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30 year veteran network engineer in fundamental tec  hnolgies
1984: Ethernet over UTP
1990: Wi-Fi architecture
2002: Ultra -Wideband
Joined ITIF in 2009
Internet Policy
Telecom
Advise European Commission and Singapore
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The Mobile Internet Marks a New Era in Networking
Biggest development in networking since the cell ph
Will cause a redesign of the Internet
Brings in new type of applications
Requires new regulatory paradigms
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The Mobile Internet Marks a New Era in Networking
Biggest development in networking since the cell phone
Will cause a redesign of the Internet
Brings in new type of applications
Requires new regulatory paradigms

The Traditional Internet (the Web) is Fading
Web assumptions about users and devices are out-of-date
New applications require a new User Interface
The real-time experience replaces canned content

Advances in Many Areas Will Drive the Transition
Technical Advances in Networks, Software, and Hardw  are
Policy Advances in Spectrum, Competition, Privacy, Rights
Business Model Advances Beyond Ads and Subscription S
The Major Input is Raw Spectrum
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Wireless device traffic will exceed wired traffic by 2015.
Wired devices will account for 46 percent of IP traffic
Wi-Fi and mobile devices will account for 54 percent

26 Times increase in mobile data traffic from 2010-15
CAGR of 92 percent
6.3 exabytes per month wireless traffic by 2015
3 Times faster than fixed IP traffic growth

Source: Cisco Visual Networking Index, 2011
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Mobile Broadband Networks
3G/LTE/LTE Advanced at the Edge
Fiber in the Core
Interconnected to Legacy Networks

Mobile Applications
Rich Media, Social Communication
Augmented Reality
Driven by Voice and Vision

Cloud Computing Resources
Battery power constraints drive processing tasks to the core
Not an “end-to-end” System

The Mobile Internet is the Internet Reinvented
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GHNU Operating System - Free Software Foundation (F3F)

FSF | ESE Europe | ESF India Translations of this page
| GNU Operating System - Free Software Foundation

- This i< a new vergion of the MexiStep WaorldWideWeb application with
the libWWW library. Bug reports to limsl@info.cem.ch, quoting tha
Welcome to the GNU Projectweh server, wyww.gniLong. The GHU varsion information ahove. Check the list of knowmn bugs in theweh
Ergject was launched in 1984 to develop a complete UNIX style operating tag.

systemwhich it frae coftware: the GMU system, (GMU is arecursive
acronym for &dquo;GHU’ Mot UNIX&rdgun;; itis pronounced This wras the original prototype for the World-Wide Web. Many
&ldguo;gun-noo.&rdguo;) Variants of the GNU oparating system, which browers for other platforms now exist (Read the web for detalls). Ater
use the kemel Linus, are now widely used; though these systems are many years lying fallow, this application has now sprouted images

often referred to as &ldgquo;Linux, &rdquo; they are more accurately called  J|3Nd nested HTML elemants and things. If you have an Intamet
GMNLAL NS Sustems. 9 sl 4 Y connection, then using "Help® under the Info menu will tell you all

aboutthis application. If you den't have an internet connection - gel
This is also the web site of the Free Software Foundsation (FSF), FSF is onel 1)

Ime principal organizaional sponsor of the GNU Project F3F receives
viery litle funding from corporations or grant-making foundations. We rely If you want to be able o read news, you should set the name of your
an suppert from individuals like you who support FSF's mission to |local news server in the preferences.

preserve, protact and promote the freadom 1o use, study, copy, modify,

and redistribute computer software, and to defend the rights of Frae

.
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Classical Internet

E-mall, telnet, ftp
Today’s Internet

Web, Skype, Netflix
Two Elements of the Web

Gopher

NeXTStep
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Communication

Telepresence N Video Chat
Stationary ®» Mobile
Web M Augmented Reality

Content
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Source: Wired Magazine
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Mobile Internet Values Communication over Content
Teleconferencing and Telepresence
Virtual Reality Gaming
Social Sharing apps such as Facebook and more
Mobile Apps: Augmented Reality, Location, Commerce
Automation Apps: Smart Home, Smart Grid, Smart Roads
This is Good; People Value Communication over Content

Telegraph, Telephone, and Broadband are Communication
Networks, not Publishing Systems

Web Content is an Invitation to Communicate
The Web is Not “The Internet” or a Destination

Struggles between Categories of Apps (e. g., P2P vs. Skype)
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Increasingly Aggregated, Filtered, and Managed
This presents it in context to people on the move
Continues to Build on Hypertext as Web built on its predecessors
Ted Nelson’s Project Xanadu from the 1960s
Vannevar Bush’s Memex from the 1940s
Pierre Teilhard de Chardin’s Noosphere of the 1920s
Cloud Uses Artificial Intelligence to Contextualize Databases
Apps that Match Interests to Experiences
The Netflix Challenge: Find Shows We'll Like
Apple’s Siri Digital Assistant
Content becomes Dynamic
Static Content + Processing = Dynamic Content
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Use your voice to send
messages, set reminders,
search for information,
and more.

