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IN THE FUTURE
EVERYTHING THAT COMPUTES

CONNECTS




LET'S SEE.. . YOUD
NEED TO SLOW THE
SPEED OF LIGHT, AND
PERFECT THE ART

OF HUMAN CLONING. ..

SO ELTIMINATE

THERE'S GRAVITY,

HOPE? STOP THE
SUN, RE-
ANIMATE
THE DEAD. ..

DOES MY LATEST
ASSTGNMENT LOOK
IMPOSSIBLE?
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It's an
ANALOG WORLD:!

Analog is how we interact with the real world -
but the technology favors digital




The Trouble with Analog

ANALOG —> AW~ ANALOG
RF DESIGN T LYV — Inductors,

Size: 100s of pm OpAmps... DIGITAL
- Does not scale well w/ CMOS
- Requires mature process J
CMOS
Process Shrink
T = :3)_ IVEIRERS \ |
DIGITAL oo N Cates
DESIGN Size: 10s of nm Latches... DIGITAL
- Better/smaller every CMOS generation J

While digital blocks continue to shrink, analog hardly shrinks at all



AT Communication is All Math
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Mathematical systems diagram of baseband radio transmission
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Traditional Analog Radio Design
A mix of passive and active analog devices

Traditional Analog Receiver

Front-End
— Module
Baseband 10-Bit Channel I A
ADC Select Filter \'
Analog-to-Digital Variable Gain Low-Noise
Converter (ADC) Amplifier (VGA) Amplifier (LNA)
= "c,.' r]‘.—)rj_j.-lf“ @ TX/RX
En nthesizer ]
Traditional Analog Transmitter 24 Switch

~
10-bit Analog \ ~
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Mixer Pre-PA

Digital-to-Analog Variable Gain Amplifier (PA)

Converter (DAC) Amplifier (VGA)



Vision for a Digital Radio
Exploiting the Computational Nature of Radio

Digital Receiver

CENELED I_Jigit_al
Filtering

B> o<

Digital Digital Local
Frequency Oscillator
Synthesizer Generatlon TX/RX

Switch

Digital Transmitter

Digital
Processing:
CORDIC, Filters

Digital
Phase
Modulator




Paving the Path to a

DIGITAL RADIO

{  RECEIVER / TRANSMITTER

Digital RF Power
Amplifier

Sigma Delta ADC




Paving the Path to a

DIGITAL RADIO

{  RECEIVER / TRANSMITTER

Digital RF Power
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EXEIT\D'E of , Area: 1.2mm2
Bringing the Benefits E — |
of Moore's Law
to Radio

Power: SOmw

Area; 0.3mm=
Power: 21mw
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Paving the Path to a

DIGITAL RADIO

{  RECEIVER / TRANSMITTER

Digital RF Power
Amplifier

Sigma Delta ADC
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MOORE'S LAW RADIO
Digital RF Wi-Fi Transceiver

 First complete Wi-Fi digital radio
 With full 40MHz Wi-Fi bandwidth
 Built on Intel 32nm technology

» State-of-the-art power efficiency
- Performance improves with CMOS scaling




MOORE'S LAW
RADIO
DEMONSTRATION



http://peach.blender.org/wp-content/uploads/its-a-trap.png

DDR3 Interface
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ATOWM Core 2

ROSEPOINT:

Experimental 32nm SoC
with WiFi transceiver and
two Intel® Atom™ cores

on the same die
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Instant Wireless Sync Wireless Docking
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Wireless Display




Member Companies of the Wireless Gigabit Alliance
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Wireless Docking with WiGig




Convenience vs. Battery Life

Does always-on and always-connected
mean always recharging, too?



