suh@khu.ac.kr

Outline

Digital Broadcasting?
Multimedia/network QoS
Evolution of Wireless Networks
QoS Control Techniques
Future Works
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Broadcasting, Analog to Digital

Spectrum Efficiency in [bps/Hz]
Shannon’s theorem in 1949 ? |

C [bps] = W [Hz]log,o(1+S/N)

(Analog “only” ;
rrIstnal

Qsz 13/5/

= 30Mbps/5MHz
= 2 4Gbps/40 0MHz

Digital : “any”

Interactive DMB

Home Network

DMB corverter
Internet

Feedback

processor
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Heterogeneous Networks

Time—varying QoS : cdma 1X EV-DO

bps & msec

+ Red : available bandwidth
+ Blue :RTT
« Biack : speed of vehicle
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Issues in Digital Broadcasting

to Portable Terminal

Random access?
Interactivity
Flexibility of Internet
Quality of wireless channel

Service Classes in UMTS

conversational interactive streaming background
delay<<isec cklay 1sec delay<1 0sec delay>10sec
conversational voice streaming audio fax
error tolerant | o and video | messaging and video
) telnet, interactive| e-commerce, | FTP, stil image. | e-mal arrval
error intolerant games WWW browsing paging notice

UMTS(universal mobile telecommunication system) : 3GPP

QoS(quality of service)
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Multimedia QoS

« Network QoS
Bandwidth

Delay, jitter

— Loss

~ Priority

— Security

f

bandwidth

VOD videophone

QoS : quality of service

Tradéoff of
bandwidth/delay/loss

» Delivery of video traffic

Bandwidth= 15

1 1

Bandwidth ! Delay U

TITITTL ITTTTI -

Q0.5sec

D Bandwidth § Delay !

RN 11 N1

B Retransmission or FEC  Bandwidthfl Lossl Delayfl
N Encryption Securityll Delayfl
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Classes of networks

« Switching (1:1 communications)
— Circuit switching : telephone, modem
» Fixed QoS (~10kbps)
— Packet switching : Internet, LAN

+ best effort (shared, no QoS)
« wireless ~2Mbps, Ethernet ~100Mbps

— QoS switching : MPLS, UMTS, HPi
« full QoS negotiable

» Broadcasting (1:n communications)
. Fixed QoS (HDTV 20Mbps, DTV 5Mbps)

Network classes

( Broadcasting 4 CS (voice) \ /PS (data) N 4 CS+PS
- Nodelay - Nodelay - Routing delay ~  [no] delay
- Not flexible - Not flexible -~ Flexible ~ More flexible
- 1Inn - 11 - 11, 1'm - 11, 1im
One dire ction| - Fixed - cdma EV-DO ~ cdma EvV-DV
i bandwidth
" w >
~ ’
ﬁ < -
/
[ 4 P | \\
\ AN AN J
/QS (any services ) ‘\ ,'
= [no] delay —
~  Most flexible CS: Cirauit Switching
- 111, 1'm PS: Packet Switching
K_ UMTS, IPng QS: QoS Switching
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Circuit switching

Fixed bandwidth
No delay

Bit error

Voice service

5 ki eyt

Packet switching

Shared bandwidth
Routing delay
Packet loss
Data service

QS (QoS Switching)

PvE, MPLS, diffSery, RSVP ! develcpedalrady, rot popular yet

UMTS (3G), IEEEB02.16, Hpi (Pre-4G)

Internet 2! & (priority) 7t Z0K0101 3t AR Al B = LR (redistic price)

<‘——_'>

ol JtAo= gstetn ?]
1178k 500kbps X 2hours

contents Rate service
Text 6.5% | Text, still
/pkt image, etc.
VOD/MOD |1.3% jJune
/pkt (Video)
internet 1.58 |Internet
access /pkt access
Video 1.58 |Video
phone /pkt phone
Download (0.3% |1-15
(2~8AM) /pkt MBytes

2003 (KTF June )
{pkt=512bytes]
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Evolution to All-IP 4G

e AGAIAHEI2 3GOIA SHEH o 2 &S Mobile/Nomadic System

« 20104 OIZR2H AIZN ST AIZE HO = GlaE

+ WMAN/MBWAE SA2=z &t FUQEHYO0 4G UERKIZ 2tF
(IP-oriented Viewpoint) Beyond 3G

—

]
s
E Integrated
c _Wireless Muitimedia
(*] TAtHP-based
- 2G _ . Service (Mobile IP
g ----Muh:lt?;ﬁjla , QoS, Ad-hoc) over
o UNTS T 5000 WLAN/WMAN/MBWA
L)
£ - Voice + Data "W-ANS
GSMBOOI1800