& On May 19 remind me
it"s dad's birthday #*

I I~;-l-.'-":'5- your reminder for May
19, 2012 at 9 am;

"I 9 Satlurday
May 2012
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Network Communication is Sensory Extension:
We Extend the Eyes via Video Cameras
We Extend the Ears via Microphones
Sensory Extension Enables New Forms of Interaction
Tactile Feedback Enables Action at Distance
Group Communication Becomes Common
Emergence of the Social Layer
E-Learning, Remote Lectures, Virtual Conferences and Parties
“Internet of Things” in the Home, Cars, and Utility Grids
Every Microprocessor is an Opportunity to Network
Merging of Robotics and Telecommunications
More Commerce, Much of it Lightweight

New Forms of Entertainment
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Projected U.S. Sales of WWAN
Embedded Portable CE Devices ~60M
(in millions)

~1.7M

2008 2009 2010 2011 2012 2013 2014

m Digital Still Camera (DSC) m Portable Media Player MP3/4 (PMP)

® Portable Nav Device (PND) m E-Book Reader (EBR)

m Mobile Internet Device (MID m Tablets Source:
» Methook » Notebook AT&T

= Portable Games Console (PGC)

THE INFORMATION TECHMNOLOGY & INNOVATION FOUNDATION 19



2 )

Internet of the Past was Largely Self-Referential
Google Indexes the Web
Web Sites Refer to Web Sites
A World of Documents

Internet of the Future Refers to the External World
Project The Person into the Computation Space
Overlay Physical Space with Virtual Space
A World of People and Things

THE INFORMATION TECHMNOLOGY & INNOVATION FOUNDATION

20



= 3- 4 5/ 4

35 synchronized HD video

cameras
19.4 Mbps per camera
679 Mbps without

compression

Resolves to a 2D image for

today’s TV j A8 FROM CHICAGO

O EURRRERREE 8:00 ET

15

-
41,10 46‘

1| CNN'S JESSICA YELLIN VIA HOLOGRAM I.IVE

RACE T0 270 MCCAIN
oemn
o -

Source: CNN

THE INFORMATION TECHMNOLOGY & INNOVATION FOUNDATION

21



Robotic Surgery for Prostate Cancer is 10 years old
Removes the prostate without loss of function
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In Testing Since August, 2010
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YOU'RE 6
THEN LAS

Z ATHLETE

COUCH POTATO
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Many New Network Users are llliterate
Impractical to Read Text in Motion
Interpersonal Needs Visual Cues
Voice and Sound as Input and Output

Sensory Projection
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Smart Vision by
Laster Technologies

9 ?
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Heads-Up Display Projected by Contact Lens
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As Profound Than the Content vs. Communication Split
Generic Apps can be Written to the Mobile Standard
Bandwidth-Adaptive Apps will be the Norm

Don’t Expect Uniformity

For More Detailed Taxonomy, see: “Facts of Life” at itif.org
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LTE: All IP Mobile

High Bandwidth

Must Adapt and Survive
Constant Improvement
Design for Sustainability
Hybrid Architectures

Invest, Invest, Invest
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Barriers need to be overcome

Technologists address the efficiency issues
Ripe area for progress

Regulators address the allocation issues

Long overdue for reform
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Allocation by Application is Over
Receiver Standards are Key

The Primary Value of Wireless is Mobility
Continuing to Allocate to Stationary Apps like TV is a Loser
Satellite has Very Limited Utility After All

Market-Based Mechanisms Constrained by Regulatory Framework
Neither Purely Administrative or Purely Free
Secondary Use and Trading by License

Developments in Dynamic Spectrum Allocation are Interesting
Will Play a Big Role in the Future

Will not Preserve the Web as Some Hope
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What Financing Model Provides the Best Networks?
Publicly-funded Physical Layer?
Multiple Privately-funded Networks?
What are the Requirements of the Next Generation?
Constant Improvement in All Dimensions:
Price/Performance, Reliability, and Coverage
Flexibility to Adapt to New Patterns and Forms of Usage
Richer Function to Solve Higher-Order Problems
Security, Privacy, Attribution

Dynamic Networks, Not Static Design Points
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The Internet is Growing a Social Layer
Always On, Multiply-Connected Model
Broad Interaction, Weak Social Ties
Arab Spring Not Going as Expected

Opportunities for “Serendipity”

Creation of New Norms of Conduct
ldentity and Anonymity

Privacy and Security

Ad Models vs. Subscription Models
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LTE Requires more Spectrum
Reassignment from TV and Satellite to Broadband
Fatter Channels and More Dense Tower Structure
Flexible Use and Dynamic Spectrum Access Needed
IPv6 Transition is Important
IPv4 Behind NAT doesn’t support Peer-to-Peer Well
Internet as we know it is a series of work-arounds
Internet Architecture is Incomplete
Routing Table Growth is Vexing
Security is a Muddle

Premium Transport is unresolved
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85% Occupancy is Severe Overload
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What are the Roles of Wireline and Mobile Network Norms?
End-to-End and Stupid Network Aren’t Really Important
Network Neutrality is an Empty Slogan with no Real Value

What Models of Financing and Governance will Emerge?
Current Trend toward Consolidation Not Healthy

Can Internet Architecture and the multi-stakeholder model deal
with criminals and other malicious users?

ISOC Only Sees the Good
ITU is Still Clueless
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~50% of Network Traffic is Piracy and Porn
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Network Efficiency is Important
Sloppy Network Utilization is Too Expensive
Information Management is Key
Too Much Personal Information to Publish Willy-Nilly
We Can'’t Fully Anticipate the Future
Holding on to Traditions of Telecom and Internet Won'’t Do
Raw Spectrum is Vital Input
There is no Substitute
(More) Dynamic Reassignment is Needed

Technology and Policy Both Have Roles to Play
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