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The Trend

e Mobile traffic Is growing, mostly video

e Continuum of screen sizes exist

 Not just linear TV: social, interactive TV
e BUT, Wireless capacity still limited

Video Will be 66% of Global Laptops and Smartphones
Mobile Data Traffic by 2014 Driving Growth

108% CAGR 2009-2014 8 per Month 108% CAGR 2009-2014

TB per Month

600,000 4 @ Mobile Volp 4000000 W Non-Smartphone
. B Mabile Gami * - Ci W Home Gateways
*Source: Cisco 3aming ‘_Source. Clsco_ Y
Visual Networking y7% B Mobile P2P ?r/:jgjl Networking W Smartphones
Index B Mobile Web/Data B Laptops and Other
T Mobile-Ready Portables
66%
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Presentation Notes
http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html
The floodgates open for 3G video broadcasting on iPhone
Ustream Live Broadcaster and Knocking Live Video
Now available on iPhone 3GS over WiFi or 3G

Apple’s iPhone 3GS powers 400% surge in YouTube mobile video uploads

O2's network in meltdown from smartphone usage
“…watching a YouTube video on a smartphone can use the same capacity on the network as sending 500,000 text messages simultaneously.”�
Slingbox, Netflix, and Hulu are building streaming apps for the iPad.
Rise in user generated traffic
Rise in social networking
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Multiple Video Content Delivery Methods

Multiple Home Internet (Hulu, Joost, Broadcast IPTV, cable,

Content (slingbox) Netflix, Blockbuster) Networks telecom carrier
Sources

Multiple —H Broadband wireless Broadcast

WiFI Hotspot

Networks (3G, LTE, WiMax) (Terrestrial, Sat.

Kiosk

Multiple
Devices

* Mobile content delivery methods: Key
» Streaming: unicast, broadcast %
 Download: kiosk, STB, over-the-air Quality
Latency
 New usage models Throughput
* Video conferencing, video share Capacifq_/
- Video twitter, video blogging ggi[{ab'“ty

* Live video broadcasting, video upload

=
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One significant challenge is how to bring all these different technologies together in a cooperative way.

iPhone Consumes 50% World's Mobile Data Traffic
http://www.tomsguide.com/us/iPhone-Apple-RIM-HTC-Smartphone,news-5206.html

The floodgates open for 3G video broadcasting on iPhone 
http://arstechnica.com/apple/news/2009/12/are-the-floodgates-opening-for-3g-video-broadcasting-on-iphone.ars

Apple’s iPhone 3GS powers 400% surge in YouTube mobile video uploads
Thursday, June 25, 2009 - 04:05 PM EST 
http://macdailynews.com/index.php/weblog/comments/21594/

Mobile Video & Mobile TV to Soar Over the Next 5 Years 
Mark R Robertson   |   May 31, 2009   
http://www.reelseo.com/mobile-video/

O2's network in meltdown from smartphone usage
http://www.fiercewireless.com/europe/story/o2s-network-meltdown-smartphone-usage/2009-11-18?utm_medium=nl&utm_source=internal
watching a YouTube video on a smartphone can use the same capacity on the network as sending 500,000 text messages simultaneously.“�



http://www.google.com/imgres?imgurl=http://www.slashgear.com/wp-content/uploads/2008/12/psion_netbook-480x386.jpg&imgrefurl=http://www.slashgear.com/?s=psion&h=386&w=480&sz=39&tbnid=AdctpruzghAU0M:&tbnh=104&tbnw=129&prev=/images?q=netbook+picture&hl=en&usg=__ReRapFTJUK1DX6l3-woWQv_A2mE=&ei=u6TYStngOY2eMOzp1eQH&sa=X&oi=image_result&resnum=4&ct=image&ved=0CBEQ9QEwAw�
http://www.okbuynow.com/7inch-headrest-monitor-with-usbsd-and-builtin-speaker-hf700q_p9274.html�
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TThe Challenge

3
'HFFleff MEER:2, Yosty| > WiMax Standards *
025 .
Bit Rate Reduction: 75% «F,raman S 2
10Hz, QCIF |
[Motion JPEG, 1920] = 45 1 +—
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Fig. 2. Progress in video compression efficiency.

* Isnardi, M.A.; Histrorical Overview of Video Compression in
Consumer Electronics Devices; ICCE, 2007.

