYIES, Tapd LOVOV Yo T
ouveYN] GUVOEST OTO OIKTLO Kou Tr YPNoTM TOV LANPecldv mov emiBouel. Avtd
onuaiver 6t 0 xpnog dev eivor avekTikdg o€ YoaunAovg pudovg petddoong N oty
ATOAE TOKETOV TANpOoPopiog edv 10 dikTvo ToL £)el £yyunBel vymAovS pvOuovg
LETAO0OMG KOl OKEPOULOTNTO OEQOUEVMV.

H mpot kou xdpia avéykn evog ypnotn elval vo pmopel vo cuvogeTon avd maco
oty oto oiktvo. Mo vo emrevyBel kTt té€ro10 TPémel va VIAPYEL GTO OIKTLO
peydAn mBavotnTa Yoo ETTUYNG GVVOEST KO TPEMEL VO LITAPYEL YPTYopN TPdSBacm.
‘Etor n mBovoétmrta odvdeong Ba mpémer va eivor movo omd 90% wkor o ypdvog
aVOLOVTG Yo cUVOEST] OeV Ba Tpémet va vl LEYOAVTEPOG OO LEPIKAL OEVTEPOAETTAL.

M debtepm amaitnon ivat va givat To dikTvo avd va dtatnpet evepyn v chvoeon
KOTA TNV OAIKY] OWpKEW TNG KANONG KOl Vo UNV £YOVUE QOIVOUEVO OLOKOTNG
emkowoviag. Avti 1 araitnon wavonoleitor oe OAa to emiyela dikTva, OAAL GTIg
KvNTég tnAEmKowvmvies veiotovtal moAAEG dvokoAieg kabBmg amouteiton TANPNG
YE@YPOPIKT KAALYT Ko LEYOAN YOPNTIKOTNTO GE KAOE KOYEAN.
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H mowdtta g kAnong eival akdpo pio araitmon tov xpnotgs, kabdg embupel n
ToldTNTOL TG QNG vo. mpooeyyilel v mpaypotiky mwowdtnta. ‘Etor mpémel va
ypnoonomBodv  ddpopot  adydpipolr  covupmieong mov  Bo  pmopovv  va
LYo TOTO0UV TOV GYKO TNG TANPOPOPING YMPIG OUMS VO ATOKAIVOUV GNUOVTIKE atd
TNV TPOYUOTIKT TOOTNTO.

Olec o1 mopamdve amoiTnoelg VTEPYOLY OUMG KOl GTIC VAINPECIEG OEGOUEVAOV Kot Ol
puévo oe povnTkég vanpeoiec. H onuavtikodtepn amaitmon eivor cuvnbmg n peydaan
TayOHTNTO, VO 0KOAOLOOVV Ol amoUTNOELS Yoo Alya AGON Kot Yo pn om®AEW TNG
mnpoeopiag. BéPata avédroya pe v vanpecia tiBeviot Kot SOQOPETIKESG OTALTIOELG
Kol £T01 Y10 TOPASELYHOL OTNV HETOQOPE apyeiwv BELove akepatOTNTO dESOUEVOV,
eve otnv Tapoyn video emntovpe MV HEYAAT TaXOTNTO LETAPOPAS.

Yvvoyilovtag, vmbpyovv €EL O100TAGELS Ol OMOieg €YOUV GULUUETOYN] OTO TMG
avtiAappdvetor o TeAKOG ypnotng v mpocepepopevn Iowdtra Yanpeoiog. Avtég
glvo:

¢ AwBeopomta Yanpeoiov

o Ikavomomtikn Aédevon Agdopévav
o KoaBvotépnon

o Jitter

e PuOuoc Antoreidv [okétmv

e PuOuoc Aabov

3.1.2 O Adiaviog Yaypeorov UMTS

Ye éva olktvo UMTS o ygpriotng M M kabe epapuoyn €xer v ovvatdtta vo
OLOTPAYUATEVTEL T YOPAKTIPIOTIKA TOV KOVOAL0D Tov Ba ypnoipomombet yio va yivet
N HETAPOPA TV OEOOUEVMV.

Ol Sl0POPETIKES TAPALETPOL TOV AVTIGTOLYOVV OTIG EPOUPUOYES TOL ATOANUPAVEL O
YPNOTNG EVOL AVTEG TOV JAUOPPDOVOLY KOl TOV TILOAOYIOKO KATAAOYO, OOV Aoy
N KAAVTEPY] TOLOTNTO OVTICTOWEL OTNV UEYOADTEPN TIUN. AVLTEG Ol TOPAUETPOL OEV
ava@EpovTal LOVO GTNV EQOPLOYN CAAL Kol GTO 1010 TO SIKTVO OV SIEKTEPALDVEL TNV
oVvdeon Kt givar Bactkd avtég mov dtapopeavouvy v Iowdtnta Yanpeoiog.

IMa va givar o evéliktot ot punyavicpot péoa og éva diktvo UMTS €xet avamtuyBel
L0 OPYLTEKTOVIKT TTOAAATAGDY GTPOUATOV Y10, TOVG O1APOPOLS SLOVAOVG. XTO Yo
14 mapovcialetarl avt) 1 apyrtektoviky. [a v enitevén end-to-end QoS mpémnet va
AoeBovv 6lot ot diavAot vtoyn. O KOplog Oumg dlavAog givar o diowiog UMTS
Bearer Service, o omoiog &ivar omv ovcio 10 GBpocpa TV GAA®V SOA®Y GTO
emiyelo dikTvo.
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UMTS
A

MT | ‘ UTRAN | ‘ 5GSN ‘ | GGSN

End-to-end service |

’—‘—‘—‘ [ | [ | | [ | [
LLE':TI'IES | UMTS bearei service | | Exteinal BS |
I I I I I I
| Radio access BS | [ ones ]

|

I I I I I I
RadioBs || wBs | [ BackboneBs |

UTRA ,
FODyTOD BS Physical BS

Xympoe 14: H apyrrektovikn tov UMTS Bearer Service

3.1.3 Aettovpyies Awayeipions QoS

O1 Aertovpyieg dwyeipiong tov QoS eivar owtég mov emtpémovv oe éva dikTvo Vo
TPOGPEPEL O10POPETIKA emimeda QoS wote va gival dvvatny 1 dnpovpyia, N aArloyn
Kot 1 daTpNom TOV XopaKTPoTik®v Tov QoS ot évav dlavio. Avtég ot Aettovpyieg
dev glvar opoteg yia 1o Eminedo Awyeipiong Xprotm kot yio to Eninedo Awayeipiong
EXéyyov.

IMa 1o Eninedo Awyeipiong EAEyyov, avtég elvar:

e O dwyepromg Ymnpeoidv (Service Manager)

e H Acirovpyio Metdopaong (Translation Function)

e  O’Elkeyyoc Amodoyng / Avvatotitev (Admission/Capability Control)
e  O’Elkeyyoc Xvvdpoung (Subscription Control)

Ye éva diktvo UMTS, o «éBe kopPog vroomnpilel avtéc Tig Asttovpyieg Kot 1O
TopokaTo oyfuo (Zynuo 15) mapovcsidlel v avomapacTtact TV AEITOVPYIDOV TOL
Emumédov Awyeipiong EAEyyov g kaBe kopPo tov dktHov.
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MT UTRAN SGLM Gatl
| Sorvica Adm. Cap. Admi . Adm.Cap subscriber Adm.Cap. [---s-;;;;“}_‘_
Tra relatos Coriral Cordrd Contral Cornitral Caonral | Trarslator E
GRARATSRA
| UMTS BS i } “i UMTSES | [5Tr] [ umr=es |
Marsger R&E Ml nager | Wanager
Managar FLAHAF L
UM L Twwmarres], | | [umTsaw s
Maniager ES Kanzger ES Managar
| Locales Radic B | [ Radees | [ watmes || | [ wardes Babs ||
Faragar Fanagar | | Managaer PMarager Klamager Manager
UTRAFPhy. | [umarh. | [ amans | [ amans BEIFNS | EE
B Harul::rl |H5 Mansger Mansger | | Manager Mlanager | | Mareger
a— = {ontol primitives
Funictiors not covened Furctia ng required e Tgna ling prim ithees
Dlnhsduwem I:Ib_',-k.dhi E jans not required by Rafha
ATM - Amyred v onous ransier mods WT -Mabilke termiral
BS  -Boarer senvice Hs - hetasark servics
b5 -Differsntisted services RA2  -Rado acess bearer
GLAN - Gateway GPRS support made EAMAP - Rad o access netsork application protoool
GMNM -GFRS bl ity maregement SO -Sewirg GPRS spport nede
GPRE - General Padeet Fadio Sendice M - Short message
GTF - GPRS tunnding protood UKTS - Unive rzal M olile Telecommun ication Sestemn
GTPC - GTP contral plane UTRA - LMITS terrestrial radio acces
IF -Intermes promocl UTRAN - UMTS radio socess network

Xyqpa 15: O Aertovpyies drayeipiong Tov QoS ywa to Control Plane

Awayepretijs Yanpeoiwv — Service Manager

O Awyepiomg Yanpeowdv eivar vredhBouvog yio vo mopéyel OAEC TIC AE1TOLPYiES
dwyeiptong tov QoS ot1o Eminedo Awyeipiong Xprotn pe 11§ oamopoitnteg
mopopéTpovg kat Ppioketor oto UE.

Aerrovpyio Metappaons — Translation Function

H Aertovpyio Metagpaong Bpioketar oto UE kaboc kot oto gateway. O Pacikog
OKOTOG TNG €lvol 1 UETOTPOTY] TOV TAPAUETP®OV QOS ££MTEPIKAOV OIKTOMOV GE HLd
popen n onoia va yiveton Kotavonty| omd to diktvo UMTS, kat to avdotpogo.

‘Eieyyos Amodoyns / Avvarotytwy — Admission / Capability Control

O okomdg avtod ToL EAEYYOL gival va VTOAOYILEL TOLG ATOTOVUEVOLS OO TO HIKTLO
nopovg e TNV mapoyn tov Cntodpevov QoS kat va amo@acilel eqv ovtég eivan
owbéoiueg MoTe voo TPOYWPNGEL OTN OEGUELOT TOvG. AvTO Yivetalr HE TO Vo
TopakoAovlel cuvexdg Tov POpTo Tov ditkTvov. O €Aeyyog amodoyng yivetor oto
SGSN oAAG kot Tomkd 6€ AAAo oToryEio Tov O1KTVLOV, OT®G givar To GGSN Kot TO
RNC. O Eheykmg Amodoyng oto SGSN &xet tnv €uBdvn o v omodoyn kot v
andppyn tv unvoudtov evepyoroinong PDP (PDP context activation) kot tov
nrovpevov mapapétpov QoS. To GGSN kot 1o UTRAN eréyyovv tomkd €dv ivon
dvvaTh 1 VITOGTNPIEN CVTOV TOV TOPAUETPOV.
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‘Eieyyog Lvvopouiis - Subscription Control

H Aewrtovpyio avt Bpioketar oto SGSN ko eAéyyel edv €vag ypnotng €xer v
dvvatotto vo {ntnoet ta yopaxtnpotikd QoS mov {Rmoe 1 Oy, pe Pdaon To
ocuvdpounTikd Tokéto oto omoio Ppiokertal. I'a 1o Eminedo Awayeipiong Xpnom ot
TAPOKAT® Asrtovpyieg Tpémel va vrootnpilovat:

e Acutovpyio Avtiotoiynong (Mapping Function)

o Acutovpyio Ta&wounong (Classification Function)
o Awyepromg [1opwv (Resource Manager)

o Xeipromc Kivnong (Traffic Conditioner)

AVTEG TEPLYPAPOVTOL GTNV TOPAKAT® EKOVOL:

MT UTRAN/RNC SG5N GGSN

ATM - Asymichronous transfer made GTP - GPRS tunneling protocol

BB  -Broadband IP - Irternet protocol

BS  -Bearer sewice kAT - Maobile terminal

CN  -Core network RMC  -Radio network cortroller

D5  -Differentiated services 5G5M - Serving GPRS support node
GG5N - Gateway GPRS support node UTRA - UMTS terrestrial radio access

GPRS - General Packet Radio Service UTRAN - UMTS terrestrial radio access network

Xympa 16: Ov Aertovpyieg owayeipiong Tov QoS ywa 1o User Plane

Aerrovpyia Avtieroiynons - Mapping Function

H Aertovpyia Avtictoiynong avtiotoryel Ta yopaktnpiotikd Tov QoS kabe vanpeciog
OTO SLOPOPETIKA YOPOUKTNPLOTIKA TOV OLOOAMV.

Aerrovpyia Taévounons - Classification Function

H Aegwtovpyia Ta&wvéunong mov vmdpyst oto gateway kot otov UE, 0étet g
TANPOoPopieg OV TPoEPyovTal Omd eEMTEPIKA diKTVLA 1 OO TOMIKOVG O10AOVS GTOVG
KatdAANAOVG dtavAovg vanpecidv UMTS, copemva pe tig anaitioelg QoS g kabe
TANpopopiag.
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dwayeprotiis Ilopwv - Resource Manager

O Awyeprotg [opov eEetdlet eav ot mapapetpol QoS mov &xovv {nmbei and éva
nepleyopevo PDP pmopodv va tkavomomBodv kot dEGUEVEL TOVG OVAAOYOVG OPOLS TOV
dwktHov. O tomkog EAeyyog mopwv cvuPaivel oe KaBe oToryel TOL SIKTVOV, OAANL TO
RNC givar vrehBouvo yia va dtayelpilecat Toug asVPHOTOVS TOPOLS TOV SIKTVOV.

Xeprotijs Kivyong - Traffic Conditioner

O Xeprotg Kivnong mpocappdlet v kivion twv 0£00UEVAOV TOV YPNOTAOV OVAAOYQL
pe to xapoktnpotikd tov QoS mov €xovv ot oyetikoi diawior UMTS. Avtiy n
Aertovpyia vapyel oto UE, otnv gateway kot oto RNC.

3.2 TAZEIZ QOS KAI XAPAKTHPIZTIKA £TO UMTS

3.2.1 Taéeic QoS oto UMTS

Mo va emrevyBel pio 0EMKT KATNYOPLOTOiNGT £QOPLOYDY KOl VINPECIDYV, £XOVV
onuovpynBet opiopéveg kKAdoelg QoS ot omoieg Pacilovtol oTo YOUPOKTNPIOTIKA TOV
EQUPLOYDV KL TV VINPEGUDY QVTAOV.

Y10 UMTS o1 vanpecieg dwaywpilovral o t€coepig TaEe1g o1 omoieg ivon o1 e€ng:
e Conversational

e Streaming

e Interactive

e Background

Kdabe xammyopio opilel méco gvaichntn omv kabvotépnon sivor n kabe epapuoyn
ov avnkel o kdmow TaEn. Ot epapuoyég e 1aéng Conversational, 0nwg givol N
Qov1, glval mo evaicOnteg oty kabvoTtépnon oe oyéon pe eQOPUOYEG TNG TAENG
Background. Ot td&eig Conversational kot Streaming eivot Kot o1 600 vrevbuveg yua
Vv petagopd real-time tAnpopopiag, aArd mo evaicOnt otnv Kabvostépnon sivar n
Conversational. Avtifeta, ot td&eig Interactive ka1 Background éyovv wg xvp1o okomd
v axkepoadTo TV dedopévav. Ovtag Atydtepo evaicOnteg omv Kabvotépnon,
Katéyovv €vo KaAvtepo BER kot ypnoipomolovvion kvpimg yioo epappoyés Internet
oOmwg etvon 1 TAonynomn oto Web, 1o E-Mail, 1o FTP ka0d¢ kot moAhég dALeG YVOOTESG
EQUPUOYES. AVTEC TOL £YOVV LYNAOTEPT TPOTEPALATNTA EIVOL O EPAPUOYES TNG TAENG
Interactive. Ot 14&elc avtég pmopovv vo. katnyopromonbodv ce 600 Katnyopieg
EQOPLOYDOV 01 OTtoieg Elvat:

e Eogappoyéc Ipaypaticod Xpovov (Conversational & Streaming)
e Eoappoyéc un Hpaypatikod Xpovov (Interactive & Background)

3.2.1.1 Ta&n Conversational

H t4&n avt aravtdtor onpepa oty anir miepovia. Kabbg dpmg odnyovpacte o
éva mepBdArov pe €va Lovo mPpOTOKOAAO, aKOUa Kot 1) ThAEpwvia Ba deEdyetan pe
NV ¥pon avtov Kot €16t Ba Exel v popen tov Voice over IP (VoIP) 1 akdpa kot
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TG Pivieo-cvvdudokeync. Kabdg amd tv @Oon tovg Ttétoleg epoppoyés esivor
EQUPUOYES TPAYLLATIKOD YpOVOL, Ol XpOvol petddooong Oa mpémel va eivan pikpot. Eav
dev ovpPaivel avtd dev Ba gipacte og BEon va €yovpe po TPOYUATIKY] GUVOUIALQL.
Emiong o1 014popec poég dedopévav (Onwmg eivar Yoo Tapddetypa 1 por| Tov MOV Kot
™G €KOvoc) Ba mpénet va glval YPOVIKE GUGYETIGUEVES KOl VAL EIVOL GUYYPOVIGUEVEG.
Ot peydrot ypovol kabvotepnoelg 0ev gival amodekTol 6e oVt TNV TAEN, KOODS KATL
této10 B oNpave dpapatikny vroPdduion g TotdTTOC, N omoia Oev givol OmMOdEKTH
amd TOLG TEMKOVG YPNOTES. LTV TPAYLATIKOTNTA, N KaBvotépnon Oa tpémet va givorn
TOAD To PIKpn amd avtn ¢ tééng Interactive.

Xvvoyilovtag, o1 KHplot 6TOYOL AVTNG TS TAENG Elva:

¢ H dwucpdAiion Tov ¥povikov GUGYETIGUOD HETAED TV POV OEOOUEVOV

e H eyydnon youning xabvotépnong

3.2.1.2 Ta&n Streaming

H t4&n Streaming avtiotolyel 6 poég 0E00UEVOV TPAYLATIKOD YpOVOD, OTMG Eivorl ot
poég Nyov 1M Pivteo. TIa mapddetypo avagEpeTor 6 PAPUOYES OTMG 1 aKPOOoT
HOVLGIKNG HEGM OIKTVLOV 1) M TopaKoAoVONoN wa Toviag. H por| tov dedopévov gival
avt amd évav eEumnpenTy] TPOg €va XPNOTN oL £xel (NToEL TV avticToym
vmpecia. ‘Etor 1 emkovovia eivar oyedov povodpoun kabmg Exovpe eAdyotm
aAAnAenidopaon petald tv 600 TEMK®OV dKpwV. XNV TpAEn 0 eELANPETNTIG OTEAVEL
Ta OedoUEVOL KOL O ¥pNoTNG mpoPaivel o eAAYIOTEG EVEPYELES OTTMOC &lval M amAn
EMAOYN NG VANPECING, TO «Thymuo» TG Kot 1 avamapaymyn ts. Etotl oev égovpe
peydan {nmon v yapnAn kabvotépnon, Taporlo wov vt givon Tavtote emBount.
Mo o epoppoyn 6mwg eivor  mapakolovdnon pog towviag, pion pon pumopet vo
ocvumepthapfavel dtapopa ototyeia, Kabmg eivar dvvatr 1 xpNoN SPOPETIK®OV VTTO-
pPOBV MGTE Vo HETAPEPBODV YWPIOTA O NYXOGC, M €dva Kot ot vrotitiol. [ va
emrevyfel Opmc n opbn| avamapaywyn oTov TEAKO TOpaANTTN TPEMEL Vo LILAPEEL
GLYYPOVIGLOG OAOV VTGOV TOV oTolElmV Kot €tol dmuovpysitor n avdykn yuo
xPOVIKT cuoyétion petald twv podv. 'Etol o kiplog okomdg pia tétotog tééng eivat:

e H gaocpdon g ypovIKNG GLGYETIONG LETAED TV OVTOTHTOV LG POTG.

3.2.1.3 Ta&n Interactive

2y téén avutéc avikovv OAeC ekelveg Ol EQOPUOYEG OV AmalTOvV OAANAETIOpOOT
HETOED TOL EELTNPETNTY KO TOV ¥PNOTH, OT®G glval 1 TAonynon oto Web 1| d1popeg
On-Line ovvoriayés. Emiong mepilopfaver kot epappoyés Omov  vrapyet
OAANAETiOpOOT HETOED HUNYOVOV, OTMOC Yo TAPAOELYHO T OOPKNG OVOVEMON
otoyelwv and v Pdon dedopévmv evoc dAlov pnyavipatog. Ot KOpleg evépyeleg
BaciCoviar 6toV UNYaviopd EPMOTAO-ATOKPIGEMY, Kol £T61 o1 ¥pdvol petddoong Bo
npénel va. givor ovvropol. Otav yiveton pa aitnon éva ypovopetpo tibeton oe
Aertovpyio kKou mepipévetl v amdvinon. ‘Etol 660 pikpdtepog givar o xpdvog avtdc,
1660 KaAOTEPN glvar 1| TpocPepopevn modtta. Eniong avt n téén dwceorilel v
aKepalOTNTA TOV dedOUEVOV. ZuvoyilovTag, To KUpLo xapaknpliotikd QoS g 1aéng
avTrg elvat:

e H eyydnon pkpav xpovav petadd g epdTOoNG Kol TG OmOKPIoNG

¢ H dwopdiion g axepatdTNTOg TOV dES0UEVOV
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3.2.1.4 Ta&n Background

2g oUTNV TNV TAEN AVIKOLV EQOPLOYEG LETAPOPAS dEdOUEVEOV OTtmG eivar o Email, ot
petapopés FTP, to SMS, toMMS, ktA. H povadikn amaitnon g taéng avtg ivor n
SLGOAAOT] TNG AKEPAOTNTOG TV OEdOUEVAV, KOOMDG OAEG 01 AALEG TAPALETPOL dEV
glvar onuavtikes. 'ETot 0 KOP1lo yopaktnpiotiko g tvat:

¢ H dwopdiion g axepoatdTnTog TOV d£d0UEVOV

1 Conversational - Aroopalion ypovikns Voice over [P - Hapnho jitter
TUTYETIONS peTall Ty Video conferencing - Haunin
OVIOTH TV [t POnS KauoTEpT o
- Baotsuévo oty avriigymn
O ¥PHGTY
- Ipayuanwds Xpovog
2 Streaming - Mogpdiicn ypoviEng Eeal-time video - Xounio Jitter

ouoyETIONS LeTalt Tov
OVIOTH TV Ui poNg
- Ipayuanwds Xpovog

3 Interactive - Kabopiouéve Opua Web browsing - Haunin
Amdrpionc Database retrieval e oTEpT o)
- AoT@alisT aKepald T TS Foundirip
Gedopevay - Xepnis BER
4 Background - Alpo@aiion aKepad T TeS Email - Xapnas BER
dedonevary File wansfer

ivaxoeg 1: Ovtagerg QoS oo UMTS

3.2.2 2nuavrtikég IHapauctpot yia to QoS

Ot o onuavTIKéG TapAUETPOL TOV eMNPedlovy TOV ¥PNOTH, O 0TOI0G Eival 0 KPITNG
Tov TpooPepopevovr QoS, eivar m kabBvotépnorn, To jitter Kot M OTOAEW TOV
dedopévov. Avtég ol mapauetpot, poll pe GAdeg OTmC eivar o eyyonuévog pvOuog
petdooons, o péylotog puiudg petdooons KT, €ivar ovTég TOv S10POPOTOIOVV TIG
téEerg QoS ko kabopilovv ta dapopeTikd mTpoPik QoS oV TPOCEEPOLY Ta dIKTLA.
[Mopakdtom akoAovBel pro pKpn TEPLYpOPn TOV TOPAUETPOV QVTAOV.

KabOvotépnyon (Delay)

H mopdpetpog avty givor o ypoévog HETOED MOG EVEPYELNG TOL YPNOTN KOl TOL
amoteléopatog ovtod. Ov youniol ypdvol KaBLGTEPNONG ONUOIVOLYV  VLYNAES
TaYOTNTEC GLVOALOYNC EVD Ol LEYAAEC KOBVGTEPNGELS VITAPYOLY KUPIMS GE LETOPOPES
dedopEVMV, OTIG OTOoleg OeV LOG EVOLAPEPEL 1) TOXELD LETAPOPA.

Jitter

To litter eivor emiong yvwotd g dwaomopd kabvotepnoels. Ileptypdesr TovG
HETAPANTOVS YpOVOLS APIENG TOV TOKETOV GTOV TOPOANTTN, TPAypo mov elval
W0UTEPO  EVOYANTIKO YOO  OPICUEVEG  VLANPECIEG  TPAYUATIKOD  ¥pOVOL KOl
KatomoAepdTol pe tnv xpron texvikov buffering techniques, o1 onoieg e€akeipovv 10
QOVOLEVO QVTO.
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Anwiera Ilypopopiag (Information loss)

Me tov 0po aVTO TEPLYPAPETOL TO TOGOGTO TOV OEOOUEVAOV TOL OEV TOPASIVETOL 1)
mov mopadivetor £xoviag OUmG oeAApata. Ymapyovv moAAioi odyodpiOuot mwov
TPoomafovy vo 010pODdCGOLV T TPOPANUATO ATMOAELNG OEOOUEVMV, OAAG OVTO OEV
elvar movta eQktd. E@appoyés 6mwg 1 petogopd apyelov omoutodv UNoEVIKY
ATOAELD OEOOUEVOV, VD GAAEG OTWG Yoo mopdoetypua M petdooon Pivieo, eivon
OVEKTIKEG PLEYXPL KATOL0 omMLEiO.

3.2.3 IHapauerpor QoS

Ot mopapeTpot Tov givar onuavtikég yuo tnv end-to-end IMowdta Yanpeoiag o éva
diktvo 3G cuvavtiovvTal GE TEPIGTOTEPOLG TOV VOGS O100A0V. 'ETot 1 k40e epappoyn
€xet d1apopeTikég TapapéTpouvs otov diawio UMTS, dwagpopetikéc otov Radio Access
Bearer (RAB) kol dwgpopetikéc otov Radio Bearer (RB), xafdg ta dedopéva
TUYYAVOLV JLAPOPETIKNG AVIILETOTIONG G€ KAOE KOUUATL TOV S1KTHOV.

3.2.3.1 UMTS Bearer
Ot Iapdpetpor Yanpeoiov UMTS Bearer givon ot €€ ¢:

Traffic class (class)

[Teptéyer v téé&n omv omoia avhkel M epoppoyn (conversational, streaming,
interactive, background)

Maximum bit rate (kbps)

H napdapetpog avt deiyvel tov péyioto dvvntikd puud petddoong kot Aapfaveron
VT’ GYIV Yo TV OEGUEVOT) TOV TOPWV TOL OIKTLOV. BETEL éva v Op1o TayHTNTOC, TO
omoio amayopevETAL VoL LITEPPEL 1] EPAPLLOYY].

Guaranteed bit rate (kbps)

To wbt® Opo O6cov apopd tov puOUd petddoong Kot givor TOAD ONUAVTIKY
TAPAUETPOS OGOV aPopd Tov punyovicpd EAéyyov Amodoyng kincewv, Kabmg umopet
va Bpebet apéomg ebv vTéPYOLVY GTO HIKTLO Ol EAGYIOTOL ATATOVUEVOL TOPOL Y10 TNV
{ntoduevn vmpeoia.

Delivery Order (y/n)

KoaBopilel edv emrpémeton 1| 6yt n mopAadocn ToKETOV e Tuyoio oelpd.

Maximum SDU size (octets)

KaBopilel to péyioto péyebog tov SDU, 10 omoio Aapfdverar v’ oyv otov ‘Eleyyo
Amodoync.

SDU format information (bits)

To mBavo péyebog twv SDUs mov Ba petadobovv amd to UMTS.
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SDU error ratio

KaBopiler to 6p1o v ta AavBacuéva SDUs. Avti 1 TopAUETPOS YPTNOLUOTOIEITOL
amo To TPMOTOKOAAN KO TOLG UNYXOVIGLOVG d10pBmacelc Aabdv, dote va. emtevydel To
aroutovpevo BER yia tic {ntovpeveg vanpecieg

Residual bit error rate

Ynodewvoet Tov pubpod pn aviyvedoipov Aabov ota mapadopéva SDUS.

Delivery of erroneous SDUs (y/n/-)

Avt n mapapetpoc kabopilet ebv emtpéneton 1 Ot N wapddoon SDUs wov mepiéyovv
AGO1. Me v ypnomn avtg g tapapétpov kabopiletal edv po vanpecio amottei vo
yiveton Eleyyog AaBdV Kat To €4V gival aVEKTIKN 1] OYL TNV OTOAELD TANPOPOPIOC.

Transfer delay (ms)

H mopdpetpog avt xabBopiler v kabvotépnon vy 10 95% 1ng ocvvolkrg
kabvotépnong tov moapadopéveov SDUs koatd v owbpkelo piag kAnone. Mg v
Bonbeia avtng g mopapétpov to UTRAN pupmopel va kabopicer 10 mog Oa
petapepBovv ta dedopéva MOTE va ival LEGO 6TO ATOdEKTA OpLo KABLGTEPTOT|G.

Traffic handling priority

KaBopiler v mpotepardotnta twv SDUs piog vanpesiog mov avikel og éva diocvAo,
oe oyxéon pe awtd aAlov Swwiwv, £tor ®ote 1o UTRAN va eivon oe Béoel va
yvopilel To TOC TPEMEL VAL YIVEL O YEPIOUOG TNG Kivnong. Avtn M TopaueTpog eivan
ndpa oAy onuavtiky 6cov agopd to QoS Kubmg pmopel va drapopomotel Tovg
Olapopovg xpnoteg pe Paon ta dtapopetikd tpopil QoS.

Allocation/Retention Priority

KabBopiler v oyetikn] onuovtikdétnta o€ oyéon pe toug aAlovg dtowiovg UMTS.
‘Etot 6tav yivetar o 'Edeyyog Eic000v 6g mepmtdoeElg U ENOPKOV TOP®V, TOTE LE
Bdon oavty ™V TOPAUETPO Ol MO ONUAVTIIKOL dlowAol €xovv mpotepondtnTa. H
dNpovpyio SPOPETIKOV TPoPiL e BACT TNV GLVOPOUN EYEL ONUOVTIKO pOAO OGOV
aQopa TNV TOPAUETPO OVTH, KOONDS OTTMOC £lval QUOIKO 01 YPNOTEG LE TEPIGCOTEPO
KO UATO TOTOOETOVVTOL GE SLOAOVG, O1 OTTOI0L £XOVV UEYOADTEPN TPOTEPALOTNTO
oe oyéon pe toug GAAovc. H mapduetpoc ARP Paciletor oto0 cvvopountikd
SLUPBOAAO TOL ¥PNOTN Kot dEV €ival SOTPAYHOTEVSIUN OO TNV TEPUATIKT] GUGKELN.
O mapdpetpor ARP givan drapopetikég otoug dtoviovg UMTS oe oyéon pe to RAB.
‘Etot ot ovvoprakoi kOppot tov diktvov koppov, dniadn to MSC kot to SGSN,
TPEMEL VO, TAPEYOLV  avTIoTOLYIoN peTaEyL Ttov moapauétpov  ARP kot tov
TPOTEPOULOTNTAOV TOV YPNOTAOV.
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1 (highest priority)
2

CS ARP N

3 (lowest priotity)

1 (highest priority)
PS ARP 2

3 (lowest priority)

ivakog 2: Eyyeypoppévn mapaperpog APR oto HLR

Inuavikég [apdaperpor yio kdbe Taén sivon o1 e€ng:

Taén Conversational class

H t4&n Conversation Oswpeiton o¢ pio pn ekpnktikn téén. To Maximum bit rate
kaBopilel To v dplo tov puOov petddoong Twv SDUs oto diktvo UMTS. Tap’ 60
avtd o puOudg petddoong dev gival vmoypewpévog va vrepPaivel to guaranteed bit
rate. H mapdpetpog transfer delay eivat moAd onpovtikn yio v td&n oty to idto Kot
n SDU format information. Edv m tehevtaio dev divetar, tote 100 SDUs givon
petapAntov peyébovg pe avatato 6pro avtd mov kabopiletar and v TOPAUETPO
Maximum SDU size. Ot dAheg mopdpetpot, Onws to SDU error ratio, To Residual bit
error ratio kot to Delivery of erroneous SDUs kaBopilovv Tic amotthioelg g
EQOPLOYNG Y10 L0l ATOJEKTY| TOLOTNTAL.

Taén Streaming class

To Maximum bit rate kot to guaranteed bit rate £yovv to 1610 vomua dnwg Kol otV
Té&N conversational kot ypnoipomolovvion yia dEGUELST TOpwV oto diktvo UMTS. H
TAEN avT) elvor Kot QUT PN EKPNKTIKY KOl VIAPYEL Kot €0® 1 mopduetpog transfer
delay. Ot dAAeg mapdpetpol mov eivon Tapovoeg Ko otnv TN conversational sivot
Kot €00 mapovoeg Ko To maximum SDU size eivar avaykoaio, oAAd otV mepintwon
otabepav oe péyebog SDUs, n mapauetpog SDU format information Ba ddocel 10
axpiPéc péyebog twv SDUs. AAlot mapdpetpot 6nwg to SDU error ratio, to Residual
bit error ratio kou to Delivery of erroneous SDUs kaBopilovv Ti¢ amoutioel 6Gov
aPOPA TNV ATMOAELL TANPOPOPIOGS.

Taén Interactive class

[Ma tov mepropiopd ™e TaydTTOC TOV EPAPUOYDOV EIVOL OTAPOITNTN 1 TAPAUETPOS
maximum bit rate. H mapoyn dapopetikdv exdocemv QoS dGTE va 1kavomotovvTol ot
OTOLTIOELS TOV XPNOTOV, AmoTel amd TOLG TOPOYEIG LVANPESIOY TV dNUovpYia
TOAA®DV GUVOLAGUMOV TOPAUETPOV ®OoTE Vo PpeBodv ot KatdAiniot yioa tov ke
dtowAo. Avtd pmopel va yivel pe ypnom mopapueTpov OTmg eivat to guaranteed bit rate,
to transfer delay, 1o packet loss ktA. Emedn avt) m Avom eumepiéyel peydn
moALVTAOKOTNTO. Ypnotponoteiton M wapduetpog traffic handling priority. Onwg
emmOnKe TPONYOLUEVOS 1 €EACOAAON TNG OKEPOLOTNTOS TNG TANPoQopiag eivor
TPOTAPYIKDOG GTOYOG KOl £TGL 01 TOPAUETPOL TTOV EYOVV PEYAAN onpacio eivar to SDU
error ratio, to Residual bit error ratio ko to Delivery of erroneous SDUs.
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Tdény Background

Mo po okdépo @opd 1 mopdueTpog maximum bit rate eivor oavaykaio ®oTe vo
nepropiletan n taydINTO KoL var unv €xovpe oAdylotn déopevon topwv. Enedn n 1aén
aUTH OEV EVOLOPEPETOL TTAPA LOVO Yo TNV UETAO0GT TANPOQOPIOV Y®Pig AabT, ot
puoveg ahdeg mapapetpot mov givar ovaykaieg givar o SDU error ratio, To Residual bit
error ratio ko To Delivery of erroneous SDUs.

2TV TOPUKAT® TIVOKO OIVETOL LKL GUYKEVIPOTIKN OYN TOV TOPAUETP®V OVAL TAEN:

Maximum bit rate X X X X
Delivery order X X X X
Maximum SDU size X X X X
SDU format info X X
SDU error ratio X X X X
Residual bit error ratio X X X F
Delivery of erroneous X X X X
SDUs
Transfer delay X
Guaranteed bit rate X X
Traffic handling priority X
Allocation/Retention X X X X
priority

Mivaxog 3: Mapaperpor yio to UMTS Bearer

"'“"‘;&“p;“ rate <2048 <2048 <2048 -overhead | < 2048- overhead
Delivery order Yes/Mo Yes/Mo YesiMo Yes/Mo
““"’:;"t;g“ SIZE 1500 or 1502 <=1500 or 1502 <= 500 or 1502 <=1500 or 1502
SDU format
information
De"“""s“éﬁg“"e"“s Yes/Nol- Yes/Nol- Yes/MNol- Yes/Nol-
Residual BER 5102 102, 5110~ | 5°102, 102, 5*10- | 410-3, 105, 6*10- | 4103, 105, 6*108
3,10-3, 104, 10-6 | 3,103, 104, 10- )
5 10-6
SDU error ratio 102, 79103, 103, | 101, 102, 79103, | 103, 104, 106 0.3, 104, 106
10-4 , 10-5 10-3, 104, 10-5
100 — maximum 250 — maximum
Transfer delay (ms) value value
G“am'{‘ifp‘;;‘“ rate = 2048 = 2048
Traffic handling 23
priority -
m'“““ﬁ%’gﬁﬁemm" 123 123 123 123

ITivakag 4: Opra Tip@v TapapéTpov e e vanpecieg tov UMTS Bearer

3.2.3.2 Radio Access Bearer

Ot Topdpetpor Yrnpeowowv tov Radio Access Bearer eivon {00t pe owtovg yuo 1o
UMTS Bearer. Emnpoceta vdpyet kot 1 €ENG mopdpetpog:
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Source Statistics Descriptor (“speech”/”’unknown”)

Avt N mapdpeTpog kabopilel tov THmO TV dedopuévev mov petapépeton ota SDUS.
Eneidn n oovn €xel o mépo ToAD YVOOT OTATIGTIKY] CUUTEPLPOPAD, 4V TO dIKTLO
elvan o€ Béom va yvopilel 6Tt To 0E0UEVO TTOV LETOPEPOVTAL EVOL P®VY|, TOTE UTOPET
va vroAoyiotel 10 képdog moAvmAe&iog To onoio Ba ypnopwonombei yio tov ‘Edeyyo
E160000 610 0l60ppH0aTO KOUUATL TOV SIKTHOV.

Inuavtikés [oapdpetpot yio kaOe Tdén eivar o e€ng:

Taén Conversational

Me v ypnon tov source statistics descriptor to UTRAN eivotl og 0éom va vmodoyicet
10 KEPOOG TOAVTAEEI0G GTO AGVPLOTO KOUUATL KOt OV TO XpNGLomooel 6tov EAeyyo
Eio660v. To Maximum bit rate kaBopilel to péyisto pvbud perddoong, Kabmg T0
guaranteed bit rate 8¢tel 10 katdTato Opro. IMapdaperpor dnwe to SDU error ratio, to
Residual bit error ratio kat to Delivery of erroneous SDUs kaBopilovv Tic amaitnoelg
MG EKACTOTE €QUPUOYNS Y Tov puBud Aabdv. Me v ypnion ovtdv tov
nmapapétpov, o UTRAN umopel va mapéyel éleyyo Aabav 1 Oy, avdioya pe Tto
aitnpa TG EQOPUOYNG Kot aVTO Umopel va yivel o€ 014popa EMITEdA TOV PODV, DOTE
va €govpe po avion mpootocio Aabov ot kdbe RAB kol €161 va mpoceépetan
drapopetikd QoS avdroya pe Tov meAdn. XNV TepinTOomn avtn givor amapaitnTn Kot
n mopdpetpog SDU format information kaBag ta dedopéva vdpyovv ce dvica SDUSs
oT1S poég Ko €tat pmopei va Ppebet mowa SDUSs avrjkovv 6e oo ypnot.

