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3. S78AZLDYANITIUTH

N198U3U Broadband QoS: Technical Standards and Measurements ﬁgﬂﬁﬂ%uiwd’m
Tui 9-12 paAu 2555 FeUsenausig session NsUTTEIEluMIUesne 31w 15 session laedl

wandeadil
Wdan15UTIENY
Session Topic Speaker
1 Methods and tools for traffic Dr. Taesang Choi
engineering ITU-T SG13 Rapporteur, ETRI
2 QoS/QoE monitoring and Dr. Taesang Choi
measurements(Quality evaluation ITU-T SG13 Rapporteur, ETRI
metrics and methodologies)
3 QoS/QoE for multimedia Joachim Pomy
applications/services including IPTV Rapporteur, ITU-T SG 12 (Q1/12, Q11/12,
and video conferencing Q15/12)
il Quality of Service (QoS) and Quality | Prof. Jun Kyun Choi
o0f Experience (QoE): Concept, KAIST
Architeture,Parameters, and
performance
5 Prof. Hong-Shik Park
Traffic Control and Congestion KAIST
Control in IP-based Networks
6 QoS/QoE for IP-based Overlay and Dr. Shin-Gak Kang
P2P Networks Rapporteur of ITU-T Q.15/11
Associate Rapporteur of [TU-T Q.19/13
ETRI, Korea
7 QoS/QoE for Voice Services including | Joachim Pomy
VolP/mVolP Rapporteur, ITU-T SG 12 (Q1/12, Q11/12,
Q15/12)
8 4G Wireless Communications and Prof. Hyung Jin Choi
the Future of Wireless Convergence | Sungkyunkwan University
(ITU Lecture)
9 Broadband Quality of Service for Brian Cho, ph. D.
Broadband Mobile Services LTE Lead Product Manager-Korea, Nokia
Siemens Expert
10 Quality of protection, security, and Prof. Heung Youl YOUM
privacy Soonchunhyang University, Korea
Vice-chairman, SG 17, [TU-T
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11 End-to-end QoS control over Joachim Pomy
heterogeneous networks: Rapporteur, ITU-T SG 12 (Q1/12, Q11/12,
Architectures and Mechanisms Q15/12)

12 Regulatory aspects of QoE/QoS in Rajeev Agrawal
Future Networks - How to regulate? | Secretary Telecom Regulatory Authority of

India

13 QoS/QoE for Multimedia Prof. Seong-Ho Jeong
Applications/Services including IPTV | ITU-T SG16 Vice-chairman, HUFS
and video conferencing

14 QoS/QoE Enhancement Using Cross- | Prof. Seong-Ho Jeong
Layer Design ITU-T SG16 Vice-chairman, HUFS

15 QoS Architectures for the Future Dr. Hyung-soo Kim

Network and end-to-end

performance

Director, KT
Vice-chairman, ITU-T SG12
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d3UansedAYNISUTIEIBLATIIENINITOUTY
1599 “Broadband Quality of Service: Technical Standards and
Measurements”

Ui 9-12 Aanau 2555 UssnAnva o iseenu

% QoS/QoE monitoring and measurements (Quality evaluation metrics and

methodologies) Tag Mr. Taesang Choi

1. Business Environment Evolution for QoS Control, Monitoring, and Charging
m‘jmmiLLS{NGZ’J’umaﬁjﬁf\]ﬁqﬂ%ﬂuwNmmmwﬂgwmaﬂﬂﬁmmﬂmm}ﬁﬂu@a
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2. Current QoS Control, Monitoring, and Charging Standards & Technology
2.1.  Current QoS Control Standards & Technology

ITU-T NGN Architectura
Framework Applications

. ANI
EEEEEE/ = ~

= '{ Application Support Functions & Service Support Functions J I
wn E — i - E
c = Service ContrOI EEmmmsmps IIIIE E
%’ A Profile Functions - ::
c : : | \_Service stratum . s/ '
3 = m ] g : :
ol I [ Network Attachment Y IS
4 nm etwor’ achmen u ..
S Control Functions Resource and E / \
= S— n Admission :
GJ Ep EEEEEER COHtI’O' Fur‘ICtlonS III:IIIII L L]
Cn. Profiles H
@ | [End-User ] 5 Other
% Functions Transport Control Functions H Networks
= . :

