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Thinking of Compelling Scenarios

Smart Smart & Global Resources, ] Ubiquitous
Homes Transportation Local Care Clients + Cloud Coverage

What technologies you need to create to make these scenarios real? What
Govt. policies will enable you to move forward and make the breakthroughs?



The Potential of Connected Services

Worldwide Internet Penetration < 20%

Worldwide, Internet and broadband use are concentrated in Asia-Pacific, Europe, and North America
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Source: Pyramid Research, April 2006. Internet use may include access via devices other than PCs.



New Computing Cycle Characteristics

Reduce Usage Friction Via Better Processing Power + Improved User Interface +
Smaller Form Factor + Lower Prices + Expanded Services = 10x More Devices
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Fact: Usage is Going up!

ereless use is on the rise
56% of Americans have accessed Internet via wireless networks

39% of adults access it through wireless laptop; 1/3' of all Americans through
cell phones & SmartPhones; 1/5" of Americans access Internet everyday via
a mobile device (

Consumption of data per user

Social networking (e.g. micro-blogging), multimedia downloads (e.g. Hulu,
YouTube), Gaming (e.g. Xbox Live), 2D video conferencing (e.g. Windows
Live), file sharing & collaboration (e.g. SharePoint), Cloud Storage (e.g.
Azure), €

NextGen Applications at Microsoft Research

Immersive video conferencing, 3D Telemedicine, Virtual immersive
classrooms, Remote health monitoring,, Augmented reality, Memory
assistance, Natur al gesture comput.i

n



3G WAN throughput & Latency

not enough for next generation applications
http://www.eecs.umich.edu/3gtest
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NTT docomo (Japan) Data Traffic Growing at +54% CAGR,

Video Driving Rapid Growth in Mobile Internet Traffic
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AT&T: Give Us Spectrum, Not
Rules

CTIA 800 MHz of more spectrum needed to meet
mm,.._,m.w capacity needs

C FCC warns of mobile’s looming spectrum crisis

Predicted jump in wireless traffic will require more bandwidth for devices




Fact: Capacity is Finite!

® Shannonos limdtewwhatastaghievable
Limit set by thermal noise (~20 dB) ; SNR is a function of B

® Engineering innovations help
Turbo coding is within a few dBs of the Shannon limit

MIMO & Cooperative MIMO still has issues

A Antennas placement & size is an issue AND Shannon limit still holds
A Greater Processing = battery drain

Network coding
Depends heavily on traffic patterns

Receiver sensitivity Is already quite good (also expensive)

MAC and transport protocols (TCP) are wireless aware,
aTeTFemiocell  LIMIted iImprovement possible

Reduce cell size & increase spatial reuse

Network management headaches (interference, channel collisions etc.)
Expensive




What can we do?

Extract greater juice, push new network architectures

Fatten the pipes - open up additional spectrum
Brazil

A mix of licensed and unlicensed spectrum
Set policies & rules that lead to world-wide
harmonization

Promote secondary market place
Fairness? Engineering?
But can be a win-win situation

Promote opportunistic and dynamic spectrum access
technologies



Opportunlstlc Use
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Power

Frequency

¢ Sense the spectral environment over a wide bandwidth
¢ Transmiti n AWhi te Spaceo
¢ Detect Iif primary user appears

¢ Move to new white space
¢ Adapt bandwidth and power levels to meet requirements



Thinking Boldly....

The concept of fixed frequency spectrum allocation has
become fundamentally flawed
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We must exploit wireless communication strategies that
exploit the time, space and frequency degrees of freedom

Exploiting these new approaches could allow essentially
Aunl i mited capacityo
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White space data networking is the first
main-stream manifestation of an

network. It has captured the imagination of
theworld-1 et 0s get 1t



US White Spaces

Unused VHF & UHF Television Frequencies
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™ interface
devices, e.qg. WVCR,
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In the US, primarily the upper UHF "700-megahertz" band, covering
television frequencies between 698 to 806 MHz (TV channels 52 to 69)



FCC ADOPTS RULES FOR UNLICENSED USE OF
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Business Local business

FCC 'white space' decision will open up
unused bandwidth; could bring high-speed
Internet to rural areas