Taén Streaming

Axpiog 6mwg omv 1aEn conversational, edv to RAB petapéper owvny, 101€ 1
mopapetpog source statistics descriptor ypnoiponoteiton andé 1o UTRAN ywoo tov
vroloyiopd tov k€pdog moivmietiag. To Maximum kot to guaranteed bit rate éyouvv
70 1010 VONUa TOV £Y0VV Ko 6TV Taén conversational kot EMOEKVOOVY TO TAOG TPETEL
Vo yepLotel kavelg Tov pulud peTddoons Kol T0 MG TPEMEL VO, AVTIGTOLYOVV GTA
owapopa. SDUs mov avaeépovior and v mapapetpo SDU format information.
[Mopdapetpor dmwg eivon to SDU error ratio, to Residual bit error ratio kot 1o Delivery
of erroneous SDUs xkaBopilovv TIC omoTnoES Y100 TNV OMOAEW TANPOPOPING Kot
dtvouv 010 UTRAN v wavétra va moapéyet éaeyyo Aabdv éva 1o embBopet n
EQUPUOYT OALA Kol VIGO YEPIoUO TG TPpooTaciog dedouévev oto RAB.

Taén Interactive

[Mo va emrevyBel n 0 TEPLOPIGUOG TG TOYVLTNTOS LETAPOPAS YO TIS EPAPLOYES elvor
amopoitnTn N TOPAUETPog maximum bit rate. Emiong yio v duvatdtnta Tpocpopas
SlpopeTik®V  €Kk00cemV QOS KOl YL TNV 1KOVOTOINGT TV OTOLTNCE®V TOV
opopeTik®v  wpoPik QoS pmopodv va yivouv moAhoi cvvdvacpoi pe Paon
TapopéTpovg Ommg elvar to guaranteed bit rate, to transfer delay, to packet loss KTA,
oL AOGY® TIC pHeYOANC TOAVLTAOKOTNTOG yYpnolponoteiton 1 mwapduetpog traffic
handling priority. Onwg avaeépnke mponyovpéveoe 1 daTpnon TG OKEPULOTNTOG
™G mAnpoopiog elval KATL TAPO TOAD ONUOVIIKO KOl €TGL 1 TOPOVLCio TV
napapétpov SDU error ratio, Residual bit error ratio ko Delivery of erroneous SDUs
glvon arapaiten.
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Tdény Background

H mopdpetpog maximum bit rate ypnoipomoleiton akopo Ho opd Yol TOV TPOOPIGHO
Tov peyiotov pvOpov petddoomns. Emiong vmoypemtikn eivar m moapovoio TtV
nmapapétpov SDU error ratio, Residual bit error ratio kot Delivery of erroneous SDUs
KaBdg TO0 KOPLO UEANUO TOV VANPECUDV TOL OVAKOLV oTnv TA&n oavtn sivor n

dlTNPNON NG AKEPALOTNTOS TNG TANPOPOPTOC.
Oleg avTtég o1 TOPAPETPOL PAIVOVTOL GUYKEVIPMTIKGE GTOV ETOUEVO TIVOKOL:

Maximum bit rate X X X X
Delivery order X X X X
Maximum SDU size X X X X
SDU format info X X
SDU error ratio X X X X
Residual bit error ratio X X X X
Delivery of erroneous X X X X
SDUs
Transfer delay X X
Guaranteed bit rate X X
Traffic handling X X
priority
Allocation/Retention X X X X
priority

Mivakog 5: Mapapetpor yio 1o Radio Access Bearer

Maximum bit rate
= 2048 = 2048 = 2048 - overhead = 2043 - overhead
(kbps)
Delivery order YesMo YesMo Yes/MNo YeziMo
Maximum SDU size _ - _ _enn i _
(octets) :=1500 or 1502 :=1500 or 1502 <= 500 or 1502 :=1500 or 1502
SDU format
information
DE"VEWS"[ES;“’"E““ Yes/Nol- YesiNoi- Yes/Nol- Yes/Mal-
Residual BER 5+10-2, 10-2, 5*10- | 5*10-2, 10-2, 510 | 4*10-3, 10-5, 6*10- | 4*10-3, 10-5, 6*10-
3,10-3, 104, 106 | -3, 10-3, 10-4, 10- a 8
5, 10-6
SDU error ratio 10-2, 7+10-3, 10-3, 10-1, 10-2, 7%10-3, 10-3, 10-4, 10-6 10-3, 10-4, 10-6
10-4 ,10-5 10-3, 104, 10-5
Transfer delay (ms) 80 — maximum 100 — maximum
¥ value value
Guaranteed bit rate
<2048 = 2048
(kbps})
Traffic handling 123
priority e
Allocation/Retention -
priotity 123 123 123 123
Source s@atlstlcs Speechiunknown Speechiunknown
descriptor

Mivakag 6: Opra TIpNAOV TOPapETPOV Yo TG VA pEcies Tov Radio Access Bearer

3.2.3.3 MMapaperpor Yanpeorowv IU kar CN Bearer

To Iu Bearer pali pe tov @uowd diowdo eivar vrebBvvo yioo TV HETOPOPE TV
oedopévov peta&d tov CN kot tov UTRAN. Edv €xet yiver emloyn tov IP, tote Bt
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ypnoonombei to oyfua pe T Atapopomomuéveg Yanpeoieg. Edav €xetl emAeyel 1o
ATM, 16te 1 ovvepyoaoia pe 115 vanpeoieg [P Ba Paciotel maAl omv apyn tov
DiffServ. T'a va dwoeolotel 10 end-to-end QoS, 0o mpémer vo yiver o
OVTIGTOTYNOT TO®V SUPOPETIKAOV TAEEMV LINPECIOV PETAED AVTOV TOV TEXVOAOYIDV.

3.3 IIAPAMETPOI QOS I'lA XYTKEKPIMENEX
YIHPEZIEX

[a va givar og B€on Kaveig vo €peVVICEL TIG TAPAUETPOLS OV TapEyovy Tlodtnta
Ymnpeoiag oe éva oliktvo UMTS 0o mpémer va emkevipobel o€ opiopéveg
OLYKEKPIUEVEG VIMpecieg ot omoieg Bewpovvian wg Paocikés. To mAnbog twv
VINPESIOV oL Ba TpospepBohv pe v Evapén tov 3G Ba givor meplopiopévo, aArd
Ol VANPECIEC OVTEC OVOUEVETOL VO Yvopicovy peydAn emtuyio kot o elval ot
TpomouTol Yo TIG Endpeveg vanpeciec. 'Etol Aowmdv pia aviAlvon Tov mopauéTpov
QLTMOV TOV VINPECIOV EIVAL ATOPOLTNTY.

2T MOPOKAT®O  TOPOYPAPOVS  EMXEIPEITOL IO OVAALOT TOV  OTOLTOVUEVEOV
TOPOUETPOV Y10, TIG VAN PEGieg avTéS. Ot TapApeTpol Tov TopadéTovtal Aapupdvouy Tig
kaBopiopéveg TIREG o1 omoieg Ba TPooPEPOLV Eva amodekTd eminedo moldTNnTaG XWPIg
va £0vTAOVV TOVG TOPOVS TOL dkTHOV. OT™G Elval PUGIKO, 6TO LEALOV O TILES OVTEG
TOV TOPAUETPOV EVOEYETAL VO OALAEOLV, KAOMDG Ol ETEVOVOEL GTNV SIKTVOKT VITOSOUN
Bo avénoovv v dvvaTdTNTO TOL OIKTVOL KOl £Ttol Oa glval dvvaty 1 TPOGPOPA
KOAAVTEPNC TOLOTNTOG,.

H odudkpion tov ypnotdv oe olapopetikd QoS mpopid 0étel ta dave Opla TtV
TapopéTpv og Kabe vanpecio. Onwg avapépOnike TPonNyoupEVMG, O EYYUNUEVOG KOt
0 péY1otog puOpdg petadoong dev Ba eivar o 1d10¢ Yo GAOVE TOV GLVIPOUNTES, KABMG
plo térola mpdln €pyeton o€ avtiBeon pe TV GLAOCOPIN TG KATNYOPLOTOiNoNg Tmv
YPNOTOV pE Pdon v owkovoulky] tov cvvopour.. Ouwg 1 odkpion ovtny Kot o
avtictoryog Kabopiopdsg tov mapapétpov RAB glvar o moAdmhokn dtadikocion yio
t0 dikTvo 1M omoia elval OuwG avaykaio. Xe Evav Tétolo kabopiopd Ba mpémer va
ANeBoHv v’ Gyv Kot 01 SLVATOTNTES TOL SIKTVOV OALY KOt 01 TOPOL TOV.

Xvvoyilovtag pmopovpe vao modue 0tL 0 kabopiopdg towv mapauétpov RAB eivar pia
onUavTiKy Tpdén v 10 4iktvo KabdG eivan éva xpnolo epyareio mov mopEyeL Tig
aropaitnreg ypappés méve ot onoieg Bo mpémer va kwvnbel to dikTvo Yo TOV
KaBoplopd TV TOPUUETPOV TOV UEALOVIIKOV vmnpecudv. Etol ota emdueva
Ke@Ahlota mapovotdletar €vag Tté€tolog kabopiopdg yuo kabe vmnpecia, o omoiog
pmopel va AneBel v’ Oywv katd TV Odpkel TOL pEAAOVTIKOD KaBOPIoHO
TOPOUETPOV. ZVYKEKPLUEVA OVOPEPOVTAL O TAPAUETPOL Yia. TG EENG LN PEGIES:

e ®wv (Voice / Rich Voice)

e Bivteo-Tniepwvia (Video Telephony)

e Bivteo-Xvvdudokeyn(Video Conference)

e Multimedia Messaging Service

e Eoappoyég Pong [Hoivpéomv (Media Streaming Applications)
e Content Download

o TIp6cPaomn oto Internet ko [TAonynon
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e Etopwr| [IpdcsPacn (Corporate Access)

3.3.1 DPwvny (Voice/Rich Voice)

H o¢ov oto onuepwvd 2G diktva peta@épetor He TNV ¥PNoMN TN UETAY®YNG
KUKAOMOTOG. AVTO pmopel vo cvveyotel ota peAhovtikd diktva 3G oAb kobdG
petafaivovpe oy gnoyn tov KaBoiwov IP Ba kupropynoet n petaywyn mokéTov Kot
N eovn Ba Ttpoceépetan mave and to IP (VoIP). Avti n Aon npoceépet peiowon tov
€€V 10060 Y TOLG TaPoyElg OGO KOl Yo TOVG YPNOTEG OUMG HEYPL CNUEPO
VILaPYOLVY aPKETA axoun TpofAnpoto to omoia oyetiCovtal Kupimwg pe v motoTNTA
NG POVNG Kol TNV KOBVOTEPNON GTNV LETASOCN TOV POVNTIK®OV TOKETWOV.

[ToAAé amd avtd ta wpoPfAnuata Bo AvBobvV pe TNV ¥PNGILOTOINGT TOV ETEPYOUEVOL
IPv6, opmc péypt tote Ba mpémel va yivouv moAld dote va kobiepwbei to VoIP wg n
emkpatéotepn HEOodoC petapopds eoving. H povntikn vanpecio avikel 0nwg sivor
evowd oty 10EN Conversational kot Qo mpémel vo tkovomolel TG AMOLTNGELS TOV
Bétel M TaEN avt) ko givon M xopunAn Kabvotépnon Kot 1 EANYIOTN £0G UNOAIVI
eupavion jitter. O kKwdkomomntng Pvig mov &xel emheydel and v 3GPP yw 10
UMTS eivar o AMR (Adaptive MultiRate). O pvBudg kwdwomoinong pmopet va
Swpépet petadd 4.75 wan 12.2 kbit/s, o omoiog eivor o pvBupog tov GSM-EFR. H
VrooTPIEN  moAlOTAGV  pvOu®dv Ttov yopoktnpiler ¢ multirate AMR. O
Kodwomomtng avtdg Asttovpyel pe frames tov 20 ms frames oty cvyvotta
derypatoanyiog tov 8kHz kot extipdrar 6tt Oo givor Wdwitepa SNUOPIANG OTIg
epapuoyés VolP. Xe oyéon pe tovg maAodtepovs kmdwonomtés GSM ot omoiot
Aetrtovpyovoav og Evav otabepo puud pe éva otabepod eminedo npootaciog Aadmv, o
AMR, o omoiog £xet éva evieA®G VED TPOTO KMOKOTOINGTG GE GYXECN LE AVTOVG TOV
vrdpyovv 6to GSM, pmopet va TpocapprdleTor 6TIG GLVONKEG TNG TNAETIKOIVOVINKNG
kivnong. To 61t eivon BaBpmTog elvar évo peydho TAEOVEKTNLLO KO £TCT O1EVKOADVETOL
N ovvepyaocia pe ta vrdpyovta 2G diktva, kabmng 0 AMR propel va Adfel Tov puBuod
Aertovpyiog kéBe cvomuotog moAd ypryopa. H Aesttovpyla otov minpm pubud
YPNOLOTOIEITOL OTAY VTLAPYOVV KOVOAL LE EAdyloTa AAON evd 1 Agttovpyio. oTOV
péco pubud ypnotpomoteitar dote va owENBel N y@PNTIKOTNTO TOL OIKTOLOV GE pia
nepoyn. Ot emdpevor mivaxeg delyvouv tovg dabécyovg puBpovg Kot To moca bit
eumepiEyovrol o kabe frame oe kéBe pvOUO.

22 6.70
kbits/s kbits/s
10.2 3.0
Full-rate kbits/s kbits/s
7935 3.15
kbits/s kbits/s
7.40 4.75
kbitz/s kbitz/s
7.05 3.90
kbitz/s kbitz/s
Half- 7.40 3.15
rate kbitz/s kbitz/s
6.70 475
khits/s khits/s

ITivaxag 7: AMR bit-rates
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2.2 kbit's 244
10.2 kbit's 204
7.05 kbit's 159
7.40 kbit's 148
6.70 kbit's 134
5.00 kbit's 118
5.15 kbit's 103
4.75 kbit's a5

ITivaxac 8: AMR bit allocation

To AMR vroompiletr emiong v un ocvveyouevn petdooon (DTX). Me Bdon 1o
OTOTIOTIKO YEYOVOS OTL KOs dpOUOC peTddoong ypnotponoteitar povo katd to 50%
TOV GLVOAIKOV Ypdvov petddoong, n xpnon tov DTX mopéyet moAhd o@éAn, Ommg
glval  peylotomoinon tov ypovov {ong g protapiog tov UE aAld kot kahdtepn
¥PNOoN TOL acvpUaToL Eacpotoc. H ypnon tov DTX amottel v vmapén optopévav
Aertovpylidv  Omwg elvar mn Avigvevon DPovntikng Evépyewag (Voice Activity
Detection/VAD) xor to Comfort Noise. H gicodog tov VAD eivar éva mAnbog
TOPOUETPOV TOL LTOAOYILeTaL 0O TOV K®OIKomomTh. Ava 20ms To cUGTNUO EAEYYEL
Kot amo@acilel edv to kB frame mwepi€yel 1 oyt ewvh. To Comfort Noise eivar o
Aertovpyia 6mov o B6pvPoc amd 1o background vroloyiletal Kot o1 moPApETPOL TOVL
KOSKOTO100VTOL KOATAAANAQ MOTE VO ATOKM®IKOTOMOOVV GTOV TOPAANTTY).

EmnmAéov o AMR mepiéyet Aettovpyieg avikotdotaong tov youévev frames, £tot
wote 1o kdBe frame wov ydvete va avikadiotdtal amd évo GALo Tov Onpovpyeitol
pécw mPOYyvmoNg POCIGUEVIC OTIC TANPOPOPIES TOL TEPIEYXOVV TO TPOTYOVUEVO
frames. v mepintmon mov €yovpe ammAeleg TOAGV frames, ypnoylomotleital o
TEYVIKT GUYNG.

Ymv Release 5 vmapyer évag mponyuévog AMR mov ovopdaletar AMR-WB
(Wideband AMR) kot moapéyel KaADTEPT TOWOTNTO QOVNG EMEWDN YPNOUOTOIET
duAdoto puBud derypatonyiog Ko Asttovpyel 6e puBUOLG TOL ETAVOLVY PEYPL TO
23.85 kbit/s. H povn petapépetor and 1o CS pe v ypnon tov AAL2. Opwg ot
TEPMTMOGEI TOV EYOVUE TNV QVN og Takéto eoutiog epapuoy®v Omm¢ eivar n
Internet Telephony, t6te ypnoonoteitor to PS koppdtt Tov diktHov Kot 1 HETOPOPA
yivetow pe v ypnon tov AALS. Tw v e€acediion youning kabvotépnong, to
PDUs mov &yovv povntikd dedopéva Aapfavovy pia vymAidtepn mpoteportdotnta. To
emBountd Opro kobvotépnong vy v eovhy eivar to 150ms. Ilap’ O6A° avtd
kabvotepnoelg péxpt to 400ms Bewpodvtol AmodOEKTEG TOPE TOV CYETIKO WEYAAO
vroBifacpod g mowvtntag. To jitter Oa wpémet va etvan Aydtepo amd Ims kot 1 gprion
evog buffer elval amapaitnm. H andieio tinpogopiag Oo mpémet va etvar Arydtepn
an6d 3%. M tomukn tiw] BER yio v oov) givar 1o 10-4. T v dwrrpnon
YOUNANG kabvotépnong kdbe SDU nepiéyetl Eva medio mov ovopaleton source statistics
descriptor kot Aappdver tnv Tiun “speech” gav £yovpe v petadoon emvig. E&attiag
™G KOAQ YVOOTNG OTATIOTIKNG SVUTEPLPOopis TS ewvns, To UTRAN eivor oe 0éom
va vToAoyicel 1o k€pdog morvmAeLiog wote va ypnoyorondel otov Edeyyo Eic6d0v
Y10t TO OGUPUOATO KOUUATL.

O moapaxdTo mivakag divet Tig mapapétpovg RAB yo avty v vanpecio:
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Delive oferoeous

' Yes

SDUs
Delivery order Yes
Traffic class Conversational class
Maximum SDU size 1500 bytes
Guaranteed bit rate for 13 kbps
downlink 4 kbps for older codecs
Maximum bit rate for 24 kbps
downlink
Guaranteed bit rate for 13 kbps
uplink 4 kbps for older codecs
Maximum bit rate for 24 kbps
uplink
Residual BER 10~
SDU error ratio 7%10™ or less for AMR-NB
and AMR-WB
107 for the rest
Traffic handling priority Based on QoS Profile
Transfer delay 150 ms AMR (NB and WB)
Maximum 400ms
SDU format information Not Used
Allocation / Retention Based on QoS Profile
priority
Source Statistics Speech
Descriptor

Mivaxog 9: KaBopropog IapapéTpov voice service

3.3.2 Bivteo-Tyicpwvia (Video Telephony)

Onwg kot n eovn, €tot kot ovth 1 vanpecio aviker oty ta&n Conversational. Kot
oA €xovpe po emKovovia HETaED V0 AKp®V, OAAG VT THV EOPE LITAPYEL Kot
mapovcio Kvovpevng ewovag. Katd v évapén g vampeociog avtig o yivero
xpNon tov TpwtokdAlov H.324M. Avtd amotelel v eEEMEN tov H.324 to omoio
elye oxed1OTEL Y10 TNV TOAVUECIKT TNAEP®VIO GE OIKTLO LETAYWOYNG KUKAMLOTOG TOL
Aertovpyovoav o€ yapnAovg pvBuovg (64 kbit/s). H xopua dtoupopd peta&d tmv ovo
ekoocemV glvar 1 ypnowonoinon tov AMR codec, o onoiog dev vanpye 6TO TOPEADOV
Kot Onpuovpyovse dtaeopa TpoPAnuata kabhg N eovh énpene vo aAldel bit rate
wote va petadobet cwotd. H vanpecio avt) Oa eivor stobéoyun oto CS Koppdtt tov
dktvov Kot Bo ypnolpomoovvTol cLVOECELS Youniov pvBuod 64 kbit/s yio v
petopopd twv dedopéveov. T'a po koA mowdtnrta n Kabvotépnon Ba npénet va givon
pikpotepn amd 150ms. H péyiom dpwg kabvotépnon £xet kabopiotet ota 400ms ko
€161 OTOLOONTTOTE TIUN HkpdTEPN 0md avT Bewpeiton g amodektr). H gwodva Kot o
Nyxog Ba mpémel va cuyypovilovtal péca o OpIoGUEVO OPLOL DGTE VO, ETTVYYAVETOL TO
“lip-synch”, aAMmdg to amotéreopa Oa elval EVOYANTIKO GTOV TEAKO YPNOTN O 0TO10G
TeAMKA Oa TpoTynoel TV xpnon g omAng iepmviag. To 6po avtd kabopiletan
ota 100ms. Emiong, xobnd¢ 10 avBpdmivo patt givol oveKTIKO GE KATOLEG LUKPEG
AMMAELES, EMTPEMETOL 1) OTAOAEW OedopéEVOV va @Tdvel t0 1% TG GLVOAIKNG
mAnpogopiag, omote BER givan ico pe 10-4.

O mopaxdTo mivakag divet Tig Ttapapétpovg RAB yo avty v vanpecio:
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Delivery of erroneous Tes
SDUs
Delivery order Yes
Traffic class Conversational class
Maximum SDU size 1500 bytes
Guaranteed bit rate for &4 kbps
downlink
Maximum hit rate for 384 kbps
downlink
Guaranteed bit rate for 64 kbps
uplink
Maximum hit rate for 384 kbps
uplink
Residual BER 107
SDU error ratio 107
Traffic handling priority Based on QoS Profile
Transfer delay 100 ms
Maximum 400ms
SDU format information Not Used
Allocation / Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

MMivaxag 10: KaBopiopog Mapapétpmv video telephony service

3.3.3 Bivteo-2vvoraorxewn (Video Conference)

H PBivieo-cvvolbdokeyn eivor oty ovoia o vanpecio Pivieo-tniepwviag 6mov
eUMAEKOVTAL TEPIOCOTEPOL amO VO YPNOTEG KOl UTOPOVV va, €xovv OAot pali
tavtoypova pa emkowvovio. H vanpesio avt) avikel oty 14&n Streaming kot £xet
TOPOLOLEG OTOLTNOELS LE 0VTEG TNG Pivieo-tniepmviag. H kabvotépnon dev Ba mpémet
va Eemepvdel ta 200ms. Ztnv apyn n vanpecia avt) Bo mpooepépetar and to PS
koppdtt ota 128kbps aAld ko amd to CS oto 64kbps. Otr avénuévor puvbuoi
petadoons sivar amapaitntor kabmg Eva ypome Bo d€xeton TAEOV TOAAEC poég
kaBdg ommv  ouvoldokeyn Oo  HETEYOLV  TEPICCOTEPOL T®V OVO  YPNOTOV.
[kavomowdvtoc TIC mopAmdve OmOLTGES N TOWOTNTO OGS TETOWG VLANPECIOG
Bewpeitar og woavoromrtiky. BéBata or mopamdve pvBuol perddoong sivor oyetikd
YOUNAOL Kot awTol oV TPOTEIVOVTOL Ad TOVS SLAPOPOVS OPYOVIGHOVG efvar peTad
tov 384 ko 768 kbps. Emiong 0o mpénel va onueiwbei 6t pmopel va vmdpyet po
acvppetpio petad tov uplink kot tov downlink, kabmg o dedopuéva mov Oa
otéhvoviot omd Tov Eva ypnotn Ba etvar caedg Aydtepa and avtd mov B Aappdvetl o

1010¢ ypNoNG.

O mapoxkdto wivakag divet i mapapeétpovg RAB Yo ovt| v vanpecia
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Delivery of erroneous Tes
SDUs
Delivery order Yes
Traffic class Streaming class
Maximum SDU size
Guaranteed bit rate for 64 kibbs for CS
downlink 128 kbps for PS
Maximum hit rate for T68 kbps
downlink
Guaranteed bit rate for 64 kibbs for CS
uplink 128 kbps for PS
Maximum hit rate for T68 kbps
uplink
Residual BER 107
SDU error ratio 107
Traffic handling priority Bazed on QoS Profile
Transfer delay 200 ms
SDU format information Not Used
Allocation [ Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

KaBopiopdg [Mapapétpov video conference service

3.3.4 Multimedia Messaging Service (MMS)

To Multimedia Messaging Service oamotelel €£EMEN NG YVOOTAG LANPECIAG
SMS/EMS kot vépyet 10N oy ayopd. H mpoceopd avtg g vanpeciog amortet
™V Vapén OwTvov 2.5G dmov 1 HeTOPOPE dEdOUEVDY YivETOL HEGM TNG TEXVOLOYIONG
GPRS. To MMS e&ivor éva pfvopo ov amoctéAdetor petald 600 ¥pnoTdv T0 0moio
umopel va ocvuvovalel keipevo, gwova, Nyo oAl axopa kol Bivteo. H tdon oty
oLYYPOVN] Oyopd TOV KWNTOV TEPUATIKOV givor 1M O01dbeon mAepdvov e
EVOOUOTOUEVES KAUEPES Ko e Eyxpopeg 000ve. AVuTo T0 YEYOVOCS €xel dpdoet BeTikd
0c0oV apopa TNV vanpeciac Tov MMS kot o kabévag TAéov emBopuel va Kdver ypron
aLTAG TNG LANPECING, £Yovtag £va TEPUOATIKO TOL Bo TOL TPOGPEPEL OVTEG TIG
dvvatdtrec. H vanpesio avtn eivor pior povédpoun HETapopd dedOUEV®VY GTNV OTToin
dgv vmapyel kapio Tpdén aAinienidpaong. H kabBvotépnon pmopel va eivon peydn
ko e€aptdron amd to péyeBog Tov PNVOHOTOG, OAAG TO KUplo pEANUO sivor yuo
unodevikn oandiew dedopévav. Etol Aomdv n vanpecio avty tkovomolel OAeG TIC
aroutnoelg mov Bétel n tédén Background kot dpa avrkel og avtr|. Eniong n vmoapén
kaBvotépnong Vv Katnyoplomolel ¢ ol vanpeciog mov doev ypnlet vynAng
TPOTEPOLOTNTAG KOl £TG1 Ypnotpomoteiton 1 teyvikn Best Effort yio v mapddoon g
mnpoeopiag. Ot pvBuoi petddoong pmopel vo givar youniol péypt ta 4kbps kot o
HEY1OTOC duvaTOC pLOUOS LETAdOON G GuvicTatol va eivar Ta 64 kbps dote va pelmbel
N mlavotTa vo Vapén LVIEPPOPTOOT TOL O1KTLOL. 'Exoviag v’ dyv 10 oyeTIKd
pikpo péyebog towv pnvopdtov MMS messages, PAémovpe Ot Tté€toror pubuoi
petdooong eivar opketol ywoo TNV pETAOOOM NG TANPOQOPIOG HE  HKPES
KaBvotepnoels.

O moapaxdTo mivakag divet Tig Tapapétpovg RAB yo avt v vanpecio:
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Delivery of erroneous No
SDUs
Delivery order No
Traffic class Background class
Maximum SDU size 1300 bytes
Guaranteed bit rate for 4 kbps
downlink
Maximum bit rate for 64 kbps
downlink
Guaranteed bit rate for 4 kbps
uplink
Maximum bit rate for 64 kbps
uplink
Residual BER 107
SDU error ratio 10°
Traffic handling priority Best Effort
Transfer delay Some seconds
S5DU format information Not Used
Allocation / Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

Iivaxoeg 11: KaBopropog Mapapétpov MMS service

3.3.5 Egopuoyés Pons IHoivuéowv (Media
Streaming Applications)

Y7o Tov 0po £Qaproyn Porg TOAVUEC®V EVVOOVLE EQOPLOYES OGS Pivteo, Yo Kot
HOVLG1KT), TIG 0Toieg Umopel va Tig emMAEEEL Evag YPNOTHG DOTE VO TIC ATOANVCEL UE TNV
xpon tov teppotTikov tov. OAeg avtég avhkovv otnv té&n Streaming Kot M
aAAnAenidopaon eivor meplopiopév, Kabmg o xpnotng wmopel vo emAEEEL AyooTég
EVTOAEG, 01 omoieg etvar amapaitnTeg LOVO Yo TNV avamapoywyn g vanpeciog . Eva
Baoukd yopaxtnplotikd eivar 6t 1 kéBe epappoyr| Exet TG O1KEG TG TapAUETPoLS. Ot
KupOTEPEG OOOTNTEG EVTOTILOVTOL GTOVS LYNAOVS PLOUOVG HETABOONG, TV WIKPY
kabvotépnon kot To ehdyloto jitter to omoio amaitohv avTéC ot epappoyés. H
kabvotépnon eEoptdror amd 10 GLVOAKS HEyeBog Lo epapproyng Kot Ba mpénet vo
ypnooroovvtor vynioi pvBuoi petddoong mote va ghaylotonoteital. Emiong to
jitter pmopel va eleyyBel pe v mpocwpivi amobnkevon TOV SESOUEVOV GTOVG
buffers. Ocov apopd Vv andAelo TAnpoopiag, avty umopet vo VIapyel oAAd o€
pikpd Pabuo. Avtd cvpPaiver enedn ot avBpodmves acOfcel dnwg n dpacn Kol 1
axon dgv givar o€ BEon va avtiineBovv pukpd AdOn kot £Tot emtpénetan 1 Ao
andiea TAnpoeopias. To mpoeik QoS tov kabe ypnot mailel oAb onpoavtkd poro,
KaOMOG o1 xpNnoteg pe mePlocOTEPO TPOVOULL Bo umopodv va Kavovv ypnon TETolwv
VANPECLOV G TOAD PEYOADTEPOVG PpLOLOVG peTddooTs. 'Etot Aowmdv vtapyovy morrol
cuvdvacuol TaPaUETpOV, KOOOS ovtol oev eEoptdvior HOVo omd TNV €KAGTOTE
epapuoyn aArd kot omd to QoS mpogik Tov KAbe ypnot. Iapokdtm diveton éva
TUTKO TOPBEOELY L TOV TOPAUETPOV HLOG TETOLOS VRN PECTOC.

O mapokdto wivakag divel i mapapeétpovg RAB Yo ovt| v vanpecia

60 METAAOZH AEAOMENON =E KINHTA AIKTYA EMNIKOINONION 3HE ['ENIAT



KE®AAAIO 3: TIOIOTHTA YHHPEZIAZ (QOS) =E AIKTYA 3G

Delivery of erroneous Yes
SDUs
Delivery order Yes
Traffic class Streaming class
Maximum SDU size 1300 bytes
Guaranteed bit rate for 64 kbps
downlink
Maximum bit rate for 2048 kbps
downlink
Guaranteed bit rate for 64 kbps
uplink
Maximum bit rate for 2048 kbps
uplink
Residual BER 10°
SDU error ratio 10~
Traffic handling priority Based on QoS Profile
Transfer delay 200 ms
SDU format information Mot Used
Allocation ! Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

MMivaxog 12: KaOopropdg [MapapéTpov streaming service

3.3.6 Content Download

O 6pog Content Download avapépetar oe vanpecieg pong aAld 1 KOHplaL dapopd
EYKeLTal 010 OTL VEIGTOTOL 1 SOLVATOTNTA Y10 ATOONKEVGT TNG VINPESING MOTE LT
va pmopetl va avorapayBel omnv cuvéyela kotd Povinon oe tomikd emimedo. 'Etot
Aowmdv avth 1 vnpecia Eepedyel amd Ta Opla TG TAENG Streaming Kot OVIKEL GTNV
16&n Background. To k0plo péinpa givar n axepotdtnTo TG TANpoPopiog Kot Oyl N
kaBvotépnon kot £totl givor dvvarn N Buoia TEPLGGHTEPOL YPOVOL UETAPOPAS TPOG
O0PeA0g NG TOOTNTOC. AVTEG U HETOQOPEG Umopel vo yivouv pe ypniom Tov
npotokOAlov FTP. 'Etor Aowmdév o ypnotng pmopel vo emdé€el v embBoun
TotoTNTA Kot VPPV pe T0 QoS mpoeid Tov Ba apyicel n petapopd N omoio propset
va givon glte apyn eite ypiyopn. To pio té€towe vampecia n o eyyvnuévog pvOudg
petddoong eivan ta 64kbps, oniadn n taydnta tov ISDN. Me Bdaon Opmg tovg
VILAPYOVTEG TOPOVG TOL SIKTHOL Kol PLGIKA T0 QOS TPoPiA Tov KAOE GLVIpOUNTY,
avtog pmopet va ptdoet péypt ta 2Mbps. O mapaxdto mivakog 6ivel TIg ToPALETPOVS
RAB yw avt v vanpecia:
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Delivery of erroneous No
SDUs
Delivery order No
Traffic class Backeround class
Maximum SDU size 1500 bytes
Minimum bit rate for 64 kbps
downlink
Maximum bit rate for 2000 kbps
downlink
Guaranteed bit rate for 64 kbps
uplink
Maximum bit rate for 2000 kbps
uplink
Residual BER 10
SDU error ratio 10"
Traffic handling priority Based on QoS Profile
Transfer delay 200 ms
SDU format information Not Used
Allocation | Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

ivaxog 13: KaBopropog Hapapétpov content download service

3.3.7 IlpoocpPacn oto Internet ko1 [ILonynon

Kobdg n tion vy mpoécPfacn oto Internet yvopilel po doapkng avénon, avtn n
vanpecia dev Ba pmopovoe va amovstalel and to UMTS. H mhorynon oto Web (n
omoia gtvon ) kuplopyn epappoyn Tov Internet) avikel otnv ta&n Interactive, KabOG M
Omapén aAinienidopaong eivor avaykaio. T v mopovcioon tov dwwedpmv
10TOCEAMO®V givol amopoitntn) 1 UNOEVIKY] OmOAEW TANPOQOpiog Kol O YpOVOg
kaBvotépnong dev Ba mpémel va vrepPaivel ta 4 sec yuu kdOe cedida mov Ba Exet
cuvolk6 oyko 10 KB. E&autiag g peyding {ftnong avtg g vanpesiog £xovv
kaBopiotel dVO dapopeTikol TOTOL TOL B doBovV GTo Kowd. O évag givar 1 Paciky
vanpecia (basic service) (basic) kot o dAAog eivar 1 e€anpeTikn vanpecio (premium
service). Avtot ot 600 TOTOL HTOPOVV VO GLVLTAPYOLV LE T VITAPYOVTA TPOPIA QoS,
YOPIG VO T TOPAKAUTTOVY 0G0V apopd TG dAAeg vnpeoies. 'Evag ypnong pe younAo
QoS Ba pmopel va emAyel TNV EMAOYN premium g4V TOV EVOLAPEPEL 1] TAOYNOT GTOV
1016 Kot €101 B0 amoKTAEl HEYOADTEPN TPOTEPALOTNTO OO VO XPNOTH OVAOTEPOV
TPoeiA Tov Ba Exel emAélel Tov Pacikd TOTO cuvoeons. ‘Etol £yovpe pia didkpion
000 emumédmv 66OV agopd v vanpesio avty. H Pacwkn vanpesio Ba kaver ypron
pLOU®V petddoong mov dev Ba givar yapnAdtepot amd avtovg Tov ISDN 1 tov GPRS,
ta. omoia Aettovpyovv oto 64 Kbps. H toydnta avt) eivon oyetikd younAn oArd
elval amodekty ®g T0 KATMTEPO €yyunuévo Oplo. Ot péytotor pvbuoi petddoong
e€aptiovvtal and Tov Thpoyo, aArd yio v Pacikny vanpesio pvOupoi g TééEng TV
256 kbps kpivovtor g tkavomomtikoi.

O mapakdto mivakog divel Tig mapapétpovs RAB yio avti v vanpecia:
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Delivery of erroneous Mo
SDUs
Delivery order Na
Traffic class Interactive class
Maximum SDU size 1300 bytes
Guaranteed bit rate for 54 kbps
downlink
Maximum bit rate for 236 kbps
downlink
Guaranteed bit rate for 64 kbps
uplink
Maximum bit rate for 236 kbps
uplink
Residual BER (N
SDU error ratio 10°
Traffic handling priority Based on QoS Profile
Transfer delay =4 sec /page
S$DU format information Mot Used
Allocation / Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

Hivaxoeg 14: KaBopropdg MHapapétpov yra tnv vanpecio Basic Level Internet
Access

‘Exyovtag meprypdwyel T1g yevikés apyxés ¢ Pacikng vmnpeciag mpdsfoacng oto
Internet, mepiuével kaveic 1 €EAPETIKN VINPEGIO VO SLLPOPOTOLEITAL HOVO G TPOG
TOVG PLOUOVG peTddoong ot omoiotl Ba mpémet va elval vynAotepot. Kat ovtd akpimdg
ovpPaivel. H vimpeoio Premium Internet Access & Browsing eyyvdtot vynAotepovg
pLOOVG petadoong mov Ba apyilovv amd Ta 256 kbps. Avtoi ot pvBuoi Ba pmwopovv
va etdvouv péxpt Ta 2 Mbps, toybtnta mov givol EQAAAN LE TIG VYNAEG TOOTNTEG
OV EMTLYYAVOVTAL OO oTafepd dikTva pe xpron texvoroyldv onwg to DSL. Ouwmg
ot vynAol avtol pvBuoi dev UTOPOVV Vo VIAPYOLY TAVTO eEoUTiOG TOAAGDY AOY®V,
Omm¢ M VopEn Kavalov pe 06pvPo, n eEavtinon Tov Topwv KA. EmutAéov vrdpyet
KOl GE VTN TNV TEPINTMOON OCOUUETPOG YOPOKTAPAG HETAED ToV V0 JSOA®V
petadoons kabdg to uplink T1g MEpLocdTEpES Popéc yperdletar HkpdTEPO €HPOG
Caovng amd 1o downlink, kaBmg Ta e1cepyOEVA dEdOUEVA ETval TOAD TTEPLOCOHTEPQ AUTTO
ta e€epydueva. O eyyonuévog puOuog petadoong tov uplink Oa eivon ta 128 Kbps evo
10 v Oplo €yel kabopiotel ota 256 Kbps. O mopoaxdre mivakog oivel Tig
mopapéTpoug RAB v avt tnv vanpecia:
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Delivery of erroneous No
SDUs
Delivery order No
Traffic class Interactive class
Maximum SDU size 1500 bytes
Guaranteed bit rate for 256 kbps
downlink
Maximum bit rate for 2048 kbps
downlink
Guaranteed bit rate for 128 kbps
uplink
Maximum bit rate for 236 kbps
uplink
Residual BER 10
SDU error ratio 10"
Traffic handling priority Based on QoS Profile
Transfer delay 200 ms
SDU format information Not Used
Allocation / Retention Based on QoS Profile
priority
Source Statistics Unknown
Descriptor

IMivaxoeg 15: KaBopropdg Mapapétpov yro tnv vanpecio Premium Level
Internet Access

3.3.8 Etaipikn Ilpoofacny (Corporate Access)

Mo axoun vanpecio pe vynAd Svvoko givor 1 eToupikn TpdsPfocn oe VYNAELG
TayvTeS. Avtiy M mopeyouevn amd to 3G vanpecio gival TOAD oNUAVTIKY KOOMG
otvel v duvaTdTNTO GE GTEAEYN EMYEPNCE®V VA EXOVV TPOGPACT) GTO ETALPIKO TOVG
dlkTvo o€ omolpdNToTE onueio Kot €qv Ppiokovtar pe amhf ypHoN TOV KWWNTOV
TEPULOTIKAOV 1] KOl GOPNTOV VTOAOYIGT®V 01 0moiot Ba eivar cuvdedepuévol e KATolo
3G xvnté ™MAépmvo. Mia tétola etanpiky] ohvdeon Ba mpénel va givor acQaAng,
KkaBmg eivor mBavo ta dedopéva mov Ba avtariayBovv va elval EVIEADS EUTIGTEVTIKA
kot Ba mwpénel va mpootatevovror amd mbavolvg eiwoPoieic. H vanpesio avty Ba
ypnowonolel to PS woupdtt tov diktvov kot 1 taydtnro tov downlink Ba eivon
384kbit/s. To uplink Ba givar acvupetpo wg mpog to downlink kot Oa €yl ehdyiotn
tayvtnta o 64kbit/s. O Adyog yioo avt) v dudkpion givor 6Tl COUPOVA LE TO
OTOTIOTIKA, £VOG XPNOTNG XPNOOTOLEL TOAD Ttepioadtepo To downlink Kavai Kot pe
&vay TETOW0 S MPIGHO EMTVYXAVETOL 1] OMEAELOEP®OT CNUOVTIKAOV Yol TO OIKTLO
TOpwV Kot To eAevBepo vpog {dvng pmopel vo amodobel e GAlovg ypnoteg ywpig
€161 va. aAAOLOVETOL O YopakTpag Tov QoS Tov diktdov. Xe pio mbovn mepintoon
cupeoépnoNng o cuvvdpountig mov Ba ypnowomotel o Té€TOw vanpecio Ho
avtipetoniosr dvokodiec. T'o va amopevyBel avtd, m vanpecsio avty pmopel va
dwatebel ko amd 10 CS woppdrtt tov dwktvov pe eyyvnpévo QoS kot otabepovg
pvOuove petddoone yuw to uplink kot to downlink mov Ba givor icol pe 64kbit/s.
Téhog Ba mpémel va onuelwBel 6TL avT) 1M LVANPESIA OEV EMTPENEL TNV ATOAELN

TANPOPOPING.