7774 Transport Functions (777
UNI \ J NN\i_./
EEEENR
Transport stratum

mmmmmmnn (Control
PSS A Media
B W W ®E Management

NTAUNISYINUYR9LASIA519 Next Generation Network (NGN) filas9a319n15v190u
Tnouvaduszaviin(Layer) Tunsvinnundng 1a 2 Layer sl
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1 .layer %uuu %39 Service Stratum Layer Wuszuudes (subsystem) Fafinthily
nsmUAnNALATU uaz TN dmsudld Tasdutiosus nifudasylidufulssanues
weluladludurudamunuantfivdnuss NGN ) Geilsidunienuannsafifefuuinisae
Ligufumeluladflilunisvudeionn Senmantidrasu aunsavildidosnn lasaises
Tasatne NGN Isgnesnuuulvinguesduszneuilsiduiliieniunsuudsdoyaudiaina Laznga
psAUszneuilaiduiiAsafunsmuauuimsuenndindu dswsnidudaszrofusgredaau 3
asfdszneuilsifundnuestuilie Service Control Functions mi’smamwummuqummi
Fanaluladflddmiudniae IMS (P Multimedia Subsyster) for NGN (A1aanmsg Ty ITU-
TY.2021)

2. layer Fugnante Transport Stratum Layer ﬁmﬁwﬁﬂuswwuéﬁayaﬁa R
Hulassirglefivhmihivudsudieunadoya @Y 1Hlunsindesss) Tasuszneusediuivh
ihfivudaiainavesteyalasmss (Transport Functions lugudsenadszneusiedimidy
Access wag Core Transport) LLazéauﬁﬁ’mﬁ’lmuqumﬂuﬁﬂ (Transport Control Function)
%aﬁﬁqﬁ%uﬁﬂaammmqmmwu‘%mi( QoS Control) lumsvudawuy End-to-End 59udd
flaridu Security Buq fe aadusznaulsifundn Tanunsaviinlassdie NGN Sanauiidu
Tasstneuuuuianafiansnsn  AuAN ARAMUSNSUUY  End-to-End  IdaziBenlusedy
Session weamsAasels (Uumneawidausiesduildauieiy  Slduenndndunie
UsMswateaiagu (1) wudumnesidaninudigs lundeuqiu (2) nsédni uae (3) 9318013
Flouulasswne NGN lunandeadu NGN anwnsalsisesuauniwuinsiunnsefuldls
AULAAzUINTT) wazidunuauiRenizuadlaseing NGN Ing Transport Control Functions
awUsEneumednsznoundnassdi dauusnyhuiiiluniseuauminenswaznisver
T4lasatnefiBend1 RACF (Resource and Admission Control Function) wagdndaunileyi
wihfimuaunvedesseidniulassieiBonin  NACF (Network Attachment Control
Function)

(2.1) du Resource and Admission Control Function (RACF) Huifiunils

TunmaiRiauweINGN BefimsAnwuazimusseazidontunniigadmiaiiorh

7 AUAN AMAIMUINNT (QoS)  vesmsvudideyasiulassieithds  (Access

Transport) Wazlassdnenan (Core Transport) Tududes Transport  Functions

Layer wonaniudaimthiitne ws1a (hide) anuuansnswoamaluladiléludu

yudNty Service Stratum udldenaldansloufatuas (FTTH) ADSL vido

Wireless LAN Tunisidiia NGN iusiu vilsidu Service Stratum laifesaniaanie

UuBsunmsvhandionng funeandeavoanaluledilluduoudsad

Tnssasramaniiy

(2.2) @ Network Attachment Control Function (NACF) Suflvihitlunns
amziloudlduazgunsaiinvedonseitilulassmie  NGN saufsmununuauta

Gi'meﬂumisuaﬁamiaLﬁﬁﬂmqezjwﬁuaq;ﬂ%ﬁ?ufﬁ,ﬁmmzam (initialization) TuszAuns

dnidlassne  degamthifluneandeavesduiitunis  authenticate ¢lfuas

gunsaifuveideusielassne  (uszduNetwork Level) misdanislefineninsa
safansdinnsteyaiiieafumumis (Location Management) tusiy
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2.2.  Current QoS Monitoring Standards & Technology
umsuieesiumImuaLazUIMsTIANTg QoS naluladlsiamn
Tne ITU Sogansnnsgrundndsd
2.2.1. ITU-T Study Group 12/Q.17 Y.1543 : “Measurements in IP
network for inter-domain performance assessment”
2.2.2. ITU-T Study Group 13/Q.4 Y.2173 : “Management of

performance measurement for NGN”

