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Vision: Seamless Connectivity

Effortless connectivity: Anywhere, Anytime, Anything



Challenge

Outdated service models and ecosystem fragmentation

Regulation, Network, Service, Interface, é



STATUS & CHALLENGES 
WITH MOBILE BROADBAND



Mobile Internet Status Quo

According to Screen Digest,  ñLess than 

9 percent of 186 million people with 3G 

phone service have mobile broadband. 

Those who do have it paid ú3.6 billion, 

or $5.1 billion, to operators in 2008. 

That was just 6.8 percent of operatorsô 

total revenue from data and less than 1 

percent of overall revenueò.

Mobile Broadband was less than 7% of 

Global operators data revenues in 2008



What is slowing Mobile Internet?

ÇThere is pent up demand for mobile internet, 
but there are inhibiting factors:

ÇMost mobile operators do not have the spectrum or 
the infrastructure to support broadband

ÇService plans are not affordable and consumers do 
NOT understand the cellular data usage model

ÇCellular value chain is not friendly to retail device 
model

ÇEven American and European consumers cannot 
afford 3G for broadband, let alone India, Russia or 
Brazil.



WHY IS THE CELLULAR 

INDUSTRY NOT MOTIVATED?



Mobile Voice

10-50 Kbps

$10-$50 ARPU

x100

1-5 Mbps

$10 - $30 ARPU

Mobile Internet



Mobile Internet requires a revolution in business model:

x100 improvement in cost-per-bit and revenue

Mobile Internet Dilemma



WHAT NEEDS TO BE DONE?



Ingredients for Mobile Internet Success

ubiquitous

connectivity

affordable flat-rate

charge & flexible

plans

device retail

model

simple roaming

true internet 

not

mini-internets

open PC-like

mobile devices

low-cost/low 

power mobile PCs

low cost modems



WhyMAX?

Å2.3 GHz and higher is the sweet spot for 4Gspectrum
ÅTDD: same coverage, better MIMO 

performance, more flexible, less expensiveduplexing

ÅAt least 3 times better than 3G (HSPA)cost per bit
ÅSub $50 in low volume-will reach WiFi

pricingdevice cost
ÅNon-operator certification model, Embedded 

PC happening, Taiwan effect, CE to followretail model
ÅAvailable now with a realistic roadmap driven 

by mobile internet  requirementstiming

ÅOFDMA/MIMO radios and all IP networktechnology



Mobile WiMAXÊ 2.0 (802.16m)
350+ Mbps

· Fully backward compatible to WiMAX 1.0 (IEEE 802.16e)

· Targeted for Standards Completion in May 2010

· Peak sector downlink throughput over 350+ Mbps*

· TDD & FDD support

· Multi-carrier support; BW of up to 100 MHz (over 1 Gbps)

· Increased VoIP capacity

· Even lower link access latencies

· Enhanced coverage

· Enhanced multi-radio coexistence and inter-technology handover

· Self-organizing base stations

· Increased mobility: Up to 350 km/hr*

*  Note: Actual mobility & throughput depends on environmental conditions and Service Provider 
provisioning.  Peak sector throughput calculated using 20 MHz for DL .



IEEE 802.16m Backward Compatibility

.16m able to disable legacy support for e

802.16e/802.16m Mixed

Å Operate on the same RF carrier with 

same/different BW (a)

Å Support a mix of 16e & 16m MS 

on same RF carrier  (c and e)

Å .16e MS same performance as16e BS 

(b=c)

Å .16m BS  support handover of .16e 

MS to/from.16e BS (b ăĄ c)

Å .16m MS  operate with 

.16e BS with same performance as

.16e MS (b=d)

802.16e BS 802.16m BS

802.16e 

MS
802.16m 

MS

a

b

c d

e
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Final Proposal

Sept ô09*

*System Requirements and Evaluation Methodology, System Description, IMT-Advanced Proposal 

Documents may be further updated based on ITU output (shown by dotted lines).

ITU based potential updates

Refinements
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ITU-R WP5D
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Amendment Feature Complete. 

EC Conditional Approval  for SB. 

Amendment Ready for 

Industry Release. 