O mapokdto wivakag divet Ti¢ mapapeétpovg RAB Yo ovt| v vanpecia
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Delivery of erroneous
SDUs

No

Delivery order

Mo

Traffic class

Interactive class

Maximum SDU size

1300 bytes

Guaranteed bit rate for 64 kbbs for CS
downlink 384 kbps for PS
Maximum bit rate for 384 kbps
downlink
Guaranteed bit rate for 64 kbbs for CS
uplink
Maximum bit rate for 64 kbps
uplink
Residual BER 10°
SDU error ratio 10°
Traffic handling priority Based on Qo8 Profile
Transfer delay 200 ms
SDU format information Not Used

Allocation / Retention
priority

Bazed on QoS Profile

Source Statistics
Descriptor

Unlknown

ITivaxog 16: KaBopiopdg Mapapétpov yra tnv vanpecio Corporate Access
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KE®AAAIO 4: H YTIIHPEZIA MBMS (MULTIMEDIA BROADCAST / MULTICAST SERVICE)

H YIIHPEXIA MBMS (MULTIMEDIA BROADCAST /
MULTICAST SERVICE)

210 KEQAANI0 0vTO Ba Tapovoiactel 1 vnpecic MBMS. H vimpecio avt elvar pia
amo 11§ mbavotepeg Tpog vAomoinon tpotacels g 3GPP oyetikd pe v mapoyn ko
Vv vrootpiEn tov Yanpeowwv Exmopmng kot Awavoung IoAvpéomv (Multimedia
Broadcast / Multicast Service) oto UMTS diktvo. 'Exyovv mpotabel xi dGAleg
VAOTOCELS OPKETEG EK TOV OMOI®MV OgV £Y0LV TOAD CNUOVTIKEG O1POPES UE TNV
napovoo vnpecio. Etval onpovtikd Aowmdv va avaeepbel Kot vo TovieTel 0Tt KATOEG
and T peBodovg mov Tapovslaloviat dev £xovv 0AOKANP®OEL axoua kol Bpiokovral
010 6tdo10 g e£€MENG. H dibotaon mov divel oty vanpecia 1 Stovopr| TOAAATADY
pooplopudv (multicast) £xer odnynoel 6Ty VIOBETNON SUPOPETIKNG PIAOCOPING Od
AT oV aKolovbeitan ylo TIg emKovmvieg onueiov Tpog onpeio, KaOMG amarteiton
GLYYPOVIGLOC TV KOUP®V TOL EUTAEKOVTOL GTNV OAN S1001KOGT0, LU0 OTaiToT TOL
elvar gyyevig dAlwote o KABe diktvo mov mapéyel vanpecieg Tlodvpéowv, OTmG
avagépape oty ewloaywyn. H xupidtepn dwapopd oe oyéon pe TIc GUVOESELS OTMpEiov
pog onueiov €yel va KAver pe v 01 ™ @HoN TOV cVVEECcEMY KOODS — oF
avtioTolyia pe Tig d1a01Kacieg Tov AldIKTVOV — TO KAOE TEPUATIKO YVIOOTOTOLEL TNV
emBopio Tov vo AapPaver unvOHOTO TOALOTAGV TPOOPICU®V HOVO GTOV TOTIKO
dpoporoyntn — kouPo pe Tov omoio eivon Aueco cvvoedepuévo. Ao kel Ko mEPQ
elvar o1 dka0006io. TOLV SIKTVOV KOPHOD VO, TPOTOTOMGEL PE TETOO TPOTO TO
OEVTPO O1VOUNG IOV EKTEIVETOL TPOKEIUEVOD VO GUUTEPIAAPEL KOl TO dPOROAOYNTH
TOV TEPUOATIKOD KOl VO, TOPAdDCEL MGTA TNV LANpecia. Emmpdcoheta o éva diktvo
onw¢ to UMTS 10 omoio wpémetl vo mapéyel unyovicpons stucpdiiong g [Hototntag
Ymnpeowdv (QoS) Omwg kot To mEPOoOHTEPA OIKTLO KIWNTOV 1 AGVPUOTOV
EMKOWVOVIOV, o€ avtifeon pe 10 Awdiktvo 10 omoio Pacileton otnv «KoADTEPN
npoondBeio» (best effort) , mpémer va AapPdvetor pépyva yio v amoiTtoOUEV
OEGLELOT TOV TOPWYV GTOVG EUTAEKOUEVOLG KOUPOVG KOTE TN SIOPKELL TV GLVOOWV
Mg KaBe vampeciog, PEC® KOTAAANA®V pnvopdteov onupoatodociog kot Oyt omid
TOPOKOAOLODOVTOS TNV KIVNOT TV 0E00UEVOV TMV XPNOTOV.

v akdAovdn mapdypago Bo ddcovpe KATOW CTOVKEIR Yo TIG AELTOVPYiEG TOL
npémel vo. ektelel 0 KaOBe kOuPog mpokeévoy var vrootnpileTon N wOpOYN TOV
nopamdve vanpestmv. Ot kdépPot eivor avTol Tov TAPOVGIAGTNKAY GTNV TPONYOVLEVN

ToPAypOPo.

4.1 HAOMH TOY UMTS KAI OI AEITOYPI'IEX KAGE
KOMBOY TI'IA THN YIIOZTHPIZH MBMS

[Mapabétovpe 10 Zynuo 17 dmov moapovcstdlovtol ot AEITOLPYIKEG OVIOTNTEG TOL
UMTS ot omoieg B kAnBovv va vrootnpiEovv v vanpecic MBMS.
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Yympa 17: Apyprrektoviki) ava@opds yia vrootipién oo MBMS

21 ovvéyela Ba TePypAYOLE TO POAO TOV CTUAVTIKOTEP®OV OVIOTITOV:

4.1.1 BM-SC (Broadcast-Multicast Service
Center)

O xépPoc avtdg etvar vredBuvoc yoo v mPOPAeyn ko TV TAPEOOCT TOV
vmpecwdv. Mmopel va ypnotporombei og onueio €10600v Yoo vo UETOOIOEL, VL
TPOYPAUPOTIEL Ko Vo £YKaOIGTA TIC amapaitnTeg GLVOEGELS, Y10 T COGTY| TOPAO0CT
tov mepleyopévou twv MBMS petaddcewv. Emiong mpémer va eivon oe 0éom va
avayvopilel kot vo tovtonotlel tpitovg mapodyovg vanpesidv (ektog UMTS diktdov)
Kol vo. Tovg €€0V01000TEL TPOKEWEVOL VO HETASIOOVY OEOOUEVO TNG VINPECTOG
MBMS. Ilpénet tovtdypova vo gyyvdtor v akepodTTo TOV O£dOUEVOV TOV
mopEYovIol KoOdG Kol vor KpoTd oapyela HE TIG YPEDCELS YO TIG UETOOOGES TOV
POy ®V.

Amo Vv dAAN mpémel va eivan oe Béomn va TAnpopopel tov GGSN kopPo oyetikd pe
TAPOUETPOVG TNG UETAPOPAS OT®G €ival 1 TOWOTNTO TOV LANPECIOV KOOMOG Kol 1M
neproyn dwavounc. Emiong Oa mpémetl av decpevel Toug amapaitntovg Tépovg Alyo mpv
N UETAO00N TV GLVOd®V KOOMG Kol VO TOVS OOOEGUEVEL Alyo HETE TO TEAOG TNG.
271G 0ppoOIOTNTEG TOL EVIAGGETOL Kol 1 opbn petddoon TV TOKETWV, TOL
GUVETAYETOL TNV aviyvevon Katl TN dopbwon Tov Aabdv Tov TPoKHTTOLY KOTE TN
petéooon.

TéNog 0 kKOUPOG AVTOG TPETEL VO TPOCPEPEL KO ALVAKOIVMOGELS GYETIKA PE TNV KAOE
wapeyOUEVN VINPEGia. AVTO onpaivel va TANpo@opel Tov kaBe eyyeypappévo 1 Un
YPNOTN TNG VLANPECING OYETIKA HE TO TEPLEYOUEVO TNG KOl TN HOPON 1TNG
(Topadeiypatog yapn TOV TOTO/KMOIKOTOINGT TOL NYOL KOl NG EKOVOG Tov Oa
petadobel) kabmg Kol GYETIKA [E TIG GLVOJOVG TNG VINPESTNG (TaPAdELYLOTOS Y AP
TNV 0P TOV UETASOGEMV, TNV TALTHTNTA Kot TN dtevduven Tng vanpeciog TOAAATADY
TPOOPICUDV K.0.K.) [5].
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4.1.2 Kivytra Tepuatixa (User Equipment)

Ta xvntd teppatikd mpénet vo vmootnpilovv pebddovg o v evepyomoinon /
QEVEPYOTOINOT TNG CLUUETOYNG TOVG G€ Komown vanpecsioc MBMS. Amo ) otiyun
nov Ba gvepyomoteiton 1 kéBe vanpecio de yperaletarl Eexwploti) SNAMON TOL ¥PNOTN
vy v embopio Tov vo Aapfavel pnvOopoTo ToV TPocEXOYV GUVOdWV evd Bo Tpémer
vo gwonoteital yoo v ekkivnon tov ocuvodwv avtodv. Oa mpémel emiong va
vrootnpilovtar péBodor aceareiog 6mmg Ba opiloviar and to MBMS kabag kou n
TAVTOYPOVI] ANYT VINPESLOY 01 omoieg Ba Aettovpyovv aveEdptmra 1 pio omd v
GAAN.

4.1.3 UTRAN/GERAN

Ov képpot avtoi eivar vmedbOBvvor yoo v mapddoon twv MBMS pnvopdrtov
(0edopévarv) eKmOUTNG 1| OVOUNG (TOAAOTAMY TPOOPICU®V) GTNV TPOPAETOUEVT|
meployn opopordynons. Oa mpénel va givar o Béom va alohoyovv avdroyo pe v
vinpecic MBMS dedopéva oxetikd pe tn HETAO0oN Kot avaioyo Tov opldud tov
YPNOTAOV OE KATOW TEPLOYN, TOPAUOEIYHOTOS YAPN, VO EMALYETAL O KATAAANAOG
dtowrog. Emiong ot kopPot avtol mpémet va eivor 6e Béom va eEumnpetody PETOOOCELS
amd 10 dikTvo KOopHoL Tov Eekvovv kot Teppatifovv avd mepLdooVs Kabmg Kot va
déyovtar unvopata dedopévev and 1o diKTLo KOpHOoV oL TTPEMEL VA dtaveunBovv e
ToAAOTAOVG  ypnotes. Tovtdypovo poOvo €va WKPO TOGOGTO OmOAEW®V  Ha
OKAOAOYEITOL Y1O0L TNG TEPMMTAOGCELS KIVNTIKOTNTOG TOV YPNOTOV TOL £YOLV (MG
OTOTEAEGUA TNV GAAOYT TOV CNUEI®V GLVOEGE®MVY HE TO OikTvo (aKoOua Kol KOUPwV
RNC/BSCO) [5].

4.1.4 SGSN

O pérog Tov SGSN otV apyrtektovikn tov MBMS givan va ektedel aveEdpmra and
KGOe ypNotn SdIKOGIEC EAEYXOL TOV SIKTVOL TPOKEEVOL Vo VITOGTNPILEL Kot v
napadidel 11 mapaddcelg 6to RAN / GERAN. Ilpéner eniong va mpoPfAénovior ot
ddikaoieg exelveg mov Ba vTosTPiEovy TV KIVNTIKOTNTA TV XPNOTAOV HEGO GTOV
o010 oA ko avapeca oe drapopetikovs SGSN kopPove. Tavtdypova Ba mpémet va
glval og Béon avtodg var TopaKolovBel Kol vo xpe®VEL OVAAOYQ, TN GULUETOY TOL
KkéBe ypnot oe Kabe vanpecio. Télog Ba mpémel va eivan oe Béon , otepa amd ™V
KOTAAANAN onuatodocia amd tov GGSN vo dnuovpyel kot aviictoryo va movet
SVVAIKA GLVOEGELG TOV OLPOPOVY TNV TTAPAS0CT KATOWHG VANPEGING G€ TOAAATAOVS
TOPOANTTEG KOl TPOG TOVG KOUPOLG oV Tovg e&vmnpetovv [S].

4.1.5 GGSN

O poroc tov kO6ppov GGSN eivar vo Aettovpyel oG onueio ovvdeong v v IP
multicast kivnon dedopévav, kTt avdrloyo dniadn Tov multicast router mov vdpyEL
oto Awndiktvo. Katoémv edonoinong and tov BM-SC npénel va eivan e 0éom va
ONUIOVPYNOEL TIG GUVOECELS Y10 TN HETAPOPE OESOUEVOV TPOG TO XPNOTN Yo KATOL
eKmoUn] 1| oOUVOd0 ToOAAOTA®Y Tpoopiouwv. H kivnon tov unvopdtov moAlamiov
TPOOPICUMV TPEMEL VO PETOPEPETAL TPOG Tovs kOUPovg SGSN  exeivovg mov
eEumnpetohv YPNOTEC Ol OTOI0L GUUUETEYOLV GE KATOLN OLAdN Y10 KATOlH VINPEGiaL.
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[Ipémer ooy va pmopet va d€xetar IP multicast kivnon eite and tov BM-SC gite and
GAAEG TTNYEC OE0OUEVOV Kol Vo OpopoAoYel Tar dedopéva avtd mpog T Katevdhveelg
exelveg Omov avtd ovopévovior (ko TOAVAC HEC® OCLVOEGEMV TOVL  £XOVV
gykataotafel yuo 10 okond avtd). Alheg amopaitnteg Acttovpyiec elvar 1 cvAloyn
TANPOPOPLOV Yol TN YPEMON KAODS KOl SOTPOUYUATEDCES GYETIKA UE TOPOLS TOL
SKTHOL Y10l TNV OTOLTOVUEVT TOLOTNTA LINPEGiG KAOe popd [S].

4.2 ATAAIKAXIEX YITHPEXION MBMS

Xe apkeTd amd o oYESYPALLLOTO TOV SIOOVTOL GE QLT TNV TAPBEYPOPO, OAANL Kol GE
akolovbeg, &xer emheybel €vog tPOMOg Tapovsoidong OmTOLV M WEPLYPOPN TMOV
OVIOTHTOV avTOV dideTol ota AyyAMKd, TO VONUO TOV ONOI®V OVOADETOL GE
emeENYNUOTIKO Kelevo Tov Emetat, KAOe popd.

4.2.1 H dradikacia Aravourg TaKéTwy
Hoilariov Ilpoopiocuwv (Multicast Mode)

2 ovvéyeln mapabétovpe Eva oxeddypoppo (Zynuo 18), to mapatiBetar dmmg Exet
onpooctevdel amd t 3GPP (kot yia To Adyo avtd €xet datnpnbei n AyyAikn YAdooo)
OOV TEPLYPAPETOL 1 Ol0OKOGIOL TOV EKTEAEITOL YlOL TNV TOPOYN MIOG VANPECTIOG
Awovopng. Ommg Ba dovpe Ol amaTOOUEVEG EVEPYELEG EMLYPOALLOATIKA EIVOL 1] EYYPAOY
(Subscription), n avokoivwon yo v vanpecia (Service Announcement), 1 aitnon
ocvoppetoyns (Joining), m ekkivinon ocvvodov (Session Start), 1 MBMS edonoinon
(notification), 1 petapopd tv dedopévov (Data transfer), o teppotiopndg g cLVOSOL
(Session Stop) kot 1 aitnon amoydpnong (Leaving).

| —
Subscription |

I I
Service announcement |

IJoiningI |
Selssion stallrt |
MBMé notificeluion |
Datla transfelr |
|

|

| |
Session Stop

[ |
Leaving

Yynpo 18: H dwowkacia (@daceic) Tng vanpeciog Atavoung

Noa onpeiwcovpe 6 aTO T0 GNUELID OTL OL EVEPYELES EYYPOPT|, ALTNOT GLUUETOYNG KoL
aitnon amoy®pnons, UmTopovV v EKTEAEGTOVV avedptnto amd TG LTOAOITES Kol
péaicto mopdAnio pe awtég, Kot cvvtelobvion Y kdbe yprotn Eexwpiotd.
Evdéyeton emiong kdmoteg @doelg va emavainebovv, dnwg mopadelypatog xépn M
exkivnon Kot avticToro 0 TEPUATICHOS T®V CLVOd®V KOOMDS Kot 1 €d0moinon
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MBMS, avaioya pe Tov 0YKo NG TANPOPopiog Kot TV dES0UEVOV TOL HETAOIO0VTOL
ava TepioToo.

H ypovikn aAAniovyio Tov pmopodv mhovmg va £X0VV 01 TOPATAVE EVEPYELES dIOETOL
oto akolovbo oynua (Zynua 19), to omoio pog LVTOSEKVIEL KATOO OVOUEVOLEVO
YPOVOSIAYPOLLO KL TIG SUVATOTNTES TOV £XEL O YPNOTNG CYETIKA LE TN GLUUETOYN
TOV KO T ANYN UNVOUAT®OV 0EG0UEVOV TOALATADY TPOOPIGUAOV.

Subscription can be Service join by the
at any time user can be at any
time
&7
time
events—@ %
subsdiption User service
to servicel service leave
Join i
F133)
UE2 subscription &
to servicel
events o
Idleperiod Data
Service 1 & .3ff°02d5 gser _
events Y T AR N D s
Start %rvioel 1% Sesion E E i E1 session stop P 4 Stop Service 1
annouficement start ! v ' ASC[?V]C@ 1 Sessign 2 ! announcement
) ¢ sgm‘m ]:sﬁsiﬂn] I' ;‘ i {
: . 1 1 ] : :
H ) [ { {
" . 1 1 1 1
: H H i \
H H HE H 1 1
» 1] 1 1 1 1 1
] ] [l 1
» : : 1
; : vy
U
Transfer IV Announcement 4
of data
Data sent to Data sent to
Data sent UEI and UEI and Data sent
to UE1L UR2 UR2 to UE2

Yympa 19: Hopaderypa ypovodrlaypappatog S10d1KacLdv Atavoung

Onwg moapatnpovpe o kdbe ypnoTNS UMOopel Vo TPOYUATOTOMGEL TV EYYPOPT TOVL
OTOLOONTOTE OTIYUN 0AAG o€ KGO mepinT®on TP TV altnon LVUUETOYNG Kabmg o
dpopetikn mepintwon o Ba Tov emrpanel n tedevtaio. Emmpocheta, amd ™ otyun
oL TpaypatomomBel n eyypaer|, Kol TAAL 0 ¥PNOTNG UTOPEL VO EVEPYOTOMGEL TN
GUULLETOYT TOL OMOLOONTTOTE GTIYUY| GE OXEON UE TIG GLVOSOLG TG KAOE VINpPEGiag Kot
avédAloyo, ov TN OTIYUN TNG €vePYOmoinong kdmown cvvodog givar evepyn (vmdpyet
OnAadn petddoon dedopévmv), 0 YPNoTNG AOUPAVEL KOVOVIKG TO. OEOOUEVO,
SLOLPOPETIKA 0VTO GLUPOEVEL KATA TNV EKKIVIION TNG OUECHG ETOUEVIS GLVOJOL Y10l TN
GLYKEKPLUEV VINPEGTLA, Kot ¥®PIg Vo amanteitol Kamoto GAAN dNAmon and To ¥pnoT
v vo AdPet Ta unvopato dedopévav. Ot amotovueveg evepyeleg g dtadkaciog Oa
avaAvBovv 81e£0d1kd 6g emOUEV TOPAYPAPO.

4.2.2 H di1adikacia ekmounns makétwy

H dwdwoascio exkmounng moakétwv, 6nmg damoT®@vovie kol and 1o Zynua 20, sivor
€vo.  VTTOCUVOAO NG OOIKOGING  OVOUNG  TOAAOTAMY  TPOOPIGUAOV  KOOMG
anmevLOHVETOL GTO GHVOAO TMV XPNOTAOV Kol O K TOVTOV dgV amanteitol 0UTE €yypoPn
00Te aitnon CLUUETOYNG KOl KOT eméktacn omoywpnons. [a 1o Adyo avtd ot
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eumiekopueveg evépyeteg o¢ Ba avaivBovv Eeywpiotd aAld Ba 1oydel 6,1t Kot ylo TNV
vanpecio g Atavounc.

.
| Service announcement |

| Session Start |
| |

| MBMS notification |
| |

| Data transfer |

| Session Stop |

Yympoa 20: Ov dwedkacieg (aoelg) g vapeciog

Ot mapdpetrpor mov ypnowonoei to MBMS eivan dvo: 1o MBMS UE Context
(mepreyopevo ypnot) kot 1o MBMS Bearer Context (nepieydpevo ovvoeonc). Ot
HETEMELTO. AVAPOPES GE aVTA Ta dVO oToweio Ba yivovtan pe ypnon tov AyyAikov
opov, o¢ ent 10 mheiotov. OAeg 01 OVIOTNTEG TOV EUTAEKOVTOL GTNV VTOGTNPIEN TOV
vmpectwv MBMS Swtnpodv avtod tov €idovg mapapétpovg vy kabe evepyn
vanpecia.

4.3 IIAPAMETPOI TOY MBMS

Ot mapdperpor mov ypnowonoei to MBMS eivanw dvo: 1o MBMS UE Context
(mepreyduevo ypnotn) kot to MBMS Bearer Context (mepieyodpevo ovvoeong). Ot
UETEMELTA. AVAPOPES GE AVTA TaL OVO oToeio B yivovton pe ypnon tov AyyAkov
Opov, ¢ ent 10 mAeiotov. OAeg 01 OVIOTNTEG OV EUTAEKOVTOL GTIV VTOCTNPLEN TOV
vanpectwv MBMS dwtnpodv avtod tov €ldovg moapapétpovg vy KaOe evepyn
vanpecia.

4.3.1 MBMS UE Context

To nepieydpevo too MBMS UE Swatnpel mAnpogopieg Tov £4ouv vo KAVOLV GUEGH LLE
Kk@Be ypnot ¢ vanpeciag kot yio kaBe MBMS Bearer (c0vdeon, ta otoyyeion Tng
omoiag Ba avaAvBovv oty emduevn mopdypago) Eexymprotd. ‘Eva tétolo otoyeio
ONovpyeital TOCO GTO TEPUATIKO TOL YPNOTN 0G0 Ko 6Tovg KOpPovg SGSN kot
GGSN «dbe popd mov €vog xpNnotng Kavel aitnon ZvppeToyng yuo. kdmotow MBMS
Bearer. Eniong onpovpyeitat o€ kdmoto SGSN oty mepintwon mov KAmolog xpnotng
petapepfel Adyw kivnTikdétTag ot O1kn Tov dikatodosia, and évav aiio SGSN.
Ymapyer amd éva t€to10 otoryeio yio kabe MBMS Bearer 6to omoio o ypnomng xet
Kkéver aitmon Zvppetoyne. Ta medior avtov Tov oTotyeiov mapovstalet o Ilivakag 17
(o wivakag mapatifetal OTmg dnpoctevdnke and t 3GPP kot mepiéyel axpoviua kot
N onNpacio Tovs, TV OToimV Kol akoAovBel ) eneénynon):
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Parameter Description UE | SGSN GGSN | RNC BM-
SC
IP multicast IP multicast address identifying an X X X
address MBMS bearer that the UE has joined.
APN Access Point Name on which this IP X X X
multicast address is defined.
TMGI Temporary Mobile Group Identity X X FFS FFS | FFS
allocated to the MBMS bearer.
Linked NSAPI NSAPI of the PDP context used by the | X X X
UE to carry IGMP/MLD signalling.
FFS FFS

ITivaxag 17: Iledia Tov MBMS UE Context

IP Multicast Address: [Ipoxettan yio v IP drevBuvon moAramhadv Tpoopiop®dy Tov
xapoxtnpiCer to MBMS Bearer (cOvdeon 1 oAMdg opdda) otnv omoic 0 &v AOy®
YPNOTNG £xEl Kavel aitnon cvppetoyns (Yoo kdbe opado TOLv GUUUETEXEL O YPNOTNG
dnpovpyetton ko drapopetikdé MBMS UE Context, 0nwg mpoginape).

APN: To onpeio mpdsPaong 6mov avtn 1 [P 61e68vvon avtiotoryel.

TMGI: Ilpocwpwvd oavayveopiotikd opddag mov £xel anodofel otn cvyKekpluévn
MBMS Bearer.

Linked NSAPI: [1poketton yio T 60vOEGT GNUATOO0GING TOVL YPTCLOTOLEITOL Y1 TO
ocvykekpipévo MBMS Context amd 10 Kivntd teppotiko.

FFS (For Further Study): nuaivel 611 dev éxel amo@aciotel akopa Kot ypetaleTon
TEPULTEP® OLEPEHVNON).

4.3.2 MBMS Bearer Context

To otoyeio avtd ocvyvd avapépetar wg MBMS Service Context ota mioicio tov
RAN kot yevikd mepiéyet OAeg TIG amapaitnTeg mANPoPopieg oV TEPLYPAPOLY KAOE
EYKATESTNUEVT GVUVOEST Yoo KEBe vanpecio kot dnpovpyesitar oe kabe kOUPoO TOL
OKTOOV OOV EUMAEKETAL KATA TN UETOPOPA TOV JEOOUEVDV, TNG KABe vanpeciog.
‘Eto1, onuovpyia tétolwv otoyeiov Aappavel yopa otovg koppovg SGSN kot GGSN
Kka0e popd mov dnpovpyeitor o tpmto MBMS UE Context 1| k0 @opd mov kdmwotog
amd TOVG KOTAOTEPOLS lEPUPYIKE KOUPoVE (0TO 10€0TO HOVOTATL UEXPL TO KIvNTO
teppatikd) to {nmoet. To ev Adyo otoyyelo mpoodiopiletor otatd otov BM-SC.
Amo ) otiyun mwov dnuovpyeiton to MBMS Bearer £xyet 600 dvvotég KOTOGTAGELS
avtikatontpilovtag bv dedopévn kdbe popd vnpecio elvar evepyn 1 oe avapovi, M
aAMOG Qv VILApYEL peTapopd dedopévav N Oxt. [a v mepintmon mov N vanpecia
elvar evepyn, yperaletar 1 OEGUELON TOPMOV TPOKEUEVOL OAOL Ol EVOLAPEPOUEVOL
xpNoteg va Adfovv v vanpecia, Kab’ OAN T ddpKeln TG GLVOSOL. XNV avTifeTn
nepintmon mov 1 vanpecio eivatl 6e avapovn dgv VIAPYEL LETAGOOT) JEOOUEVMV KO
dpa déopevon moOpwv (Yoo T0 oKOTO avTd, TAVTA, POV Ol GLUVOEGELS CNUOTOO0GING
elvarl eyKateotnUéves -oKOUO Kot OV OEV LIAPYEL UETAPOPA UNVOUATOV, amd TN
GTLYUY] OV O YPNOTNG GLUUETEYEL GTNV VANPEGIN).
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No user plane resowces required

Session Start Session Stop

User plane resources required

Xympa 21: Movtého Kataotdsewv Too MBMS Bearer Context

Ta medio tov otoyeiov mopovoidler o Ilivakag 18 mov akoiovBel. Omwg
TOPOTNPOVUE LAPYOVV KAmow 7edioe mwov €ivar OOl PE QLTE TOV OVTIOTOUYOL
oTolyElov TOV YPNOTH, TO OMOoilo SLTNPOVV TO VONUA TOVS Kol @G €K TOLTOL Og Bal

availvBovv Eavd. [Ma to vrorlowma ototyeia mapabéTovpe o cOvIoun eneénynon.

Parameter Description RAN SGSN GGSN BM-SC
IP multicast IP multicast address identifying the MBMS bearer X X X X
address described by this MBMS Bearer Context.

APN Access Point Name on which this IP multicast X X X FFS
address is defined.

TMGI Temporary Mobile Group Identity allocated to the X X FFS FFS
MBMS bearer.

State State of activity of the MBMS bearer (‘standby’ or FFS X X X
‘active’)

QoS Quality of Service required for the MBMS bearer. X X X X

MBMS Area over which the MBMS service has to be X X X X

Service Area distributed.

List of List of downstream nodes that have requested the X X X

downstream MBMS bearer and to which notifications and

nodes MBMS data have to be forwarded.

Number of Number of UEs hosted by the node that have FFS X X FFS

UEsY (FFS) joined the multicast service.

FFS FFS

Iivaxog 18: Iedia Tov MBMS Bearer Context

State: AmoOnkevel TV KOTAGTOGN TNG £V AOY® GUVOECTG OTMG AT TAPOVCIACTNKE
670 TpoNyovuevo Zynua 21.

QoS: Avdroya pe ™ odvoeon kabopiletonr molo €ivor 10 AmToUTOOUEVO EMIMESO TNG
TO1OTNTOG Y10 OVTY| TV LANPEGTaL.

MBMS Service Area: H meployn (0nwg S0pop@®OVETOL OO TOVG EUTAEKOUEVOVG
KOUPovc-xpNoTEG) otV omoin TPEMEL va Tapadobel 1| GLYKEKPIUEVT VINPEGTAL.
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List of DownStreamNodes: Ot Katdtepol 1Epapy K@ KOUPOL 6 GYECT HE AVTOV GTOV
07010 OVNKEL TO GTOLYEID, TOL TPEMEL VAL AAPOVV TOL ATTAPOATITO UNVOLOTO EAEYYOL KO
dedoUEVOV Y10l TNV OPAda oVTH.

Number of UEs: AmoOnkeveton o aptOpdc twv ¥pnotdv mov GuVoAkd eEummpetel o
oLYKEKPLUEVOC KOUPOG og Gyéon pe TV vanpecia [5].

4.4 ANAAYXIH AIAXEIPIZTHX XYNOAQN

2y evomto ovtr| Oa avarivBolv Katd cepd ot dradikacieg yio T Zvppetoxn (Join)
oe ko Vv Amoyopnon (Leave) amd kdamowon vanpecio / opdda moAAATADV
Tpoopopmv Kobmg kot Yo tnv Exkivnon (Start) kou tov Teppatiopod (Stop) kdmorag
>uvooov (Session) dedopévng vnpesioc, oty omoio 0 ¥PNoTNG Bewpovpe Twg Exet
dwaiopa va cuppetdoyet | va AMapet avtictotyo.

4.4.1 Aradikacio Aitnong Lovuuctoyns (Join)

[Ipékertar Yy po GEPO EVEPYEIDV KOL OVIOAAAYNG WUNVOUATOV UETAED TOV
gumiekOpevov kOpPov mov amaptilovv 10 10e0td povomdtt petald kdbe Kvntov
TEPUATIKOV / ¥pNoTn Ko kébe mnyng / mapdyov kdmolag vanpesiag, yio v onoio o
YPNOTNG EVOLPEPETOL, OV AouPdvel ydpa mpokeWEvoy vo. yvootorombel to
EVOLAPEPOV QVTO TOL ¥PNOTN Kot va eEacparictel 1 0pn Kot ampdsKomTTN TOPOYN
™G VANPESIOG TPOG AVTOV. ALypOUUOTIKA TO. PAUATO TOL OTOLTOVVTIOL, COUPOVO
TovAdyotov pe Tig mpotdoelg g 3GPP, mapovcidloviar oto Zynpoa 22 mov
akolovbel kot 6mov €xel dttnpnOel o yapoakTNPIGHOS / ovopacio mov £xel amodobel
amd outny Yo kébe €va Eeyoplotd. Xtn cuvéxew ovoAVETOL M Agltovpyio TOL
Tpaypatikd cvvreleiton o€ kébe Pripa g dtadkaciog.

H dwdwoacio yio ™ Zvppetoyn o€ Kdmolo vanpecio / opddo TOAAATADY TPOOPICUDV
amotedeiton amd OVo KOplo empépovg otadtla. Ilpmdta 0 ypHotg TANPoPopel To
dlktvo ywo v emBovpion TOL VO CUUUETEYEL OE KAmol VANPecio TNV omoio
pocolopilel KatdAnia pécw, mapadeiypatog xapn, g IP dievBvvong molhamimv
TPOOPICU®V OV avTY| Ypnotponotel. 'Enetta, 1o diktvo avalappdvet vo dnpiovpynocet
N va evnuepdcel kotdAAnAa (av o £xet onuovpyndet) ) oyetikn ovidtnto MBMS
Bearer, mov avaAvOnke mponyovpévms, Yoo T OEOOUEVT] VINPEGIO GE OAOLG TOVG
evilapesovg KOpPovg mov eumnpetohv kKot VTOSTNPILOLY TIG AVAYKES TOV XPNOTI. X€
avTd T0 onueio va dlevkpvicovpe OTL 1] EvUEP®ON YiveTatl Yo KéBe xpNoTn YOPLoTH
MOTE VO YIVEL YVOOTO GTO 01KTLO TG £VAG KOVOVPLOG YPTOTNG TOV EVOLAPEPETAL Y0l
™V &v AOY® vanpecia £yel mpootedet.
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BM-SC or

UE RAN SGSN GGSN IP MC core

1. PDP Context Activation Request

|-
Create PDP Context Reques

Create PDP Context Resﬁ) nse
<

1. RAB Establishment

\ 4

1. PDP Context Activation Response

A A

2. UE Listenier Protocol Join Report (IGMP/MLD)

______ 3. Signal ng (Authentication, Authorisation)

| MBMSUE | < >
Context 4. MBMS Notification |  ————————— -
: Creation : - < ! MBMS I
—=-=3sZ 5. MBMS Context Activation Request | Bearer/Service |
i S | . | .
6. MBMS Context Activation Request L | Con;et:gg;e’\elxtlon | | Extensionofthe |
7 Securtl Furct > - =222 ——1  I'MC spanning tree |
- . Security Functions > ///// | toinclude the |
8. Create MBMS Context Reﬂuest |_particular GGSN
> ///’___
—_—— - B. MC Routing Signallin Z-
T UMBMS T < e & I
I' Bearer/Service | 10. Bearer Creation Request
) v T
| Context available -
| asesn 19: Gearer Creation Respinse
T 11. Create MBMS Context Response | _ __
= cal -

: The signalls marked with I
| intermittent lines are
12. MBMS Bearer Creation Response | transmitted only in the
|
|
|

12. MBTVIS Bearer Creation Request |
> |

|

first activation of the :
|

|

P 13. MBMS Context Activation Response MBMS Context in the
- ™
‘ specific GSN

Yympoa 22: H owdikaocio Aitnong Loppuetoyms 6€ vanpecia

Ta unvdpato Tov avIaAAdcooVTaL GUVERMOG ivat Ta akdAovBa (0 apBpdg 6TV apyn
KOs ypapung ekepdlel TOLTOXPOVO KOl TNV OVIIOTOLYi0L HE TO UNVOUOTO 7TOL
apovstaloviol oto Zyfua 22, eved ta BEAN vrodeikvbouv petalld molwv kOpPov /
OVIOTHTOV OVTOAAGGGOVTOL TO, UNVOUATO KOl ¢ €K TOVTOV O Ba yivetan mepattépm
avaQopad):

I. Anuwovpyio apeidpoung ocbdvoeong onueiov mpog onueio mpokewévon vao
avToAAGGGoVTOL TO. UNVOULOTO ONUOTOd0CinG Yoo TV LAnpecio / opdda
TOALOTTADV TPOOPICUMY TOL EVOLUPEPEL TO ¥PNOTN (Topadelypatog ybpn to
unvopato tov mpwtokdéAiov IGMP — Queries kot Reports — Ommg
TOPOVCIACTNKOY OTO0 TPMTO KePdAoo). H aitmon yw avtod Ttov &idovg
ovvdeon @taver péypt tov apuddlo GGSN koppo evd axoAiovdeitor m
dwdikacio mov mpocodopiletor amd to mpwtdkoAro PDP yio Context
Activation (GUVOTTIKT AVAPOPE TOL OTOI0V LVILAPYEL GTO HEVTEPO KEPAANLO).

2. Atmon Zvppetoyng (Join Report) amootéAreton mpoc tov GGSN dote va
yvootorombel to evolapépov Tov ¥pNoTn vo. AdPel unvOpaTto TOAAATADV
TPOOPICUOV amd Kamola vrnpesia, 1 onoia Kabopileton and v IP multicast
d1evBvVon TOL EUTEPLEYETAL TNV AiTNON).

3. Ta xatdAinio pnvopoto peta&d GGSN kot BM-SC avtaAAldocovtot yio Tov
ELEYYO TOL SKALDONOTOS TOV YpNOoTn va AdPet T {ntovpevn vanpecia.
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4.

10.

11.

12.

13.

O GGSN «o6pPog evnuepmdver tov SGSN yio v aitnon oyeTikd pe v
MBMS vmnpecia mov ocvvodevetal ko mwpocodlopiletonr and to medio [P
Multicast service kot APN.

O SGSN «6pupog otédver unvopa — aitnon evepyomoinong MBMS Context
omov va mwpoodopilovrar ta media [P Multicast service, APN kot Linked
NSAPI and 10 xivntd teppotikd pe to TEAELTAio Vo €xel TO POAO TOV
ovoyeTicpov Tov PDP context mov agopd ™ onpatodocio kot dnpovpynonke
KOTA TO TPOTO Prjua, OTOL HEG® TOL OmMoioL OTAAONKE TO VLU
GUULLETOYNG.