IS-95

v

Evolution of Mobile Networks

i - Mixed services

Ambient awareriess
Dmﬂll - Capacity - Ubiquity/flexibdity
- Quality - Flexible billing -"Always connected:
- Security :. - Personalisation
- Rehability
- (11
: Cow_; gy Beyond 36

* ivesdy switched

“Vaice plus basic
dafaupplicetions - §

- Low dota'sperd |

M B!\Mn:;nzn

- Limited local
end regiong!
coversge

‘ ireless
: Mul’nmedm
Voice[D] World

Voice[A]
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3GPP Evolution

- 3GPP C {ARIB, CWTS, ETSI, T1, TTA}

anddataa with  and dataa with Double voice capacity
speedsofup o speeds of upto and supports data with
14.4kbpson 1.25 115 kbps on speeds of up to 307 kbps
MHz carrier 1.25MHz carrier on 125 MHz carrier
H H i 3G
AMPS
IS-136
cdmaOne cdmaOne c¢dma20001x (phase 1) Cdma2000 1xEV
GSM
(IS-95A)  (IS-95B) ¢dma2000 3x (phase 2) (IxE V-DO, 1 xEV-DV)
Double voice ;:apacity Optimized for high- lmegrate& woiée and
and supportsdata with  speed data upto2.4 datawithspeeds of up
speeds of upto2 Mbps  Mbps (downlink) on to 3.09 Mbps on 1 25
on3x1.25 MHz carriers 1.25MHz carrier MHz carrier
(Release C)
Support voice Support voice
anddataawith  anddataa with Double voice capacity
speedsofup to  speeds of upto and supports data with
14.4kbpson 1.25 115 kbps on speeds of up t0307 kbps
MHz carrier 1.25MHz carrier on 125 MHz carmrier
i 26 i 25G i 3G
AMPS
1S-136
c¢dmaOne  cdmaOne
GSM

(I1S-95A)  (IS-95B)

¢dma2000 1 x (phase 1)
¢dma2000 3x (phase 2)

Cdma2000 1xEV

(IXEV-DO, 1xEV-DV)

Double voice capacity
and suppornts data with
speeds of upto2 Mbps
on3x1 .25 MHz carners

Optimized for li gh-

speed data upto2.4

Mbps (downlink) on
1.25MHz carvier

lmegrated wide and

datawithspeeds of up

to 3.09 Mbps on 1 25
MHz carrier
(Release C)
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IPv6 and Wireless
IEEE802/Cellular Technology

N ;; see s .
Digital Appliance Portable Mobile
Licensed and Unlicensed Licensed
Consumer DSL level service Wideband Data Rates
I \ / \ N~ —"=/\
IPvé !
v ¥ — Na = K
Fixed Localized Destination Nomadic& Cellular
Based Based Mobile Wideband
v v v v v
Ethemet 802.15 PANs 802.11 Hot 802.16e 802.20
Spofs 25G, 3G

QoS control for multimedia

Upper Layers
End
_.to_
end

(Video Layer)

« Error resilience/concealment,
scalability coding

« UDP/RTP&RTCP, FEC,

Transport Layer

retransmission

Network Layer

+ |IPTOS, RSVP, intServ, diffServ

Data Link Layer

« FEC, retransmission, MAC

Physical Layer

+ Power control
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QoS Control Techniques in
Wireless Channel

« MAC Protocols

« Scheduling (resource re—allocation)
Power control

ARQ/retransmission

Priority

Handoff control

Multiple Access Schemes

% 000000000 0©
Of [schemei] U U U UUUUUU o
UserA =0 AAAAAARADRAA O Usera

vAvAvAvly, o [u]afo [u]afo [ulalo

UserB , [Scheme2] |O |T|A|O [U|A|O |T|A|O mejwb

AAAA O |U/aloujajo |Ujajo] ap , e

A OU AG oU Ap
00Y O UuAOy

User C A O U UAO Ag OA Userc

[Sender] . [Multiple Access] [Receiver]
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Mmgltlple Access Schemes
, 2-G

AMPS GSM, 1S-136, PDC 1S-95 A/B

OFTM sy mbols [ }f’;] &{\l i\t l\i\\‘{ 3
IR §
Z [ AL NN A
A g2 LA i
o S PT NZZIIN %
23 BRRIN N Y s
user 2 )}gilﬂ | v, \§ O ///
S 74 NN 777 z
user3 R N A R \// A N /
<OFDMA> <OFDM ~TDMA> <OFDM ~ CDMA>




Dynamic Allocation in TDD
TD/CDMA for 4G

Frame (1 Oms)T DD |

”

= Guard
. time .
Uplink e Downlink
| Request e
. aocessALO HA Control slot
| mini slots || (broadcast)
Request : lackTe
waededicated {lsiot siot
mini slots . )

|7 Siot |
. Slot Slot L

E TI/GPMA |

SlotSlot e Slot
1.2 Lu

W

PFRS
(Proportional Fair Rate Scheduling)

