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DRIVERS and GREEN OPPORTUNITY
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New value-add Services

— Mobile broadband
everyone, everywhere

— Increase revenue
— Reduce Cost

* Climate change issues

— Reduce energy
consumption

— Compliance




Green: Providing “Value” at “"Minimal Energy”

» “Information” is a critical component of value
 ICT networks: ultra energy-efficient in producing and transporting information
» Green is the product of everything we do in the Company
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http://www.greentouch.org/index.php?page=home

GreenTouch GOALS

By 2015, deliver architectures, specifications,
roadmaps, and demonstrate key technologies needed
to increase network energy efficiency by a

1000-fold over current levels

e Global consortium with experts from across industry and
world’s top institutions collaborating in matrix of open-
innovation, establishing roadmaps, listing challenges and
focusing on highest opportunity

* Pre-competitive research that emphasizes clean slate
architectures and out-of-the-box thinking

e Support and Funding from members and Governments

 Ambitious goal in finite period of time
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GreenTouch Focusing on Biggest Wins

GreenTouch™ has established technical working groups to focus on
the activities with the highest estimated potential of improving energy
efficiency in communications networks

Input to Across the
Working Working
Groups Groups there
comes from are More
Services, than
Applications 15
& Trends s, Collaborative
Committee | _ . Projects
| Networking and Underway
on (10X)

Infrastructure & Ideas in place to maximize success
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Energy Efficient Network Architectures

Lower Bound Architecture: Full Mesh - .

« Connect every pair of users with “Shannon- Practical Green Architectures
capacity” fiber  In real networks (mesh in the core, tree at the edges),
dynamically allocate/switch a virtual fiber link between the
two end-points of a transaction, with minimum routing

« Bring antenna as close to user as economically feasible;
design for high antenna gains; opportunistic use of high BW

» Service aware and adaptive network with ultra-low energy
information and content delivery

» Low Power, ultra-high energy efficiency, energy-follows load
components everywhere
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+ Use least amount of switching at CMOS
estimated-limit

« Energy consumption only depends on size of
transaction, not on installed capacity




For Fixed Access [Goal: ~100x]

DSP Platforms
for Wireless

Min. Energy Access Sleep Modes
Architectures Un-cooled Tunable \ Home Network
Lasers \/ i
\((CEE’T ETRI ELH UNIVERSITY OF EA\A% &Jec
¥ CAMBRIDGE e /
' )

401 f[las; []

ic Ideas:

Make a shared transport
medium behave more like a
dedicated one per user
® Very high resolution sleep
modes and energy efficient
protocols
* Dramatic reductions in
processing speeds to
— Reduce computational power at

CPE

— Fault-tolerant computing
¢ Energy efficient node
architecture for NG Access
Node (not GT)

Virtual Home Low Power Novel PON
Gateway OFDM in Optical Protocols; Low Fiber in the
o e | W Access Power Customer Home
o | TN RIA ‘ AT Premises Equipment
Q ok 24 Bell Labs <> Draka
swisscom ;/ l/
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GPON XGPON Roadmap
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18 | Sleepmode
1.6 4 EE HW design
1.4 Long reach
@ OLT/user
_ 127 Virtual HGW B Home gateway processor
o 101 OWireless LAN
§ ' Bl PON DO Wireline Data LAN (Ethernet)
0.8 — HPON digital
@ OE PON
0.6 1 Low power
electronics
0.4
Transparent CPE
0.2
0.0

- Aggressive roadmap for 100x
improvements

- GT-Demo planned for Feb
2012 to show reduction of
> 10X in network termination
power at CPE

2010 2011 2012 2013 2016 2017 2018 2019 2020
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For Green Wireless [Goal: ~1000x]

PST
Internet

pu

Gateway’
(PDG, GGSN) /

Media Server (IMS),

Core Network

Network k Server
(SGSN, HLR)

Analysis Results:

* Green air interface
— Large scale antenn
— Small cells
— Very high BW

Macro-Cell,
with advanced
antennas, MIMO

Multi-Hop
Ad-Hoc

Remote Radio Head

\u/

Base Station
Controller (BSC) Macr B Stt
(Outdoo]

— Hybrid deployment

e Base station hardwa

Access Network

Indoor Coverage
with Femtos

“nghtRadlo is a smart solution to a tough set of

| Relais Node
Micro Cell ;
or WiMAX

Access Point

-

Laptop

Heterogeneous
Access networks

Coverage Extension
with fixed Relais

— High Efficiency RF-
— Renewable Energy
— New Architectures

Access Network

* Network arch.& management

— Smart energy management
— Cloud-computing for signal processing

— Ultra Low-Power Base-Station on a Chip
— Photonic Enablers for RF Systems

Common issues:

* Huge increase in
antenna (and radios)
that have to be
power-smart and
adaptive

« Ultra-low power
quiescent states

« Computational
complexity

- Back-haul

a systems

re

Power Amplifiers
Powering

such as lightRadio™)

LightRadio-Like Elements and

‘.

problems: hlgh enel;?y costs, the exp osion of
video on mobile, and connecting the
unconnected.”

Green Wireless

« As an energy-efficient, scalable and
multi-band radio front-end that
permits shared BB processing,
LightRadio is well aligned with
emerging green wireless
architectures

Ben Verwaayen, CEO of Alcatel-Lucent
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Large Scale MIMO @GreenToucH

Concept

Potentially 100x increase in
wireless energy efficiency
through selective beam- Jon | o
forming, in highly cluttered \ -
environments, using base- 1
stations with hundreds of
antenna

- T

Challenges

« Base-station design
» Acquiring CSI, calibration,
etc.

« Total power reduction
« New standards

Collaborators
« Bell Labs

e Freescale

e Orange

e Huawei
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Ingredients for Collaborative Global Innovation

e Strong value proposition
that clearly demonstrates
need for global partnership

e Top leadership support

e Organization that
facilitates progress

e Ambitious milestones and
continuous results

e Funding
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BACKUP
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THE CASE FOR GREENTOUCH™ |L3bs ana|y5I5m

Traffic is growing

Traffic (Tb/s)
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Year

jnnovation is slowing

Fiber Transmission Research Records
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e 10,000 times more efficient

Networks canb
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Trending Shows That Despite Increasing
Efficiency, Energy/User in Network is Rising

e Can we change this trend?
eWhat is the best we can do?

Fixed Access WDM
1004 Mobile Routing & Sw .
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GreenTouch'"- GOAL

Environmentally and Economically Sound

Green Services

Growth
Increase

Total Traffic Delivered to User
Total Power per User

Network Efficiency =

Reduced
Carbon
Footprint




@ GreenTouch

Intellectual Property Sharing Framework

* Foreground (new) IP — ownership
decided between parties
participating in GreenTouch
Research

* Foreground IP licensed to active
GreenTouch Members royalty free
for GreenTouch Research only

» Obligation to license Foreground
IP for non-GreenTouch Research
purposes




Ingredients for Collaborative Global Innovation

e Strong value proposition
that clearly demonstrates
need for global partnership

e Top leadership support

e Organization that
facilitates progress

e Ambitious milestones and
continuous results

e Funding