To xKuvnto teppotikd ompovpyet to MBMS UE context (mov meptypaonke
GTNV TPOTYOVLEVT] TOPAYPOPO) KOl OTOVTA LE TO oTOLXElD TOL {NTNONKAY amd
tov SGSN. H IP Multicast dievBuvon amoterel 10 avoyvoOpIoTIKO Yoo TNV
vanpecia mov BEAeL va AdPet o ypriotng evd n APN mBavdg mpocsdiopilel Tov
GGSN mov Ba e&umnpetnoetl to Kivnto, KoOMOS por vanpesio umopel va v
eEunnpetel gite €vag eite mepiocdtepor GGSN.

Ye autd 10 onueio yivovtar O1popol EAeyYOol ACPUAEING OV TOIKIAOLV
avaAoyo TNV vanpecio Kot TG Wilaitepeg cuvOnKes KdOe popd.

O SGSN omuovpyet éva MBMS UE context kot otéAvel pnvoua Attnong
Anpovpyiog MBMS Context mpog tov kotdhAnio GGSN pe ta otoyeio IP
Multicast address kot APN. Agv €yel 01eVKPIVIOTEL KOl ATOPAGIOTEL KO OV
Ba yivovtor omd tov SGSN €leyyot yio v €yypa@r| Tov pNoTH 6TV €V AdY®
vanpecio 1 avtd Oa yivetal amd GAAN ovtOTNTA TOV SIKTVOV.

H onpoatodocio peta&d oo GGSN kot tov MB-SC glvar axdpa mpog épevva.
Kot oA oev €xer amopaciotel edv Ba telovvtor amd tov GGSN éAleyyot yuu
TNV €YYPAPY TOV YPNOTN GE KATOW VANPESia 1 GAla Tapdpole GTotyeia, M
avtd Oa To avardPel kKGmolo GAAY OVTOTNTA TOL OIKTVLOV.

Edv o GGSN 8¢ 6wbéter oM 11¢ mAnpogopieg yio to MBMS Bearer context
OV APOPE TN OEOOUEVN LINPEGTIA, TOTE ATOCTEALEL TO GYETIKO pUnvopa aitnon
npog tov BM-SC. Zm cvvéyeia o tehevtaioc amovid pe To oTotygion Tov Tov
InmOnkoav kot TpocBétel tov ev Adym GGSN o1t oyetikny AMota Pe Toug TPog
To KAt kOUPovg mov Aappdvovv v vanpecia, mov datnpel, MOTE Vo TOV
OTTOGTAAOVV TO, UNVOLLOTO, CIUOTOO0GT0G OTAV XPEINCTEL.

O GGSN «opPog dnpovpyet to MBMS UE context kot arovtd otov SGSN pe
TO KOTAAANAO pUnvopaL.

Ye avtiotoryia pe wponyovpévems, edv o SGSN de dwutnpet o oxetkd pe v
vmpesic MBMS Bearer context {ntd 1o otoyyeia omd tov GGSN. O
TEAEVTOIOG TTAPEYEL GTOV TPADTO TIG KOTAAANAES TANPOQOPies KoL TNV TPOSHETN
OT GYETIKN Y10 TNV VANPECID AIGTO [LE TOVG KOTMTEPOLS LEPAUPYIKE KOUPOVG,
mov datnpet.

O SGSN amavtd oy apykn aitnon Tov Kwntol TEPUATIKOD Y10 Amodoyn
evepyonoinong tg MBMS vanpesiag [5].
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4.4.2 Exkivnon 2vvooov (Session Start) kai
Tepuatiocuos Xovooov (Session Stop)

H Exxivnon Xuvvéodov eivan 1o onueio 6mov o BM-SC egivat étolpnog va amooteiiet
pnvopato 0edoUEVOV 1 0AM®MG UNVOROTO TOAAOTAGDV TPOOPIGUOV Y10, KATolo
2vvodo. H Aettovpyio avtn tvon aveaptntn and v €yypoaen Kot 1 GUUUETOYN TOV
ypnotov. Tavtdypova amotelel To epéBiopa yio T SECUEVOT TOV KATOAANA®V TOPOV
amd 1o O1KTLO Yl TN HETAd0ON TV dedopéEvmv g MBMS vanpeciag. Eniong didetan
€100mOINGN TPOG TOLG EVOLLPEPOLEVOVS YPNOTEG YO TNV EMKEINEVT €KKivnon
HeTAd0oN 0edOUEVMVY TNG VIpecioc. 1o onueio owtd o1 eumiexdpevor GGSNs kot
SGSNs mANpo@opovVTOL Y0 KATOES TOPAUETPOVS TNG VANPEGING OTOS 1 TOdTNTA
vampeciag (QoS) kot m mepoyn kGAvyng g vanpeoiag (Multicast Area), evd
evnuepavovtar kot ot RNC kdppot mov e&umnpetodv evolopepOpevous YpnoTeS. XT0
Yymuo 23mtapovctdloviol T GYETIKO UNVOUOTO TTOV OVIOAAAGGOVTOL GE OVTO TO
6TA010.

UE RAN SGSN GGSN BM-SC
r——- I B 1
I MBMS Bearer/Service : 1. Session Start
RO . and UE Contexts are '\ < -
| MBMS RABs (RB & : | already setup during |\\\ ‘ 1. Session Start Ack.

u) for the particular : Joining | SN [2. MBMS Session Start e —— L _
| MBMS Bearer service | - =" < - | GTP tunnels serving :
: are established ! 2|MBMS Session Startéck.\\:J the particular MBMS |
————— -~ N 3. MBMS Session Start Indication \ Bearerserviceare |

= - : established :
4. RAN Resource Setup [

Xympae 23: H dwdwkacia Exkivnong Xvvéoov

Ta punvdpata Tov tapovstalovrol £xovv 10 akdAovho vonua:

1. O BM-SC otéhver pivopa Exxivnong Xvvodov npog toug GGSN koppovg mov
TPONYOLUEVOG  £€XOVV  EKPPACEL  OYETIKO  evdlpépov  (kor mov  dpa
coumepthapupdvovtal ot AMoTa [LE TOVG TPOG TAL KATM KOUPOLG TN VINPEGLiaG)
YL VO DTOONAMDGCEL TNV TPOCEYN OTOCTOAN] HUNVOUATOV OESOUEVOV TNG
vanpeciog. Toavtdypova TOLG EVNUEPOVEL Y10 KATOEG TOPOUETPOVS TNG
vanpeciag émwc to QoS kot n Multicast Area.

2. O GGSN amofnkevetl TIc TAPAUETPOVS TG ZVVOdov mov £lofe oto MBMS
Bearer context ko otélver otovg evolapepduevoug SGSN éva avtictoryo
pvopa Exkivnong Xvvodov. O SGSN anavtd pe éva pivopa oavtomdkpiong
kot evnuepavel tov GGSN yw 10 medio TEID mov agopd 1o KavdAl mov
TPENEL VOL YPNCUYLOTOGEL O TEAELTAIOG Yol VoL OTEIAEL TOL UNVOLOTO dEdOUEVOV
oL TPOOPILOVTOL Y10l TOVS YPTOTEG.

3. Xe avtiotoyio o SGSN otédver unvopo Exkivnong Zuvodov mpog tovg RNC
KOpPovg oL eEumnpetodv EVOLOLPEPOLEVOVG XPTOTEG, Omov
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coumepthappdvovtal ot Tapduetpotl g petddooons. To akpiég mepieydpevo
TOL UNVOpaTOC Ko ot gvépyeteg Tov RNC givar vrd Epevva.

4. O RNC amofnkevetl Tic mapapétpovg g cvvodov kot 1o RAN deopedet toug
ATTOUTOVEVOLG TTOPOLG YO TN UETAOOCN TMV OESOUEVOV TNG VINPESING TPOG
KWWNTA TEPUOTIKG TOL GUUUETEYOLV GE avTh [S].

O Teppoatiopog vvodov etvar drodikosio akpipmdg avaroyn tng ekkiviong Zvvooov
pe ™ puovn daeopd OTL TO UVLUO TTOV ATOCTEAAETAL EI00TOLEL Y10 TV TPOCKEIUEVT|
MEN ™G peTdooong SedOUEVOV YloL TNV VLANPEGIOL TOL GLVERAYETOL OTL AVTL Yo
déopevon Topwv 610 OikTLOo, Ba AKOAOVONGEL OMOJESUEVTT) TOV 1O SECUEVUEVOV.
Yuvenmg o0ev kpivetol oKOMUO vo ovoAboovpe Tn Oadikacioc avty mapd uodvo
TapobETOLUE TO OYETIKO Zynua 24, OTOL Ol OpOdTNTEG e TNV Tpoavagepbeica
dladkacio yivovton epeaveis.

UE RAN SGSN GGSN BM-SC

1. Session Stop

| Bearer/Service
| Context Release

|

' -<

: 1. Session Stop Ack.
[

CULRL ] 2. MBMS Session Stop ——— :
S~ - I MBMS |
= 2/MBMS Session Stop Ack. <=z —— 1 Bearer/Service |
3. MBMS Session Stop Indication o =~ Context Release at |
-« GGSN and SGSN

| |
- ___ I

- \

4. RAN Resource Release

Xympa 24: H owdwkacia Teppatiopov Xvvodov

4.4.3 Araodikacio Aitnons Anoyawpnyong (Leave)

H dwoikacio Altnong Amoydpnong Aaupavel yopo kédbe popd mov évag ypiotns o
omoiog NON ocvppetéyet (€xel mponynbel dnAadn emtuynpévn Aitnon ZUUETOYNG) OF
Kémow vanpecio BeANcel va amoywpnoel omd avT Kol Gpo Vo GTOUOATHCEL VO
Aoppaver unvopoTo O0ESOUEVOV TTOL TTPOEPYXOVIOL amd ovTr. Méypt T oTyun g
GLYYPOUPNG TNG TOPOVCAS Epyaciog, OV £xel Tpotabel Kot Kabopiotel o TpOTOG LE TOV
omoio ovtd Oa yivetoar, o€ avtiBeon pe N Sdikacio Altmong ZvUUETOXNGS.
Zmpouevol ®OTOCO OTIG TMPOTACELS Yoo TNV TEAEvTOio. O EMEPNOOVUE [
TPOCEYYION OV OMOTEAEITAL O PrpaTa AvAAOYQ e OVTO TOV PEAETNOOLE KOTA TNV
teAeLTOlN, HOG KOl oVTO oL eMBLHOVUE €lval TO OVTIOETO KOU CUUTANPOUATIKO
amotéleopa. o v KoAVTEPN KOTOVONGN TOL TPOTOV HE TOV OMOI0 KATL TETOL0
emruyydveral, mopatifetor o akolovbo oynua (Zynua 25). e avtd mopoatnpovue
v Omapén dVo aveEdpmrtov otadiov OTov apyIKd YIVETOL YVOOTH GTO OiKTLO 1)
mpdhecn TOL YPNOTN VO ATOY®PNOEL Omd KAmMOW VANPESio Kol EMETA ALTO
AVOALUPAVEL VO EVIILEPMGEL OAOVS TOVG EUTAEKOUEVOLS KOUPOVG TTOL £ELTNPETOVY TO
YPNOTN, Yo TNV Tpomonoinon tov MBMS Context mov agopd tn dedopévn vanpecia.
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BM-SC or

UE RAN SGSN GGSN IP MC core

la. UE Listengr Protocol Leave Report (IGMP/MLD)

A

1b. PDP Context Deactivation Request

Belete PDP Context Reqﬁest

Delete PDP Context Res;%we

-

RAB Release

: 1b. PDP Context Deactivation Response

A
\ 4

2. M?ﬂ/ls Deactivation Notification

> 3. MBMS Context Deactivation Request

a4 MBMS Context Deactivation Request

-
5. Delete MBMS Context Re& est

MC STgrEIIing (Spanning Treejruning)
6. Delete MBMS Context Resp?nse o

7. MBMS Context Deactivation Response

A

Yympoa 25: H owodkaoio Aitnong Amoyopnong

Onwg mopatnpode 6TO GYNIO, VITAPXOVY V0 EKOOYES GYETIKA LLE TN YVOOTOTOINOT)
G OmoYMPNONG TOL YPNOTN amd KAmow LANPecio, ot omoieg OmAdvovtol Kot
Swywpifovior amd ta Sakpitikd o kol B urpootd and ta avtictoryo unvopata. Ev
ouvTopion 0 POLOS TV UNVUUATOV TOV AapPdvouy ydpa gival o akdAovOog:

1. O ypnotg avokowvmvel 6to dIKTLo TNV TPABEGT TOV VO ATOYMPNCEL AT
Kkamota, vnpecia. Or tpdmol e ToV¢ omoiovg avtd pmopel va yivel ivar ot
e€ng ovo:

1.  Amootélovtog éva unvopa tov TpmtokdAlov IGMP / MLD mov
onrovel Aroxydpnon (Membership Leave Report), péom g ohvdeong
ONUOTOO0GI0G TTOV YPNCUYLOTOLELTAL Y10 T CLYKEKPIUEVT VINPETial (Kot
N omoia gvepyomomOnke Kotd T dadikacio TG Aitnong ZuUUETOYNS).

ii. Kdavovtog aneykatdotoon He KOTAAANAN €VIOAN TN GVOVOEST onueiov
PO ONUEID TOL YPNOLUOTOLEITOL YioL TH ONUATOO0GI0 TG &V AdY®
vanpeciog. Ot avotepot tepapyikd kKoppotl ko on o GGSN Oa mpémet
Vo gpunveLGOVY QLT TNV Kivnon ¢ Aimnon Amoydpnong, Opota
ONAON HE TNV TPONYOVUEVT TEPIMTOON. AvTioTolo TPEMEL Vvl
npaypatoromn el ko n anevepyonoinon tov PDP context.

2. O GGSN mov givar o appdolog va eneepyactel To unvopa AToym®pnons tov
xpnotn, evnuepmvel Tov SGSN, yio v tpodBect avtn Tov TEAELTAIOL, MOTE
va tov agpoapécel and v ovtotnto MBMS Bearer Context tng vanpeciog 1o
yxpNotn kot va arocvvdéoel to MBMS UE Context avtov and v mpmT).

3. TIpokewévov va yivel to mapandve, o SGSN otélvel 610 KvnTd TEPUATIKO
TOV XPNOTN Unvopo pe 1o omoio {ntd ¢ amdvinon &éva unvopa Aitnong
Amevepyonoinong tov MBMS Context, pe ta otoryeia g vanpesiog amd tnv
omoio {nreiton amoympnon.
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4. O ypnomg (cAlwg UE, o6mmwg ovopdletal oto OYNU0) OTOCTEAAEL TO
{nroduevo uqvopa Amevepyonoinong tov MBMS Context mpog tov SGSN, o
0moilog TOV JypAPEL Omd TN GYETIKN AMOTO HE TOVG GUUUETEXOVIES YO TN
GLYKEKPIULEVN VIINPESTQ / OPLAdN TOAAATAMY TPOOPICUDV TOL TPOGOlopileTal.

5. O SGSN mpowbel To0 pnvopa Amevepyomoinong Tov v AOY® ¥PNOTN TPOS TOV
GGSN 7o va mpd&et Ko 0 teEdevTaiog To 0¢ovTa. Av 0 ¥p1oTNG TOV OOy MPET
elvar o televtaiog mov ocvppetéyet oty vanpecsio, o GGSN pmopei va
emkowvovhoetl pe tov BM-SC wote va aitnbel 1t ovppikvoon / tpomonoinon
TOV OEVIPOVL HE TOVG GULUUETEXOVTEG KOUPOLS OTNV LANPECIO TOAAATADV
TPOOPICUOV (OKOHO KOl KATA TN O18pKELD TNG ZVVOO0V, DOTE VO CTUUOTIOEL 1
Mym dedopévev av kdtt tétolo vrootnpiletal amd TO YPNOLUOTOLOVUEVO
TPOTOKOALO, GAALDG IE TN ANEN TNG).

6. Xe avtiotolyia, oviroyo pnvopo otéivetar mpog tov GGSN dote va
mpaypatorombet n dwwypagn tov ypnotn kot cvykekpipéva tov MBMS UE
context and v vanpecia kot to MBMS Service Context. Av o0 ¥pfioTng mTov
owypboetor omd 10 &v AOyw MBMS Bearer givar o tehevtoiog mov
e&umnpeteitor amd tov kKOpPo avtd, T0TE 01 TOPOL TOV €ival SEGUELUEVOL OTd
10 RAN mpénet va aneievBepwBovv. Avtd pmopel va £xel vo KAveL €lTe e TOV
RNC povo mov e&umnpetel to Kivntd TEPUATIKG, €ITE KOL LE TOV OVTIGTOLYO
SGSN.

7. Télog €va. VLU0, OTTAVINONG EMGTPEPETOL TPOS TO KIVNTO TEPUATIKO TOV
EVNUEPMVEL YloL TNV KaTtdAnén g Aitmong Amevepyomoinong tov MBMS
Context.

4.5 ANAAYXIH AIAXEIPIZTHX KINHTIKOTHTAX

2g aun TV Topdypaeo avaAvoviotl ot dadikacieg mov Aapfdvouv yopa kabmg To
KvnTtd teppatikd petaxveiton kot mhavog aAAddler onpeio mpoécPacng mpog To
diktvo, eite oe eninedo RNC, eite o eminedo SGSN, ota mAaica g Awoyeipiong
Kwntmwwomrtoag tov ypnom. H tehevtaio mepintwon mapovcsidalel mepiocotepo
evolapépov Kot B avaAivBel kabmg N TpmdTn elvarl amhd (o vronepintoon g émov
éva LEPOC Hovo TV gvepyelmv mpaypatonoteital. Iepintwon 6mov va mapatnpeiton
arlhay] GGSN xkoéppov 7y xamoi vanpesio mov AouPdver to Kvntd, dev
TpoPAémeTon KOOGS Exel emAeyel vo NV TPOYUOTOTOEITOL KATL TETOLO OKOUO KoL OV
T0 Kvntd TEPUOTIKO TpokVvyeL va géummpeteitar ond KuyéAn 1 omoia €lval ot
dwarodocio dapopetikod GGSN. Avti n TpaxTiKny €Yl TO TAEOVEKTNUO OTL O€
ypedletanr mOTE va. TPOMOTOIEITOL (CE TMEPIMTMGELS WETOKIVIONG TOV XPNOT®OV) TO
OEVTPO TV KOUP®V OV GUUUETEYOLV GTY| UETASOGT TOV PODV TANPOPOPIag TNG KAOE
opdooc moAlamAmv mpoopiouwv. Emiong, apod o wouPog GGSN  dwnpeiton
otabepds, dev vIApyel avaykn dote va ovayivel aitnon GLUUETOYNG OE KATOo
vanpecio. AmO TV GAAN VIAPYEL TO HEIOVEKTNHO OTL 1| AVOTM 0T OEV EVVOEL TN
BéAtioTn dayeipion TV TOP®V TOL OIKTVLOL KAOMDC 1 Kivnom Yy ™ dedopévn
vanpecia Ba eSunnpeteiton mavro and Tov KOUPo Omov apyikd £yve 1 vepyomoinom
avTg, aveEapmnTo amd TN HETAKIVIoN TOL KIvNnToV KOl TN GLUVOAIKN Kivnom tov
KOUPOV TOL SIKTHOL OOV TOOVTOTPOTWS GE OPIGUEVOLG €ivor TOavO va vIdpyet
GLUEOPN O Kol G GAAOVG LTTO-YPNGLOTOINOT).
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4.5.1 Evyuépowon Heproyns Apouoioynong
(Routing Area Update)

H dwdwacio g Evnuépmong g [epoyng Apoporidynong (Routing Area Update)
extereitanl kdBe Popd MOV KATO0 KIVNTO TEPUOTIKO UETOKIVEITAL KOl EIGEPYETAL GE
Kémown TepLoyn mov e&umnpeteitanl amd daPopeTKovg KOUPoLg (TpoxeLtan dSNAad1| yio
OWPOPETIKN TTEPLOYT] OPOUOAOGYNONG), AveEAPTNTA v TN OEJOUEVN] YPOVIKY GTLYUN
VILAPYEL UETOPOPA OEGOUEVAOV Y10, KATOW OO TIC VANPECIEG MOV GULUUETEXEL O
xpPNoTNG 1M Oyl XtV TP®OTN 7mePimT®MOoN amAd mponysitor m  SlodKacio. OV
mepLypaeTal oty emopevn mapaypaeo kot ovopdletor SRNS Relocation. H
tedevtaio ektereitor Otov o Kvntd Tepuatikd Pploketar oe katdotacn PMM-
CONNECTED gvo n dwdwkacio mov e€etdlovpe ektedeital dtav avtd Ppioketon o€
katdotacn PMM-IDLE. Awypoppatikd, to pnqvopato mov avtaAAIGGovTIoL omd Toug
eUTAEKOIEVOLG KOUPOLS eivan awTd Tov Tapovstdovion oto Zynuo 26.

new old
UE RAN SGSN SGSN GGSN HLR

1. Routeing Area Update Request o : |
> J _!' MM, PDP and |
2. SGSN Context Requ;.t ,,/:’I MBMS contexts |
|SGSN Context Response I !

N

]

w

Pl . .
. Security Functions
>t

o E SGSN Context AcIL.

A

\4

5. Update Location

\ 4

5. Cancel| Location

-

5. Cancel locationAck

7
I
I
I
I
I
i
I
I
I
I
I

A4

The new SGSN | . b. Insert Subscriber Data
| requests the creation of | - -
| the MBMS Context with N 5. Insert Subscriber Data Ack >
| the particular GGSN if T~—x_ 6. Create MBMS Context
| )
(el @@l | 7. Create MBMS Context Confirm

A

8. Routeing Area Update Accept

9. Routeing Area [Update Complete

\4

Yympa 26: H owdwikacio Eviuépoong g Meproyng Apopordynong

Ta unvdpata Tov avtaAdldocoviot £(ovv TV akoiovdn onuacio:

1. To xwntd tepuatikd Otav aviyvevel mmg €xel €loéAfer oe véa Ileproym
ApopoArdynong (S1apopeTIKY] ®C TPOS TNV TPONYOVUEVT] TOL TNV e&umnpeTel
dwapopetikdg SGSN) otéhver pnvopo Attmong Evnuépmong g Ieproync
Apopordynong mpog 1o véo kopupo SGSN wdote va evnuepmbel oyetikd pe TIg
TANpoeopieg dlayeiplong cLVOSI®V Kol KWWNTIKOTNTOS OV APOpovV TO Kwntd
avTo.

2. O véoc SGSN emkovovel pe Tov mOAO TPOKEWEVOL va. AGPEL TO GUYKEKPLUEVQL
MM (Mobility Management), PDP kot MBMS Bearer Contexts ototyeio. mov
oyetilovtal [Le TO GLYKEKPUEVO KIVNTO.

3. Extelobvtor ot mpoPAemdUEVES KO OTOLTOVUEVEG OlOOTIKAGIEG GYETIKA HE TNV
TOVTOTOINGT KOl TO SIKOLDLLATO TOV KIVNTOV.
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4. O xawovprog SGSN kéuPog €domotel Tov ToMO GYETIKA LE TNV TOPOAUPN TOV
TOPOTAVE® TANPOPOPIDV.

5. H ovtéomro HLR (g omolag o podAog £€xel meplypopel GTO TPOTYOLUEVO
ke@aiato) tov UMTS diktoov minpopopeitar yio m véa BEon kot Kot’ enEKTOON
™ véa Ileproyn Apopordynong oty omoia PpiokeTor TAEOV TO KIVITO TTOV £XEL
ot Owowodocia g Toavtoypova o moaAldg kopPoc SGSN  ewdomoteitor va
dypayel To Kvntod amd T apyeio pe To EELTNPETOVUEVO TEPUOTIKA EVD O VEOGS
Aappaver kdmowa ototyeio and tov HLR mov apopodv tov ev Adym ypnot.

6. XZe mepinmtwon mov o véog SGSN dev mapéyel o kdmola vanpecioco MBMS ota
Kwvntd mov efummpetel, oty omoid ®OTOGO TO KWWNTd 7oL TPOoTEONKE
ouppetéyel, (av onAadn Oev €xel evepyomomuévo 1o oyetikd MBMS Bearer
Context) tote (ka1 povo tote) emkowvwvel pe tov GGSN  koéupo mov
mpocdopiletal yio v vanpecio ot Kot (Nt T Onpovpyio Kot £YKOTAGTOON
tov v A0y MBMS Bearer Context.

7. O GGSN amavtd kot emiPefordvel ™ onpovpyio tov MBMS Context 610 véo
SGSN «opfo.

8. O véog SGSN otéhvel TPog 10 KIvNTO TEPUOTIKO pMvupe ATOJ0YNS Yol TNV
emroym evnuépwon g Ieproyng Apopordoynong.

9. To xwnto emPefordver v olokiipwon g Evnuépmong g Ileproyng
Apopordynong.

Onwg etvar mpopaveg kat £xel noN avagepbet, o mepintmon mov dev adrdlel o SGSN

KOpPoc mov efumnpetel KAmMOWO Kivntod, 0ev vmdpyel Adyog Yoo Evnmuépwon g

[Teproyng Apopordynong a@old Jdev LIAPYXEL OVAYKN Yo OVIOAAQYT Kot ANym

otolyeiov and tov HLR.

4.5.2 SRNS Relocation

H dwdwoascio avtr, 0TOc ova@épOnKe GTNV TPONYOVUEVT]) TOPAYPAPO, GUUTANPDOVEL
Kot oAokAnpavel avty ™ Evnuépoong g Ieproyng Apopoidynong KoAOTTOVTOG
MV TEPIMTOON OMOL €lval €vePYN KOAMOWL VLANPECIO Kol UETAPOPA OEGOUEVDV
Bpioketan oe e£EMEN, KATA TN SIAPKELD TNG LETAKIVIIONG TOL KIVNTOV TEPUOTIKOD OF
i véa Tleproyn Apopordynons. Onwmg €xet onuelmbel Aowmdyv, yio va EKTELEGTEL 1)
dwdwacio oo SRNS Relocation , to kivntd teppotikd Ppioketol o€ KATAOTOON
PMM-CONNECTED «at €xet evepyomomuUEVEG TOVAGYIOTOV L0 GUVOEST] GNUEIOVL
pog onueio kat onueiov Tpog ToAAamAd onpeio. 1o Zynuo 27 topovctdloviot Katd
oepd o frpata Tov akolovbovvtal.
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10.

11.

12.

13.

14.

O véoc SGSN kopPog evnuepavel tov katdAinio RNC mov mpoxettor va deydet
TO XPNoTN Kot Tov Ba avardfet tnv eEumnpétnon tov. Tavtodypova eykabdictavrot
Kol Ol GLVOECELG onueiov Tpog onueiov KabBMG kol onueiov mPog TOAAATAN
onNuUEia TOV OTALTOVVTOL Y10l T GNUOTOO0GIN KO TH HETAPOPA TOV OEOOUEVOV TNG
vanpeciog (N VINPECIOV) TOV GLUUETEXEL O (PN OTNC.

O véoc SGSN evnuepmvel tov moMd oxetikd pe v EmavatomoBétnon tov
KWvnTov.

O maMdg SGSN mpowbei v evrodn yia emavatomofétnon otov RNC mov eiye
péypt TPOTVOG TV €VOBVN Yo TV €&umNPETNON TOL KIVNTOV, TO OMoi0 TAEOV
Bpioketon otnv evBHvN 10V Kavovpro RNC kar SGSN avtictouyo.

Ta unvdpota avtd dev €yovv Eexabapiotel akdpa TL evépyeleg akpipag Oa
TPOKAAOVV KOl LE TTO10 TPOTO, OAAG 0vTO Tov B eEacaiilovv ivor 1 oA Ko
YOPIG ATOAELES LETAPOPA TOV OEOOUEVAOV TNG VINPEGLNG TPOG TO KIVNTO, KATH TN
petopatikn mepiodo mov avtd mEPVE amd TN dikalodocio ¢ moaidg Ilepoyng
Apopordynong o€ ot g VEag.

OloxAnpovetor n ovppetoy] tov maiod RNC xkopuPov oty moapoyr g
vanpeciag mpog to kivnto kot o véo RNC képpo avtictoyya.

O véoc RNC koppog onrovel otov SGSN mov tov e&umnpetel 0TL £xet aviyvedoet
10 Kiwyntd tepuatikd ko ivar og B€om va 1o eEumnpertel.

Metagpépovion amd 10 véo RNC koppo mpog 10 kivntod (1o omoio pe TN GEPE TOL
emPefordvel) TAnpoeopieg oyetikd pe T1g Waitepeg mopapéTpovs tov UTRAN
KOUUATION TOL SIKTHOV GTI) CLYKEKPIUEVT TTEPLOYT).

O véog SGSN koéuPog €xel avorapel mAéov (ovolaotikd avtd €xel cvpPel amd to
frna 4 aAld og 0VTO TO ONUEID £YOVE TNV TLTIKT OAOKANPMOON TNG d1001KAGT0G
Kot YU ovtd tomofetnOnke €d® M ev AOy® €VEPYELD) OAOKANPWOTIKA TNV
eELMNPETNON TOL KIWVNTOV TEPUATIKOV KOl £YEL TNV VTOYPEMOCT VO EVNUEPDGEL
katdAAnia tov GGSN kOUPo oL TPOGPEPEL TNV LANPEGIN Y10 TN GYETIKN OAAOYT
TOV KOUPOV TOV EEVANPETOVY TO GLYKEKPIUEVO YPNOTY.

[Mopdiinio pe to Ppa 11 ko petd v olokAnpwon tov Pruatog 10, o véog
RNC «opPog edomoteitar v odokAnpwon g Eravatomrobétmong tov Kivntov.
H oloxipoon avtr yvootomoteiton kot otov maid SGSN koppo, o omoiog
opeidel va amavinoet 6t EAafe yvaon tg.

O tehevtaiog divetl eviodn otov maAld RNC vo amodecpuevoel t1oug Tpovg mov
Kpatovoe yu TNV eEumnpETNON TOL KIvNnToh Kol YEVIKOTEPO YLl TNV LANPECIa,
OGNV MEPIMTMOOTN TOL TO KWWNTH MOV HOAS amoydpNnce NTav To Uovo (teevtaio)
EVOLOLPEPOLEVO Y10L TNV LANPEGIO AVTH GTN OE00UEVN TEPLOYN TOV €EVTINPETEL O
RNC. To Prpo oroxAnpmvetor pe v omdvinon tov RNC xéppov mpog tov
SGSN.

AxorovBel og avtd 1o onueio  Evnuépwon g Ilepoyng Apopordynong, 0nmg
TEPLYPAPNKE GTNV TPONYOVLEVT TTAPAYPOPO.

4.6 ANAAYXIH XYMIIAHPQMATIKOQN AEITOYPTIQN

Onmg S1omoTOVOVUE [E TN CUUTANPMOOT] TNG AVAALGNS TOV KVPLOTEPMY GTUIIMV TOL
aroaptiCovv ™ dadikacio TG Alavopung KAmolag VInpesiog, OTMS oty avaAvOnKe oe
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Source target old new
UE g GGSN
RNC RNC SGSN SGSN
1. Decision to Perform SRNS VM. PDP and |
Relocation | MBMS contexts !
2. Relocation Required | transfer |
> tm—n -
7 NewSGSNTs T 3. Forward Relocation Regiest Z
I communicated the '~ — __ B 4 Relocation Request
: respective MBMS ————~" I m———- ——1
1t | : |
I _conext . Establishment of ptp and ptm RABs - 1 luBearer
~i Establishment |
4 Relocation Request Ack. _ P _
5. Fprward Relocation Response I:
-t

6. Relocation Command

<

|
|
| RB Il 7. Forwarding of Data : Context
|
] |

Transfer

P

f A - ’
I establishment J' 8. Relocation Commit

[

9. Relocation Detect i l
| .
11. U[Eate PDP/MBMS Com Xt

- Lt
1. Create MBMS Conteit S

10. UTRAN Mobility Information
" 10. UTRAN Mobility Information Confirm =

(s)

y
-

12. Relocatipn Complete

[

. Ll ~
12. Forward Relocation Complete AN

o ———n

12. Forward Relocation Complete Ack. ! |

13. lu Releage Command > | CNBearer
|

|

Establishment |

13. lu Release Complete |

I

A 4

14. Routeing|Area Update
Routeing Area Update Request

Y

Routeing Area|Update Accept

A

Routeing Area Update Complete

Y

Xyqpoe 27: H wwdwkacia SRNS Relocation

To unvdpata Tov TapovcslalovTol 6To TPONYOVUEVO GYNLO AVOADOVTOL OC EENG:

1.

To kivntd teppatikd aviyvedel v €i60d0 tov og véa Tlepoyn Apopoidynong
kabog eivan og katdotaon PMM-CONNECTED kot evnuepaver tov k6ppo RNC
oV PEYPL TPOTIVOG TO EEVTNPETOVCE Y10l TV AVOYKOLOTITO VO TPOYLLATOTONOEL 1
dwadkocioc SRNS Relocation.

O x6ppog RNC mov éhafe to uivopa yuo tnv SRNS Relocation gvnuepmvet tov
SGSN «koéppo mov tov e&umnpetel, pali pe v mAnpoeopia yuo ) véa Ileproyn
Apoporodynong otnv onoia €16y®pel T0 KvnTo.

O moaldg SGSN koppog emkovovel pe to véo mpokeévon vo otn el v eicodo
kot EmavatomoBétnon tov xwvntov teppatikov. AVTOAAIGGOVTOL TANPOPOPIES
oxetwkd pe to otoryeiac MM ,PDP xou MBMS Contexts, mov a@opovv 10
ocvykekpipévo teppatikd. Ilpopavag av o véog kopPog dev e&ummpetel kOpuPovg
TOL VO EVOLAPEPOVTOL Yl KOTOLEG OO TIC LANPEGIEG OMOL O TMPOCTIOEUEVOC
XPNOTNG  ovppetéxel, opovtilet vo  emkowvoviost pe tov GGSN  mov
npocolopileror yo kabe vanpecio kot va Aapet Ta arattovpeva otoryeion (MBMS
Contexts).
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TPOTYOVUEVT] TTAPAYPOPO TOV TOPOVTOS KEPAANIOV, Kot oV e€ETAGTNKOV 6T TAAIGLO
™G otayeiptong Zuvodwv kot Kuvnrikéttag, yio to UMTS diktvo, dev €ytve avaivon
Kamowwv empépovg Aettovpyiodv  omwg eivor M Eyypaer] (Subscription), ot
Avaxowvooelg yioo v Ymmpeoio (Service Announcement), 1 MBMS Eiwdonoinon
(MBMS Notification) kaBmg kot 1 Metagopd Aedopévav (Data Transfer). Avtég Oa
€EETACOLLE TEPIANTITIKA GTNV TOPOVGO TOPBEYPOPO.

4.6.1 Eyypaon (Subscription)

[Tpdkertan yia tn dadtkacio OToLv 0 ¥PNoTNG amoPacilel OTL BEAEL VO TOL TOPEYETOL M
dvvatdtnto va Aappdvel kotd foOANcT 0£00UEVO KOl UNVOLOTO LG GUYKEKPLUEVNG
VANPECTOG KO EMIKOVOVEL LE TOV TAPOYO TNG VINPECING TPOKELEVOD VO GULLPMVIGEL
TOVG OPOVG KOl TIG GLUVONKEG TNG «GLVOPOUNG» TOV. AEYOVTOG GUVOPOUT, EVVOOLLE
éva, ouUPOANI0 KATA KATO10 TPOTO TOL GLVOEEL Ko opiletl T oy€om Tov TaPOYOL TNG
VINPEGIOG e TOV EVOLAPEPOUEVO XPNOTN. O TAPOYOG ATOONKEVEL TIG TAPAUETPOVS TG
GLUP®VIOG TOV LE TO GLVOPOUNTH MOTE OTAV O TEAEVTOiOg {NToEL amd TO diKTVLO VL
AaBet ™ ovueovndeica vanpecio, To otoyeion OVTG VO TPOSTEAADVOVTOL, VO
eléyyovton kot vo  gEovorodoteitar (kor Gpo va  eéummpeteitar) o xpNoTNG
(mapadeiypatog xbpn ot drdpkela TG Aftnong ZuUUETOYNG OTNV LANPETiaL) 1] OxL.

4.6.2 Avakoivaoeig Yanypeoiag (Service
Announcement)

Ot avakowvmoelg kibe vIpeciog £xovv GKOTO Vo KATATomi{ovV ToVG ¥PNOTES Yol TO
€Vpog (Kot TNV ToKIAin) TV TapeXOUEVOV VINPESIOV (Yo kKB vInpecia Eexwplotd,
elte o1 mapoyot ivor HEPOG TOL JIKTVOV €lTE OV AVIIKOVV GE QWTO) Ko amevBvvovTal
TOC0 GE EYYEYPOUUEVOVS OGO KOl GE UM EYYEYPOUUEVOVS YPNOTEC, UE OKOTO TNV
EVNUEPMOOT] TOV TPMOTO®V OALL Kol TNV TPocsOnkn Tov Ttedevtaionv. Ot avakovahoEeLg
aVTEG Umopel vou TEPLEYOLY TANPOPOPIES €1TE OYETIKA HE TO YOPAKTNPIOTIKA TNG
vanpeciag, €ite pe mopapéTpovg g (Onwe ta ypovikd omueion exkkivnong twov
GLUVOOWV TNG), £lTE e TPOTOVG EYYPAPNG KO EvEPYOTOiNnoT|g TG. Ot Tpdmotl Tov aVTEG
o1 TANpoopieg etvar dSvvATO Vo TAPEYOVTOL GTOVG XPNOTES TOKIAOVY Ko Umopel va
elvan gite péow SMS ka1t WAP, gite péow avorytig petadoong (MBMS Broadcast)
dwpnpicewv yo T1g vanpeciec moAlanAdv tpoopiopdv (MBMS Multicast Services),
eite péow devbivoewv otov 1010 (Web URL) eite axdua pécm petddoong oe
pepovopéveg koyéreg (Cell Broadcast Service).

4.6.3 MBMS Eiooroinon (Notification)

2oppova pe T mpotdoelg g 3GPP mpokerton yio ) Agrtovpyio exeivn 6mov o
APNOTNG EVIUEPDVETOL Y10 TV TPOGEYN EKKIVNON TNG EKTOUTNG OEGOUEVOV GYETIKDOV
LE TNV LANPECia TNV omoia GuUPETEYEL (Exel TponyNOel dNAASN OO CLUUETOYNG -
Join - amd Vv mAevpd TovL YpPNoTN). e mepimtwon PEPata mov M dSwdkacio TNG
Metapopdg Aedopévmv (Tov avOADETAL GTN GLVEXELD) EUTEPLEYXEL CNUATOO0GI0 TOV
TPOETOALEL KO EL00MOLEL TO ¥PNOTN YO TNV EMEPYOUEVT] LETAPOPE TOV JEGOUEVAV,
ov Eexwva pe  dadikacio g Exkivnong Xvvodov (Session Start), mbovmdg to
opdv 01do10 va eivar meptttd. H e1domoinom mpémetl va dtadideTon Kot vo StovEIETOL
6€ OAOVG TOVG KOUPOLG KOTA PUNKOG TOV 10€aToV povoratiov ard tov GGSN péypt tov
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TEMKO ypnotn mov AapuPdver v vanpecio. To 1610 oyvel €dv N Wdomoinon avty
elval pépog g onpartodociog yuoo v Exkivnon Zuvddov mov Eekivd pe v €hevon
TOV TPAOTOL TakETOL dedopévav atov GGSN kopPo 1 tov BM-SC.