2.3. Harmonized Service Scenario
dremelulad o dagduiifinderiufansinsvied Aanisnsznedeuas
Aannstnsauwiaudngredu 3elddinisandumealuladlngg Weusessu
wmaluladaingnn (Convergence  Service)  judaaduguuaninis
TiusnislagfanisiuurasusmsenInfansinsirdlazAan1snszane
\@esuazfanisinsanunAl
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Streaming video from Peter:
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** Q0S/QoE for multimedia applications/services including IPTV and video
conferencing 1ag Mr. Joachim Pomy

1. Conversational Quality

Mr. Joachim Pomy léinanfsanudifaues QOS Bnegnaniifemnssuuas
AMNINUBINITIIUINNT Yasnsaunumeuldiumademariiulaseng TnglduenUsseu
wang Lieg 5 Uszidiuman
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1.1, Talking situation :- nstinsaunuilaguesaNagnm

Y

1.2.  Listening situation :- NSEUMTEUNULALNBINENAT

Ce

1.3, Conversational situation :- nginsaununeulaviaesy seninenn
waghila

14.  Doubletalk situation - nsdinsaunufifinswandauduiia 2 dhe

1.5, Acoustical environment of the user :- @0 NLINRBUYDINITAUNU
1.5.1. Backeround noise

1.5.2. Reflection characteristic

2. Evolution of Voice Quality Impairments

sUsuUITanvestymamuamidesitnanssmudenislivinisiiistuauds
Jatu mmetedsiuansdinmaisuieunanssnuvesaanmides  Tumaluladnig
TAusN136iee 9nefnautadagiu

Mouth-to-Ear Handset Systems \
f: "".‘ H packet loss

Next Thread:

\ Tandeming of VoIP Islands /) \ Ddelay/echo

(Vonage etc)

O noise

H coding distortion

Oanalogue distortion

Oloss variation

>>>> |ncreasing Impairments >>>>

Analogue Digital Digital Switching Electronic Mobile Packet Voice VoIP ITU-T approach

Networks Transmission (EWSD) Terminals (GSM) (ATM or IP (Internet, to VolP
(long haul) backbone) Netmeeting, (Y1541 ete )

PC clients)

21, UadeiineliiAnnansenuilununimdssausausnesnidu 2 Yademdn

laun

2.1.1. Uadeanulasadnggliuimsiasanimuwindenvesaniidiuniuas
Uanens lawn
2.1.1.1. Shot Delay
2112, SEUUIDINTELS
2113 swudesigaduluuazdnfuluvesnmslviuinig
2114, msdadeurierfiaaadouiissanmsudassian

SONGEN
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2.1.2. {]ﬁ]é’]’aé’mﬂmmwﬁamamu?ﬂmLﬁ'aqmﬂiﬁif”fgapmshu Internet

Protocol laun
2.2.1.1. Longer Delay

2.2.1.2. Jitter
2.2.1.3. Packet Loss

2.1.3. Uaduauenuantivesteyal  Delay) zilnasionun1nuesnis
Tusmssediolaiinsaununiintuugs msedammeaniilianise
maniarmildasdadymiwdelns

2.2. Jymmauninnsiusnis( QoS) UisLﬂ%Lﬁaqm@LﬁGQQWﬂ Feynyadzviou

(Echo)

2.2.1. aunulladeygaiazyiou (Echo Source (Reflection Point))
2211, MSHANKALY09395 Tiduduvivemansenuiivinli

Anudes Echo Tlagiieunduu
2.2.1.2. Coupling in Handset Cords
2213, 1a59a319909 Borne Coupling Tulnséwviilens
2.2.1.4. 199538y ilatazalng
2.2.2. deyaadsuniu Echo) wusesniluaeslseinn

222.1.  Talker echo fafluanasann

Intended
transmission of
talker's voice

Talker Listener

N
s
N
L1
N
/
/
/

f/
p&

Unwanted
feedback of
talker's voice to
talker's own ear

Electrical echo
path

Acoustical echo
path
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2222 Listener echo A49LEAIHININ

Unwanted
delayed copy of
talker's voice

Intended
transmission of

talker's voice

Talker N \ Listener
-7 Q“‘\\ pt = - j‘\f S <
P /) I 7 ~\
| Vs

/
/
/
SR
T
= == == =
—
»
\
\

N W\
- \
Electrical echo path
(feeds the talker echo
Acoustical echo path back to the listener)
(feeds the talker echo
back to the listener)
Y a = =) 3 <
2.3. i']zuuviwm@mmwmﬂmimsmLammm NN IFYLALWNLNG( Packet

loss) WseMsandedeyaluseninanisds ddadusall

23.1. ﬁﬁaﬁﬁmaﬂmwwuasLLﬁﬂLﬁmﬁdqmaﬁmmwamuﬁajﬁaLﬁa‘ma
uarTILiensHanaIaamatialunTasdy e
2 & vy & 4 . -~ ~ 9