Compression efficiency  Spectral Efficiency has
has improved —2-3x Improved by —2x every
every 10 years S years
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Compression improved 2-3x/decade, but bits/frame also increased due to better resolution. So, effective bits per frame/pixel after compression probably increases with time.  As an example, demand today is for greater than 300 kbps video streams, so compression has not really helped to reduce the overall strain on the network but rather has helped to simply keep up with quality demand.

Historical Overview of Video Compression in Consumer Electronic Devices 
Isnardi, M.A.; �Consumer Electronics, 2007. ICCE 2007. Digest of Technical Papers. International Conference on �Digital Object Identifier: 10.1109/ICCE.2007.341449 �Publication Year: 2007 , Page(s): 1 - 2 
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WIMAX

3GPP LTE

Duplexing mode

TDD, DL:UL=1:1

FDD

OFDMA symbol bandwidths

20 MHz (TDD),
80 MHz (TDD)

2x10 MHz (FDD),
2x40 MHz (FDD)

ubcarrier spacing

10.9375 kHz

15 kHz (unicast)
7.5 kHz (MBSFN)

OFDMA usable data subcarriers per
10 MHz bandwidth

768 (DL/UL 802.16m)
720 (DL 802.16€)
560 (UL 802.16€)

600 (unicast)
1200 (MBSFN)

OFDMA useful symbol duration

91.43 usec

66.7 usec (unicast)
133.3 usec (MBSFN)

yclic prefix (CP) length

1/16 of a symbol

4.6 usec (unicast)
33.3 usec (MBSFN)

OFDMA symbol duration w/ CP 97.1 usec 71.6 usec (unicast)

166.7 usec (MBSFN)
Frame duration 5 msec 10 msec

(Sub-frame duration is 1 msec.)
Number of OFDMA symbols in frame 51 14 per sub-frame (unicast)

6 per sub-frame (MBSFN)

Number of usable OFDMA symbols in a

50 (if DL:UL=1:1, 25 DL, 25

12 (unicast)

ub-frame for data UL symbols) 6 (MBSFN)
MBS/MBMS control overhead 10% 10%
DL unicast control overhead 11.2% (802.16m) 17%
24.1% (802.16e€)
UL unicast control overhead 9.23% (802.16m) 9% 1 u
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IMT-Advanced Urban macro-cell, with ISD = 500 m, 30 km/hr
50% reserved for video



echnology

3GPP Rel. 10 (LTE
Adv.)

4x2 MU-MIMO
2x10 MHz FDD
WiMAX Rel. 2.0
(802.16m)

4x2 MU-MIMO

20 MHz TDD 1:1
3GPP Rel. 10 (LTE
Adv.)

4x2 MU-MIMO
2x40 MHz FDD
WiMAX Rel. 2.0
(802.16m)

4x2 MU-MIMO

80 MHz TDD 1:1
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The Limits - Unicast

nicast Video nicast Video nicast Video
sers/Sector for sers/Sector for sers/Sector for
R = 384 kbps R =768 kbps
10 6 3
11 6 3
42 21 10
44 22 11
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What is good enough?
Pop. Density: 600-20,000 / km^2
VoIP capacity: 200 – 1,200 / sector
1 video stream = ~42 voice calls
1 YouTube video = ~500k text msgs


** Note: Typical PER for video should be ~1%, so coverage and throughputs are optimistic. 

Technology limitations will impact adoption of new uses…
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Potential research vectors

Video Aware SP
JSCC

PHY/MAC SP
MU-MIMO

Interference Alignment Jynz A-FEC
Processing UEP
revanced FEC [leverage Moore’s SVC

Advanced receivers

Law] Distortion Aware

Resource Allocation
Video pre- and
Post- processing

Het.
Networks

NE1

Arch.
[reduce
distance]

Macro
Micro

isting Sp g Femto
Su)r(c;zg:asts S [~ Cooperative
Cellular System Opt. Multi-hop
WiFi & WPAN Network coding Mesh
New Spectrum Coop. error recovery
TVWS Peer-to-peer : .
Cog. Radios Distortion aware (|nte|
7 routing
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Many of the video aware techniques have been around for a long time, but they have yet to really be realized on a broad scale in the industry
This is not just a technical issue, but also an industry challenge, since it requires moving away from the simple separation of the OSI stack layer to one with greater cooperation both within the devices, across the network, and even with content providers.
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Wireless Network Components

Content
Cloud

Hulu
Netflix
SlingMedia
CBS

CNN

ESPN

«Compress
*‘Snack-size’
«Side-info.