4.6.4 Metradoon Asoouévov (Data Transfer)

Xe avutf to edomn AauPdvel yopa 1 peTAEopd docdopévav Yoo v kabe MBMS
VANPEGIa OTOL 0 YPNGTNG EYEL KAVEL ALTNGT CLUUETOYNG Kot Apa £xovv evepyomonOet
ta avtiototyya. MBMS Bearers. Eivoalr mbové mn €éhevon 1ov Tp®OTOL TOKETOL
dedopévav g opadog moAlamAdv wpoopiopmv otov GGSN va eivar avt) mov Ba
onpotodotoel ™ dwdwoacsio Exxkivnong Xvvodov, €161 Omwg meptypapdnke ot
TPONYOLLEVN TTAPAYPOPO, Vi TO diktvo UMTS.
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KE®AAAIO 5: TIEPITPA®H EEOMOIQTHE

IIEPITPA®H EZEOMOIQXHE

5.1 O EEOMOIQTHE NS-2

Boowo gpyaieio oty mpayrdtoon e STAMUATIKNAG OVUTHG OMOTEAEGE O EEOUOUMTNG
NS-2. To gpyareio avtd eivar Eva open source GUGTNOA TO OTOI0 dNoVPYNONKE GTO
navemomuo tov Berkeley kot ypnowyomoteitar onuepo  gvpéwg omd TNV
EMOTNUOVIKY] KowvotnTa. Eyovv mapovciootel moAAEG eKOOGES TOL GLYKEKPLUEVOD
GLGTNUOTOG, 1] GLYKEKPUEVT] TOV YPNOLLOTOMmONKe NTav 1 ns2.26, otV omoia Kot
avantoydnke to UMTS mov ypnoyorombnke oty mopovco epyoscio.

O g&opotmwmg avtdc dwtibBeton edevBepa and to [28], dmov eivar dabeoieg mOALEG
€KOOGELG TOV Y10 OLPOPETIKEG AEITOVPYIKES TAATQOPUEG. LVYKEKPIUEVO, GE QT TNV
nepintmon o ns Asrtovpynoe o€ mepariov Mandrake Linux 10, 6mov 1 dadikascio
EYKATAOTOONG Kol 6®MOTNG Asttovpyiag tov givar amAn. Eniong, o eEopoimwtg owtog
dgv AeltovpyNnoe LTOVOLA, OALYL Gav €vo OAOKANPpOUEVO TaKETO, TO ns-allinone-2.26.
To maxéto avtd mepiéyet extdg PEPota amd Tov 1010 Tov EEOHOIMTN Ko Pt GEPE amd
dAlo mokéto, pepwkd amd to. omoio €ivon omapaitnTa Yoo T Agltovpyio TOL Ko
OpPIGUEVA OmAMG LTOoTNPIKTIKA. To cvotnua Tov gEopolmTy| givor vVAoToMUEVO Ge
yhoooa C++, kar ypnowonotel v yAwoca OTcl cav deragn Aqyng eviolwv. Me
dAlo Adywo katavoel T yAdooo OTcl, oty omoia ypapovTol To. TPOYPALLATO TOV
TEPLYPAPOVY TA TEPANLOTA TOV MBVUEL O YPNOTNG VO EKTEAEGEL GTOV gEopotwtr. To
naxéto g OTcl mepiéyetar BEPato 6T0 GLVOAIKO TaKETO TOL ns-allinone-2.26, 6mov
nepthapPdvovton eniong kot To akolovba wakéTa:

e To makéto nam. O pOAOG TOL TAKETOL AVTOV EIVOL VTOGTNPIKTIKOG 6T AElTOLPYia
TOV €£0UOLMTY] Kot SIVEL TN OLVATOTNTA YPOPIKNG OVOTOPACTOCNG TG TOTOAOYIOG
KoL AELTOVPYL0G TOV SIKTVOV.

e Emiong mepropPdvetar 10 moakéto xgraph oOmov emiong €xel dgvtePEHOLGOC
onuociog Asrtovpyio kot olvel ) dvvatdTNTO GTO YPNOTN VO UTOpPEl va
avomapLoTd Ypagikd didpopa dedopéva £600v.

e 'Evo dALo mokéto mov meptlapfaveTol 6To yevikd makéTo ns-allinone-2.26 givat to
nokéto perl, 6mov €xel foacikn onuocio Kol ETTPENEL GTO YPNOTY VO, LTOPEL va
EKTEAEL TPOYPALUATO TNG YADCTOAG QLTHG.

o Téhog mpémer va avapepbel 0t1 TepthapPdavetarl exiong Kot 10 mokéto gt-itm 6oL
elval évag PMyoviopdg Topaymyng TOTOAOYIMV OTKTVOV OUTOUATO. LVYKEKPIUEVA
TO VTOGVOTNUO AVTO TAPEYEL TOAAEG OLVOTOTNTES Y10 TOV TPOTO TOPOYMYNG HLOG
TOTOLOYIOG KOl GUYKEKPIUEVOL UITOPEL Vo Tapdyel €lte Tuyoieg eite Tomoloyieg pe
CLYKEKPLUEVO XOpOKTNPLOTIKA. BéPata mpémel va toviotel 0tL 1 Agttovpyio. Tov
TOKETOV OVTOV TTAPOVCIALEL EALElYELC Ko TpoPAnpaTa, Ommg 0Tt dgv vtootnpilet
OTNV TOPUY®YN TNG TOTOAOYING TN YPNOY SPOPETIKOD THTOV 0VPASG EKTOG OO
FIFO.

AQoV KoTOYpAOONKOY GUVOTTIKG TO TOKETO TOV TEPLEYEL TO GLVOAIKO TOKETO nsS-
allinone-2.26 mov ypnowomomoOnke, Bo emkevipmbel ot cLVEXEID M| TPOGOYN MOG
otov géopotwtn. O tpdmoc mov Asttovpyel elvan apketd amlog, dEyeTol cav €1G0d0
apyeio Tcl, Ta omoio katovoel kot ta ektehel. H £€€000¢ mov mapdyel umopel va €xet
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Towileg pHopQEC a@oy vmootnpilel OT®G eidape mOPUTAVED aKOUN KOl YPOEIKY
avaropdotacn tov dktvov. H cuvnbéotepn €€odog mov mapdyet givor apyeion mov
TEPLYPAPOVY TANPW®G TNV Kivnon o€ éva opiopévo link 1 v katdotoon pio ovpds.
Ta oapyelo avtd ev ovveyxelo umopel vo degytodv mepartépm emelepyacio Kot vo
QMOTVIMOGOVY N OV VTOAOYICOVV GULYKEKPIUEVEG TOCOTNTEC TOV EVOLOPEPOVV TO
YPNOTN OTTMC Yo Tapdderypo To throughput mov emttvyydvel éva cuykekpluévo €id0¢
kivnong N N KaBvotépnomn mov &gixe €va mOKETO TANpoPopiag omd TV TNYN GTOV
TPoOPIGHO. AKOUN, €KTOC amd TO apyeion TOV TEPLYPAPNKAYV TOPOTAVE® UTOPEL Vol
TAPAYEL KOL CUVOAMKE apyeio yioo OAN TN SLAPKELL TOV TEWPAWATOG TOV TEPLYPAPOVY
Kk@Oe mokéto mov mapNyOn, ™ Owdpour] mov aKoAovOnoe, wOTE €loNAbBe Ko moHTE
eENABe amd kdbe ovpd KA. OAOKANPOVOVTOG OVTO TO TUNUO TPETEL VO TOVICTEL OTL
vevikd M €£000¢ Tov efopolmT) pmopel va mapdyel omown mANpoopia embouel o
YPNOTNG, EVOEYOUEVMG LE TEPULTEP® EMEEEPYATTO KATOEG POPES.

2 ovvéyela mopovotalel evolapEpov Kot TpEmeEL vo. avaeepBel o TpOTOG TOL
dopovvtor to mpoypaupato oe Tcl ko to ektedel o ns. Apyikd 1 doun TV
TPOYPOUUATOV ETIPAAEL VO OMpovpYEiTaL 1 TOTOAOYIOL TOL O1KTVOV, OPILOVTOG TOVG
KOpPovg mov Ba vapyovv Kot Tig dracvvdéoelg petahd toug. Emiong oto onueio avtd
TPEMEL VO TEPLYPOPOVV 01 0VPEC ota links Kot va optotodv ot avticToly ol mopdueTpot
KkéBe opd. Apov TAéov dnpovpyndel n Totoroyia 6TdY0 amoterel ) dnpovpyia TV
YOV Topaywyns maAnpoeopioc. O tpdmog mov (o Tnyn dnUovpyeiton Kot wopayet
TaKETO Elvat oYETIKA AmAdg Ko amoTeLeiTal apykd amd T dnpovpyio evog agent wov
ouvvdéeton oe éva KOpPo. (kabe kopuPog pmopel va deytel moAAolg agents). Xt
ocuvéyela dnpovpyeital pio Ty n omoia cuvdéetal mavw o€ évav agent, 6oV £vag
agent avtiotolyel oe por povo mnyn ko avtiotpoea. Ot Pactkoil Tomol agent mwov
vrapyovv gival 2 kot eivar ot TCP agent kot ot UDP agent. Ot mpdtot 6ntmg mpodidet
KoL TO OVOULA TOLG YPNOHOTOLOVY TO TPpwTOKOALO TCP kat o1 devTEpOL avTicTorya TO
npwtékorro UDP. Avtictoyya ta didpopa £idn tnydv mopaymyns takétov ivor Olo
viomompéva oty kKAdomn Application kot eivon ta akdAiovbao:

e FTP, oe avtd 10 €id0g mapdyovtol €ite CLYKEKPWEVOG aplOUOG TOKETOV €ite
Kivnon Y10 GLYKEKPYEVO XPOVO.

e Telnet, omv mepintwon avt) N mopaywyn mokétov Kobopiletor amd ekOeTikn
KoTavopr).

o TlapdAinia vrapyovv dAra 4 €idn mydv mov €xovv viomomBel oe o KAdon
Traffic Generation wov ivat vAomompévn kdte and v KAdon Application. Ta
€lon avtd etvar:

0 Exfetky ON/OFF o6mov m mopoaywmyn mAnpogopiog okolovbel v
ekBeTkn KoTavOuUn. Z& avt TV Tepintwon opilovrol cav mapaUETPOL TO
TOGOGTO TOL YPOVOL TAPOUYWYNS TANPOPOPING KOl U TOPAY®YNS, O
PLOUOG ATOCTOANG Kot TO HEYEDOC TV TUKETWV.

0 Pareto On/OFF, givar 6poto pe v mpornyovpevn pe povn dtopopd 0tL n
Topoy®yYn ToKETOV akolovBel avty ™ @opd v Pareto katoavour. Ot
mapapetpol Tov opilovrat ivat OPOLOL LE TPLV.

0 CBR, s&ivau o 1tpitn péBodog Omov Tapdyel TEPLOOIKO TOKETA
TAnpoeopiag pe ocvykekpiuévo pvBud mov opiletar G TopAUETPOC.
Toavtodypova TapaUeTpo amotehel kot 10 pEyefog TV TaKETMV.
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0 Télog vapyet kot n péBodog tov TrafficTrace 6mov daPdlet otoryeio and
éval apyelo trace Kot Topayel TV Kivnon.

e To televtaio eidog eivar 1 HTTP «ivnon mov Ppioketor Kdtw amd v KAGOM
Application kot amotereiton amd 3 ovcwactikd Applications (Client, Server,
Cache). Ot ovvoéoelg mov pmopetl va yivouv eivar petald client-server, client-
cache kot server-cache. O TpOMOg OMOGTOANG OUTNCEMV KOl 1) TOPAYWYN TAEOV
avtiotolyywv omaviioenv Kabopiletoar omd o dAAN kAdorn mov ovoudletol
Pagepool kat d1abéterl 4 drapopeticods THmove.

Xvvoyilovtog To cOGTNHO AVTO TOL EEOUOLMTN NS ATOTEAEL £vaL open source GUGTN AL,
wwitepa E0YPNOTO OV YPNCIUOTOLEITAL EVPEMG OTNV EMGTNHOVIKY Kowvotnta. Ot
YPNOELS oL €xel eivol TOAAATAEG ooV givor €voc eCOHOI®TNAG OIKTVMV YEVIKOD
oKOToV Kot Voo TNPilel TOALUTAG €101 SIKTOWV OTMG SOPLPOPIKE KoL KIVITA dKTLAL.

5.2 IIAPATQI'H KINHXHXE

5.2.1 To €idoog kat n onuiovpyia tyg Kivyonyg

2NV TPAYUATIKOTNTO, OTWG TOVIGOUE, 1| CLVOMKN Kiviion o610 O1001KTVO OmoTEAET
ovvbeon MOAL®OV €OV kiviiong. Xto Bépa avtd €yovv mpoypatomonfel TOAAEG
€PEVVEG OOV £YOVV 0ONYNOEL GE GLUTEPAGLOTO Y10 TO Kupilapyo €10n kivnong oto
O10dikTVO KOABMG KOl G TOGOOTA €M TNG EKATO TOV TAKETMV TOL OVTIGTOLYOVV GTO
k@B eidog g xivnong. Ta kvpilapya €idn g eivar ta axkdéiovba: FTP, WWW,
Telnet, SMTP «Am.

Multimedia | Dynamic Static Ftp - Email- Other
WWW WWW telnet news
14% 28% 15% 12% 17% 14%

IMivaxag 19: Kivnon oto Internet

[Tpoxeywévou ta mepdpatd va gival opBd kot a&lomiota Tpénet o ddkacion TNG
TPOGOUOIWONG VO TPOGEYYIOTEL COTA 1 Kiviion mov Ba e1caybel oto dikTvOo. ANAadn
pénel 610 dikTLO Vo VITdPYEL TO €idog TG kivnong mov Ba peleteiton kdBe Popd
(foreground traffic) kaBdmg Ko 1 vroroun Kivnon oto diktvo (background traffic).

Ot pébodor mopaywmyng kivnong mov avaeépoviol yevikd oty PiAoypapio
TEPLYPAPOVTOL TOPAKATM:

e To anAid poviého ON/OFF omov €xer mepiodovg ON kot OFF kartavepnpéveg pe
Kkémoto €idog Katavoung kot otabepd pvhuod petddoong katd tn ddpkela v ON
eptodwv. To povtého avtd meptypdpetor TANPoG and o tpada <R, b, p> e ta
peyétn: R, b kot p avamapiotovv aviictoyo to puoud petadoong Otav 1 myn
elvar evepyn|, ) péomn Sapkela Log EVEPYNS TEPLOOOV Kot TO KAAGO TOV YPOVOL
7ov 1 TyN €ivar evepyn (active). Zopmepoacpatikd, oty nepintwon tov ON/OFF
HovTELOL £xOovpe OVGLUGTIKG Tapaywyr| podv (flow generation). Ot katavopég Tic
omoieg LopovV va akoAovBovv o1 EVOALAYEC TV TEPLOd®V Elvar o1 akOAOVOEC:
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0 Evoliayéc mepiddov akoAovBovtag tnv katovoun Pareto. H Pareto
KoTavopr &yl ouvapTnon mokvotntog mbavottag Ax) = ab® / x* Ty x
> b ka1 10 o omoteAel mopdapueTpo. H popon g ypoeikng mtapdotacng g

glva 1 akolovon

0.37
0.28
0.26
0.247
0.224

0.2
0.18
0.16
0.147
0.124

0.14
0.084
0.064
0.044
0.024

Xynpo 28: H Pareto katavopn

0 H devtepn mepintmon givar ot evorldayéc meplodmv va akoAovBodv v
exBeTiKn Katavoun Tov £yel cuvapTNon TVKVOTNTAG TBavOTTOC f(f) =
re”, t > 0. H popen g ekOETIKIC GLVAPTNONG QPAIVETOL GTO EMOUEVO

oxua

o3 —

Protab ity

o= —

Xympoe 29: H ek0etikn Katavopn)

0 H televtaio mepintwon eivar ot evaAloyég mepLOd®V v akoAoVOOLV
™V Kavovikn kotavopn Ax) = exp[—(x — p)* / (26%)] / [(27‘5)1/ %6],u€ x in
R. Avt givan kou 1 Arydtepn ypnoyorotovpevn HEBodog.
H dgvtepn mepintwon eivar va Exovpe kKivnon 6to dikTvo 0Tov ot api&elg TakETwv
axolovBovv v Poisson katavoun pe pvOud A. H xoatavour Poisson givon molv
cuvnBicpévn oty avorapdotacn g kivnong og diktva (reprypdpovtog api&elg
TOKETOV) Kol £xel cuvaptnon mukvotntog mhavottag f(x) = e—A (M)k / k! yio k =
0, 1, ... 6mov to A gival TOPAUETPOG KOl SNADVEL TO PpLOUO APIENG.
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02347

Xyqpa 30: H xotavopn Poisson pe A=4

‘Eva Ao poviého mov meptypagetol otn PipAtoypaeio eivol g nyn mov mopdyet
TEPLOOIKA TOKETO GTAOEPOL UNKOVE. XTO ONUEl0 oWTO TPEMEL VO TOVIGOLUE OTL O
deVTEPOG KO TPITOG TPOTOC OVOPEPOVTOL GE TTAPAYMYT TakET®V (packet generation).

Mo emmAéov pébodog traffic generation givan 1 amootoln apyeiomv video énov TAéov
pe ™ pébodo avtr, ypnopomolovie oto meElpapa traces amd video, eite éva eite
ovvbeon (aggregate) moAAdv. Ta yopakKTnploTIKA TG Kivnong mov mapdyetal sivol
etepoyevn Kabhg meptEyel onueia pe Kotarylopovs oAld Ko onueion pe Aydtepn
«Anpoopioy.

Téhog, pa péBodog mapaywyne kivnong eivon n ypnon self-similar traffic generators.
"Exel mapatnpnBel 611 o cuvevaoelg powv (aggregates) 1 Kivnon mak€Tmv 6To diKTvo
TOPOVCIALEL U0 OLOTOROPQia Kol QaiveTol va exavalopupdveTol pe opoldtumo Tpomo
(OnAaodn Katd Taktd ypovikd dwoctnuata). H opotdotta avt) npooeyyiletol pe pio
petopint) mov koieitonr Hurst parameter ko vmodniover to PBabud opoidtntog
(degree of self-similarity). H mapdpuerpog avtn maipvel Tipéc oto ddotua [0.5, 1]
Kot 0Tav 1 T g TAnowaletl to 1 tote Aépe 611 ) kiviion mapovotdlel vynid Padbud
opototToc. Ot yevwntpleg onTég amoteAodV TOAD KOAO HOVTEAO Yo TIC ai&elg
TOKETWV CLVEVOCEWV pomv (aggregates) www Kivnong evd emiong pmwopovv vo
ypnoonomBodv yio v mapaywyn background kivnong oto diktvo. Xto onueio
aVTO TPEMEL VAL AVOPEPOVIE OTL Kivion pe yopaktnplotikd self-similar pmopodpue va
TAPAYOVLE KOl PUE GLVEVAGELG po®dV Tov Ttapdyovtat pe 1o ON/OFF povtédo émov ot
evalayég meplodwv Pacilovroar otnyv Pareto koatavoun. Eniong divetar n oxéon H=(3-
a)/2 mov cvoyetilet mAéov v Hurst mapdpetpo tng self-similar kivnong pe v
mopdapetpo o g Pareto katoavoung eved avagépovtor kot 2 péBodor extipnong
(vmoloyiopov) g Tapapétpov Hurst.

5.2.2 Foreground kait Background xivyon

2 ovvéyewn Oa mpaypatoromBel por Tpoomdbeia Katnyoproroinong twv pefdowv
aLTOV ®G TPOS TO €i00G NG KIvomng mov HovTeEAOmOovV. Apykd mpémer va
TPOGIOPIGTOVY Ol TOPATAV® Opol, 6mov cov background kivnon oe éva diktvo
KaAoOpe v kivinomn mov g&ummpeteital amd £va dikTvo Ko dgv omontel CLYKEKPLUEV
oot eEumnpéons. Amoterel 10 peYOAHTEPO TOGOGTO GTO GUVOAO TNG Kivnomng
evog dktvov. AvtifBeta pe tov 0po foreground kivnom koieiton m kivnon mov {ntd
GUYKEKPIUEVES €YYVNOELS TOOTNTOG €ELANPETNONG. EEKIVOVTAG UE TNV TOPAYWOYN
background xivnong €&dyetor 10 cLUTEPAGHO OTL VIAPYOLY 2 SLVOTES EMAOYEC, M
TPOTN aPopd TN ¥PNoILoToinon traces kot 1 dehTepn TV Tapaywyn ™ kivnong. H
Topaym®yn e Kivnong emiong pmopet va yiver pe 2 tpdmovg: eite cuvhétovtag v
Kivnon amd T dpopes ePapoyEg Omov khbe epappoyn elvar éva moGOoTd TNg
OGUVOAIKNG Kivnong e&ite ypNoUOTOIOVTAG UNYoviopuovs mapaymyng self-similar
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kivnong. Xtnv mepintwon g ovvleong g Kivnong amd T EPapUOYES, o KAOE
EQOPUOYY €lTe TaPAYOLHE TNV Kivnon HE KATO0 HOVTEAO akoAovOdvTag o
ocvykekppevn kotavoun (Iivaxog 20), eite ypnoyonoovue traces. Emkevipavovrag,
011 ovvEyela otny foreground kivnon, mapatnpodpe 0TL oV pmopel eite va maporyOet
elte va ypnowonomBoiv traces. H cvvnbéotepn pébodoc eivar va ypnoyuomnoteiton
Kkdémoto trace amd video 1 audio, Spmg WaitePO evdlapépov Ba elye va povteromomOet
Kot va ypnoponomBet cav foreground xivnomn, kivnon mov avtictoryel oe real time
epapuoyEg (Ommg kivnon mov aviiotolyel Yo mapdderypo o€ video conference). 1o
onueio avtd mpémel va tovicovpe Ot £govv mpotadel ddpopeg péBodot Yoo TV
mapayoyn self-similar kivinong mov mpooeyyilel data traces mpaypatikod ¥pdvov Kot
pio amd avtég etvan amd ™ ovvBeon powv omd moAdég aveEaptnteg ON/OFF mnyéc.

21 oLVEKELD TOPOVGLALETOL 1 AVTIGTOlYIO TV TOPOTAVED HEBOO®V UE TIG EQAPLOYES
KOl TO YOPOKTNPIOTIKG TOLG 7OV TPOGOUOIDOVOLV KOAVTEPA GOUE®VO HE TNV
Biproypapia [12]. Ztov mopokdt® wivoKog QOiveTol o TETOWO  EUTELPIKT
avtiototyio. Emiong mpémel vo tovicovpe 0Tl avo@Eépoviol G€ sessions (GLVEVMGELS
POMV) TOL TOMOHETOVVTAL GE pioL AoTO KO E1GEPYOVTAL GTO dIKTLO.

Application Inter-arrival Duration Data
Telnet Exponential Log-normal Pareto
Www Exponential Log-normal Self-similar
Ftp Exponential Log-normal Pareto
Smtp Exponential/ Poisson Log-normal Log-normal/Pareto

IMivakag 20: AvTiotoyyio TOV EQUPROYDV PE TIS KATUVORES TOV HOVTELOTOLOVV
™mv Kivon

Exto¢ amd 11g eumelpikéc mpooeYYIoELS Yo TIC KATOVOUEG OTIS OAPOPES EPAPLOYEG
€youv yivel Kol PEAETEG TOL GE OPICUEVO ONUEID SLOLPOPOTOOVVTAL OO TIC TPDTEG
(paivovion otov mivoka pe TAQyL ypApUaTR). XNV TPOTN GTHAN M €vvolo inter-
arrival meptypdoetl to ¥pdvo HETAED O1000YIKAV sessions Kot akolovBel v exBeTiky
Katavoun, pe povn e€aipeon v SMTP kivnon mov pmopel vd mpobmobicelc va
akolovBel kor tnv Poisson. Xtn dgvtepn ot\An pe tov O6po duration gvvoeiton M
dugpkelr TV sessions omov yopoktnpiletor amd tnv log-normal xotavourn. H
Katovoun ovtn £xel cuvdptnon mukvotntag mihovotntog f(x) = exp{—[In(x) — pJ2 /
(262)] / [x 2m)1/2 o] yia x > 0 6mov To 1 ko 6 gival Tapdpetpot. TéEAog 1 Tapaywyn
TAKETOV OEO0UEVAOV LOVTEAOTOLEITAL O1OLPOPETIKA Yo KAOE EPapLLOYY] OTMOG QaiveTol
otV terevtaio oTNAN TOV Tivaka OTov OUMG EKTOG OO TOVG EUTEPIKOVS KOVOVEG
éxet texunplodel omd peléteg [12] 6t oty mepintoon tov ntpmtokOAlov FTP kot
SMTP, 1 dwdikacio aeiEng mokétmv mMEPLEYEL KOATOIYIGHOVS WE OMOTEAECUO, VO
ypnowonoteiton Pareto katavoun yio tnv HovieAonoinom .

Eniong ota keipeva [13],[14] ava@épovior GUYKEKPYLEVES TYLES TOV TAPAUETPMV TOV
ypNowonowvvtol o KEBe KkaTovopr yw. TNV TPOcopoimomn  Kivnong Kot
ypnoorombnkav e Kamoleg perétec. o mapaderypa, avaeépetor 6tL otnyv Pareto
KOTOVOUT, GE TPOGOUOLDCELS TOV £YOVV YiVEL, O GUVTIEAECTNG a giye v TN o=1.4
eV o€ OAAeg peréteg 0=1.9. Amo ™ Piprloypagio eniong mpokdmTel OTL Yoo kKivion
pe yopakmplotikd self-similar | Tyun g Topapétpov o Tpémel va Kopoiveton HeTa&y
1 ko 2(1<0a<2).
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5.3 IIEPITPA®H TOY KQAIKA

Xy mapovca moapdypapo Ba yivel TEPLypapn TOV KMOOKA TOL YPNCLULOTOMONKE Yo
™ oegaywyn TV TEWPAUATOV TOL TAPOLGIALOVIOL OTO EMOUEVO KEQPHAOL. XTO
Zymua 31 mapovsidleTon 1o yevikd poviédo eopoiwong mhve 6to onoio PacictnKoy
TOL TEWPALLATO TTOV TPOLYLOTOTOW ONKaLV.

Traffic Agent

Traffic Agent

UTRAN . " CN Node2

GGSN

i3

:

Yynpa 31: T'eviko povréro eEopoimong

21 ovvéyela Ba Tapovcilactel evoskTikd Eva apyeio Tov tpéyel otov e€opolmTh ns-2
KOl TO OTO10 TTEPLYPAPEL TO TAPATAV® HOVTELO TTOV TTapovotdleton 6to Zynua 31. Zto
napokdte opyeio opiletar 10 mapamdve diktvo kot gykabictator chvdeon petalhd
tov traffic agents mov Bpiokovior oto teppatikd tov ypnot (UEL) ko og évav
eEmtepuco kopPo (Node 2).

21 ovvéyeln mopatifeTal 0 KOOKOG LE TIC OTapOITNTES EMEENYTOELS.

global ns
remove-al l-packet-headers
add-packet-header MPEG4 MAC_HS RLC LL Mac RTP TCP IP Common Flags
set ns [new Simulator]
set T [open out.tr w]
proc finish {} {
global ns
global f
$ns flush-trace
close $f
puts ' Simulation ended."
exit O

$ns node-config -UmtsNodeType rnc

# Node address is O.

METAAOZH AEAOMENON =E KINHTA AIKTYA ETIIKOINONION 3HE 'ENIAT 99



EYAITEAOZ ITTAEZHE

set rnc [$ns create-Umtsnode]

210 MOPATAV® UEPOG TOVL KMOKO Onuovpyeiton n ovidtmro tov kouPov Radio
Network Controller.

$ns node-config -UmtsNodeType bs \
-downlinkBW 32kbs \
-downlinkTTIl 10ms \
—uplinkBW 32kbs \
-uplinkTTIl 10ms

# Node address is 1.

set bs [$ns create-Umtsnode]

Ed® dnuovpyndnkav o otabuog Paong Node B, ta kavaia FACH kot RACH mov
etvar vevBuva yio v uplink kot downlink cvvdeon avrtictoyya, eved yivetar Kot o
opopdg tov puhuol peTadoong dedopévav Yoo Kabéva amd avtd, kKabdg kol To
Transmission Time Intervals.

$ns setup-lub $bs $rnc 622Mbit 622Mbit 15ms 15ms DummyDropTail 2000

Xe auTn TN YPOUUn Koo onpovpyeiton n Tub demoer| (mapovoidletal 6to Zynua
31), opileton 0 puOUOG peTddoong ava koatevbuvon (622 Mbit), n péon kabvotépnon
(15 msec), o TOmOg ™G OVPAG, Kot TO PEYEDOS T™NG.

$ns node-config -UmtsNodeType ue \
-baseStation $bs \

-radioNetworkController $rnc

Ed®d onpiovpyodvtat ot kOUPot Tov aroteAovV ToV TEPUOTIKO EEOTMOUO TOV YPIOTOV
(User Equipment), kot yivetatl n avtiotoiynon avt®v ce otabpovg Pdong ko Radio
Network Controllers.

# Node address for uel and ue2 is 2 and 3, respectively.
set uel [$ns create-Umtsnode]

set ue2 [$ns create-Umtsnode]

Edd yiveton o opiopdg tov cvykekpiuévev ovtottov UE mov ypnoiponotovvrol o
Kk&Be eEopoimon.

# Node address for sgsnO and ggsnO is 4 and 5, respectively.
set sgsn0 [$ns node]

set ggsn0 [$ns node]

Edm yivetan o opiopdg tov kOpPwv SGSN kot GGSN.
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# Node address for nodel and node2 is 6 and 7, respectively.
set nodel [$ns node]

set node2 [$ns node]

Optopodg tov eEmtepik®dv KOUPmV.

$ns duplex-link $rnc $sgsnO0 622Mbit 0.4ms DropTail 1000
$ns duplex-link $sgsnO $ggsnO 622MBit 10ms DropTail 1000
$ns duplex-link $ggsnO $nodel 10MBit 15ms DropTail 1000
$ns duplex-link $nodel $node2 10MBit 35ms DropTail 1000

210 P€POG anTd TOL KMOKA, Tapovstalovtal ta links (cbvdeopor), petald dhov twv
KOpPwv mov €yovv oprotel. Avorvtikd opiletatl o puBuog petdooong, n kabvotépnon,
TO TOTOG TNG OVPAG, Kol TO PEYEDOG AVTNC.

$rnc add-gateway $sgsnO

Eda yiveron avtictoiynom tov RNC og éva SGSN.

set tcpO [new Agent/TCP]
$tcp0 set packetSize_ 210
$tcp0 set fid_ O

Ed® ompuovpyeitor o TCP Agent, opileton o péyebog mokétov 210 kabag emiong ko
to flow id 0.

$ns attach-agent $node2 $tcpO

Ed® avtiotoyyiCovtan ou traffic agents pe tovg avtictoyovg kOUPovg Tov dKTHOD,
mévo otovg onoiovg Ppickovral TorobeTnuévor.

set sinkO [new Agent/TCPSink]
$sink0 set fid_ O
$ns attach-agent $uel $sinkO

Ed® dnpiovpyeiton n ovrotta tov traffic agent ko yivetatl n avtiotoiynor tov 6Tov
amodéktn (receiver).

##H## Orismos Kinisis

#sets the start time of the experiment
set START_TIME 50.0

#sets the stop time of the experiment
set STOP_TIME 100.0
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#sets the rate of TCP sources
set rate_TCP 12500
#set the rate of UDP sources
set rate_UDP 100000

#0ON period -burst size (sec)
set MBS_SMTP 0.05
#OFF period (sec)
set MIT_SMTP 0.01
#packet size iIn B
set MPS_SMTP 1500

#mean number of sinks
set MNS_SMTP 5

#mean number of bytes per trasmission

set MNB_SMTP 50000

#variance of number of bytes per trasmission
set VAR_MNB_SMTP 10000

#time between transmissions
set MIAT_SMTP 2.0

#pareto shape

set SHAPE_SMTP 1.5

set rveplus SMTP [new RandomVariable/Exponential]
$rveplus_SMTP set avg_ $MIAT_SMTP

set rveSINKSMTP [new RandomVariable/Exponential]

$rveSINKSMTP set avg_ $MNS_SMTP

set UDPpktsize 1500

set TCPpktsize 1500

set TCPwindow [expr round((2*2000000*0.035)/(8*$TCPpktsize))]

set MDT_SMTP [expr (($MNB_SMTP*8*1000)/($rate UDP))]
set VAR_SMTP [expr ($VAR_MNB_SMTP*8*1000)/$rate_UDP]
set M_SMTP [expr ["Lognormal_m"™ $MDT_SMTP $VAR_SMTP]]
set Sigma_2 SMTP [expr ["Lognormal_s2" $MDT_SMTP $VAR_SMTP]]

HHAHHSMTP
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proc smtp_traffic {source_node sink_node START_TIME
duration_TIME_SMTP finish_time flowid tcp_rate udp_rate TCPwindow} {

global ns rvuTCPUDP PER_TCP MBS_SMTP MPS_SMTP  MIT_SMTP
SHAPE_SMTP  UDPpktsize rveplus SMTP rvupacket size uel node2 fF
STOP_TIME dchO

set time $START_TIME
set time2 $Ffinish_time
set SMTP_UDP_agent [new Agent/TCP]

$ns attach-agent $source_node $SMTP_UDP_agent
$SMTP_UDP_agent set packetSize $UDPpktsize
$SMTP_UDP_agent set fid_ 1

set SMTP_UDP_sink [new Agent/TCPSink]

$ns attach-agent $sink_node $SMTP_UDP_sink
set pkt [$rvupacket_size(1l) value]
if {$pkt <= 0.02} {
set pktsize 40
} elseif {$pkt<=0.30} {
set pktsize 552
} else {
set pktsize 1500

H O O O OH OH

# }

set SMTP_UDP_source [new Application/Traffic/Pareto smtp
$pktsize]

$SMTP_UDP_source attach-agent $SMTP_UDP_agent
$SMTP_UDP_source set burst_time_ $MBS_SMTP
$SMTP_UDP_source set idle_time_ $MIT_SMTP
$SMTP_UDP_source set rate_ $udp_rate
$SMTP_UDP_source set shape_  $SHAPE_SMTP

$ns connect $SMTP_UDP_agent $SMTP_UDP_sink

$ns attach-dch $uel $SMTP_UDP_agent $dchO
while {$time <$finish_time} {
set fin_time [expr $time+$Sduration_TIME_SMTP/1000]
$ns at $time "$SMTP_UDP_source start"
$ns at $fin_time "$SMTP_UDP_source stop"
set time [expr $fin_time+[$rveplus_SMTP value]]
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$ns at [expr $STOP_TIME] "$ns detach-agent $source_node
$SMTP_UDP_agent”

$ns at [expr $STOP_TIME] "$ns detach-agent $sink_node
$SMTP_UDP_sink"

# $ns at [expr $STOP_TIME] "delete $SMTP_UDP_sink"
# $ns at [expr $STOP_TIME] "delete $SMTP_UDP_agent'
$uel trace-inlink-tcp $f 2

3

2116 mopoamdve YPopUpES kddwka, opiletat pe Aemtopépeta 1o €id0og s SMTP kivnong
7oL Ba ypnoorombet ota mEPdpaTO.

$traffic attach-agent $tcpO

Ed® yivetar n avtiotoiynon g kivinong tov agent pe to mpwtdéxorro TCP to omoio
Ba amotelel TNV Kivnon Tov.

$ns connect $tcpO0 $sinkO

Ed® yiveton cuyypoviopd tovu traffic agent tov amoctoréa (sender), pe tov traffic
agent Tov 0modEKTT (receiver).

$ns node-config -11Type UMTS/RLC/AM \
—-downlinkBW 2000kbs \
—-uplinkBW 384kbs \
-downlinkTTl 10ms \
-uplinkTTIl 10ms

Opwopdg tov DCH xovaAlod peta@opds, HE TO XOPOKINPLOTIKA oL ovTd EYEL
(downlink xat uplink pvOpog petddoong dedopévov, kabng kot Tov downlink ko
uplink Transmission Time Intervals).

set dchO [$ns create-dch $uel $sink0]

Avtietoiynon tov kavaiov DCH otov teppatikd eEonhopd tov ypriom (UE1), and
10 omoio Ba Tepvd 1 Kivnon Tov dnoVPYHRONKE TOPATAVE.

#$uel trace-inlink $f 1
#$bs trace-outlink $f 1

# per UE
$uel trace-inlink-tcp $F 2

Ed® yiveton m mopaxoiovOnon (trace) TtV TOKETOV TOV UETOKIVOUVIOL OGTO
ovykekpipévo link.
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$ns at 0.0 "$traffic start”
$ns at 200.0 "$traffic stop”
$ns at 205.401 "finish"

[poypappatiopds ya o xpoévo mov Ba tpé&et 1 e€opoimon (dnovpyia scheduler).

puts ' Simulation is running ... please wait ...

$ns run

Me 10V TpOTO 0VTO TPEYEL N EEOUOIMOT).

2KOTOG TNG TAPOTAV® TEPLYPAPNG NTay Vo 01Bel 0 TPOTOG TOL dNoLPYNHONKAY O1
eCopownoelg mov Ba mEPLYPOPOVV avaAVLTIKA oTOo €mOpeva KeQAAai. O TANPNG
KOG TOV ypnoiponombnke ota mepapato ivor 0100EG1L0G.
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MEAETH THX AITIOAOXHY TCP KINHXHX XE
UMTS

Onwc el non avaeepbel o UMTS eivor éva xoyelmto diktvo Tpitng I'evidg to
omol0 EMTPENEL OCVLPUATN TPOGPACT LVYNADOV TayLTTOV 610 Atadiktvo. Mmopet va
TopEYEL TOYOTNTEG METOPOPAS Oedopévev amd 64 kb/s péypt wor 2 Mb/s og
dpopetikd mepPdAiovia. Lkomdg Tov gival vo mapEyel TPOGPUCT GE VILAPYOVOES
ALodIKTVLOKEG VINPETTES, KOOMC Kl Vo TapExel ovyKekpluéveg vanpecieg tov UMTS
OIKTOOV, TOPEYOVTOS VO TAOLGLOTEPO GLVOAOVL TOAVUECIK®V vanpecidv. Efval
YVOotd Ott 10 mpwtOKoAAo TCP dev amodidel OmMOTEAECUOTIKA OE OGVPUOTEG
ouvdéoelc omov 1o bit error rate eivarl dwaitepa VYNAO. 10 KEPAAMO ovTO Bal
pere et n anddoon tov TCP wave and tao UMTS Dedicated Channels (DCHs), pe
dpopeTikovg puBuove petddoong dedopévov (bit rates) kor Transmission Time
Intervals (TTIs), evéd mapovcstaleTor Kol KATO0 TEPOUATIKE OTOTEAEGLOTO, Y10 TN
petdooon péow UMTS High Speed Downlink Packet Access (HSDPA).

6.1 EIZATQI'H

To UMTS amoterdvtoc v Tpitn I'evid acOppotov koyelotdv SKtiov &gl g
otoY0 TNV Tapoy TpocPacng oe dedopEva e VYNAEG TayLTNTES, Lall pe TavTdYpovn
duvatdTTo. PEOVNTIKOV KANcewv [6]. EEGALov 1 acOpuatn petagopd dedopévav
glval éva amd T TO CNUAVTIKA avOlKTé OEHaTO OTIG AGVPUATES TNAETIKOIVOVIEG KO
QLOIKA 1 KVPLOTEPN TPOKANGCT Yo To TPOTLTA TNG EMOUEVNG YEVIAS, LLOG KOl TO
UMTS £yel oyedrootel yio va KOAOTTEL TIG AVAYKES Y100 TNV KIVNoT 0E00UEVOV.