2.3.2. whnifinldgnilaf - Switch %50 Router 9 INALMNVDIAIILLODN
NGERRR,

2.3.3. Wininannfumaanislatenialaeainuaidn( Delayed Packet) ¥
Tunniaiulagnandisll

% Quality of Service (QoS) and Quality of Experience (QoE): Concept,

Architecture, Parameters, and Performance 1ag Mr. Jun Kyun Choi

1. Network Performance (NP) and Quality of Service (QoS)

YeymuazUszansnmlun1svinnureanisnng waaziasedisgauiltainiauazian
AmuEINsanLanseiy Ussiumanilginnsudventunifiornmseenuuuiiussansnm
uazlaenndesiuinnsgiumsliuing deguirsarsesuandiifuislyvvosseaninm
Tun1syiauveunsednglulnagseau

Users
Quality of Service
Internetworkin

Field
Performance
Interoperability
Conformance
Lab.
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1.1. mswSeuiisunisiinnudAgyuesdadelunsimunlaseieseninguues

#11 Network Performance & Quality of Service

Network Performance

Quality of Service

® Provider oriented

® User oriented

® Connection element
attribute

® Service attribute

® Focus on planning,
development, operations

and maintenance

® [Focus on user-observable

effects

® tnd-to-end or network

® Between at service access

connection elements points
capabilities
Mapping Mapping
QoS —= Network Performance ' QoS
i Allocation
w International Portion i National L

Portion A ! (Transit countries)
i

AAIIO(:ation

Portion B T
1

ITU-T 919914 Internet Protocol Performance fog 3

1.2. HINIZIUVDN

UINTFIUNGN il

1.2.1. ITU-T Recommendation Y.1540 (Internet Protocol Data
Communication Service —IP Packet Transfer and Availability
Performance Parameters

1.2.2. ITU-T Recommendation Y.1541 (Network performance
objectives for IP-based services)

1.2.3.  Recommendation Y.1221 (Traffic Control and Congestion

Control in IP based Networks)

31891UNAN19BUTN Broadband QoS: Technical Standards and Measurements (9-12 aay 2555)
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2. QoS Issues for Next Generation Network
Fusnussiunieiildnnidesiuoganewne mar  NGN dudedufmddaiies
ilgwaluladfidussavsnmann  lnedoyaiilédmiunisioansynuialulan s n1s
aunudss nmis  niedeuln doya szgnuianiilng Advia Tusuufinifn  (Packet-
Based Network) WUV Intemet Protocol (IP) vi3ewsliidnladetuffodnumzmsdedaya
mslfnudumesidalutiagiu viedendurhluindunmsdeasuuy P dues dedoyaiu
wiiniin lindeya aggnasiuesetielnsdnitiu Insdwilede aruilen  Teufaniua
g Insvied naenaunismuaugunsallindulutu azvilianansodoasdeyasiuild
FazvhliAndunsmaeusiumanaluladselu (Conversence of Technology)

QoS Classes of IP Network (Y.1541) fN84W157189835U831195514 [TU Landes

ANS1AIUAS

Parameters QoS Class

Classes Class 0 Class 1 Class 2 Class 3 Class 4 ClﬂSs-S
Un-specified

Packet
Transfer 100ms 400ms 100ms 400ms ls U

Delay
Packet

el 50ms 50ms U U U U
Delay

Variance

Packet Loss | pypga | qe105 | 1¥10% | 1%109 1#10°3 U
Ratio

Packet Error w14
Ratio 1*10 u

QoS Classes of IP Network (Y.1541)

FI8UNANTOUTU Broadband QoS: Technical Standards and Measurements (9-12 faAY 2555)
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. . . . . Node Network
QOS Class Example AppllCElthIlS Mechanisms Techniques
0 Real-Time, Jitter sensitive, high interaction g"“s,““"““:
+ . T Separate Queue 01}r111g and
(SpeeCh’ VldeD Transier) with preferential Distance
servicing, Traffic
1 Real-Time, Jitter sensitive, mteractive grooming Le;: “’,“"‘“““nle"
. . outing and
(Speech, Video Transfer) Distances
Transaction Data, Highly Interactive, Constrained
2 . 1,“‘ Routing and
(Signaling) Separate Quene, Distance
Drop priority vretral
pp < Less LOllStlEllIlE(l
3 Transaction Data, Interactive Routing and
Distances
Low Loss Only
. . Long Queue. ,
4 (Short Transactions, Bulk Data, Video Drop ﬁiorm_ Any route/path
Streaming)
5 Traditional Applications of Separate Queve |,
Default IP Networks (lowest priority) | TOHERER

f9819N15MUSNN5984 IP QoS Classes (Y.1541)