Data rate
uested by M o
= Select the j-th user of max{ 4t

. Hj(j/l-+1):(1—;1{)Rj(1.f)+%‘4j(/: Assigned
_ data rate




Exploiting Channel State

Time slots

2.4 Mbs

NN =
A

-20 T

g

38 Kbs

-30 T

Handoff : Terminology

(«;"/3 Src : Correspondent

}4‘,) Dst : Home Address

Src : Post Office(l)
Dst : Post Office(3)

%
.....

o

= /‘M»A
Post Office
---------------- {@4sussvnnnaass

Src : Home Address
I pst Correspondent
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Handoff and multimedia service

e

§ Server (CN)

Network qUaIity during
handoff

Dus! channed coonectivity
Mo HETE M‘ 4
i

70

m——phPl - AP2 7

o ———————— —
50 \ . 51
o
Dual Wireless - s

\/\Channel Counected o, o bt garabb k) X
" Cell Swirching 2TV KLl g
] - \ L 2, T 1l
Celi Searching N Lo ” End (Threshold) ¢ .
Start (Threshald) __ ) 2
? .
10 = ]
o \\\_ TP Srcomeasd
o N o 27 5
27 67 88 111 133358 177 139 221 243 26 287 309 331 363 I W’
Mobile Node movemert tace  ——-~> Tes o 1R
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Hierarchical handoff

(Multicast Merge
erBandRQ) R1 16
(Multicest Merge Point .
{or R2 and R5) -
or RI1-8 R9-16
(Muticagt Merge Poirt .
for A2 and R3)
- CN N -
o]

(-
=
N

e &
w i) [F2] [rs] [re] [ps] [re] [r7] [ne] [ro] pid poi] pid fid piq g fid
atl

O OO0 00000000000
@WMovemenl

FEC
(forward erasure Correctlon)

Ldam [ |l | I || [

lossy channel
V

— — | Jf}g ;_—_u:];s}ig
[ recovery I

| 1 Ii il |

» RFC2733 : XOR-based (one parity packet)
» IETF : draft-ietf-avt-uxp-02.txt, March 2002.
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Diffserv Architecture

Edge router: r ERmarking
- Bandwidth Broke
- per-flow service bU andwi roker

- marks packets of in- or out-profile -

Core router:

- per class service
- buffering and scheduling

- preference to in-profile packets
- Assured Forwarding

QoS Parameters in UMTS

»  [Maximum bitrate(bps), Maximum SDU size(octet)] cf. [PCR, CDVT]
-~ possible bitrates per subflow in CS case <= inter PDU transmission
interval (IPTI)
+ [Guaranteed bitrate, kxMaximum SDU size] cf. [SCR, BT+CDVT]
- to capture burstness
- minimum resource requirements => resource sharing
- delivery order{y/n)
+ SDU format information(bits)
» SDU error ratio : loss+damaged
» residual bit error ratio
+ delivery of eroneous SDUs(y/n/-) : '~' implies no error detection.
= transfer delay(ms) : 95% quantile ’
« traffic handing priofity : per flow
- allocation/retention priority : per bearer which is not negotiated from the MT
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of video coding

Coding Efficlency Q-]

Mobile Phone

.......

Year

Coding efficiency

Tempere CIF 30Hz

38
37
36
35 [

33
Quality 32

Y-PSNR [dB] 5
30 |
29 . = JVTH.264/AVC
28 ~—MPEG-4
27 . —~—MPEG-2

26 . +H.263
25

0 500 1000 1500 2000 2500 3000 3500
Bit-rate [kbit/s]
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Scalable encoding

» lLayers differ in
— Spatial/temporal resolution : Spatial/temporal scalable
— Quality : SNR scalable coding

= A Enh2
Decoder

\\\A Enh 1

Server Proxy Wireless
Interns} Decoder

Base only
Decoder

Error Resilience

Last ACK signaled VOP is never removed.\




Future Works : MPEG-21 and
convergence

User2 DIP (PC)
YEY 0 W

TS based
et
o2 I uploading

> [ RS

el

Internet




Future Works : Cross—Layer QoS

VOD Server

R

rror resilience, scalable coding, rate control

Routers

Network Layer

Network Layer

Data Link Layer

Data Link Layer

Physical Layer

Physical Layer

Resource

< allocation _

Slot scheduling,
Channel coding,
Retransmission,
priority,
measurements

FEC, retransmission, flow control

Base station

Network Layer

Mobie
terminal

Network Layer

Data link Layer

Data Link Layer

PhyW

Physical Layer

Power control,
prioritized
modulation
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