Ye avtifeon pe ta diktva 2™ yevidg, to UMTS mapéyel mowidio. vanpesidv Kot
pLOUOV petddoong dedopévayv, o, omoioe umopovv va eBdcovy Ko TV TaEn TV
2Mb/s cg mep1BdAlovia E0OTEPIKAOV YDPOV 1 EEOTEPIKOV YOP®V tKpav cells, 1 384
Kb/s yio v kdivyn evpeiag meproyng. Eniong pe tov 1610 tpdmo, Aoym g pnebddov
peToymyng makétov mov ypnowonotel 1o UMTS emtpénetor otov TeMKO ¥pnoTth Kot
n mpdoPaocn oto Atadiktvo. ['evikd to UMTS £yel oyedaoctel yioo vo Tpoceépet
TANOOPO VANPECLDY, HE TN OLVATOTNTO KWWNTNG EMKOWVOVIOG OTOVONTOTE KO
OTOTEINTOTE, UEGO OO TOAAEG OLULPOPETIKEG EPAPLOYES TTOV TPEXOVY GTO. TEPHUOTIKGL
TV ypnotav. H dwadikacio avt kot’ ovcio enekteivel ko mpocOEtel véeg vanpecieg
GTOVG XPNOTEG TNG KIVNTNG, TPOGEYYILoVTaS TIC LVANPEGIEG TOV TAPEYOVTAL GE YPNOTES
«oTafep®OVY SIKTHOV.

Q¢ yvootd, ot TAEOV OMUOPIANG KOl GLYVE YPNCUOTOOVUEVES AlUOTIKTLOKES
epapuoyés PoaciCovror ota yvootd pog mpotdékorrio Omw¢ Hyper Text Transfer
Protocol (HTTP), 1o File Transfer Protocol (FTP), tig vanpeoieg miektpovikon
tayvopopeiov ktA. Ot gpappoyéc Ko vanpecieg avtég Pacilovial ®¢ yvmoTd 61O
Transmission Control Protocol xot Internet Protocol (TCP/IP), to omoio diver
dvvatdtTo alOmoTnNg UETOPOPAS dedopuévov petallh etepoyevov Owtvwv. To
TpmTOKoAAO IP dpoporoyel dedopéva and Tov amocToAéd GTOV TAPOANTTY 010 LEGOL
€VOG SIKTVOL O10GVVOESEUEVDY dpoporoynTav, evd 10 TCP mapéyel o a&iomo
end-to-end (amd GKpo o€ AKpPo) ocLVOEON UETAPOPAS dedopévev. Ot acOpuraTeS
EMKOWVOVIEG YPNOIUOTOI0VV TOALL OO TO, TPMOTOKOAAO TOV YPNGLULOTOIOVVTOL KO
OTIG EVOUPHOTES GVVOEDELS, Onw¢ m.y. To TCP. IMap’ 6Aa avtd, To TCP dev €yel v
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il amddoon 610 og acvpUATO TEPPAAAOVTA, OTOL TO bit error rate eivot apkeTd
VYNAOTEPO. ALOPOPETIKEG ACVPUOTESG TEYVOLOYIEG £XOVV SLUPOPETIKA YOPAKTNPIOTIKAL,
Kot Alyo omd avtd mov givor Kowvd pumopobv v TopapeTporoinfodv pe 1€toto Tpono
MOTE va. EYoVV Kamola enidpact otnv arndooor tov TCP.

To vymAd bit error rate eivat 0 TAEOV GNUOVTIKOG TOPAYOVTOS 0 0moiog eplopilet )
YPNON TNG OAOLPUOTNG OUVOECNG, GULVERMG 1 TPOKANCT Yl TIG OCVPUOTEG
emkowvovieg glvar n glayiotonoinon tov BER (bit error rate). ITap’ 6Aa avtd n
KOTOOKELT] OKTOWV pe ToAD younAd BER elvar dwutépmg axpifr], xabog ta
vynAoTEP emineda Tov SKTHOL B TPEMEL VoL PNV ovTIAaPavovTot To dEGOUEVA TOV
«bvovtoy e&outiag Tov vymAod BER. Ze avtd 10 onueio o1 emavapetaddcelg mave
amd TO OGVPHOTO SIKTLO UTOPOVV VA ££APOVICOVV TIG OMMAELES, OAAL e TOV TPOTO
avtd av&dvouv v kabvotépnon (delay). Av omnv acvppatn cOVOEST TOPOLGLOCTEL
oQAaApa, ta dedopéva Ba amootalovy Eavd Kot cuvenmg Ba vrdpéel kabvotépnon. H
KaBvoTtépnon avtn mokiAlel €&’ artiag TV EmAVOUETAOOGE®Y TOV Guufaivovy amd
to. mokéto mov ydvovtal. H kabBvotépnon ovt) pmopel va €xel EMATOGCES OTO
TPOTOKOALD TOV VYNAOTEPWV EMIMEO®V, v avtd eivor eoptnuévo amd v
kaBvotépnon tov link. Ta arotedéopata tov mepapdtov detyvoovv 6Tt to TCP mhve
and UMTS cvumepipépetal KaAd o€ younAdteEpoLg puOpovs dedopévmy, dnAadn ce
64 kot 144 Kbps, 0AAd oe LVYNAOTEPES TOYVTNTES 1] ATOO0CT UEADVETOL GTUAVTIKA
[7].

Ye avty v evomta e€etdlovpe Vv amddoon tov TCP mave ond ta UMTS
Dedicated Channels (DCH), kot mopovctdlovpe TEPAUATIKE OTOTEAEGLOTO Y10 TIG
petaoooelc High Speed Downlink Packet Access tov UMTS. Ilpog v katevBuvon
avtn, TpoOta agloroyeital  amwddoon tov TCP yia otabepny Constant Bit Rate (CBR)
kivnon mdve and Dedicated Channels, yia dtapopetikég tayvtnteg downloading link
kot TTIs. To oevaplo mov mapovctdleTon amoteLeitanl amd Evav ¥P1OTH CLVOESEUEVO
oe éva DCH pe downlink data rate 64 Kbps, kou 20 ms TTI. Ta mepdpoto
emovonednioav yio DCHs pe downlink bit rates 128, 384 kot 2000 Kbps pe 10 xo 20
ms TTIs. Emmiéov, peretnke n amddoon tov TCP ywo HSDPA petoadoceic. To
povtéro egopoimong amotedeital amd 4 tEAMKOVG XPNOTES, Ol OMOI0L GLVIEOVTUL GE
éva HS-DSCH. O ypnoteg Bpiockovion o amootdoelg 300 ko 500 m and to node B,
oe éva Rayleigh fading environment. I'a v &fopoimon ¢ xivnong, tpéyovv
TEGGEPLS OLUPOPETIKEG EPAPLOYES amd Evav eEmTepkd kOpUPo yo pa mepiodo 500 sec.

21 ovvéyetla Ba TaPOLGLAGOVUE KATOW LOVTEAN Kiviong Tov eE0HO1MVOLY KOADTEPQ
™ eovr, kot 11 kivioglg HTTP kot FTP, ta kdpla yopaktnpiotikd tov povtéAov
eEopoimong Kol To OMOTEAEGUOTO TOV TEPAUATOV HE TO CLUTEPACLOTO TTOV
TPOKLTTOVV OO OVTA.

6.2 MONTEAO KINHZHX TIA HTTPKAI FTP
E®APMOTIEX

H Tpit I'evid g xivnmc tAepviog e10dyst vEa YopaKTNPIOTIKE LE SLOPOPETIKEG
arortoelc. H vmoompién Towmtag Yanpeoiag (Quality of Service — QoS) ko
VYNAGOV ToLTTOV emKOVOVio dedoUEVOV, EGAYOLY GTNV KWWNTH ThAEpmvia
eQUPUOYES amd ToV «KOoUOo» Tov Internet kKot twv moAvpéswv. o va gieyyBel n
amodoon  TETOWWV  VE®MV  €popUoy®V  givol  amopoaitnto  va  vmapyel  €va
‘TOPAUETPOTOMGIHO’ HOVTEAO Kivnong To omoio Ba umopel va eopoudoet Ty kivnon
OV TPOEPYETOL Ao TIG €PapUHoyég avtég [8]. Ymdpyovv 4 Swapopetikés mnyég
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kivnong oto UMTS. IInyéc «ivnong Conversational, Block, Streaming «ot
Multimedia. Ze avt v evotnta Ba yivel avapopd oTig Vo TPAOTES.

H xivnon conversational givat kvpimg 1 kivnon eovhg. H xivnon avt) meprypdopeton
wavomomtikd ¢ Constant Bit Rate xivnon. v epyacia avty Oa a&loloyncovpe
v anddoon CBR kivnong oto UMTS pe S0popeTikd YopaKTnpioTIkKd ToYLTHTOV
and 8 péypt 120 Kbps. H xivnon block amotedel katd Pdon www kivnon kot
vevikdtepa non real-time kivnon, 6mwg FTP. v evétra avt Bewpodpe to TCP mg
TO TPOTOKOAAO HETOPOPAS, pe péyebog mokétwv 210 bytes. Opowo oty mepintwon
MyMG 10100eAd®V amd to Aadiktvo, 1 kibe ceAida amoteleitor amd dOPOPETIKY
avtikeipeva to omoio amootéAhovtal Eexwplotd to kabe £va. Me tov Tpdmo avtd givor
mhovo 0 euAAopeTPNTNG (Web browser), va umopet vo deiet po oeAida akdpo Kot oV
dev €xel ohokANpwBOel evtedmg n Anym g.

H povtelomoinom kivnong dedopévav oto Awadiktvo dev givar pia amhn dadikoacio
Kol 0ev pmopel va ovykplel pe ta dlktva TAepovioc. YTdpyovv TOALDV 10OV
KIVIOELS TOAVUEGIKADV JEOOUEVOV OO €va PEYAAO GUVOAO EPOPUOYDV, CUVETMOG 1M
Omapén  evog kol HOVOL HOVIEAOL ©TO omoio Oao  avTurpocmTEVOVTOL  TO
YOPOKTNPIOTIKA OA®V TOV KIWWNCEWOV &£ivol ML ONUOVTIKY EPELVNTIKY €PYOCia.
Aoppdvovtag vmoyn v exbetikn avénon g Kivnong dedouévov oto diktvo
TANPOPOPLOV KoL TNV OVOYKOLOTNTO TOV GYESIOCUOD QLTAOV TOV GLOTNUAT®OV UE TN
YPNON OKPIPOV KOl HOVTEA®V Kivnomg, 0ev vIapyovv TOAAN a&lOmIoTo JlBEGILN
povtéda. Mo YEVIKT TEPLYPOPT] TV HOVTEA®V OVTOV TOPOVGIALETOL GTY GUVEYELD.

Ot ovvoéoelg dedopévav oto Internet mopovoidlovror ¢ bursty, pe 10 Poacikd
péyebog Tov burst va meptypdeeton omd pia Pareto kotovoun:

k B
Plburst _size > s]= (—j ,

S

omov k eivan 10 ghdytoto péyebog kar 1< f <2 (yun xivinon oto Awdiktvo OTmg
www Kot ftp) [9].

6.3 MONTEAO EEOMOIQXHX

2V TapAypapo avTh Tepovslalovtal To. KOPLO YUPOKTPLOTIKA TOV HOVIEAOL OV
avamtOyOnke pe ™ ypnon tov eopowwt) ns-2 simulator. Me avtov, £yve n eE€taon
¢ anddoong tov TCP oe mepPdirov: a) UMTS Dedicated Channels (DCH) pe
dwapopetikd downlink bit rates kot TTIs xon B) UMTS High Speed Downlink Shared
Channels. H omédoon tov TCP a&oroyeiton ywo HTTP woar FTP «ivnon pe
dpopeTikd yapoaktnplotikd. Emiong, yivetoan a&loddynon tov TCP pe mapadooctokd
povtéda kivnong omwg pe kivnon otadepov pubpod petapopds dedopévav. Katd
SLAPKELN TOV TEWPAUATOV TNV EEOUOIMOT, £ytvay o1 aKOLovOEeg pLeTpNoEls:

e End-to-End Packet Delay: Eivai o ypovog mov pecorafel amd v amocToAn

evog TakéTov Kivnong oto diktvo, puéypt v opbn Tapaiafn Tov TaKETo amd Tov
OEKT).

e Delay 610 RAN: Eivai o ypovog mov yperaletor yio KaOe makéto yio v «ueTofei»
a6 to RNC otov e€omhiopd tov tedkov ypnot UE.

e Throughput oto Acvppoto Link: Eivor to bits mov petapépovtar amd tov
ek ypnot UE ot povada tov ypdvov (Kot petpmvtol o€ bits/sec).
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6.3.1 Metaooon navew ano DCHs

To cevdpilo mov tapovcialetor anotereitan and éva UMTS radio cell (pa koyéin)
omoia. KoAvmteTor omd tov otabud Paonc (node B), o omoiog pe t oepd tOUL
ovvdéetar otov eheykt) RNC. O g£omMopog Tov TeEAKOD ¥pNoTN GLUVOEETOL GE val
DCH 6nwg napovcidleton oto Zynuo 32.

Traffic Agent

GGSN Node1

|

|

|

|

|

| Internet
: Traffic
|

|

B

... UTRAN ./ I NodeZ2
Yympo 32: Movtého eEopoimong Yo T petddoon nave andé DCHs

Ymv eEopoimon avt ypnowonoteitar DCH yio ) petdooorn makétwv dedouévav.
To DCH eivan éva bi-directional (dvo katevBhveewv) Kaviil to omoio deopedeTon
uovo amd évav ypnotn. Ta kavdio eivon to Forward Access Channel (RACH) oto
downlink kot to Random Access Channel 1o uplink, 6mwg tapovoidletor 6To Zynuo
32. Aedopéva petapépovtal amd tov Koppo 2 (Node 2) mpog 1o ypnot 1 (UE1).
Av16 onpaivel 6Tt Ta pova dedopéva mov petapépovior and to uplink kovéit ivat to
acknowledgements tov TCP.

Dedicated channels — DCHs
Uplink Downlink

bit rate TTI bit rate TTI
(Kbps) | (ms) | (Kbps) | (ms)

DCHI1 64 20 64 20
DCH2 64 20 128 20
DCH3 64 20 384 10
DCH4 384 10 2000 10

Hivakog 21: Xapaxktnprotikd tov DCHs

Bewpovpe v kivnon otabepng petddoong dedopévev Constant Bit Rate pe pvOuo
petdooong 120 Kbps ot péyebog maxétov 210 bytes g background kivnon oto
ocvomua. I'a va agorloynoovpe v anddoon tov TCP wéve amd to UMTS air
interface eykabiotodope 4 DCHs pe dapopetikd downlink bit rates ko TTIs. Ta
xapoKTPoTiKd tov Kavoiidv DCHs tapovstalet o livakag 21. e kabe e€opoimon
o telkog ypnotg UE ocvvoéetar og éva DCH yia 200 sec. To «evovppoto» pépog tov
povtédov g&opoimong amoteieitoan and tov otabud Paong (Node B) kot ta otoryeio
tov emiyeov diktoov: RNS, SGSN, GGSN kot 2 otabepoic eEmwteptkong KOuPovg
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omwg mapovstaloviar oto Zynua 32. Ta yopaxTpioTiKd TOV YPOUU®OV GOVOECTG
peta&y tovg tapovotalet o Iivaxag 22.

From To Bandwidth | Av. Delay
Node 2 | Nodel 10Mbit 35ms
Node 1 GGSN 10Mbit 15ms
GGSN SGSN 622Mbit 10ms
SGSN RNC 622Mbit 1ms
RNC Node B 622Mbit 15ms
Average Total Delay Through the
Wired Part of the Model: 76ms

MMivaxag 22: T'poppég cuvoéoemv neTald TOV KOpfov

6.3.2 Metaooon HSPDA

H teyvoloyio High Speed Downlink Packet Access (HSDPA), vmootnpiler v
EI00YMYN LANPECIOV VYNAOD pLOUOL petdooong dedopévev eved Ba dmoel
dvvatdTTo Yoo adEnom NG YOPNTIKOTNTAG TOV SIKTVOV, UE TOVTOXPOVN UEIMON TV
EMEVOVCEMY TV eTalpeldv o  vmodoués. Ilapéyst )  dvvordmmTa  KOwmdv
OLopo1palOUEVOV KOVOAIDV Y10 SLUPOPETIKOVS YPNOTEC, YEYOVOS TOL EYYVLATOL TNV
QTOTELECUATIKY] XPNOT TOV KOVOAM®V € OTL apopd TNV Kivorn TokETOv, eva gival
O OIKOVOLIKEG Ol DAOTOIGELS Yo TOVG XpNoteg o€ oyéon pe to dedicated channels

[6].

Méoa and to HSDPA eivor mbovi ) mpocéyyion tov puBuod petddoons 0edopévav
pe tayvteg mov Ba ayyiCovv ta 10 Mbps (1o péytoto Bewpntikd gvpog LdvNng mov
umopel va emtevybetl eivan 14,4 Mbps). To HSDPA ypnowonotel 1o axoiovba
Kkovéha [10]:

e High Speed Physical Downlink Shared Channel (HS-PDSCH): Metagépetl mokéta
oedopévov pe Spreading Factor (SF) = 16, QPSK/16QAM, eleyyouevng
Aertovpyiog and to otabpud Pdong (Node B), péypt kau 15 cvvdéoseig HS-PDSCHs
avé koyéan ko aggregated pvOpovg petdadoong dedopévov puéypt 14,4 Mbps ava
KOWEAD.

e High Speed Shared Control Channel (HS-SCCH): Downlink kavéAi, 1o omoio
petapépel  mAnpoopion  onuotodociog (signalling), €xst SF=128, QPSK,
ereyyopevo amnd to otabud Paong (Node B), ko pe apBud péypr 32 HS-SCCHs
v KOWEA.

e High Speed Dedicated Physical Control Channel (HS-DPCCH): Uplink kavdit, to
omoio petagépel mAnpoopia onuatodociog (signalling), SF=256, QPSK,
KkataAnyel oto Node B.

Ta kavéio HS-PDSCH, HS-SCCH and HS-DPCCH ypnoiponotovv Transmission
Time Interval (TTI) 2 ms. To didotnpa avtd ovopdletor eniong ‘sub frame’ (vmo-
TA01G10).

To cevédpro mov mapovsidlovpe amotereiton and pia koyédn HSDPA tov UMTS, 1
omoio KaAvmtetol and &vav otabud PBdong mov cvvoéetan pe Evav RNC. To povtélo
eEopoimong amotereiton and 4 ypnoteg (UEs) mov cvvdéovtar oe éva kavdir HS-
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DSCH. O1 ypnoteg Ppiokoviar oe andotacn 300 kot S00 m ond to node B og éva
Rayleigh fading mepiBdAiov (to povtédo PacileTon TNV OPYITEKTOVIK TOL NN
TOPOVGIACOALE GE TPONYOVUEVT TAPAYPAPO Kol TOPOLGLALETOL 6TO XyMua 33).

Traffic
Agents

Internet
Traffic

GGSN Node1

i3

=z
o
o
@
o]
G ] ————— —

=
o
w
)
3
@

UTRAN L CN Node2
Xypa 33: Movtého eopoinong yio T petadoon nave andé HSDPA kavaiu

ITo cvykekpyéva, ot ypnoteg 1 kan 3 (UE1 kou UE3) Bpickovion o amdctacn 300 m
a6 1o node B, evd ot UE2 kot UE4 o€ andotacn 500 m. @swpodpe d00 eapuoyES
kivnong g background oto ocvotnua: o) FTP xar B) CBR mnyn xivnong. Zto
mapomdve ocevaplo ot clients tomobetodvion otovg evevpupatovg kéuPovs. To
evovppato koppdtt anotereiton and évav Node B, évav RNC, éva SGSN kot éva
GGSN «at 2 otabBepovg e€mtepikong koppovg (Zynqua 33). Ta yopaxtnplotikd twv
cuvoécemv petald toug mapovotdlet o [ivakag 22. Xe avtdv gival opat Kot 1 péon
kaBvotépnon (average delay) oto evovppato pépog tov dwktvov, n omoia etvor 76
msec.

O ypnoteg ovvdéovtar oe éva. HS-DSCH kavdir yia 500 sec. H ypovikry ooty
neplodog ywpiletor oto axdAovba ypovikd docThpoToL:

o Awomqpa 1: [0, 150sec]. Kivnon FTP pe péyebog maxétov 210 bytes mov
dnuovpyeiton otov k6pPo 2 kot karevdovetan otov UET (300 m amd to node B).

e Awdotypo 2: [150, 300sec]. FTP kivnon pe péyebog maxétov 210 bytes, and to
node 2 pog tov UE2 (500 m am6 to node B).

o Awotnua 3: [300, 400sec]. Kivnon CBR pe péyeboc maxétov 210 bytes o
pvOud petadoong 20 kbps mov dmuovpyeiton amd tov kOpPo 2 (node 2) won
katevBvveron UE3 (300m omd to node B).

o Awomqpa 4: [400, 500sec]. Kivnon CBR pe péyeboc makétov 210 bytes ko
pvOud petadoong 8 kbps mov dnovpyeitar oto node 2 wpog to UE4 (500m and
10 node B).

[Ma kaOe ypovikod ddotnuo vroAoyileTon 1 amd axpo oe dKpo KaBVoTEPN O TAKETWOV
(end-to-end packet delay), n kaBvotépnon oo RAN kot to throughput 6to acHpuarto
link. Ta amoteAéopata Topovctdlovtal TNV ETOUEV TAPAYPAPO.

6.4 IIETIPAMATIKA AIIOTEAEXZMATA

v evotNnTo 0VTN TOPOVGIALOVTOL TO TEWPAUATIKO OTOTEAEGUOTA GE GYECT UE TNV
anodoomn tov TCP mpwtokdALov tdve and to UMTS air interface. Onmg avapépOnie
KOIL GTIV TPOTYOVLEVT] TTOPAYPOPO, Ol TAPAUETPOL TOV EVOLOPEPOLV Y10 T UEAETN TNG
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amodoong eivar M and akpo o dxpo kabvotépnon maxétwv (end-to-end packet
delay), n kaBvotépnon oto RAN «at to throughput 6to acvppato link.

6.4.1 Metaooon navew ano DCHs

2TIC YPAPIKES TOPAGTAGEIS TOoV amekoviCoviar 6to Zynua 34 eaiveton 1 end-to-end
kabvotépnon makétmv yuo | petddoon mave ond dedicated channels, pe Baon to
xopoKTNPoTIKA mov mapovoldler o Ilivaxoag 21. O déovog X amotvmdver v
akorovBia twv TCP mokétwv (TCP Sequence number), evd o d&ovag Y v
kaBvotépnon tov tokétov ot sec (packet delay). Eivar mpogavég 1t kabmg o pubpog
petdooong oto DCH kavdir avédvetal, n amd dkpo o€ Gkpo Kabvotépnon Tomv
mokétowv ehattoverat. [a mapdoetypa, yuo to DCHI1 pe downlink pvBuod petddoong
64 Kbps, n péon kabvotépnon noakétov eivan 0.51 sec, evd yio to DCH4 pe downlink
pvOud petadoong 2000 Kbps n péom xabovotépnon eival 96 msec.

Kobog ta makéta eevyovv and to RNC kot gtdvouv oto Node B, uraivouv oty
«ovpdy» £€tol Mote vo kotatunbovv ce makéta pkpdtepov peyébovg. Kabe PDCP
PDU naxéto (neyéBovg 210 bytes) ywpiletar og morramid RLC PDUs cuykekpipuévoo
peyébovc. Kabe éva and avtd, yopdel oe éva transport block pe oxond vo petadodel
v amd to acvpuato link. Xy ggopoimon pog 1o péyebog kabe PDU eivon 40
bytes.

End-to-End Packet Delay - DCH1
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End-to-End Packet Delay - DCH2
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End-to-End Packet Delay - DCH3
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End-to-End Packet Delay - DCH4
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Xyfqpna 34: End-to-end kaBvotépnon naxkétov ota kavaioe DCHs

Aoppdvovtoag veoyn o1t n péon kabuoTEPNON TOV TUKETOV GTO EVGUPLOTO KOUUATL
etvar 76 msec (ITivaxag 22), pmopel va yiver ektipnon g kabvotépnong oto Radio
Access Network (RAN), n omoia yio to DCH Y mapaderypa etva:

Delay in RAN = delay,,,., .. -delay in wired network =
= (96- 76) ms = 20msec

Ot ypagikég mapactdoelg oto Zynuo. 35 deiyvouv O6tL Vv kobvotépnon yo To
dwapopetikd DCHs. Zoppova Aowmdv pe avtd, n péon kabvotépnon oto RAN ya 10
DCH4 eivan 16 msec,  omoio Ppiokeror TOAD KOVIA GTNV TOPATAVE EUTEIPIKY|
EKTIUNON TTOV £YVE.

Delay in RAN - DCH1
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Delay in RAN - DCH2
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Delay in RAN - DCH4
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Yympoa 35: KaOvotépnon oto RAN 1w to kavaiie DCHs

2 ovvéyela to Zynua 36, mapovcidleton To throughput 6to acvpuoato link yio kabe
DCH «xoavai. O d&ovag Y aviummposwnedet to throughput e kbps, evd o aovag X 10
xpovo. I'a puBuovg petadoong dedopévaov downlink twv DCHs kdtw twv 120 kbps
(avapepdpoote oto pLOUd petadoong g background kivnong), 6Tmg cvuPaivel ota
DCHI1 o DCH2, 1o throughput 610 acvppato link etvat apketd yaunilotepo amd v
ovopaoTikn Tyn. Emumdéov, yuo ta ypnyopdtepa DCH kavéiio (DCH3 ko DCH4) 10
throughput oto acvppoaro link eivatl ToAD KOVTé TNV OVOUACTIKY TIUY], OTMOC QaiveTOL
KoL 670 Zynua 36.

Throughput in Wireless Link - DCH1
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Throughput in Wireless Link - DCH2
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Throughput in Wireless Link - DCH3
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Throughput in Wireless Link - DCH4
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Yympoa 36: Throughput 6to acvpparto link

Mo Tpogavig mapatnpnomn HeEAETOVTAG TO0 Zynuo 34 kot to Zynua 35 etvar 6tTL N
kabvotépnon (delay) peidverar, 6co avéaveror o pvOuodg petddoong tov downlink
DCH. Zta xoavaia DCH pe yapniotepo puOud petddoong dedopévov, o otaduog
Baonc (node B) dev pmopel va efummpemoet €va peydAo apBpd moKET®V TOV
KOToEOAVOLVY, LE OMOTELEGHOL KOO0 TTOKETOL VO YAVOVTOL KOl VO TPETEL VO, ETAVOL-
petadobovv. Katd cvvémeia 1 kabuotépnon TtV TOKET®V GTO EVOLPUATO HEPOS
avéavetar. o mapdderypo oto Zynuo 34, mapatmpovpe Ot 1 end-to-end
kaBvotépnon tov makétov yio to DCHI etvar apketd vynAn, g taéng tov 0,51 sec.
EmnAéov, yio to 1010 DCH xovah, m péon kabvotépnon ywo 1o RAN diktvo
GUUE®VO, Kot e To Zynua 35, eivor 52 msec.

Mo mapdpota Tapatnpnon ntpokvmtel omd 1o 0o DCH kavai, av avénbei o puBuog
petdooong tng background kivnong. Xe avt v mepintwon, t6co n end-to-end
kaBvotépnon tov TokéTov, 060 kol 1 kabvotépnon oto RAN diktvo, avédvovtat.
Koabohg av&dvetar o puBuog petddoong dedopévov g background kivnong, eBdavouvv
o€ éva ypovikd daotnua otov RNC mepiocodtepa makéta amd avtd mov umopel va
€ELMNPETNCEL GTO CLYKEKPIUEVO YPOVIKO OLAGTNUA, HE OTOTEAECUO LEYOAVTEPOVS
YPOVOUC OVOLOVIG OTIC OLPEG, KOOMG KOl OTOAEIEC TAKETOV. AVTO QOiveETOl GTO
Zyua 36. O downlink pvBudg petddoong tov DCHI eivor 64 Kbps eved o puBuog
petadoons g background xivmong eivon 120 Kbps. H e€opoimon odeiyver 6t1 10
throughput 610 acvpparo link tov DCH1 eivan mepimov 52 Kbps, 10 omoio givor moAd
uikpo og oyéon pe ta 120 Kbps g background kivnong.

6.4.2 Meradooon HSPDA

Ta amoteAéopato tov simulation wopPoLCIALOVTOL GTO TOPOKATO CYNUOTO. XTO
Zyua 37, o dEovag Y amotundvel v end-to-end kaBvuotépnon TV TAKET®V Kol O
ad&ovag X deiyver tov avéovta aplBpd tov makétov. Onoc goaivetol, Kamolo mokéta
mapovcstalovy peyaAdhTepn KaBLGTEPNOYN O OYEOM HE GAAM, KOl KOTOW TOKETO
yavovtal. H amd dkpo oe dxpo kabvotépnomn givor o ypovog mov amonteiton yioo vo
petapepOel Eva mOKETO OO TOV ATOGTOAEN GTOV TOPOANTTY, GUUTEPIAAUPOVOUEVIC

METAAOZH AEAOMENON =E KINHTA AIKTYA ETIIKOINONION 3HE 'ENIAT 121



EYAITEAOZ ITTAEZHE

™G KaBuoTéEPNONG HETAOOONG TOL HEGOL Kol TNV KaBLoTéEPNoN AOY® TOPAUOVIG GE
oVpéG. Ot 010(pOPOTOMCELS OTIC EAAYIOTES TYES elvar amAd Lo EvOEIEN Tov YeYovOTOg
ot o1 drapopetikoi yprioteg UE €xovv drapopetikéc anootdoels and to otafud Pdong
node B, xor n xoBvotépnon peradoong otov aépo eivar eaptdpevn amd NV
amootoct. Av yopiocovpe to povtélo eEopoimong oto otafepd Kol 6TO0 AcHPUATO
KOUUATL TOL SIKTOOL, TOPATNPOVUE OTL GTO EVGUPUATO KOUWUATL TOL SIKTOOL Ot
kaBvotepnoelg Exovv mOAD UIKPO jitter, oxeddv 110 Yo OAa o TOKETAL. AVTO OV
ovpPdrel Lomdv mePIGGOTEPO GTNV SOGTOPA TNG Amd AKPOv o€ AKpov KabvoTEPNoNg
elval To acVLPUATO KOUUATL TOL SIKTVOV.

End-to-End Packet Delay
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Yympoa 37: KaBvotépnon ntokétov yio HSDPA petaddoerg

H xaBvotépnon tov mokétwv oto UMTS (oto diktvo CN kot oto UTRAN), o¢
cuvovaouo pe to Internet Bewpeiton 41t eivo TovAdyiotov 150 msec yo non real time
vanpecieg [11]. Amod avtd, ta 60 msec givor 1 kabvotépnon oto Internet, ko ta
vrolowma eivor oto diktvo UMTS. H kobvotépnon oto UMTS o1t cvvéyewn
opeideton ommv kabvotépnon Adyw Tov core dwktvov (20 msec) kar otV
kaBvoTépnomn 6To AGVPUATO OTKTLO.

Y10 Zynua 38, eaivetal n kabvotépnon and tov RNC péypt 10 1€ppatiKd Tov ypnot
(RAN diktvo). Kabog ta makéta gedyovv amd tov RNC kot ¢Bdvovv 610 6t00uo
Baonc (node B) ko pmaivouy og po ovpd yio vo KataTunovv 6g TakETo KpOTEPOL
peyéBovg. I'a v e€opoimon pog to péyebog g ovpdg eivar 2000.
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Delay In RAN
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Yympa 39: Throughput 6to acvpparto link
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O IMivaxoag 23 mapovoidlel T péon kabvotépnon yia kabe teppatikd yprotn. Eniong
oto Zynua 35, mapovcidlel to throughput oto acvpuaro link yio kdbe UE. O d&ovag
X deiyver ™ Suapkela g eEopoimong, evd o afovag Y deiyvel to throughput oe
bits/sec. H kivnon ot1o acHpuato xoavoi tov 64 Kbps downlink (UET kor UE2)
onuovpyel OVETOPKN OMOTEAEGHOTO GE OTL OPOPE TN ¥PNon Tov acvppatov link.
Avtd ovpPaiverl yiati o pvOudg petdooong g kivnong eivarl peyaldtepog amd v
kivnon mov pmopel va e&ummpetiost 10 kovdAl Tlapdia ovtd, to acvpuato
KoyeAwtd Olktva cuviBmg mapovcidlovy kabvotepnoelg o1 omoieg Eemepvodv TIG
TOTIKES TYWEG round-trip ¥pOvwv, Tov pmopel va. 00NYHGOLV o€ TOAAG timeouts wov
00MNyoOV GE U1 OmOPOLTNTEG EMAVAUETAOOCELS KO LEIGN TOL pLOUOV HETAOOGNG TOV
TCP 1ov oamoctoAéa. Katd ouvvénewn, meplocdtepeg Oyl amopoitnTeg EmOVO-
petadooelc  ypewdlovral, kot ovven®g to throughput tov TCP pewwveror.
[Iponyodueveg épevveg deiyvouv 61t avédvovtag to TCP mapdBvpo pmopei va
BeAtiwbel onuavtikd n amwoddoon tov TCP yio FTP xivnon oe acvppato koyeilwtd
diktva [15]. Emmpdobeta, oe puBuode petddoong kivnong yopunAodtepovs amd tov
downlink pvBud petrddoong tov HS-DSCH (UE3 kou UE4), mapatnpeitor 0tL ko
0TOoVG 2 YpNoTeG TpooeyyileTor 1 ovopaotikn Ty ¢ background kivnong, mov giva
20 ko 8 Kbps avtictovya.

6.5 XYMIIEPAIMATA

To xepdhoo avtd emkevipoveral oty alohdynon tov UMTS air interface pe
xpnon e€opoimong. Iopovcidotnroy kdmow OmMOTEAEGHOTA Yo TNV amOS0GT TOL
UMTS yua dropopetikovg tomovg kivione. Ot TapaueTpotl g amddoong eival 1 amd
dxpo ce dkpo KaBvoTéPMon maKETOL, N KABVGTEPNON GTO ACLPUATO JIKTVLO, Kl TO
throughput oto acvppoto link. Oswpodue 2 TOHTOLG KOVOADV HETOPOPAS TO
Dedicated Channels kot ta High Speed Downlink Shared Channels. H ar6doon tov
TCP néveo andé UMTS a&loroyeitar yio dvo Pacikd povtéda kivnong FTP kar CBR
Kkivnongc. Ze 01t apopd ™ petdooon dedouévav tave ond DCH, éywvav mepdpota pe
téooepa DCHs pe S10popeTikd yopaktnpioTikd oe 0Tt apopd puBuovg peTddoong
downlink kot transmission time interval. Mg m Ponbewn twv DCHs upmopel va
emtevyBel LYNAN yPNoYoToincT Tov VPOV COYNG KOl VYNADY PLOUGY HETAOOTG
OOOUEVOV GTOV TEMKO YPNOTN. APOPETIKES EQPOPULOYES LITOPOVV Vo cuvdedohv 6To
0o DCH «avdAi, yio pepovopévoug ypnoteg opms. o tig petaddceg High Speed
Downlink Packet Access, ypnowomombnke poviédo efopoimong oamd 4 TEAIKOVG
yxpNoteg mov cuvoéovtar og éva HS-DSCH. Ta mepdpata delyvouv 0T 6€ €Qapproyég
Kivnong, pe youniovg pvOuovg petdooong oedopévov, to HS-DSCH upmopel va
eEummpemoet £va PeydAo aplBpd ToVTOXPOVOV XPNOTOV.

2115 e€opoimoelg mov mapovstdotnkay 10 TpmTokoAlo TCP Bpiocketon amd dxprn oe
dicpn ocvpmeprapfovoprévne Kot g acvppatns Levéng. Amodeikvoetotl Aomdyv, 0TI N
AOon avtr glvol ePaprOGIUN Yo VAV KIVOOIEVO YPNOTH, OAAG 1 atdd00T) HELOVETOL
kaBmg ot pnyavicpoi tov TCP dev eyyvovtar [owwtmra Yanpesiog (QoS) twv
acvppotov otoyeiov tov UMTS oe 0éuata kabvotépnong kou throughput. Av ta
aKéTo ydvovral 6to diktvo, T0 TCP mpwtdéxoiro vwobétel 1L vdpyel GLUEOPNON
(congestion) oto diktvo. QG cuvéneln, ot TCP enava-petaddcelg peidvovy 1o péyebog
oV Topafvpov, T0 omoio Kot €xel ®¢ amotéleoua pikpotepo throughput. TToAd
vyniég Kabvotepnoelg kat pikpo throughput odmnyovv 6e un kavomoinon Tov TEAMKOV
ypnot. llpéner va avagepbel 0Tl 0TI TOpAmAve €EOUOUDGES TO core JiKTLO
Bewpeitar 6T givon éva IP diktvo, cuvem®dg 1 GLVOAMKY amdO0oT Umopel vor yivet
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axopa yewpotepn, pog ko to TCP, ¢ end-to-end mpwtokorro, Bo mopovcidlet
emnpocfetn kabvoTéPnomn Kot GLUEHPN O GTO core diKTLO.
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KE®AAAIO 7: METAAOXH ITOAYMEZON ITANQ ATIO UMTS

METAAOXH ITOAYMEXON ITANQ ATTIO UMTS

H petagpopd moivpecikmv dedopévev Kol LAMOTO GE TPAYLATIKO XPOVO, amoTelel
T TO PEALOV TOV AGVPUATOV ETKOWVOVIOV OE00UEVOV, ONLOVPYDVTAS EVOL LEYOAO
aptud amalTNoE®Y TOGO GTO TNAETIKOWVMOVIOK( GUGTHLOT, OGO Kol GTO GUGTILLOTO
emkowvoviag oedopéveov. To KOPLO YOPAKTNPIOTIKO TNG UETAOOONG TOAVUECIKMOV
OEOOUEVOV TTPAYHOTIKOD XPOVOL, €lval OTL Ol GLGYETIGES TOV XPOVOL UETOED TV
OVIOTHTOV TANPOPOPIaG (TOKETO) LEGH GE WL POT|, TPETEL VO OLATNPOVVTAL, TAPOLO
OV OEV LIAPYOLV GLYKEKPUYEVEG OMOTAGES GE YOUNAT KaBuoTépnon UeETAd0oTC.
Xmv mopdypoaeo avt] 0o peAeTHoOLHE HEGH OMO GLYKEKPLUEVO TEPALATO T
petddoon video mhveo omd kwvnrd Sdiktva 3" Tevide. ITo ovykekpuéva, Oa
alohoynoovpe v amoddoon towv UMTS Dedicated Channels (DCHs) v 1
petadoon video pe kwokomoinon MPEG-4 omv downlink xatevbvvon, eléyyovtog
TAPOAANAG Kol TTOCO €PYETAL OE «GVUYKpovon» 1M petddoon video pe v Internet
kivnon mov epappdleton oto air interface tov UMTS.