Portal,
Proxy
Server

Move Networks
Ortiva Wireless

*Transcoding
*Adaptive
streaming
*Opt. transport
*Ad insertion
sFast channel
switch

Routers,
Network
servers

Cisco
(Medianet)

*Prioritized
routing
sAdmission
control

*VVQE measure,
management

Property Of Intel Corporation

Base-
Station,
AP

Ericsson,
Huawei

Enhanced
capacity
(LTE/WiMax)
eUnicast
*MBS/MBMS

Client

Apple,
RIM

Encode
Decode
*Broadcast
*HD capable
*HDMI

*EX: LTE+SVC «SW/Apps

testbed
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Video-awareness already being integrated
into many parts of wireless networks

Clearwire video conferencing portal

One challenge:  Today much of this works for purpose-built apps., or where operators have made deals with portals, caching services, etc.
     . How to enable and proliferate open applications that can  leverage video-aware cross-layer features throughout the chain from content sources to client
Can we make the (controversial) statement:
No longer enough to make client-only differentiation:  other platforms will also add h/w codec acceleration, s/w apps., etc. - this is not a sustainable advantage.
Need to work on 'integrating' clients more closely with the network and 'become one‘

Opera
Video in mobile browsers
Video through plug-ins?
HW assist?  Try to optimize for our HW.
Flash accelerator…
HTML 5.0
Don’t get left out of virtuous SW cycle…make sure IA stays relevant


http://images.google.com/imgres?imgurl=http://www.mervisdiamond.com/media/mervis_images/diamond-ipad.jpg&imgrefurl=http://www.mervisdiamond.com/tacori-diamonds&usg=__0k3UgNDUSk1SC7TtP2bhH1uzoW4=&h=810&w=600&sz=383&hl=en&start=40&um=1&itbs=1&tbnid=xdOxZ2FL6_P_DM:&tbnh=144&tbnw=107&prev=/images%3Fq%3Dipad%2Bpicture%26start%3D36%26um%3D1%26hl%3Den%26sa%3DN%26rlz%3D1T4ADFA_enUS351US352%26ndsp%3D18%26tbs%3Disch:1�
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Wireless Network Components

Video Portal,
Content Proxy
Generators Server \

[u]
[m}
0
[m}
[m}
[m}
[m}
[m}
[m}
[m}
[m}
[m}
0
[m}
[m]

OO0O0O00000000000

i\( = Video-aware
processing e

Router

Router

Broadcast cellular

3
&
[/
5

lement

Outdoor Device

Property Of Intel Corporation

A

Z
| Router
Router
Broadband
WIiFi AP
Femto




Video

Intel Confidential

Future Wireless Network Distributed,

Content
Generators Server
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Cooperative and
Interconnected

Clients

Cooperative AC(ASS Networks
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P2P Storage
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Adding Video Awareness to Clients

Wireless Module

RaNSPOREES

\Net\

- | Codec settings
vid Scalable options

Ma Error Concealment
Co
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High-level Overview of H.264 SVC

* 3 dimensions of scalability (all or a subset
may be present Iin a bitstream)

e [emporal Scalability
o Spatial Scalability

e Quality Scalability
 Coarse Grained (CGS)
e Medium Grained (MGS)

f';]'l atial Resolution

e Intel Confidential Property Of Intel Corporation
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H.264 SVC SNR Scalability Example

BUS, 352x288 @ 30fps

 Medium Grain S T — e _
Scalability MGS layer 3 5 |
(MGS) enables R U 2

MGS layer 1 |

extraction of AL AT T N ) 72 —
multiple bit rates | ; = | e

e Bitstreams with
multiple quality

________________________________________________________________________________________________

.......................................................................................

PSNR (dB)

layers enable T S S—
fast rate i) S i : 1
adaptation, e e 1 cos L |
cross-layer /A e o
optimization R I — N | I -
opportunities “' e o) :
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Video Aware Engine Example

Given SNR and H
[MIMO Alamouti STC]

PER ot f(SNR”H” j

D max o f(D(R), EC)

Examble R-D Curve [measured or tables]

Client Optimization
MCS ecrep =argmin D(R)*(1- PER)+D__ *PER

in Client Recommmended MCS and Codec Rate 3
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D(R) could be any cost function
Challenge:  Because R-D characteristic may be imprecisely known:
. video content is non-stationary
. D may available only at a small set of R not matched to PHY rates
. Need to know the 'correct' D(R)  function 