First Example of Always-0On, Always-Connected PC
Intel® Smart Connect Technology

Appearance of constantly
updated content Wh||ejthe ﬂ
system is asleep!” ‘,.f

Gives Ultrabooks same functionality that's standard in phones & tablets
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Improving the Efficiency of
ALWAYS-ON, ALWAYS-CONNECTED

» Wireless interfaces frequently
= \wake CPU to process traffic

» Large percentage of incoming
traffic can be ignored

~ - Erratic traffic arrival times
/-~ prevent extended idle




SPRING MEADOW TECHNOLOGY

Always-0n, Always-Connected Without Compromise
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Mobile and Video Traffic Are Exploding

Mobile Data and Internet Traffic Global Consumer Internet Traffic
2011-2016 2011-2016
(PB per Month) (PB per Month) "
12,000 90,000 S O

Gaming

21%

File Sharing

10,000

32 <

23%

Web/Data

55%

Internet
Video

3 2014 2015 2016

2012 20

Source: Cisco VNI Global Forecast. 2011 -2016
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Video Aware Wireless Networks (VAWN)

An Industry/University Research Collaboration

P : : Video QoE
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Example of
Content-Aware

Video Adaptation
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Example of
Content-Aware

Video Adaptation
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MORE
VIDEO STREAMS

AND
HIGH QUALITY OF
EXPERIENCE



EASE OF USE
S
INCREASED SECURITY?



Director of Security Research
Intel Labs
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Challenges of
MOBILE USER AUTHENTICATION
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Too Many, Too Complex Frequently Entering
Passwords Passwords is Painful

User name:

LA
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Password: 3
(GMail Drive Login - ver 1.0.10 \ '\
G |
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Usemame:
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Do We Have to Sacrifice Ease-of-Use for Security?



First Step to Improve Ease-of:Use:
Replace Passwords With

BIOMETRICS




Secure Wireless Communications with Intel Labs’

CLIENT-BASED AUTHENTICATION TECHNOLOGY




Secure Wireless Communications with Intel Labs’

CLIENT-BASED AUTHENTICATION TECHNOLOGY

Service Providers

Remote Attestatlon

-SECURE AS

‘ Email

Social
Network




Secure Wireless Communications with Intel Labs’

CLIENT-BASED AUTHENTICATION TECHNOLOGY

Service Providers

Remote Attestation Attestatlon

é”i # SECUREASS

Local ‘Multi- factor
UserIAuthentlcatlon

Monitors User
Presence

Social
Network

. Email




Example Biometric Sensor for

AUTHENTICATION

PalmSecure

Authenticates an Individual by Recognizing Unique Palm Vein Patterns

Photos used with permission from Fujitsu* Limited
Other brands and names may be claimed as the property of others.



GREAT EASE-OF-USE
AND

IMPROVED SECURITY



Building the Next Generation
Wireless Infrastructure



At IDF 2011:

We Demonstrated an LTE Base Station on
a PC Using a Software-Defined Radio
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Challenges of Traditional
RADIO ACCESS NETWORKS

4 OPEX Over 7 years Channel h

Transmission
15%

Basestation

Cost
Structure

Power |
. Office
Consumption &%

\(

/
N

Gt Traffic

N

Interference
with Dense
Deployment

Explosive Mobile
rmene  [Aternet Traffic

v

Source: C-RAN White Paper, version 2.5, China Mobile Research Institute, 2011
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Tomorrow's Cloud Radio Access Network (C-RAN)
A Research Collaboration Between Intel and China Mobile

Centralized processing resource pool )
that can support 10~1000 cell towers = Centralized

with software defined radio

Multi-cell joint scheduling Collaboration

o A
and processing

Consolidate processing on standard
server hardware Cloud

Multi-standard and easy migration

Less power consuming
Clean

Lower OPEX
Faster system roll-out




Benefits of
C-RAN vs Traditional RAN

Lower CAPEX and OPEX

Save up to 15% CAPEX and 50% OPEX compared to
distributed BTS 3G network™

OPEX QOver 7 years

),
Faster System Roll Out
Due to simpler remote radio site, system roll out can
save up to 1/3 the time* /
Lower Energy Consumption
Save up to /1% of power compared to traditional
RAN system™ )

Source;: C-RAN: the Road Towards Green Radio Access Network, Bill Huang, Joint NGMN-GSMA Conference, Mobile World Conference 2012



Connecting the Future with

RESEARCH THAT MATTERS

Bringing the Benefits of Improving System Simplifying Broadband
Moore's Law to Radio Efficiency of Wireless Wireless Infrastructure




Intel: All About Using Moore’s Law to Deliver
Outstanding Experiences Across the Continuum
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Reinventing Computing:
From Datacenter to Devices
Dadi Perlmutter

DAY 2
Security and Services
in an Age of

Transparent Computing
RCEENEINES

DAY 3
Connecting the Future:

It's a Wireless World
Justin Rattner
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