3. Quality of Experience Requirements and Mechanisms
QoE (Quality of Experience) #uluuuiniainsinn1soneg1amilsnesnmnInnis

usnsvewlviusnis eSuielaeasng fail

®  QoF WuANNMIAETINTBITLUUIINYUNDIVDI LY

e Qof \Jud¥aussansnmnisvanunuy end-to-end iszdunisliuinisann
uusoswsld uazamnandnldhsruutunsstuaiadesnsvesldliviol

® 1993 Qo tuaunsnduisddsmudusalunisliuins wavanusaldidy
esesiielunisudeaduvesgfltuinns

QoE
Objective ‘ Subjective
Quality of Human
Service Components
Y l l l - l,- JV
Service Transport Application | | . . |_____ Service ]
factors factors factors Emotions billing Experience

sUWUUYRalATeaT19 QoE (Quality of Experience)

FI8UNANTOUTU Broadband QoS: Technical Standards and Measurements (9-12 faAY 2555)



i1 13 210 23

** QoS/QoEfor IP-based Overlay and P2P Networks 1ag Mr. Shin-Gak Kang

1. P2P technology

Peer To Peer : Wumaluladil Tonfussannlumilioy Sumedidnusenuuusd
wdnmsvhauessyuy P2P fe Teumedeyauessniniaeaies Inglidndusesindes
Server Wusnanslumsleuat edoya Tun1s dslwd n19 msn, icq #9 uazuslndsngg
fupurnlanipeldimealulad P2P 1an9ie Wy Emule, Winmx, Kazaa way Bittorent @
¥sumuienfusgrann sewwasivaniastelvanse wandeulndsneg anvilanld
oeslaififnsrilunsaliazliiGondn annlivan’  iflesendesiingg snlnan( Upload)ls
ALdUaEIETe AI5aEISENTIINTT WS (Share) WnagsnzayuInn iy

P2P Network

P2P network

virtual
Mapping

Virtual
Mapping

sUuansMeoe19ued P2P Network

WaLN1e Mr. Shin-Gak Kang laanfiegnsn1syinanuves P2P lag BiTorrent fladl

o syuufeug vk ldansauanifsulndseninsiunselaninensyiuiu
HIUSEUULATEUY

= a s =t v A < =t
® SszyuunsdedIsINABNRImEsIATemilelUgBnASomilalnens

waRNul s ARan sAvandanudunelagld  FTP*, HTTP** 1 wndaud
Aoensidieaiulst 500  AunamUdlnasuuwltsfeIiunieng  Aulasusazaudl
Bandwidth Auay 256kbps dnaglinautulanusalunisailnangegamiuiineassies
i Bandwidth winfiu 256kbps * 500 (125mbit) @elailgieaunaziudes Bandwidth Lyiniiu
widsagsadldudvienienuiilunsuszananagaiosessurnuseansiiiniudndy
o ' & ° I3 Y] X ) Y A a X
Pndgmaananilosililusunsuuesiig P2P gnitmunTuinsesiuanusisansiiudy
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Tngldnsnensveawidnglilosas svuu P2P tugniauiieldlunisuaniuaeulndsening
flaeluanidnely nswandglndwazyinliaiunsamlnaiaoanisindneduy

BitTorrent

Q P2P file distribution

torrent: group of peers

tracker: tracks peers exchanging chunks of a file

participating in torrent

obtain list
of peers

sULAnIMBDE19N15vi91uYes BiTorrent

2. P2P-based DSN (Distributed Service Networking)
AauLURYDS P2P-based DSN:-
2.1, aduasediedeuiudmsuunasusng
22 fenuasnsalunisnszaendneins Welmnedetievanuldegiafusids
wagduszansnn
2.3, 1115USM5IN1TNSNeINTeE19lUTEaNS AN
2.4. §N15USASINNISATNASIUAUTATUNERE 19U @NT AW

DSN Model

O Service Provider Domain and User Domain

g{&
S

Control N ode\

Conten! Node /

UE  User Node Core Node v

FI8UNANTOUTU Broadband QoS: Technical Standards and Measurements (9-12 faAY 2555)
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gﬂﬂ’lWLLamg}"JaEJ’Néum DSN (Distributed Service Networking)