--> performance with D(R) estimation errors needs to be characterized
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WIFI LLS Performance

: Average Recewed SNR (dB)
Goodput-maximizing link adaptation (variable PER)

Property Of Intel Corporation
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WIFI LLS Performance

0 1 Tn MCS Modes with BICKM-CC and 2x2 Alamouti S5TC _
B | — 02 110 MCS Modes with BICKM-CC and 2x2 MIMO SWM-MMSE

Average Recewed SNR (dB)
Goodput-maximizing link adaptation (target PER=1%0)

Property Of Intel Corporation
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WIFI LLS Performance

0 110 MCS Modes with BICK-CC and 2x2 Alamouti STC
02 11 MCS Modes with BICM-CC and 2x2 MIMO Sh-tdhSE

g

10

Average Received SNR (dB)
Distortion-minimizing link adaptation

Property Of Intel Corporation
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WIFI LLS Performance

; - [SNR=13 dB
-¢~~P5MR[dB}m§ ------------- R -

Optimal MCS:
STC-16QAM rate 1/2

m— o odput-maximizing link adaptation
.| m— [ ctortion-minimizing link adaptation

Optimal MCS:
STC- 1EQAM rate 3/4

| Gugdput [hPSIHEl ............ \ ............. D S |

2.i5 3 35
MCS Rate in bps/Hz

Property Of Intel Corporation
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WiIFEI: Impact of ARQ & Rate Scaling

PSNR Cnmparlsnn with ARQ + Rate Scallng

N —Gnndput-maxlmlzlng link adaptatlnn
=== Distortion-minimizing link adaptation
- | = B aseline scheme w/o rate matching

L
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m
=
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prd
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s

L
=
T
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oa
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I
o

14 16 18 200

Average Received SNR (dB)
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Max of 4 re-tries…will increase latency / Rx buffer requirements
Goodput Maximizing Link Adaptation employs ARQ + Rate Scaling: 
Retransmit erroneously received packets with lower MCS.
Rate scaling algorithm reduces MCS by one level at each retransmission. 

Distortion-Aware Link Adaptation employs ARQ only:
No rate scaling required since chosen MCS already ensures low PER. 
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What’'s New w/ ‘JSCC’? Why Now?

Ecosystem (‘Perfect storm?’)

Powerful devices, larger screens, good graphics
Higher capacity wireless networks [good enough]
IPTV and accepted social video usage models

Technology

Running into limits in wireless network improvements

Good scalable video compression (H.264 SVC)
 Enables distributed management of video transport

Improved video quality understanding (visual perception quality
metrics)

Greater meta-data creation for video content (linking linear TV
w/ internet)...can help improve transport?

Improved video processing, more memory in mobile devices
3D, stereoscopic video

Property Of Intel Corporation
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Also submitted a workshop proposal for ICC next year.

Need to work across the ecosystem to pull this off:
content providers, IP backbone  and wireless operators, ISVs, infrastructure OEMs, etc.

Create ‘standard’ or agreed upon interface between components to pass information between applications, radio layers, etc.
Virtualization framework
General cross-layer interface for video.
Repeatable across platforms
Common interfaces
Common QoE metrics
Picture of platform component utilizing radio components (App, radio, ) What’s missing in a OSI stack picture.
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Conclusions

e Video content could dominate future traffic
« Demand could be there if network capacity allows it

» Video characteristics not yet fully exploited
« What information is useful / needed?
« How to make information broadly accessible (in real-time)?
e How to best use this information in a wireless network?
« \What is the benefit / gain?

« Cooperation at many levels needed
« Content, transport, access, cellular, broadcast, etc.

 Intel issuing RFP for ‘Video Aware Wireless Networks’
e Device Optimizations for Video Communications
 End-to-End Video Transmission Optimizations
 Novel System and Network Architectures for Video Delivery
(intel')

21 Property Of Intel Corporation
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Need to work across the ecosystem to pull this off:
content providers, IP backbone  and wireless operators, ISVs, infrastructure OEMs, etc.

Create ‘standard’ or agreed upon interface between components to pass information between applications, radio layers, etc.
Virtualization framework
General cross-layer interface for video.
Repeatable across platforms
Common interfaces
Common QoE metrics
Picture of platform component utilizing radio components (App, radio, ) What’s missing in a OSI stack picture.
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Thanks!

Questions?
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