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Power Consumption of the Global Internet
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Inside the Network @ GreenTouch
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Energy per Bit in Key Equipment @Greenmucﬁ
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Router Energy Consumption Trends

Router Energy Efficiency
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Internet Traffic Growth Trends @ GreenTouch
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Data Centers and Content Servers
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Network Energy per User Bit @Greenmucﬁ_
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Gap Between Theory and Practice

104
Current
10T A:}CGSS Trends
2 /
= 10-6 i M
0 — and Switchgg
2 107} \ . )
3 Transport —
CTJ 108}
c
iJ B >x 10%
= 107} Switches Lower
5 — J Boynds
o 1010F e~ T~
zZ = = )
101} Transport ' -
Global Network |
10-12 : . .
2010 2015 2020 2025
Year

Source: Tucker, JSTQE 2011



GreenTouch Mission GreenTouch

By 2015, our goal is to deliver the architecture, specifications and roadmap

— and demonstrate key components and technologies —needed to
Increase network energy efficiency by a factor of 1000 from current levels.
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* Global research consortium
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Some Research Projects GreenTouch
\

Beyond Cellular - Green Mobile Networks =g
Virtual Home Gateway sw&om
Optimal End-to-End Resource Allocation

Service Energy Aware Optical Networks s o e
Green Transmission Technologies )
Mini E A Architect (fH - 2ot
iInimum Energy Access Architectures (ceer--. Projects

Bell Labs

Single-Chip Linecards
Large-Scale Antenna Systems
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Highly-Adaptive Layer Mesh Networks BellLabs
Massive MIMO <=
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Power Consumption of Wireless Access
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Green Wireless Opportunities (1) @GreenToucH-

Deployment:
Relays Nodes Multi RAT Heterogeneous Networks
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Network Management:
BS cooperation, Adaptive NW configuration

Traffic
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Multi-Antenna Techniques:
Reconfigurable antennas, Beam forming, Spatial multiplexing




Green Wireless Opportunities (2) @Greenmucﬁ-

Radio Resource Management:

Energy efficient scheduling, Sleep modes, Bandwidth Adaptation
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Some Specific Router Limitations (@) GreenTouch
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Efficient Switching and Routing @Greenmucﬁ_

SCORPION: SILICON PHOTONIC INTERCONNECT AND
SINGLE CHIP LINECARD
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(@) GreenTouch
SEASON: “
SERVICE ENERGY AWARE SUSTAINABLE OPTICAL NETWORKS
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OPERA: @ GreenTouch
OPTIMAL END TO END RESOURCE ALLOCATION
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REPTILE: @ GreenTouch
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Wireline Access Networks (@) GreenTouch
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Wireline Access Networks (@) GreenTouch
Bit-Interleaved PON
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Status of GreenTouch

= QOver 15 research programs and 25 research projects
e Wireless and mobile communications u.mm
- Wireline access i 8
e Core networks and optical transmission
e Services, applications and trends

= New approaches being taken:
e Devices and low power electronics / photonics
e Architectures, algorithms and protocols
* “Power-follows-load” intelligent management
e Service and energy optimized networks

= Two major public demonstrations in wireless and fiber-to-
the-home technologies R

10.0

= Establishing and defining common reference architecture
and roadmap with strategic research directions
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= New members are welcome!
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