3. ISO/IEC TR 20002, Managed P2P: Framework

UnumazmTiives 1SO/IEC TR 20002, Managed P2P: Framework

O wiiUsznniazdymveaniatie P2P
O MUUALWIAANITUTNTINNNT P2P

0 sryAuFRIMIIioUTMITANg P2P

O syynseuMsynudmIunsInng P2P
0 sryFuguteyaiioatuayunmsvhaulugaendRsumagues P2

3.1, e FunsUSUSIAnNIS P2P 284 ISO/IEC TR 20002

©)
©)
©)

N139AN15919ThazAUANlATIINY P2P

N1597u39lUNNSUIMSINNNG ISP-P2PSP, ISP-Peer, Peer-P2PSP

nsdan1siilent MsAuATesavaANSANNaNySalvasloya Laziiloninig

AUNYBITBYA

N5UTMIINNslunsiAuinsvise Service siveefiaguulasetng

ANSUSUITINNTITNSNYINST DAIUNITLEAIAINUVDS I Peer spnI1swuUatiy

NSNeNSRLULUIEREINUY

ﬂ?iU%ﬁ?ﬁﬁ@ﬂﬂil}ﬂ%ﬂ’m

N13UTMIIANTSATRYE WU NstRinwieseveliliussansnmuasd

ALLADYS

MP2P Functional Architecture

ISP domain

Control plane L.. <
Peer i
User
Overlay nerwork menagement
—
UMS Resource management
*| OMsS
hJ
‘Contrel plane } Contral plane
Content information management J ‘ Activity mansgsment |
IXs PAMS

UNIS

Control plane
‘Nerwork information management

Comtent information manzzement

Activity mansgement

Control plane

Resonrcs management

Content information management

Activity mansgement

Relay information management

Buffer management

Data exchanze manazement

Data exchange management

Peer

Buffer management

User domain

UNIS: Underlying Network Information Server
UMS: User Profile Management Server

OMS: Overlay Management Server

PAMS: Peer Activity Management Server

IXS: Index Server
RS: Relay Server
CS: Cache Server

sUAMFREvRlandY MP2P
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** IPTV/Mobile IPTV QoS/QoE Issues 1ag Mr. Seong-Ho Jeong
1. IPTV (ntemet Protocol Television) ({uudnisuvusiadiiie deszneuse
Tnsvimd 3dle 1doa Fonnu n51in uazdoya Adsiniaietns Intemet Protocol Fsaseunay
fensinwnaasadelunisinsodoansioglusaduszneuves QoS / QOE
gauszneuves IPTV Mdaslesiu QoS waz QoE

Media Compression &

Synchronization

Video & Audio == Network Transmission

Text & Graphics Network Layer

mm Channel Zapping time

Control Functions {

VoD Trick Mode

Metadata

Other Services Browser

Service Billing B Content Navigation

2. Mobile IPTV Lﬁuu%ﬂﬂiﬁlﬁ@%ﬁaﬁaﬁﬂLLaz%’UU'%miﬁaﬁﬁLﬁa Wwudeygalnsia
e @ue A e waznsiinlagr A eLUUiaekasuUlSaeRI WUU  IP-base
Hullefials Ineseasuamn1nnisiiuinis wasamunmuesUseaunisal ( QoS uag Qo) 5IudY
mM3snwanuUasndovedlasang waznisindedeasiduszansam
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daUneanssulaserievas Mobile IPTV

Network
Wired equipment

Networl
equipment

The network includes
IPTV access routers or
source generator points of attachment Mobile terminal

————— Receiver
Wireless

. Non-RlGN-based architecture
* NGN IMS-based architecture
* NGN non-IMS-based architecture

+%* 4G Wireless Communications and the Future of Wireless Convergence 1ng Prof.

Hyung Jin Choi

1990 1995 2000 2005 4G (very high speed data)
3G~3.9G (high speed data)

2G (digital = N N
16 (analog) ( : ) Voice, 153k
> ,
I1S-95A |7 Voice, 3.2M/1.8M

(America)

[Evbo] [EVDO |
| RevA | |_RevB ums

~ « Dataonly, 2.4M/150k 3.2M/1.8M 14.7M/5.4M ~200M
Al

voice 1S-54

|
L)
1
|
|
AMPS ¥ )\ Voice}14.4k
T
[}
|
| Voice, 14.4k
|

Data, 56k |

|

|

|

|

|

|

|

|

|

| |

TACS, NMT HSPA+

Eunope) }—r GSM GPRS [1->| WCDMA HSDPA - © |
! ]
|

|

|

|

|

|

|

|

|

Voice Voice, 14.4k :. Voice, 384k 14.4M/5M

| TD-SCDMA
EDGE | | chiny [ 17

)
384K l/ - Voice, 384k ]
L}

o2 voice

L}
[ pr ] b eer s [
pager wave 1 wave 2

number

20M/5M 40M/10M
I:l B 0IA 2l MBI (20074 J1E) 100M~1G6

o/

AUINISVIINSANFRENT S8

STUU 1G

gnimunlag Bell Labs  Tud 1970 wazduldruadusn@andudlulssme
anigowinilul 1983 Tughu 800 wnxidsnd 1y AT & T lasmsdeansassmianionriu 2
Fosrud 30 KHz Wwaluladozundenlunisdedoyao
STUU 2G