To bandwidth &ivatl puoikd 0 ToO TOAVTYOG KoL O TAEOV TEPLOPIGUEVOG TOPOG Y10l TO
UMTS, 6mwg ko yia kée acOppato cvotnuo enkotvoviag. Ot epappoyég video, o
KkéOe poper TOVg TOPAYoLV HEYAAOL OYKOL dedopéva, pe amotédecua to video vo
UETOOIOETOL GE GUUTIECUEVT] LOPPT], £TGL DGTE VAL EAATTMVOVTOL 01 puOUOTl HETAdOOMG
dedopévov. H MPEG-4 kmokonoinom, gival to mpdtumo mov @aivetor vo kepdilet
£€00(p0C, MG KoL OmOTEAEL Eval GO TOV YPNOLUOTOIEITOL EVPEMG Yo KAOE TOTO
epappoydv video [16].

Ot epapuoyég video mpaypatikod ypovov amoutohv Ol To mokéto vo, pOdvovy oTov
TOPOANTTN OTN COGTN TOLG YPOVOAOYIKT GEPA. AV YaBobV TaKETA, O GUYYPOVIGUOG
peTaEy Tov kmotkomointy (encoder) kot tov amokwowonowmty| (decoder) ybverat, kot
petadidovrol Aaon pésa amd to kwduomonpévo video yia apketd ypoviko ST,
Av 1o mokéTo KOBLGTEPNGOLV YO GYETIKA HEYAAO YpoviKd Oldotnuo, yivovrot
dypnota ywo Tov amokwdkomomty| (decoder), kot ayvoovvtar g dypnota mAéov. H
OATOAELD TOKETOV KOl TO OMTIKO OMOTEAECHN OTNV €KOVA TOL ovTIAaUPdveTOL O
yxpNotnG eivon Waitepa onuavtikn og predictive coding cuotiuarta, 6tmwg 1o MPEG-
4. To apynTikd OmOTEAECU OO TNV ATMOAEW TOKETOV UTOPEl Vo eAaTTwOEL, Ywpig
oumg vo eCapaviotel, pe Vv ewayoyn pebddwv mpootaciag omd AaOn (error
protection) ot por| Tov video.

Elvar OepelMdoeg yo éva acOpUATO STKTLO VoL EYEL EVOV OTOTEAEGLATIKO aAYOPOLO
Katavoung evpov Cmvng (bandwidth allocation), €161 MoTE 0 «KIVNTOGH YPNOTNG VAL
umopet vo. amodlappdver tavtdypova epoppoyés pe video mpaypotucod ypdvov kot
epapuoyég Internet 6mwg HTTP 1 SMTP. 'Etor 6tav éva teppoatikd xatePdalet
streaming video, mpémel vo. vrapyel owbéoiuo evpog (dvng KaBe otiyun, Yo
OTOLOONTTOTE AAAN EQOPLOYN TOL UTOpPel O YPNOTNG va BEAEL vo YPNGUYLOTOMGEL
EmumAéov dtav 6v0 S10popeTIKEG EQAPLOYES TPEYOLV TAVTOYPOVA, TO O1KTLO Bo TPEmeL
Vo €yyYVaToL OTL €V LITAPYEL TEPITTMOT KATOLNL OO TIG EPUPUOYES ALTEG VO OPAL €1
Bapog ¢ aAAng, Taipvovtag 6Ao to dabécipo evpog Lmvng. Aappdvovtag voyr otL
01 SLOOIKTLOKEG EQPAPUOYES YPNOOTOI00V MG el T0 TAgioTov T0 TCP mpmtdKoAdro,
evd ot gpappoyés video UDP, to diktvo Ba mpénet va gyyvdaton 61t to UDP dev Ba
«xvplapyed» e1g Papoc e TCP kivnong, omiadn Oa vdpyet dbéoipo bandwidth ko
Y10l TG OLUOTKTLOKESG EQAPUOYEC.
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Y10 mepdpota mov mopatieviol okomdg elvar va gggtaotel n anddoon towv UMTS
Dedicated Channels yio ™ petddoon video MPEG-4 mpaypatikod ypdvov, kot vo
dwmiotmwel katd toco N petdooon video mpaypotikod ¥pdvov mave and to UMTS
OikTLO elvan gkt Kou £101kd o€ cvvovacpd pe HTTP kivnon.

Ta amoteléopata g perétng g petadoong MPEG-4 6e acvppata diktva deiyvoovv
o0tt n mowotnta Tov video pmopel va PeAtimbel oNUOVTIKA TPOCTOTEVOVTIOS TO
dedopéva VYNANG TpoTePAOTNTOS KATA TN didpketla TG petddoong [17].

7.1 METAAOXH VIDEO

Ta 600 Mo onuavtikd CNTNHATO TOL TPEMEL VO OVTILETOTICTOOV Y10, TN UETAO00N
video mave amdé UMTS eivow n pun a&lomotio g acvpuatng (evEng ov link kot ot
AmOTNOELS 6TV KaBuoTtépnon. e 01t agopd v avoslomotia tov link, ta acOpupata
KavaAl €xovv yevikd vyniotepa eminedo Bopvfov kabmg emiong kot small-scale
(multipath) kot large-scale (shadowing) fading [18], yeyovdg 1o omolo pmopetl va
EMPEPEL ONUOVTIKG TTpoPAnpata otnv mototnto tov video. To video mpoypatikov
xPOVOL €xel emiong TOAD ALGTNPEG AMALTNCELS avaPopkd e v kabvotépnon. ‘Etot
av ta mokéto video @Oavouv kabvotepnuéva 1o video dev umopet va avomoapaydel
opord [19]. H «wdwonoinon MPEG-4 egivon wavy va vrootmpier ko
aAAniemidpactikd mepleydpevo mov Pacileton oe video, oAAd kot cvpPotikd
streaming video. Avtd mapéyetor amd T SLVOTOTNTO KOl OMOTEAEGUATIKOTNTO TOV
dtvel 0 vEog TOTOC KMOIKOTOINONG OMTIKMY OEOOUEVOV TTOV TPOEPYOVTAL OO TO.
Ontwcd Avtikeipeva (Visual Objects). Avtd mov Bélovpe vo LeAeTHGOVUE GE QLT
™V mopdypago, gival 1 agloldoynon g amddoong ¢ petadoong MPEG-4 video
ndve and to UMTS diktvo kot va T cuykpivovpe pe to avtioTolyo LOVIEAD TG
Oswplag ovpdv mov pedetovv T petdooon video mave amd (eHEEC acVPULOTOV
KavaAldv, Aopfdavovtag veoyn ) pn o&omoTio Tov AGVPUITOV KOVOALOD Kot Tig
QoS anaitoelg Tv video epappoydv, 6T®G ol TEPLOPIGHOL 6TV KabvoTépnon).

H MPEG-4 kwdwkonmoinon Paciletar oe dvo mpooeyyicelg yuo va GOUTIECEL TIC POEG
video: T péBodo spatial redundancies (Bpioker opoidtnreg petald YETOVIKOV
TEPLOYDV NG €KOVOC) Kot pe tn pébodo temporal redundancies (opoldtnreg petald
TOV HEAAOVTOG KOl TOL TOoPeABOVTOC pog €wovag). O alyopilBupoc ovumieong
Aertovpyel oe K@Oe frame (kapé) Ko ywpilel kabe frame ce pikpotepa blocks. Ta
pKpOTEPQ OLTE KOUUATIO, BEATIOVOLV TNV OMOTEAEGUOTIKOTTO TG GUUMTIESNG, OAAG
av&avouv 10 ¥pdvo dwayeipiong kot cuvnBmg 0dNyohV Ge UEYAADTEPOVLS YPOVOLG
Kwdkomoinong.

Xe Ot apopd ™ peiwon tov ydpov ta spatial redundancies yivovtar and tov JPEG
(Joint Picture Experts Group) oiyopiOuo. To obOvnbec trade-off petald g
OTOTEAECUATIKOTNTAG TNG CGLUTIEONG KOl NG TOlOTNTOG, €IVOL 1| TPOGUPUOCTIKT
avéopeimon tov puBpov petddoong bit, cOuE®va pe TV emBounty TodTNTO.

Ye OTL aQopd TIC YPOVIKEG EANTTOCELS, OVTEG Topatnpovvtol o€ frames mwov
napovstalovy to 1o 1 mapopoo mepiexdpevo. ‘Etot uévo ot adrayés peta&d avtdv
twv frames yperaletor vo amodnkevovtal, YEYovog mov gival TOAD O OATOTEAEGUATIKO
amo o kabapn spatial copmieon. H kivnon kodwomoteiton amd davocpata Kivnong
Ta. omoio. mePLypdpovy Tolo mepleyouevo KaBe block eivon mo oOpoo pe to
OLYKEKPIUEVO. AvoTtuydg m ovumieon mov ypnoyomotlel temporal redundancies
Topovctdlel cuoowpevon Aabmv TpdPAleyms. Avtd yivovtal opatd HETA Amd APKETA
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frames kol £(0VV CNUOVTIKEG EMATMOGEIS GTNV ONTIKN €IKOVO TOV OVTIAAUPAVETOL O
Xpnome.

Mo v avtipetodnion avtov tov Bépatog, 1 MPEG kwdwomoinon opilel 3 eddv
frames, mov eivan Tt e&Nc:

e Intra frames (I-frames), ta omoia dnuovpyovvtol Kot coumiElovtal Hovo He
ypNon spatial redundancies kot dev avapEpovTal o€ KATO0 Tponyovpevo frame

e Predictive frames (P-frames), ta omoia emitpémovv cvumicon pe PBaon 1o ypdvo,
aALG LOVO avagoptkd e Tponyodueva frames

e Bidirectional frames (B-frames), ta omoio pumopovv vo ava@épovior Kot Ge
peAlovtikd frames

‘Etol o akorovbio and frames podlet wg e€ng: IBBPBBP. To MPEG mpdtumo dgv
kaBopiletl kbto 1 avo opro I-, P- 1 B-frames. Ouwc, ta I-frames nailovv 1o poAo TV
onuUel®V emavaEopds (6€ GUVOLAGUO KOl HE TNV ONUOGIN TOLG Yo TNV YEVIKY
To10TNTO TOL AVTIAAUPAVETAL O Y¥PNOTNG) KOl GLYVA ToToBeTOVVTOL GE GLYVOTNTA £Vl
avd devteporento. H ammdAieia gvog I-frame onpaiver avtdpato 6t tor emdpevo P-
frames kaBictaviot dypnota. ‘Eva tedikd Pruo emeepyaciog g ewovag epapuolet
évav koo lossless Huffman aiyopiBpo otnv vdpyovca pon dedopévmv e oKomod vo
TN GLUTIECEL TEPULTEP .

7.2 ANAAYTIKO MONTEAO I'lA TON YIIOAOT'IEMO TOY
XPONOY EEYIIHPETHZHYX TQN ITAKETON XE
MPEG-4 KINHXH

Y& auTi TV TopAypaEo ToPOLGLALETOL £VOL OVOALTIKO LOVTEAO Y10, TOV VTOAOYIGUO
OV ¥POVOL OV amorteiton Yo Kabe makéto pog doouévng video akoiovdiog yio vo
petokivnOei and tov Radio Network Controller péypt tov teppotikd e£omAopuod tov
Kivntol ypnotn. Xouewva pe to video trace mov ypnotpomombnke [20], ta maxéta
™G akolovBiag video dev £xovv atabepd puéyebog. To péyebog tov MPEG-4 makétwv
to. omoia petadidovionr méve amd to air interface tov UMTS mapovcsialetar 610
ymua 40.
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Size of the Packets of the Video Sequence
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Xyna 40: Méye0og maxétov MPEG-4

H axoiovBia video eivon oe format QCIF (176 x 144 pixels) ce PAL frame rate pe
pLOUo 25 kopé 10 devteporento. Xto Zynua 40, o aZovag Y cvpporiler to péyebog
TOV TOKETOV o€ bytes, evdd o afovag X delyvel tov apBud g axorovbiog twv
makéTmv. To péco péyebog tov maxkétov gival 758 bytes. H mapandve kivinon video
Ba xpnowonronOet ota mepdpata mov Ba yivouv 6Tig TapaKdT® TOPaypaPOovs.

Oewpaviog ™ petddoon video amd Evav otabepd koOpPo oto internet mpog Evov
Kinto ypnot (Zynpa 43), kabaog ta tokeéta pevyovv ond Tov RNC kot ¢Bdvovv oto
otabud PBdong (node B), umaivouv otnv ovpd pe okomd vo Katatunbodv o€ makéta
pucpotepov peyébovg. Kabe PDCP PDU tepayileton oe modhamid RLC PDUs
otabepov peyébovg. Kdabe pa and tic povadeg PDU ywpdet og éva transport block pe
okomo va petadobel acvpuata. To péyebog toov RLC PDUs givan 40 bytes [21].

Baociwopévol oty avdivon yio to Downlink o€ k60 RLC PDU mov petadideton mvem
and v acVppotn Cevén [21], o RNC Aopfdver avagopd tng katdoTaons yo To
ypnotn 68 msec petd ™ perdooon. Ilpog g avtiBen katevbBvvon o uplink ypdvog
TTI etvon oyeddv dumhdorog amd v Katevbvvon downlink, o ypiotmg UE AapPdvet
avagopd kotaotacng 40 msec petd T HETAOOON.

Yxomog pog etvatl va vroloyicovpe tov erdyioto xpovo eEvanpétmong g MPEG-4
video «ivnong mov ypnowomoteitar oty efopoimwon. O ypoévog ovtdg ivor
ovykpiowog pe v kabvotépnon oto Radio Access Network (o ypdvog mov
amorteiton yio vo petapepdel Eva mokéto and tov RNC otov eEonAopd Tov ypnotn —
UE). O ypdvog avtdg voroyiletar mg e&ng:

O apBpdc tov RLC PDUs otovg omoiovg ywpileton Eva IP maxéto, siva:

Packet _size(bytes)
40bytes

Nppy =

O péyiotog apduog tov RLC PDUs mov pmopovv va petadofodv péca og 6to Ypdvo
TTI eiva:
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Yuvenmg o aplfuog twv TTIs yio ) petapopd evog makétov givar:

Kabnc o ypovog TTI oto downlink eivar 10 msec, o eAdy1otog ¥pdvog Tov amouteiton
vl KAOe PeETAd00T Kol arrodoyn VOGS OAOKANPOL TAKETOL, etvat:

Toin = 40ms +[ Ny —1]-10

Mo mv xivnon MPEG-4 video mov ypnoiponotodpe oty eopoimon, o eAdylotog
YPOVOG TTOV aTOLTEITON Y10 TN HETAO0OT KOl 0odoyn KOs TaKETOV TapPoLGLALETOL GTO
Zyua 41. O d&ovag tov Y deiyvel 1o gpdvo eEumnpémons Tov ToKETOV G msec,
evd o aéovag tov X mopovctdlel tov oaplOud axorovBiog TOV TOKETOV.
2UYKEKPIUEVA, O YPOVOG EELTINPETNONG TOV TOKETOV AVOTAPIGTA TNV KoBuoTtépnon
oto Radio Access Network, mov givonr o ypdvog mov amorteiton yioo éva TOKETO v
katevBouvoei and Tov RNC otov e€omhiopod tov ypnot (UE).

Tmin Required for the Transmission and Reception of any Packet of the Video Sequence

400 -
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IP Packet Senvice Time - Delay in RAM (msec)

1 1 ]
Q 500 1000 1500 2000 2500 3000
Packet Sequence Number

Yympa 41: EAG)1oTog 0mortovpuevos YpOovos yio T RETAO00T Kot arodoyn Kabe
TAKETOV

EmmAéov, oto Zynua 42, mapovcoidletor n pdf (cuvdpmon xotavoung mukvotntog
mOavOTNTOC) TOV EAAYIGTOV ¥POVOL TOV ATOLTEITOL Yoo TN HETAS00N Kot amodoyn
Kk@0e mokéTov G axoAiovbiog video mov petadidetar. O dEovag X mopovsialel to
xPOVo eEumnpénong TV ToKETOV, Ve 0 dEovag Y mapovotalel tnv pdf. Kabmg 6la
to [P maxéra dev €yovv otabepd péyebog, o ehdyiotog ypdvog drapopomoreiton
&xovtag HéEYoto 610 Ty = 40 msec pe tyun pdf = 0,5087. Avtd onpaiver 6Tt 10
50,87% tov mokétov Egovv eAdytotn kabvotépnon oto RAN diktvo 40 msec katd
pocéyyion. O pécog erdyiotog xpovog tvat: Ty is 54,39 msec.

H 1y avm yuo 10 péoo gpdvo e&ummpémnong tov nakétmv gtvor yaunin. To yeyovog
avtd onuaivel 6tt N TAEOYNGio TOV TOKETOV TOL ETAVOLV GTOV KIVNTO YPNoT
yopoaktnpiCovior omd yopnAn KobBvoTEPNON Kol GULVETMG UTOPOVV EVKOAQ VO
petadobovv mive ard to UMTS air interface ywpig va dnpovpyovvtor TpofAniuoto
otV moldtnTo Tov video mov avtilapPavetor o Kivntdg xpNoTe.
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pdf of the IP Packet Service Time
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Xynpao 42: pdf Tov gpovov &vanpétnong tov IP ntakétov

7.3 MONTEAO EEOMOIQXHX

Xmv mopdypa@o ovty Topovctdlovial To KOPL YOPOKTNPIOTIKG TOL HOVTEAOL
eEopoimong mov avamntdydnke ypnoipomoidvtag tov efopoimty ns-2. Avtdomov
e€etdleton givar n amodoon twv UMTS Dedicated Channels (DCHs) ywo T petddoon
video og mpaypatiko ypdévo. H amoddoon twv DCHs a&oloyeiton yio MPEG-4 kivnon
pe JpopeTikd yopaxtnplotikd. EmumAiéov, yuo ) depedvnon g anddoong tmv
DCHs, mpootébnke xon background xivnon oto cvotua, pe epappoyés HTTP won
SMTP. Katd ™ dudpkeia Towv eEOHOIOGEDV £yvay o1 akOAOVOEG LETPOELC:

e End-to-End Packet Delay: Eivat o ypdévog mov pecorafel omd tv omoGTOAN
€vOG TaKETOV Kivnong oto diktvo, puéypt v opn Taparapn) Tov amd To SEKT.

e Delay o610 RAN: Eivar o ypdvog mov yperdletor yio kébe mokéto yuwo va
katevBuvlel amd 1o RNC otov eEomhopd tov tehkob ypnotn UE.

e Throughput cto Acvppato Wireless Link: Eivou ta bits mov petapépovror amod
tov teMko ypnotn UE ot povada tov xpovov (oe bits/sec).

To oevdpro mov mapovcidleton amotereital and poe UMTS koyédn mov kaAvmteTon
and 1o otafud Pdonc node B kar cuvoéetarl oe évav RNC. To poviého eEopoimong
amoteleiton and tov tepuatikd eEomiopnd tov ypnot (UE) mov cuvdéeton oe €va
DCH kavah 6nmg eoaivetar kot oto Zynue 43. To poviéro avtd Poacileton otnv
apyrtektoviky tov UMTS.

Ymv efopoiwon avt) ypnotponoovvtal too DCH yw ™ petddoon dedopévov ce
nakéto. Ta DCH kavdAia sivor bi-directional kot deopgbovior amd évav Kot povo
xpnot. To cvvin kavaiio Tov ypnoponotovvral eivat ta Forward Access Channels
(FACH) oto downlink kot ta Random Access Channels (RACH) oto uplink, émwg
napovctdloviot 6to Zynua 43. Zta mepdpota ypnoyoroovpe éva kavai DCH 384
Kbit oto downlink, kou 128 Kbit otnv uplink katevbuvon. Or ypdvor TTI eivor 10
msec Kot 20 msec otnv downlink kot uplink katevBuvon avrictorya.
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Yympoa 43: To povréro eEopoimong

Mo va a&oloynBel n anddoon tov UMTS yia v petddoon video mpoypoticon
1pOvoL Bewpovpe To akdAovbo poviéro Kivnong:

e Muw pon video MPEG-4 mpaypoticod ypoévov dmpuobpyeitar otov koupo 2 ko
péoca and to DCH (oto downlink) katevbovetor mpog to UE1 pe UDP wg
transport tpwtdkoAiro (foreground kivnon).

o Kivnon HTTP kar SMTP dnpovpyeiton otov k6puPo 2 ko katevBivetor tpog to
UE1 pe to TCP wg transport tpmtokoAro (background kivnon).

Mo v viomoinon &vog mo pealoTikod oevapiov, TPooTéONke emmALOV
(background) xivnon oto ocvomua, pe gpappoyés HTTP ko SMTP mov eiyav
katevBvvon and tov kopPo 2 mpog tov UEL. Ot epappoyéc avtég tpéyovv pali pe tig
epapuoyég video streaming kot ypnoywonoovy 10 TCP ¢ transport TpoTOKOALO.
EmumAéov, n kivnon avty oto cvuotnua €EL T AOYIKY TNG SlEPELVNONG TOV OV KOl
Katd oo N petddoon MPEG-4 video péoa and ta DCH kavéiia etvor «@riikni» og
npog 10 Tpwtoékorro TCP.

Kabe po and 11g epappoyéc HTTP xor SMTP, dnuovpyovv v avtictoyn kivnon,
opifovtag 10 TpwtdéxoAro mov Ba ypnoiponoovy (TCP 1 UDP) kan to péyebog toov
TOPOYOLEVOV  TTOKETWV, ONUIOLPYOVTOS TOV  KATOAANAO agent oTOv  0Omoio
eykobiotatal n myn Kivnong, kot o onoiog eykabictatol o éva eE@TEPIKO KOUPO Ko
oLYKeKPIEVO oTov KOUPo 2, 6mmwg mapovstdletar kot oto Zynua 43. Téco n HTTP
660 Ko 11 SMTP kivnon, akorovBoOv pia Pareto katovopn.

2mv gopoimon mov TapovctdOvLE, TPOYHOTOTOIOVVTOL SVO TELPAUATOL:

1. Metéooon kivnong MPEG-4 video péow UDP, yopig emmpdcOetn background
kivnon. Koatd m dudpkeld tov mEPAROTOC, Topotnpeital 1 omddoon TV
epapuoymv video mpaypotikov ypdvov péca ond UMTS DCH xavdio. H
dugpkel tov mepdpatog givar 200 sec. Me avtd digpevvdrtal av 1 petdooon
MPEG-4 video mpaypotikod ypdvov givor duvaotdv vol IKAVOTOWGEL TOV KIVITO
xpROT.

2. Metéooon streaming video kot TCP xivnong tovtdypova oto 1610 Kavail. Xe
avtd 10 Teipapa, eEeTAlETOL T GUUTEPLPOPE TV EQUPUOY®V streaming video
armévavtt oty TCP kivnon tov UMTS. H TCP «ivnon, og dtoitepa Onpoeiing
AOy® TOL TANOOVG TOV EQUPUOYDY TOL TN YPNCILOTOvY, Onmwg To world wide
web. H duipkela tov mepdpatoc eivar 200 sec. H mepiodog avt) ywpiletan ota
akoAovba dtoucTipOT:
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e Awotmnpa 1 [0, 200sec]: MPEG-4 video kivnon mov dnpovpyeitar 6to node 2
kot katevBvvetar Tpog o UET.

o Awomqpa 2 [50, 100sec]: SMTP kivnon mov dnuiovpyeiton oto node 2 Kot
katevBoveron mpog to UEL.

o Awotqpa 3 [100, 150sec]: HTTP xivnon mov dnpovpyeital oto node 2 kot
rkatevBoveron pog to UEL.

7.4 IIEIPAMATIKA AITOTEAEXMATA

2V Tapaypopo ovTh TEPLYPAPOVTAL T OMOTEAECUATO GE OTL APOPE TNV amddoon
petadoong video mpaypatikov ypovov méve arnd UMTS DCH kovaia. Onmg 1on
avaeépbnke ot Tapdpetpotl mov e€etdlovron ivar | and drpo og dxpo kabvotépnon,
N xabvotépnon oto RAN diktvo kou 1o throughput oto acvppato link. Apyikd,
TapovGlalovTol Ol TOPAUETPOL Ylo. TN HETPNOTN NG OMAS00NG Yol T UETAO00N
MPEG-4 video méveo am6 ta UMTS DCHs, kot otn cuvvéyela mapovstdlovpe to
amoteléopata yo ™ petddoon MPEG-4 video kivnong mov cuvumdpyet e internet
TCP xivnon.

7.4.1 Metaooon MPEG-4 video Yopic
background xivyon

210 IyMuo 44, mapovotdleton n omd akpo oe Gkpo KabBvoTEPNoN Yo T peTadoon
MPEG-4 video mdve amd dedicated channels. O d&ovag X delyver tov apBud tov
TAKETOL otV akoAovdia, eved o d&ovag Y deiyvel v end-to-end xabvotépnon oe
msec. Xty e&opoimwon mov mopovstaletar, n péon end-to-end xabvotépnon eivon
121,89 msec.

End-to-end Delay {Downlink)
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Packet Sequence Number
Yympo 44: End-to-end kaOvotépnon Yo petadsoony MPEG-4 video

EminAéov, to Zynua 45 tapovcidlel v kabvotépnon oto RAN diktvo. [Tapovoidlet
onAadn tov xpovo eEumMpPETNOoNG TOV TAKET®V 0 O0moiog €xel NON VIOAOYIOTEL e
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avOALTIKO TpOTO o€ mponyovpevn mapdypoeo. O pécog ypdvog eEummpémong Tov
TOKETOV 0TV eEopoimon €xel v Tun 61,7 msec, evd o p€cog ypovog eEumnpéTnong
TOV TAKET®V ToL VoAoyiotnke otV [Hapdypago 7.2 Hrav 54,39 msec. Onwg deiyvet
Kol To Zymua 44 kol to Xynua 45, yopw and 1o mokéto pe sequence number 800,
napotnpovvion delay spikes. To yeyovog avtd ogeidetar 6to0 OTL T TAKETO QVTA
€xovv TOAD peYAAO péEyeboc, cLYKPITIKG pE TOL VTOAOUTO, KO YL TO AOYO OVTO
peyaroc ap1fpog amd TTIs amoartovvtal yio T HETAGO0T TV TOKETMV VTMV.

Delay in RAN (Packet Service Time) (Downlink)
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Yympa 45: KaBvotépnon oto RAN Y0 T peradoon video

To throughput oto acvppato link mapovcidleton oto Zynua 46. O déovag Tov Y
napovctalel to throughput ce bps, evd o d&ovag twv X delyvel T ddpkKewo g
eEopoimong. H kokkivn ypapun amotundvel 1o péco throughput oto acvpparto link.
To péco throughput &yer Ty 205 Kbps, evdd o downlink pvBudg petddoong
dedopévov yia to dedicated channel givon 384 Kbps.

Throughput in Wireless Link {Downlink)
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Yynpa 46: Throughput 6to acvppato link (ympic background kivnon)
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To ZyMqua 47 mapovoidlet pio ouykpion twv pdf (cuvapTiGES KATOVOUNG TUKVOTNTOG
TOOVOTNTOC) Yol TOVG YPOVOVS EELTNPETNONG TOV TOKETMY, TOGO YL TOV OVOALTIKO
vroloyiopd (mov mapovoidonke oty Hapdypapo 7.2), 6GO Kol Y10 TO TEPAUATIKA
aroteAéopato. H kOKKvn ypouuq avomopiotd To TEWPOUATIKE OmTOTEAEGLOTA, EVOD 1)
UTAE VPO OTOTUMOVEL TO OMOTEAEGLOTO TOL OVOAVTIKOD VIOAOYIGHOV. Omwg
eoivetolr oto Xynuoa 47, To TEPOUOTIKA omoTEAEGUATO €ival TOAD KOVIA oTo
amoteléopato Tov vroloyiomkay Bempntikd. EmmAéov, oto 1010 oynua, gaivetal ot
OAol T TOKETO EMTVYYAVOLV YPpOVO eEVTNPETNONG XapUNAOTEPO TV 80 msec, Kot Pdvo
évag kpOg apBpdg mokétwv mopovcstdlel service time mave omnd 100 msec. To
YEYOVOG aVTO VTOONAGDVEL OTL 1] TAELOVOTNTO TOV TOKET®V TOL POAVOLV GTOV KIvnTd
xpnot yopoaktnpilovior amd younAn kabvotépnon Kol GUVERMDC, 1 TOOTNTO TOL
video mov PAEMEL 0 XPNOTNG OTO TEPUATIKO TOV €lval IKOVOTONTIKY GE GUYKPIOT ME
NV kivnon mov apykd 6TdAdnKe amd Tov TouTo.

pdf of the IP Packet Service Time
R — T T T et T e I T ertE §

[ - : " Analytical Computation |
] | —— Simulation

10

107

pdf

10

107 &

0 20 40 60 80 100 120 140 160 180 200
IP Packet Service Time - Delay In RAN (msec)

Yympo 47: Toykpron peTacd AvOAVTIKOD DTOAOYIGHOV KOl ATTOTEAECRATMOV
eCopoimong

M wpo@avig mopatnpnon mov mpokvITeEl omd to Xynua 47 eivar 6tl 610 YPOVO
eEumnpétong mokétov 140 msec T OVOALTIKA KOU TO TEPOUATIKA OTOTEAEGILATOL
delyvouv va dtpépovv onuavtikd. I'vopilovtag ouwg 61t otov d&ova tov Y o10
Yymua 47 n KApoko givor AoyoptOpikn, propovue vo vrofécovpe OTL 1 TOPOTAVE®
amoOKALoT dgv gival 1000 Kpion OTMG amoTVTOVETOL 6TO oYNpa. o Tapddetypa, 1
pdf cuvéptnon kotavoung mukvOTNTOS THAVOTNTAG TOV TOKET®V TOL EXOVV YPOVO
eEummpémong 140 msec eivar otV avaAvtikn npocéyyion nepinov 10 1%, evod ota
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mepopatikd amoteléopata ovty Ppédnke va eivar 0,1%. Xvvenmg, Bewpdvtag t0
GUVOAKO aplBud TV TOKET®V oL POAVOVY GTO TEPUOTIKO TOL Ypnotn (mepimov
3000), ta avalvtikd amoteléopata detyvovv 0Tt mepimov 30 and avtd £xovv ypdvo
eumpémong 140 msec o€ OGUYKPION HE TO TEPOUOTIKA OTOTEAEGLOTO, TTOV
eppaviCouv 3 TokéTa e TOV TOPATAVE YPOVO EELTNPETNONG.

7.4.2 Metaooon MPEG-4 video ue tnv mapovoia
npocOetns background xivyon

210 Zynua 48 mapovoibleton to throughput 6to acvppato link katd ™ odpkewa

petéooong tov MPEG-4 video mave and ta dedicated channels..O a&ovag tov Y

detyvel to throughput (e bps) kot o d€ovag X o xpodvo. 1o oynua avtd eaivovrol 3
otoyyeia:

e To throughput ¢ pong video (umie ypouun)

e To throughput g SMTP xivnong mov axoAovbei pareto kotavoun (kOKKvn
VPO
e To throughput tng HTTP kivnong (mpdowvn ypouun)

Throughput in Wireless Link
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Yynpoa 48: Throughput 6to acvppato link (ue TCP background kivnon)

To péyioto throughput g SMTP ko tng HTTP kivnong eivon 50 Kbps. To Zynua 49
delyvel o cuvoAko throughput oto Acvppato link, to omoio eivar to GBpoicpa g
kivnong video ko1 SMTP oto mpdTo Ypovikd didotnuo (amd to 50° péypt o 100°
sec), kot 10 dBpowopa g video kot HTTP xivnong katd m oidpkelo Tov dedTEPOL
ypovikoD dtuotiuatog (oo to 100° puéypt to 150° sec). Onmg paiveton kot 610 Zyfua
49 10 ovvolkd throughput cto acvppato link givor mavta yoaunidtepo and v
ovopaoTikn Tiun Tov puduod downlink twv DCH kavoliomv wov givon 384 Kbps.

Aoppdvovtag vroym v and drkpo ce dkpo kabvotépnon (end-to-end delay) kon v
kabvotépnon oto RAN diktvo, 1 mapovsio g emmpdobetng background TCP
kivnong dmuovpyet omoteAéopoto OpOW HE OVTO TOL TOPOVCLAGTNKOV GTNV
TPONYOVLEVN TTAPAYPOPO KL TLO CLYKEKPIUEVO 6TO Zynua 44 Kot 6to Zynuo 45.
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Total Throughput in Wireless Link
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Xympa 49: Zvvolko throughput 6to acvppato link

7.5 XYMIIEPAXMATA

Me v avantuén TOV TNAETIKOIVOVIOV, AVATTUGGETOL TOPIAANAQ Kol 1 {NTnon Yy
vanpecieg molvpécmv. H o avantuén tov Internet pépver peydin {ntnon kot oty
TOPOY TOAVUEGIKAOV LANPESIOV Thve ard IP diktva. H avdntuén tov tpothnwv 6to
UMTS Bpioketon og pia gdon éviovav HEAETOV.

2V TopAypaQo OVTH| TAPOVCIAcTNKAY £E0UOIDGES TOV APOPOVV TNV a&loAdynon
tov duvoatotnteov tov UMTS air interface. ITapovsidotnkav anotelécpata yoo v
amodooon tov UMTS 7y d10@opeTikods TOMOVG KIivnone, GLUTEPIANUPOVOUEVOV
MPEG-4 video, HTTP ka1 SMTP. Ot mopdpetpor mov eferdotnkov mMrav m
kaBvotépnon and dkpo oe axpo, 1 Kabvotépnon 6to 4iKTLO aGVPUATNG TPOSPAUoNS
(RAN) kot to throughput 610 acOppato link. ['a v e€opoimon, ypnoporom|dnkay
ta DCH dedicated channels o¢ ta kavaAio HeTapOpEgs.

Yvunepoopatikd, n xpion TCP kot UDP npmtokdArov 610 chotpa, £0€1Ee OTL TO
oevaplo cvvomopéng oto 1010 kavdir TCP kivnong kot video oto UMTS, eivat
epapuooipo. Iopdia avtd mapovoidlovror Kamow mpofAnuata 6tav 0 GLVOAKOG
pLOUOG peTadoong etavel To downlink @paypo TOV KOVOAOD, PE OTOTEAEGILO TOKETO
va yévovtal. Av to mokéta ovtd eivor TCP mokéta, avtd emava-petadidoovial, oe
nepintoon ouwg mov eivan UDP makéta mov mpoépyovtal amd v kivnon video, 10te
VILAPYOVY TPOPANLATA GLYXPOVIGLOD HeTAED TOV TOUTOV Kol TNG akoAovbiog video
GTOV KWNTO YPNOTN. ZE OLTEG TIG TMEPWTMOOELS €ivol OvOyKaio O OMOGTOALNG VO
npocapuoler to pvlud petddoong mov Pacilerar oTIg TPEXOLGEG GLVONKES TOL
dwktvov. 'Evog této10¢ unyovicpoc mapovstdletol 6To ETOUEVO KEPAALO.

[lpéner  va  avoeepbei Ottt amoteAéopata  TOL  TOPOVLSLALOVTOL — dgv
SLUTEPIAAUPAVOVY S10POPOTOGEIS TOV TPOKVTTOVY 0td TO core diKTLo, TO OToio
o115 eEopowmaoels Bempeitar og éva IP diktvo. Xuvendg, HropodLE VO GOUTEPAVOLLLE
OTL M oMKW amdédoor pmopel va yewpotepevoel poag ko to TCP, wg end-to-end
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TPOTOKOAAO Ba mapovstalel emmnpodcheteg KaBLGTEPNOELS KOl GUUPOPNOT GTO JFIKTVLO
KOPLLOV.
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DECISION FEEDBACK SCHEME I'TA
IHHOAYMEXIKH METAAOXH AEAOMENQN
IHANQ AITO UMTS

To UMTS amotekei 10 dpopo mpog éva pelrovtikd acvHppato all-IP diktvo. Xtnv
napdypago avtn mapovctbletol tmg 1o UMTS propel va vootnpiel moAVUECIKES
IP vanpecieg mpaypatikod ypovov, OGS KOl Ol VANPECIES OVTEC TPOKELTOL VO
odnynoovv oty vwobéon acvppatwv all-IP diktdwv. H petddoon molvpécwv oe
TPAYUATIKO YPOVO OTOTEAEL KOLVOTOUO EQOPUOYN OTNV ETIKOWVOVIOL OGVPUATOV
JEQOUEVOV, OMULOVPYDVTOG TAELADO ATOITNCEMY TOGO GTO TNAETIKOWVMOVINKE 0G0 Kot
OTOL  TANPOQOPOKAE GULOTAUATO. X& OVTO TO KEPAAOLO, Tapovcsldlovpe £Eva
«ovadpactikd» cvotnua ANyng aropdcewv (decision feedback scheme), to omoio
Baciletan o€ TpmTOKOAAL TPAyUATIKOD ¥POVOL Ko umopel va ypnotpomomel yia
petddoon video mdve and ta kovéie petapopds tov UMTS. To cdomua avtod
YPNOUOTOLEL EVOV UNYOVIGUO EAEYXOV GLUPOPNONG, PIMKO TPOG TOV KIVNTO YPNOTY,
v va. gAéyEel to puBud petadoong g axkoiovbiog video mpaypatikov ypovov.
EminAéov o010 ke@dAaio avtd a&loloyeitor o mapamdve pnyovicpog HEco amd Evov
apOpd mepapdtov. Kotd tm odpkela tov Tepapldtov outdv SelVoule TN «OIAKN»
CUUTEPLPOPE TOL pMYOVICHOD Tpog TIS poég dedopéveov TCP kot UDP, ot omoieg
GLVLTAPYOLY GTO B0 KAVAA KOTE TN LETAOOCT) KOl TOAVUEGIKAOV OEOOUEVMV.

Elvar OepeMdoeg yio éva acOpUATO SIKTLO VoL EYEL EVOV OTOTEAEGLATIKO aAYOPOLO
Katovoung tov €0poug (mdvng, €TI0l MOTE Ol «KWWNTOD» YPNOTEG VO ATOAUUPAVOLY
oLYYPOVOG TOAVUECIKEG €QapUOYES (Video TpayuaTikod YpOVOL) TOVTOXPOVA LE
Internet epappoyés. EmmAéov, Ba mpémet yio 115 epaproyég mov Tpéxovy mapaiinia,
70 dikTVO VO gyyvdtal 0Tt dgv Ba LVITEPIOYLEL KATOLO, LOVOTOAMVTAG TO O100EG1H0
bandwidth.

270 KEPAAO0 OVTO TOPOVGLACOVUE EVOV UNYOVIGHUO Y10 TNV TOPAKOA0VONGN Kot ToV
éleyyo g Katdotaong tov dtktvov Tov UMTS air interface, kot tov vroroyiopd tov
KATOAANAOD pLOROL pETAdOONC TV TOAVUESIKOV dedopévav. O unyavicpuoc, mov
ovopdletar Decision Feedback Scheme, ypnowonowel éva ocdommua eAéyyov
GLUEOPNOTG Vi TOV EAEYYO TNG HeTAdooN S Tov video.