RevCom submission

EC Conditional Approval for 

RevCom submission 



TRENDS IN USAGE AND 
APPLICATIONS



Long Tail Phenomenon: Personalization and 
Diversification of Usage and Content

Ever increasing Diversity:

Devices, Customers, Needs, Content

www.longtail.com

20 - 40% demand in long 
tail, e.g. Amazon, 
iTunes, Netflix

www.longtail.com

20 - 40% demand in long 
tail, e.g. Amazon, 
iTunes, Netflix



Mobile Times

Problem Description

·Industry has focused on applications and 

their users and locations, not on temporal 

usage 

·We used ethnographic and data-mining 

techniques to identify temporal usage 

patterns in everyday life, creating new 

opportunities for mobile technologies

Research Activities

·New concept plastic time describes the 

temporality that the middle class around the 

world lives in, leading to distracted computing

·Conducted fieldwork and collected usage 

data for 4 form factors: notebooks, netbooks, 

MIDs and smart phones

·Data revealed usage sessions are short,  

longest on notebooks where average session 

length is < 5 minutes for 55% of the time and 

is <30 minutes for 93% of the time

Distracted Computing

Distracted by and from real world activities



Context Awareness
Everyday Sensing and Perception

Problem 

Computers know little about their users beyond 

what the users type in explicitly

Goal

Build a system that can implicitly understand 90% 

of your day with 90% accuracy

ïLocation, interaction, activity

Research

·Accurate with high coverage

ïFuse multiple sensors and perspectives

ïAdapt as you go

·Fast and efficient

ïHighly parallel perception

ïAdaptive, power-aware scheduling

·Enable rich user experience

ïMobile life assistance

ïEducation & social coordination

ESP Camera

Where are you?

Who are you talking to?

What are you doing?



Mobile Augmented Reality
Using the world as a hyper-link

Problem

Å Provide real-time access to 
information through mobile clients 
using an intuitive UI and image 
recognition to minimize user 
interaction. 

Å Enable capabilities that allow 
augmenting live experience with 
on-line information based on 
location, orientation, and pictures 
taken with the built in camera.

Research

· Complete end-end system 
prototype including algorithms, 
client-server partitioning, and large 
backend data base.

· Constraint-based image matching  
using context information.

· Efficient indexing algorithms to 
handle large image data bases (of 
millions of images).

MAR prototype uses GPS 

data and live camera input 

to correctly recognize a 

landmark, augment live 

video with a thumbnail and 

text from Wikipedia page 

about it.

Orientation sensor is used to 

pin a clickable icon to the 

object location in image and 

direction as virtual 

bookmark.

Image matching results using key points, and mobile device prototype



SELECTED WIRELESS 
RESEARCH TOPICS AT INTEL



Mobile video services

Problem

ÅVideo content will dominate future network 
traffic, new usages emerging: video 
conferencing, mobile TV, video twitter, live 
video pod-casing, live video shareé

ÅWireless networks lack the capacity for new 
usages

ÅQuality must scale on multiple devices: VGA 
to HD to 3D

Research

ÅInnovation at PHY & MAC layer is not 
sufficient ïneed to expand to cross-layer 
optimizations

ī Joint source-channel coding

īApplication layer FEC (Raptor codes)

īScalable video compression

īHeterogeneous networking (broadcast, 
WiMax, cellular, WiFi, cognitive radio / 
TVWS)

· Focus on end-to-end optimization

Ciscoôs take on 4G: Itôs all about Video

SlingBox iPhone fiasco 
shows AT&T's network strains

Huge Rise in Mobile TV and Mobile 
Video Usage Predicted by 2010



Making the 4G Pipe Smart

Problem

·Open Mobile Internet apps have widely 
varying requirements
ï Latency: VoIP, Skype

ï Throughput: YouTube, media upload

·Traditional QoS mechanisms are 
constrained by resource and cost

·New service models need to be enabled 

Research

·Enable cognition through cross-layer 
awareness/optimization

·User experience driven radio optimization

·Prediction based app/radio adaptation

·Enabling multi-party resource and 
revenue sharing

Best Effort

Internet 

Applications

4G Client

IP

TCP UDP

Operatorôs

Applications
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Advanced Network Topologies

Problem

·Broadband traffic is growing exponentially due to new 

devices such as iPhone, netbooks

·Todayôs cellular networks cannot meet traffic demand 

at reasonable cost

·Expecting fundamental shift in Network Deployments 

with emergence of hierarchical cell architectures using 

new low cost network elements

Research

·Multi-tier topology: overlay multiple tiers (macro-

micro-pico-femto cells) that share common spectrum

·Heterogeneous topology: utilize lower tier unlicensed 

bands to improve capacity

·P2P topology: clients participate in network to relay 

signals or to provide low cost access

Hierarchical Cells

New Network Elements



Trustworthy Wireless

Problem

ÅWireless device users have little 
knowledge of and control over how 
their personal information is exposed 
via network communications

Research

ÅStudies, e.g., Privacy Ticker, of 
information leaks and user 
awareness in practice

ÅTechnologies, e.g., Privacy Scope, 
to discover leaks via analysis of the 
applications we use

ÅProtocols, e.g., SlyFi, the do a better 
job at concealing personal 
information in the first place

Increasingly personal, 

increasingly exposed