Global System for Mobile Communications (GSM) ﬁa%ﬁiﬁﬂlu@iﬂﬁzﬁuﬁm
1992 uazlueuidnunileuiiidnlude The North American Digital AMPS (D-AMPS) 63
st 1994

IS-54: FDMA/TDMA access mode Wag IS-95: CDMA access mode THUSN191%4
widvdadusnluszuu COMA lunmasousd 1996 warAdUululiessuu  The Japanese

Ay

Digital Cellular JDC) Fadufizdnlul 1992 uazgnivdeudielu PDC (Personal Digital
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Cellular) Tueununilegnianldnulunisdeansdruyanauuguninug 1900 MHz seuy
GSM Wuszuuiivszaumudisanniiaatumalulad 2G

Multiple Access Scheme - CDMA
COMA  Jundislu melulad iddygavesszuulnsdwidetiods welulad dlduiain
navnLariauIlag Qualcomm, USA Uanal 1980

wWSsuwigu CDMA was GSM

3G-to-4G Mobile Communications LTE (Long Term Evolution)

szuuifuszuuanan deuszuv 4 (4G) wialulad 36 IfSunsesnuuuuniiieiiiuds
ANLENNTaarAISweLAseTulnsAnillete Tnesyuu 3.5G Tdwmealulad Orthogonal
Frequency Division Multiple Access (OFDMA) Tun1s downlink Wazau15a5095U 6mIng
downlink gean#l 100 Mbps waz uplink aestiongail 50 Mbit/s a111505995U bandwidths
P0smsUSUTEIEn 20 MHz adlufela MHz aunsesesiuldvs  FDD way TDD
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4G Mobile Communications

AsUSeUBUsEINg IMT-Advanced wag LTE-Advanced

Peak data rates

Bandwidth

User plane latency

Control plane
latency

Peak spectrum
efficiency

Average spectrum

efficiency

Cell edge spectrum

efficiency

VolIP capacity

ITU Requirements for
IMT-Advanced

(NA)

40MHz (scalable BW)

10ms

100ms

15bps/Hz in DL
6.75bps/Hz in UL

Average spectrum efficiency

and Cell edge spectrum

efficiency

Are (much) less than the peak

spectral efficiency

Up to 200 UEs per 5MHz

3GPP Requirements for
LTE-Advanced

1Gbps in DL
500Mbps in UL

Up to 100MHz

Improved compared to LTE

Active <«—Active

dormant(10ms)

Camped —Active (<50ms)

30bps/Hz in DL (8x8 MIMO)
15bps/Hz in UL (4x4 MIMO)

Improved compared to LTE

Tu LTE fidhwaneglifianudiinduseausasinmsidanasniaiiudy - (@nni1 1 Gbps)

Feazdimnuuaneuantes serinaasetenuuldaenazldans nswaunntusyansaw

Hardware / Software v83gUnsalaunsy 1w aunsviluiu @u1snuiuidn wazAuLaneIs
seninegunsaluaruIn1savlill lngavduegiuiaievny IP ag1afien (531 4G) wag HW / SW
vaagunsal wikuulnsliy Cloud Computing Asliunumandgylun1s Convergence IT uay

USn9hd U Volte, Rich Comm Suite (RSC)

wAlulag 56 agnitmunluvgtinidonas Usen Tuihuiingussasduasiionvans

W 5 G dersaquinselifinnuinefidunnanisviefanssuuu 5

walulagidosldnaiimuisslUlusuian

G 970 ITU ey
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walulad B4G (Beyond 4G)
small cell Wumeluladidmdsdsansnas mmﬁg%lﬂmﬁu WU HetNet, Femtocell,
MIMO 9sfimaluladiimuntu nsdeasuuy Device-to-Device (D2D) axiUalfnuiauiiigetu
(30-40 GHz) Insdwvidiedenldsiluswanazsjatiu lumsfaunsendadmiunshausalul
LAEANLALAINAUININNINNUANTADENS
anwazaAyvaunalulag LTE
LTE fu LTE Advanced
foyadumzBuduves LTE aghifulunw dofmunvesszuua G wes MU uslu
mends LTE-Advanced asfiodndumealulod 4 G 93¢ Fuita 2 meluladazagansld
sunnsiimunegareidos
User throughput (MHz) Enhancement (MIMO included)