Mehetdvtog pe cuvoyn g petadoons video méve ond acvppate kovdo [22],
umopovpe  vo  Ppoodue  tEYVIKEC TOL mpoteivovtor  yio  adaptive  streaming
apyrtektovikés [23], mov Poacifovion oe mpwtdKOAAo Tpaypotikov ypdvov. O
UNYOVIGHOG 0VTOG YpNOILoTolEiTO Yo unicast kot multicast petéddooon moALUEGTKOD
nepleyopévor mave amd etepoyevn dlktva, Omwg to Internet. Emiong m teyvikn
Adaptive Media Playout [24] sivor g véo TeYVIK) TOL €MTPENEL GE Streaming
TOAVUEGIKO TTEPLEXOUEVO, YWPIC TNV EUTAOKT TOV €ELINPETNTY, VO EAEYYXEL TO pLOUO
pe tov omoio AauPdvovior to dedopévo. Mo axoOpo TEXVOAOYiO, Yo GUGTHLOTO
petdooong molvpestkol mepleyopévou gyl mpotadel, n onoia opilet Tov TpoOTO LE TOV
omoio decpevovial mopot PETOEL TV Tokétwv [25]. H teyvikn avt) mapéyst éva
gvéMKTO TAiclo mov emtpénel rate-distortion optimized (RaDio) packet scheduling.
2g autr, 10 cOOTNUA JStovEREL ¥pOvo Katl gupog Cmvng, kabmg mpocapuoletarl oTig
€KAoTOTE GLVONKEG TOL Kavailov. H cuykekpyévn petdooon umopel va vmootnprydet
vV TO TOAVUECIKO TEPLEYOUEVO EYEL KMOIKOTMOMOEL €K TOV TPOTEPOV UE TIC
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amoTovpeveg e£optNoelg HETAED TOV TOKETOV, Tov Ba VI0BeTBOVY amd TO KovAAL
(channel adaptive packet dependency control) [26].

Av kot avtéc o1 channel-adaptive teyvikéc mapovstalovy onUOVTIKA TAEOVEKTLATOL
yw streaming video wOve® omd €TEPOYEVN] OIKTLM, OMOUTOVV  CMUOVTIKEG
dlpopomomoelg otov client Tov yprotn 1| / kol otov streaming server. ' to Adyo
LT, T0 TAPHV KEPAANIO ETIKEVIPMOVETOL GE AVCELS Yo TN petddoon video mévw amd
To KavaAle petadoong tov UMTS, ot omoieg Oa amattodv T eldyiotes dvvatég
puOuicelg kol pOVov amd TV TAELPA TOL EELTNPETNTY], TAPEXOVTAS OLMG BeParwpévn
Kot gyyonuévn motwotnto vanpeciog (QoS). O otdyog eivar va dnuovpyndetl éva
decision feedback scheme to omoio o emikevipdveTow 6TV aGVPUATN UETAOOCN
video.

2 ovvéyewn Ba mapovotlaotel N apyrtektovikny tov Decision Feedback Scheme, o
pnyoviopog mov pubuiler tn petdooon g pong video Kol KATOW TEWPOUATIKA
ATOTEAEG AT,

8.1 IIEPITPA®H THX APXITEKTONIKHX TOY DFS

H apyttextovikn mov mpoteivetan yroo v avamtoén tov Decision Feedback Scheme
Baciletal oto povtédo meddtn — eumnpetnty (client — server). H apyttektovikn vt
mapovotdletal oto Zynua S50.

Feedback

Analysis Feedback

[}

Representation |-

Y

F
Stored = Rate
Video © | Adaptation Buffer
SERVER = CLIENT - UE

Xympa 50: Apyprektoviki tov Decision Feedback Scheme

To oynua avtd amoteAeital and ta modules Tov client kat Tov server. Xe 0Tl APopd
tov eEumnpemnTn (server), ovtog Ywpiletor ota eENG LEPN:

1. Feedback Analysis: Avtd 10 koppdtt givor vaebbovvo yio v avaivon TV
mAnpoeopltdv mov AopPdvovior ®g feedback oamd tov client. Avoiver Tig
TANpoeopieg avtég, Kot viobetel To pvOUO petdooong ¢ axolovbiog video
COHLE®VO LLE TIG VTLAPYOVGESG GLVONKES TOL SIKTLOV.

2. Stored Video: Eivol 1o xoppdtt mov €yt amodnkepuévn v akolovdia video kot
QULOIKA omoteAeitar amd €vo cOUVOAO OKANPGOV Olok®V. XT0 TEPAUOTO TOV
napovctalovtal, to video akoiovbei 1o mpoétvmo H.263 g ITU, to omoio
eppaviCel mAEoV apkeTd cLYVI XPNON, EWIKA GE acvpuata diktvo, OTOS Kol TO
UMTS.

3. Rate Adaptation: To koppdtt avtd pvOuilel to pvOUSd PETAOOON G EKTOUTNG TOV
video, cupQ@VO pe TIC TANPOQPOPiec TOL £xel emeepyaoTel Kot EXEL TOPAYEL TO
Feedback Analysis.
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O client Tov cvotipatog (dNAadN o KwnTdg ¥pNoTNG), omotedeiton amd ta. akdAovha

pHep:

1. Buffer: H yprion evdudpeong pviung oty mhevpd tov client eivor dwitepa
onuovtikn. O client amoBnkevel Ta dedopéva mov Aapfdvel and to diKTvo TPV
NV avanopdotact tov video amd Tov TEPUOTIKO EEOMAGHO TOV KIVIITOL YPNOTH.
Etvon onpavtikd va avagepbel 60t1 n avarnapdotocn tov video 6To TEPUOTIKO TOV
xpNotn Eekvdel HOVO OTOV 1) AOLTOVUEVT TTANPOoQOpia €xel amobnkevtel oTov
buffer tov client.

2. Feedback: Avtd 10 pépog tou client givar vrevbuvo yio v mapakoAovOnon g
avaropdotaong ¢ video axoiovBiog, kot TN HETAOOON TOV UETPIKOV TOV
pLOLOD PETASOONG TTOV O TEAIKOS YPNOTNG ATOCTEAAEL TPOS TOV EEVANPETNTN.

3. Representation: Eivor 10 xoppdrtt mov ovolopfdaver v omeEWOVIoN NG
akolovBiog video 610 TEPLATIKO TOV KIVNTOV ¥PNOTN.

[ToAAG vmhpyovta evoLpUOTE 1 AGVPUATO OIKTLO OEV HITOPOVV VO, TOPEYOLV
gyyonuévn mootnta vampecieg (QoS), eite AOy®m ovueopnong, &ite AOy® TOL
yeyovotog Ot dgv  pmopovv vo.  amogevyfodv mapodikoi moAD vynioi puvOuoi
petdooong Aabov katd ) odpkeln meprodwv fading. EEoutiag tov amottioemv yio
meploplopévn  koBvotépnon Kol TG EENPETIKA  pEYAANG  «evaiohnciogy TV
CLUTIECHEVOV podV Video, va amOTEAEGUOTIKO TOAVUEGIKO cVGTHO HETAd0oNG Oal
TPEMEL VO, EVOOUATOVEL TNV OAANAETIOpaOT HE TO diKTLO, TOL YOUNAOTEPO EMITESQ
AVTOV, Kol TIG EUTAEKOUEVEG EQAPUOYES. APeVOS TO dikTvo Ba Tpémel va gival tkovo
vo eELINPETNOEL TIG AVAYKES TOV EQPUPUOYDV, KOl OPETEPOL Ol EPAPLOYEG VO EYOVV
YVOON TOV OLVONK®OV 7OV EMKPATOVV 6TO OikTtvo. A&WOMoTE TPOTOKOAAN
petapopds, o6nwg to TCP, pumopodv va avoakdpuyovv amd TV OTOAEW TOKETMOV
ypnowonowwvtag acknowledgements ot  emava-petadocers. IMapdria ovtd, 1
KaBvotépnon eivar yeEVIKA TOAD HEYOAN Y10 TOAVUEGIKES EQPOPUOYES TPOYUATIKOD
xpOvov, Omov to mokéte oL Epyoviar Kabvotepnuévo Oempoldvior G yopéva.
XuvnBwg ot moAvpestKEg epapuroyég ypnoyonowovy to UDP mpmtékoAro, to omoio
napéyel un afomot mapadoon maxkétwv. Xto UDP 1o eminmedo epappoyng
(application layer) givat vrevBuvo yia v akepordTTa TV dedopévav, Kabopilovtog
T TOKETO GT) GMGTH GEPA, EAEYYOVTOG TO YOLEVO TOKETO, KAODS KOl TNV EQAPULOYN
eréyyov pong (flow control).

EmnAéov, o1 epoppoyéc video mpaypotucod xpovov amoitodyv amd OAL To TOKETO VoL
@OAvoLV pE YPOVOLOYIKT GEPA, UIOG KOl 1 OTOAELD TOKETOV GNUOIVEL OLOKOTT TOV
GLYYPOVIGLOV HETOED KMOOKOTOMTY] KOl OTOKMOKOTONTH, Kol TA GOAANATO
petadidovral oto ewovifopevo video. Av to TaKETo KaBLGTEPGOLY TOAD, CLTOLOTO
yivovtal dypnoTo Yo ToV 0moK®IKOTom Y|, Kot Bewpodviot yopuéva.

Ymv mpocéyylon mov moapovotdletal, ypnowonoleitor o UDP yuo ) petddoon
nolvpestkav dedopévev kat TCP yuo t petddoon mAnpoeopudv eréyyov. To UDP
YPTCLOTOLEITOL GLYVA GE TOAVUECIKES EQAPUOYES, oG Kat 1) 010pBmon Aabdv kot ot
EMOVO-UETAOOGES  ONUIOVPYOLV N OMOOEKTEG  YPOVIKEG KOBVLOTEPNGES OTNV
akoAovdia tov video.

To mpoérvmo H.263 eivar éva mpodtumo Kwdikomoinong video yoapnAiov puOuov
UETAO0ONG OEOOUEVMV, OV GTOYELEL OTNV TOPOYN OAANAEmdpacTikoy video yio
Internet ko Kivntég GLVOEGELG.

H ovumeopévn pon video mov AapPdveron oamd 10 H.263 ko moapdpotleg
KOOIKOTOGELS, TOPOVCLALEL KATOM YOPUKTNPIGTIKA, To. ool elval Kpioiua Yo Tov
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AMOTELECUATIKO OYEOOGHO OGVUPUAT®OV GLGTNUATOV TOL TPOGavVaTOAMovVTIoL o1
petapopd video. Metalh avtov, gival 1 dapoponoinon oto pvBud petddoons, ta
amoteléopato omd ta AAOn ot HETAO0oN KOl GTO OPOPETIKE LEPT TNG PONG, Kot
v gvaicOncio oty Kabvotépnon [27].

8.2 ANAAYZIH TOY FEEDBACK KAI AITIO®AXH I'lA TO
PYOMO METAAOXZHYX

X oUTn TV TOPAYPAPO TOPOLGLALOVUE AemTOopEP®G TN Agrtovpyio tov feedback
analysis pHépovg Tov GLGTHLATOC, OTMG aVTO Tapovstaletal oto Xynuo 50. To block
avTd TOV GLOTNUATOG lvarl vtevBuvo Yo v avdivon tov feedback TAnpopopidV
ov AopBdavovior amd Tov Kivntd ypfotn Kot apopodv TV TodTNTo UETAO00NS TOV
oedopévaov. To gbpog Lmvng eivanr o mAéov mepropiopévog mopog oto UMTS ko og
kéOe acOppato diktvo. e to Adyo avtd, eivar eEoupetikng onpaciog 1 mAEOV
OTOTEAEGHATIKT (P01 TOL TOPOL avtov. O epapuoyég video mapdyovv peydio dyko
minpoeopiag. ‘Exovtag vwoyn 6t 10 péyioto dabécipo evpog {odvng oto UMTS yo
ta dedicated channels eival 2 Mbps, 1 moldtnta tov video mwov avamopicTotal GTOV
TepUaTIKO €£0mAIGHO TOVv YpNotn €€OPTATAL OO TIG OMAOAEEG TOKET®V KOl TNV
kaBvotépnon. Mo akdpo 10itepa GNUOVTIKY TOPAUETPOG 7OV emMpedlel TV
moldtNTa Tov video givar 1 Tapovsios GAA®V POMY TOV GLVVTAPYOVY GTO 1010 KOVAAL.

XV mpocéyylon pag, opileTon Eva avadTato Oplo Yo To €VPOg (MdVNG oL Hopel N
streaming €QAPLOYY] Vo SEGUEVCEL A0 TO KAVAAL petapopds. O meplopiopds avtdg
enutpénel ot petdooon video va ypnowonotel péxpt a% tov péyiotov dabécipov
gbpovg LdVNG TOV KOVOAOD HETAPOPES. ZUVEM®MS, Ol LIOAOWTEG POEG OEdOUEVMV
pumopovv va ypnooromcovy 1o (100-a)% tov gdpovg {dvng Tov kavaiod. Av to
gbpog (mvng tng streaming £QOPUOYNG PTAGEL TO OVMOTEPO OPlO 1| AV TO GUVOAIKO
bandwidth mov petadidetor omd TIg streaming €QOPUOYEG QOTAGEL TO UEYIOTO
bandwidth tov kavaAiov, tote T0 dikTvO TTPEMEL Va TPocapUdceL To pLOUS PeETAOOONG
g akoAovBiog video oe o yopnAdtepn Ty, €161 OOTE v omoeevybel 1
cvpeopnon oto diktvo. o mapdostypa, Bewpavioag €va dedicated channel pe
downlink gbpog {dvng 384 Kbps kot 600 S0QOPETIKES EPAPUOYES VO GUVVTTAPYOVY
010 1010 KovéA (streaming video kot poe TCP pon), to video dev Oa mpémet va €xet
pLOUo petdooong peyolvtepo tov 384*a%. H mapdapetpoc a e€aptdtar Pacikd amod
TIG OVAYKEG TOL KIVNTOL ¥PNoTN Kot amd T1§ TpEYovses cuvOkeg tov dktvov. Otav
dtveton mpotepadTNTOL oTNV akoAovbiae video m mopduetpog a teiver oto 100%.
Avtictoyya 6tav dlvetar TpoTePOTNTO GTIG VIOAOUTEG POEC, 1| TAPAUETPOS a TEIVEL
oto 0. Ou perpnoelg tov gvpovg CmVNg mov KAOE EPUPUOYN OEGUEVEL KOl TO
throughput kd6e epappoyng mov petaodideror oto kavdir petagopds Pacilovtol o
TANPOPOPIO TPOYUOTIKOD XPOVOL OV dtokiveiTor pHeta&h Tov Kivntol yproTn Kot Tov
eEummpem N, Omwg mapovstdletal oto Zynua S0.

O IMivaxog 24 meptypdeest tov yevdo-kddka tov decision feedback scheme mov
TOPOVGIAGTNKE.

O Kivntdg xpNoTG ava TEPLOdKA ypovikd dtaoctnuato otédvet TCP avapopég otov
eEummpem ) molvpécwv (media server), o omoiog mEPLEYEL MANPOPOPIES Yol TO
péywv throughput oto acOppato link katd tn Sdpkeln ™G petdooons TV
TOADUEGIKAOV OedOUEVOV HETOED TOL e&umnpeTnT) KOl TOL Kwntov ypnotn. To
module ywa v feedback avaivon e€dyet to throughput amd v TCP avageopd kot to
nepva péoa amd ewdwd eidtpo. H yprion avtod tov @iktpov eivon wiaitepa kpioun
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v ™ Aertovpyio Tov Decision Feedback Scheme pe okond vo amopvyst AavOacuéveg
EKTIUNGELS Y10 TNV TPEXOVOO, KATAGTOGN TOV SIKTOOV.

Define a%;
Assign (System Available Bandwidth * a%) to the streaming multimedia application;
IF [New Requested Bandwidth Bi < (100-a)* System Available Bandwidth]
Assign Bi;
ELSE
Adjust transmission rate of the video sequence to a lower value;
Assign Bi;
IF [New Requested Bandwidth Bj < (100-a)* System Available Bandwidth-Bi]
Assign Bj;
ELSE
Adjust transmission rate of the video sequence to a lower value;
Assign Bj;
WHILE (Bi OR Bj stop)
IF (Available Bandwidth * a%) is free
Adjust transmission rate of the video sequence to a higher value;
ELSE
CONTINUE;

IMivaxag 24: Yevoo-kmowkag Yo To Decision Feedback Scheme

To diktvo yapaxtnpileton amd Tpelg mMOBOVES KATACTACELS:

e Koatdotaon ocvpgopnone: Otav to throughput tov moAvpesikav poppoydv
eBdaver 10 a% tov dwbéoiuov gvpovg (OVNG TOL KOVOAOL 1| TO GLVOAKO
throughput etéver v taydtra downlink tov dedicated channel. Xe avt)y v
nepinTmon o puOUOS LETAOOGNG TOV TOAVUEGIKDOV dEOOUEVMV TPETEL VO LELODEL.

o Kotdotaon @optov: Xe avt TNV KATACTOON 1 TOWOTNTA HETAS0ONG Elval
IKOVOTTOMTIKY] Kot Ogv  amoutobvtol oAAayég oto puBud  petddoons twv
TOAVUECIKMOV OEOOUEVMV.

e Kotdotaon adclov dwrvov: To throughput sivor pikpd Kot ot poég 610 Kovait
eEummperodiviar TOAD KoAd. e avt| TV TEPITT®ON 0 PLOUOS HETAdOONS TV
TOAVUECIK®OV Oe00UEVOV TTPETEL VO, awENOeL.

To @iktpo Aertovpyel og e€ng: av 10 60% TtV ekTdpevov Tov throughput, o o
nepiodo 5 sec, deiyvouv OTL T0 GVGTNHO Eilval GE GLUEAPNON 1 TOPOVGLALETOL dOEL0
to oiktvo, to feedback analysis block mpoywpder ot peiwon 1 v avénon,
avtioTotya, Tov PLOUOV HETAOOONG TWV TOAVUECIKMY OEO0UEVOV.

8.3 MONTEAO EZEOMOIQXHX

Zmv mopdypa@o ovty Topovcstdlovial To KOPL YOPUKTNPIOTIKG TOL HOVTEAOL
eCopoimwong mov avomtoyxnke pe ™ ypnon tov eéopowwtn ns-2 [28]. Oswpodpe
Aowmdv TNV TAPOKAT® OPYLTEKTOVIKY] 7OV amoteAeiton amd Evav  e&ummpetnt
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petdooong moAvpéowv (streaming media server), T0 KovAAlL HETOQOPEG KOl TOV
streaming client. Ta Topondve omotvmm®vovtol 6to Zymua S1.

raffic Agen
Client

GGSN Node1

P

|
|
|
|
| .
| MEdIE.l
@ T Streaming
| Server
|
|
G

CUTRAN L N Node2
Xynpa 51: To media streaming cvotnpo

To cevdplo avtd anotereiton omd v UMTS xoyéin mov koAvmteton ond 10 6Tabpo
Baonc Node-B o omoiog givar cuvdedepévog oe évav RNC. To povtého meptiapfavel
tov 1epuatikd eEomhond tov ypnot (UE), o omoiog cuvoéetanr oe éva DCH, 6mmg
eaivetar oto Zynua S1. Ztig eoporwoel ypnoyonrotovvtor DCH kavéiio 384 Kbps
oto downlink kot 128 Kbps otnv uplink xatevbvvon. Ta TTIs eivar 10 msec ko 20
msec otg downlink kot uplink katevBbvoelg, avtictoryga. Xe OTL a@opd TNV
axohlovBia video, avty eivan Kowdworomuévor katd to ITU-H.263 o QCIF format
(176x144 pixels) ce PAL frame rate pe 25 kapé avd degvteporento. Ot axolovbisg
video £yovv mpokvyet amd to [29].

IMa va avaivbei 1 copmeprpopd tov Decision Feedback Scheme mapovsialovpe o
oepd amd mEPdpATOL:

1. Metddoon adaptive video xor UDP «xivnong: Kotd 1t Sudpkeio avtod Ttov
TEPALATOS, EpevvaTon 1| svureptpopd tov Decision Feedback Scheme évavtt tng
UDP «ivnong.

2. Metadoon adaptive video ka1 TCP xivnong ocvyypovoc: Katd m didpkeia avtod
TOV TEPApTOC, epevvatal 1 cvurepipopd tov Decision Feedback Scheme évavtt
¢ TCP xivnong. H TCP «ivnon eivon onpavtikn enedn eivor n kivnon mov
TapAyovv SNUOPILElG epappoyés, onmg to web (HTTP) ko np FTP xivnon.

8.4 IIEIPAMATA

2V Topdypapo aUTH TEPLYPAPOVTIOL TO TEPOUATIKO ATOTEAECUATO GE OTL ALPOPA
Vv amddoon Kot T ovumrepipopd tov Decision Feedback Scheme. Kotd ) didpkeia
aVTOV TOV TEpapdtov eetdletal n copnepipopd tov punyavicpod twv TCP kot UDP
data streams oV GuvLTAPYOLV UE PoéG Video 6To 1010 KAVAAL LETAPOPAC.

8.4.1 Metadoon streaming video war UDP
Kivyong

Ye outd to melpapo, petadidoetor cvyypoéveg o video spapuoyn poli pe UDP
kivnon. Apywd petadidetar pévo video pe pvBud petadoong 256 Kbps péca and 1o
dedicated channel. Meté and 50 sec petadideton ektog amd to video kot UDP kivnon.
Otav ohoxinpwbel n petadoon g UDP kivnong, to video e&axorovdel yio 30 sec
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akopa. O ocvvolkog ypdvog g efopoimong eivar 200 sec. H mepiodog avtn
yopileton ota €Ng dlooTLOTO!

e Awotnua 1 [0, 200 sec]: H video kivnom (H.263) dnpiovpyeitoar otov xoppo 2
Kot katevhvveTal Tpog Tov yxpno 1.

o Awomqua 2 [50, 170 sec]: UDP «kivnon otabepod pvbupov petddooong (CBR)
dnpovpyettoan otov k6uPo 2 kot katevBoveton mpoc tov UEL. O pvOudg
petdooong g kivnong eivar 30 Kbps ota dwuotiuata [50, 75 sec] ko [140, 170
sec], ko 120 Kbps oto didotnpa [75, 140 sec].

To Zynua 52 amotvrdvel To cuvolkd throughput oto acvppato link. O dEovag Tov
Y mapovoidlet o throughput ce bps, eved o d&ovag tov X mapovotdlel To ¥pdvo Kot
™ dudpkela g egopoimong. H umie ypopun mopovoidlel to cuvolkd throughput
oto acVpuato link (video + UDP), evd 1 kOxkvn ypauun tapovctdlet to throughput
g UDP «ivnong.
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Yympoa 52: Xvvorko throughput 6to acvpparto link kata T dvapkera Tov
TPATOV TEPANATOG

Katd ™ dbpkewa tov mepopdtov n TopaleTpog a opictmke oto 66,7% Kot o
downlink pvOuéde perddoong tov DCH kavaiiod sivor 384 Kbps. H cuvOnkn avty
nepropilel to pvOud petddoong tov video va givar oyt mave amd 256 Kbps, evod ot
VTOAOITES POEC GTO KOVAAL Ogv Umopovv va petadoBovv pe pvBud peyordtepo oamd
128 Kbps.

Apywcd n petddoon g video axolovbiog ivar 256 Kbps. Metd amd 50 sec g
évapéng petadoong, Eekva n petadoon CBR UDP kivnong pe pvbuod petédoong 30
Kbps. T to emdpeva 25 sec 10 ocvvolkd throughput oto acvppoto kavdit
avédvetal, yopic OPMS va mapovstalovial TPOPANUATE GTO GUGTNUA OGS Kot 1
avaroyio video mpog UDP kivnong eivar 256 mpog 30. Katd to 75° dgvtepdirento,
avEdvoope 1o puBud petddoong mg UDP «kivmong and 30 oe 120 Kbps. Xt
CLYKEKPLUEVT] YPOVIKY OTIYUN, OMLUOLPYEITOL GUUPOPNON OTO OIKTLO, WG KOl TO
ouvolko throughput 6to acOppoto kavai eOAvel to péyioto pvOud petddoong twv
DCH xoavolov kot 1 avoroyia video mpog UDP kivnong yivetoaw 2 mpog 1. Katd
ovvéneln to Feedback Scheme, ywo va cvveyicet va vrootpiler tqv UDP «kivnon,
ano@acilel va pewdoel To puopd petddoonc tov video ota 64 Kbps. Méypt o 140°
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devteporento, 6tav 1 UDP «ivnon pewdvetar ota 30 Kbps, 10 Kavait petapopdg
ebumnpetel 2 poég e avaroyia 64 mpog 120. Xto onueio avtd 1o Feedback Scheme
amopocilel va avéncet To puiuod petddoong g akolovding video pog kot o puOpdc
petadoons e UDP xivnong elvat kot wdAl ToAd yopunAdg Kot To KovOAL HETAPOPAS
éyer apketd dabéoo bandwidth yo va e&vnpetioset tig 2 poéc. Telkd, oto 170°
devtepdrento 1 UDP kivnon otapatd kot 1 pdvn pon 6to acVppoto diktvo givor M
video akoiovbia.

Amo 10 Zyqua 52 eivan mpogavég 0t to Decision Feedback Scheme Aertovpyet
AMOTELECUATIKA 0 PEKTEG cuvOnkeg kivnong. EmumAéov, pe tn ypnon ovtod tov
oYNHOTOC, M petddoon video paivetor vo mapovctdlel MK GUUTEPLPOPE TPOS KAOE
éAAn UDP kivnon mov cuvumdpyel 610 KovVOAL LETAPOPAC.

8.4.2 Metraooony streaming video war UDP
kivyong

Ye outd to melpapa, petadidetar cvyxpovog spappoyés video koaw TCP kivnon oto
1010 KavaAl. Apywd petadidetor video ota 256 Kbps péca amd to dedicated channel.
Metd ano 50 sec, peradidetor amd 1o kavéir Kot v ypoévo 90 sec, ektdg amd TO
streaming video kot TCP kivnorn. Metd 1o téhoc petddoong tg TCP xivnong
petddoon tov video ovveyileton ywo axopo 60 sec. H ocvvolkn odpkew g
eEopoimong sivar ovvenmg 200 sec. H mepiodog avtn ywpileton oto €£1G daoTUATO
oV 101 TPoavaPEPONKaAV:

o Awotqua 1 [0, 200 sec]: H video kivnom (H.263) dnpiovpyeiton otov koppfo 2
Kot katevhoveTon Tpog Tov ypno 1.

e Awdomqpo 2 [50, 140 sec]: TCP xivnon otabBepov pvBuod petddoong (CBR)
onuovpyeitor otov k6uPo 2 kot katevBbveton mpog tov UEL. O pvBuog
petadoong g kivnong eivon 30 Kbps ota dteotiparta [50, 75 sec] ko 120 Kbps
o1o dwdotnua [75, 140 sec].

To Zynuoa 53 amoturtdvel 1o cuvoAlkd throughput 6to acvppato link. H pmie ypopun
delyvel 10 ovvolkd throughput oto acvpuarto link (video + TCP), evd n koKKvn
ypapun detyvet to throughput ¢ TCP kivnong.
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KE®AAAIO 8: DECISION FEEDBACK SCHEME I'TA [TOAYMEXIKH METAAOZH AEAOMENQN ITANQ AIIO UMTS
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Yympa 53: Zvvorko throughput 6to acvpparto link kata T dvapkera Tov
O0gVTEPOL TTEPANATOS

Katd ™ dbpkewa tov mepopdtov n mopaletpog a opictmke oto 66,7% Kot o
downlink pvOuéde perddoong tov DCH kavaiiod sivor 384 Kbps. H cuvOnkn avty
nepropilel to pvOud petddoong tov video va givar oyt mave amd 256 Kbps, evod ot
VTOAOWTES POEC GTO KOVAAL Ogv UmopovV va peTadofovv pe pvBud peyordtepo oamd
128 Kbps.

Apywcad n petddoon g video axolovbiog eivar 256 Kbps. Metd amd 50 sec g
évapéng petadoong, Eexwvd n petddoon CBR TCP kivnong pe puOud petddoong 30
Kbps. T to emdpeva 25 sec 1o ocvvolkd throughput oto acvppoto kavdit
avédvetal, yopic OpMS va mapovstalovtal TPOPANUATE GTO GUGTNUA OGS Kot 1
avaroyio video mpog TCP «ivnong eivor 256 mpog 30. Katd to 75° devteporento,
avEdvoope to pvBud petddoong g TCP kivnong amd 30 oe 120 Kbps. Xt
GLYKEKPLUEVT YPOVIKN OTIYUN, OMLLOLPYEITOL GUUPOPNON OTO OIKTLO, WG KOl TO
ouvolko throughput 6to acOppoto kavait OAvel To péyioto pvOud petddoong twv
DCH xovolov kot 1 avaroyio video mpog TCP «ivnong yivetar 2 mpog 1. Katd
ovvéneln to Feedback Scheme, v va cvveyicet va vroompiler v TCP kivnon,
ano@acilel vo peidoetl o puoud petddoong tov video ota 64 Kbps. Metd 1o 140° o
Feedback Scheme amopacilel va avEfoet to puOud petddoong e axorovdiog video
pag ko TCP kivnon otapatd va petadidet dedopéva.

Amd 1o Zynqua 53 elvon mpogpavég Ot to Decision Feedback Scheme Aettovpyet
OTOTEAECUATIKG OE UEKTEG cuvOnkeg kivnong. EmutAéov, pe m ypnon avtod Ttov
oYMHOTOG, N petdadoon video @aivetor vo Topovctdlel GIAKY GLUTEPLPOPA TPOS TNV
TCP kivnon mov GuvLTapYEL GTO KOVAAL LETAPOPAES.

8.5 XYMIIEPAZMATA

270 KEPAANLO OVTO TOPOVCIAGTNKE 1) OPYITEKTOVIKTY Kot 1) VAomoinon evdg Decision
Feedback Scheme mov ypnoylomoteitan yio ™ peTdo0om TOAVUEGTKOD TEPIEYOUEVOD
mhveo ond to kovéio petaeopds tov UMTS. O oyedlacpidc Tov GUGTHUATOG
EMKEVIPOONKE OV aAVATTLEN €VOG UNYOVIGHOV Yoo TNV TOPAKOAOVONGN NG
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KOTAOTOONS TOV SIKTVOV KOl TNV EKTIUNGT TOV KOTAAANAOL puBuov petddoong yio
UETAOOGT TOV TOAVUEGIKMV OEOOUEVMV.

Méoa and ta mepdpoata mov mapovstioTnkay eavnke 6t 1o Decision Feedback
Scheme Aettovpyel amoTEAEGUATIKA GE PEIKTEG CLVONKEG KIvoMG, OELYVOVTAG QIAIKY
ocoumepLpopd 6o mpog dAleg UDP poég kivnong, 6co kot TCP podv kivnong.
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KE®AAAIO 9: XYMITEPAZIMATA — MEAAONTIKH EPTATIA

L YMIIEPAXMATA — MEAAONTIKH EPTAXIA

2 SwmAopatik] avty gpyacio pehethOnke 1 HETAd0O0T dedOpEVOV TTAV® OO TO
diktvo UMTS. Zta 4 mpdTo KeQAAOO TAPOLGSLACTNKE TO BempnTikd vdPfabpo Kot
£YWVE M AVOAVTIKT TEPLYPAPT] GLYKEKPUEVOV Agttovpyudv Tov UMTS. Xt cuvéyewn
€ytve M TEPLYpaPn TOL €EOUOIMT] ME TOV Omoio €ytvav TO TEWPAUOTO TOV
aKoAoVONGAY, Kol £YIVE TEPLYPOPT] TOL KOILKO TOV XPNGLUOTOONKE.

e 0t agopd ) petddoon TCP dedopévov, Eyvav mepduato o téooepa DCHs pe
OWPOPETIKA  YOPOKTNPIOTIKA o€ OTL agopd pvOuodg petddoons downlink o
transmission time interval. Mg ) Bonfeia tov DCHs pmopei va emtevyBel vyniy
YPNOOTOINGN ToL VPOV {DOVNG KOl VYNADV pLOUDYV HETAGOONS OEOOUEVOV GTOV
TEAMKO YPNOTN. ANQOPETIKES €QOPUOYEG Hmopovy va, cvvdeBodv oto 6o DCH
KOVOAL, Yoo LEHOVOUEVOVG YpNoTes Opmc. [a tig petaddcelc High Speed Downlink
Packet Access, ypnoyomomdnke poviého eéopoimong omd 4 TEAKOVG YPNOTEG TOL
ocvvdéovtar o évo HS-DSCH. Ta mepdpata deiyvouvv Ot 68 €aployEg Kivnong, 1e
yopunAovg puluote petdooong dedopévmv, o HS-DSCH pmopei va e&umnpetioet éva
HeEYEAO aplBpd TOVTOYPOVOV YPNOTOV. XTI €EOUOIDGELS TOV TOPOLGLAGTNKAY TO
npotokolho TCP PBpioketor amd dkpn oe Gkpn copmepthapPfavopévng Kot g
acvppotng (evéng. Amodeikvoetor Aoutdv, OTL 1 AVCT avTh €lval EQUPUOCIUN Y10
€vav KIVOOUEVO ¥PNOTY, 0ALL 1 amdO0oN HeldveEToL KoO®G ot punyavicpoi tov TCP
dev eyyvovion [Towvmta Yrnpeoiag (QoS) tov acvpupatwv otoyeiov tov UMTS oe
Oépato kabvotépnong kot throughput. Av ta mokéta ydvovtar oto diktvo, 0 TCP
TPpOTOKOALO VTOBETEL OTL VILAPYEL GLUEOPN O (congestion) 6To dikTLO. )G GLVETELD,
ot TCP emava-petaddcelg peuwvovy 1o péyebog tov mapabivpov, o omoio Kot EYEl ™G
amotédecpa  pikpotepo throughput. ITodd vyniéc xabuvotepnoelg Kot  pIKpO
throughput 01 yobv c¢ un wavomroinon tov tedkoy ypnotn. H cuvolkn amddoon dg,
umopel vo yiver axopo yepdtepn, pog kot to TCP, wg end-to-end mpwtdxorro, Oa
Tapovctalel EmmpdoheTn KaBLGTEPNOT KOl GLUEOPNGT GTO core HIKTLO.

Yyetikd pe TN HETAO0OT TOALUEGIK®V Ocdopévov mhve arnd UMTS, npémner va
avaeepbel 6t n ypnon TCP xor UDP mpwtokdAl®mv 610 cvotnua, £0e1e OTL TO
oeviplo ovvomapéng oto 0o kavil TCP kivinong xou video oto UMTS, eivan
epappoopo. Ioapdia avtd mapovoidlovior Kamowo TpoPAnpate 6ty 0 GLVOAMKOG
pLOude petadoong etavel to downlink epdypo Tov KOVOAMOU, LE OTOTELEGHO TOKETOL
va yavovtal. Av ta mokéta oavtd givar TCP mokéta, avtd emavo-petadioovtal, o€
nepinton opmg mwov eivar UDP makéta mov mpoépyovtar amd v kivnon video, 101e
VILAPYOVY TPOPALATA GLYYPOVIGHOD HeTAED TOV TOUTOL Kot TNG akoAovbiog video
OTOV KWWNTO YPNOTN. ZE OLTEG TIG MEPWITMOOELS €ivOl OVOYKAiO O OMOGTOALNG VO
npocappuoler o pvBud petddoong mov Paciletor oTIC TPEYOVOEG GLVONKEG TOL
dwtvov. EEGALoV, 1 cuvolkn amddoot puropel va yelpotepedoet pog kKo to TCP, mg
end-to-end pmTOKOALO B0 TOPOLGLALEL eEmmPOGHETEG KABLGTEPTOELS KOt GLUPOPNON
670 01KTLO KOpLUOYD.

Téhog, TOPOVOIAGTNKE 1 OPYLITEKTOVIKY Kot 1 vAomoinom evog Decision Feedback
Scheme mov pmopet va ypnoyomomOet yio ) HETAOOGN TOAVUECTKOD TEPIEXOUEVOV
v and To kavdAla petagopds tov UMTS. O oyedocpdg avtod Tov GUGTHUATOG
EMKEVIPOONKE OV AVATTLEN €VOG UNYOVIGHOV Yoo TNV TOpAKoAoVONoN NG
KATAOGTOONS TOV SIKTVOV KOl TNV EKTIUNGT TOV KOTAAANAOL puBpoy petddoong yio
UETAOO0N TV TOAVUESIKAOV dedopuévav. Méoa amd to Telpdpato Tov LAoTOOnKay
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eavnke O01t awtd 10 Decision Feedback Scheme pmopel va Aettovpynoet
OTOTEAECUATIKG O HEIKTEG GLVOTKES Kiviiong, delyvovTag QIAKY] GLUTEPLPOPE TOGO
npog dAieg UDP poég kivnong, 660 kot TCP podv kivnong.

H pediovtikn epyoacio mov pmopel va axolovOncer v mopodco OOVAEWN givol
katapynv n xpnomn tov RTP / RTCP npwtokdrirov, mhve and to UDP, oe 611 apopd
TN HETAS00T TOAVUEGIKOVD dgdopéEVOL Kot TV odtntd TS To RTCP mpwtokoiro,
YPNOCLOTOLEL  AVAPOPEG OTOV OMOGTOAED KOU TO OEKTN, TAPOLGLALOVTOG TOAD
ONUOVTIKEG TTANpoPoOpiec mov eivor kpioyleg Katd tn OdpKeln UETAOOONG TMOV
dedopévov. Ta dedopéva avtd PUIopovv oTN GLVEXELD Vo ¥pNoyLoTotnfoldy yio v
avAmTLEY UNYOVICUOV TTOL UITOPOVV Vo, BEATIOCOLV TNV amdO0GT TOV GUOTNHHOTOS
GUVOAIKA.

M axopa peAhovtikn epyacia, pmopel va etvor n pedétn g amddoong tov HSDPA
petaddcewv. To HSDPA vrmoompiler vmnpecieg vyniod pubpod petddoong
00 UEVOV, EAAYICTOTOIDOVTAG TIC ETEVOVGELS TOV TNAETIKOIVOVIOK®OV ETOLPELDV, LUIOG
kot o€ avtd gwedyovrtal ta shared channels, Tov eyyvdvtor 6Tt 01 THPOL TOL KAVAALOD
Ba ypnooromBovv pe Tov TAEOV OMOTELECUOTIKO TPOTO.

To avorytd 0épota mov vadpyovy oto nedio Twv Kvntdv Awtomv 3" Tevide eivor
moANG. Amd Tt Poacwkd OEpato mOL APOPOVV TIC VAOTOUCELS TMV OIKTOLMOV TOL
amolopfdvoopus mAEOV MG YPNOTEG KOL OTN YOPO MO, €ivar 1 vAomoinong g
KWWNTIKOTNTOG TOV XPNOTOV HETAD TV Kuyel®v oe éva olokAnpoupévo UMTS
ocvotnuo. Enedn] dpwg 1o emdpevo ypovikad «oyfuo» £xet non mpotadei, kobiotatol
pe tov kapd ocapés, Ot ta Kovntd Aiktva 4™ Tevide, oamotelovv 1o péAdov,
viomowwvtag éva All-ip diktvo (6nwg mapovcidletal kKot 6to Zynua 54). H evomoinon
OA®V TOV VTOPYOVIOV OIKTVOV TOYKOGHI®C, €ival oiyovpo mwg Oo @épel o véa
EMOVACTOCT YOl TOV «KWVNTO» YPNOTN, OAAL KOl YEVIKOTEPO YO TO TOGOGTH
dteiodvong oto AtadikTvo.
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