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Heterogeneous Wireless Networks

Significant
contributions
to social
progress and
economic
growth
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Heterogeneous Wireless Networks

¥ Overlapped network coverage
¥ Service convergence

¥ Strong competition

¥ Waste of resources

¥ More electromagnetic interference (EMI)
and radiation pollution
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Intelligent User Equipments

¢ Multi-mode and multi-interface

¢ Integration of new features and
applications: camera, music, game ...

¥ User service requirements: diversity,
personalized, interactive ...

= No guarantee for cross-network services
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Problem Definition

» We all have mobile devices L~

: & .
¢ We all want strong signals ... anywhere @
and anytime ... so are the operators

¢ But, Is this necessary? Is this efficient?
Is this healthy? Is this sustainable? ﬂ[
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Facts & Figures — Energy Consumption
and Greenhouse Gas (GHG) Emission

¢ ICT is the 5™ largest industry in energy
consumption (2%-6%), and growing fast

¢ In 2009, the total energy consumption of
China’s mobile industry is about 20B KW-H,
equivalent to 15.7M tons CO, emission.
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Facts and Figures — Electromagnetic
Interference and Radiation Pollution

r Numbers of base stations in China

» GSM: 689K, TD-SCDMA: 180K, WCDMA: 110K,
CDMA2000: 170K. = Total: 1.1M and growing

¢ EMI and radiation pollution levels will exceed
national standard, i.e. 40pW/cm?-.
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Cooperative Wireless Networks

¥ Key objectives
» Less energy consumption and GHG emission
» Less EMI and radiation pollution
» Better cross-network services and applications
» Sustainable business and economic growth
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Cooperative Wireless Networks

¢ Approach: Cross-network cooperation to
match user distributions and requirements
» Turn off the lights when you leave a room

» Cross-network cooperation enables resource
sharing, load balancing, interference avoidance

i E'»E% %Mﬁaaﬂﬁaﬁ’?
e . ANADBPZADF

e EE S MEME, SEBLBRIR

il

i3

B>

EFCm ML SR

Shanghai, China, 14 May 2010

MVESEF IR FE

N o

1 B AR 55 7 SKAR UL AT
AT, B BS TR EE AT .
L=, .

::j:jt;fq]




7 M/
:@- Exercise Q
Now, look at the lights & BEZERIER _EHAT

on the roof ... e BT, REK

Imagining different ITREBARIRTLE
types of lights PRIZE oo ‘

representing different
wireless networks e ZHY, f/ﬁ%’i%AWJ

® Yes, you are covered by HERBHE
overlapped networks e IEERERBEER

e If we can turn off some T, INEHRAIEEE
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Cooperative Wireless Networks

¢ Key Research Challenges

» To model the dynamics of user requirements,
experience, behaviors, and traffic patterns

» To track and match the statistics of periodic
and bursty user and traffic distributions
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Key research challenges
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Cooperative Wireless Networks
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Cooperative Wireless Networks

¥ Key research Challenges/Z<8H 5T ] i
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Example

Distribution of 100 base stations
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Example

» Distribution of network-1 users (1K)
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Example

» Distribution of network-2 users (2K)
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Example

lser requirements /
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Example — 4 Networks

User requirement
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Example — 4 Networks

¥ Service Probability
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Conclusions

¥ Overlapped heterogeneous
wireless networks are
not green

¥ Cooperative wireless networks achieve
» Less energy consumption (cheap)
» Less greenhouse gas emission (green)

» Less electromagnetic interference and
radiation pollution (healthy)

» and better services (happy :)
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It Is time to make a change

* For you and me
¥ For our kids

¥ For and
the Nature

¥ For blue sky
¥ For green cities JgRaNS
» For the Earth ... [SERE

¢ Thank you ...

Shanghai, China, 14 May 2010 Green City, by Michael Pfleghaar
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