® Downlink : 3~4 times of Release 6 HSDPA : 5-12 Mbps
® Uplink : 2~3 times of Release 6 HSDPA Enhanced : 2-5 Mbps
System Capacity Increase
® | TE Downlink : Max Rate per Cell = 100 Mbps (20 MHz BW, 4x4 MIMO)
® | TE Uplink :Max Rate per Cell 50 Mbps (20 MHz BW, 4x4 MIMO)
® | TE-A Downlink : Max Rate per per Cell = 1Gbps (100 MHz BW, 8x8 MIMO)
® | TE-A Uplink : Max Rate per Cell = 500 Mbps (100 MHz BW, 8x8 MIMO)

nsiusnsdmiu 4G
Rich Communication Suite (RCS)
NNsasNUIMsLUUATUIAINISARansastglinsioansseninadldaulianuauysal
geUuuuNugIuYes IP Multimedia Subsystem (IMS) n1333uilariu Address Book, e,
e, wam, =181 Mandululy uimsiddgy Miflewazamdildsiuiuly  Rich call, doya
a ¢ v v a A N i - — = ]
Sealnl andeyatiufedu q usingeglu “Rich address book” LienyAravsenguan
address book wagnisanalaulnaly ‘Rich messaging’ “1a“

Enhanced
Messaging

Enriched Call

Call enriched with

multimedia hessanin
sharing ging
experience

P SN

Enhanced
Phonebook

Conversational

Contacts
enhanced with
capabilities and
presence
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Enriched Call

AP | C-Sharing & pm |
= T —— » 0 -~ 0
P - " 48  shareimages
‘ ", ¥% Sharevideo
-’._ W
= B ' > & #31  share files
Call type:
&5 caliing Voice call
Peter Video call
Loudsp. call . Cancel| |Options Select Exit

Ilafadtive (gUam | Inddate) anunsaldsiuiuluseninamsaunin degauly
SEMINNTEUNUT Anasnsaaslaendedlnsfnrinavasiudamnudu o Tunaufeanu

M2M (Machine to Machine) Communications

1. D2D (Device-to-Device) #38 MTC (Machine-Type -Communication)
fonsmninavasidlawnlndees  advanced Conversence Service 34awi3uann

u3mislofives {lduinislundgu 3GPP LTE fugs inmsgiuves D2D/M2M fndaeglusewing

suiuns Tueunensunedidnazimsasuulaslumsvanesivecuinis lne M2M

=

annsadululalaglduuuununisieanssssunviedu Wy Zigbee, WLAN, Blootooth il

agudatunishiusnisuisdiu uanfidednin Wiesnndgwimanaia  Tuswesdulndilied
N5l 4G Msldau M2M s 4G edlinnTuniniy

NFC (Near Field Communication)
2. NFC 1fumaluladiiugiuuu RFID (Radio Frequency Identification)

Tngldnduaud 13.56 Mz fiu 14 kHz BW 18w weluladliane fiRaseluszesing
(<10cm) LLazm’mi}IGﬁ"’l ( <424kbps) 13 uua (card emulator mode, RFID read/write
mode, Peer-to-peer mode) fithafuayuliuiniseneg wazdlaudasndegiglinis
PszRuduiiefedivssansnmniulusinaealiane
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Uszlavunlasuainnisanyrausy

W3, 03FnsTnassAduAMUAkaziUNMIUsTneuAInIsnsTanedes Aanistnsviay way
AANISINIANUIANLAINR W.Alo&&m UL IAMEATINATT Nang. andunistiiinisusenali
1% QoS (Quality of Service) waziitel 1udszlomisoguilanlunng sudefulnsauunau
ulUegnefivsz@nSnmn

fadu n1sfine Wisuifey wasdsuiainusyaunisalann N3Ny UsemAnIva o 1o
Y AldTiunuanvas UssmainsmuaniudeuanudaiiuifeaiuiFes  Broadband QoS /
QoE uagsamda NGN (Next Generation Network) fildifusunuunsdiiumsiduguaves
UszimAnafiuedouasUszimesnag vhlan Swaifuusslomiadn
wndenstsusileuBuazkLIMSTAELY Aansinsauuey uay Aan1anseateidies vl el
sufou ngnasitazinespussianalladifetes uazwsnzandmiuusemalngliegluszdy
a1na
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