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Rising Energy Consumption in 2G/3G

Á 0.5% of world-wide electricity by cellular networks in 2008 [Fettweis]
Á~124Twh in 2011 (expected) [ABI] 

ÁCO2 emission, comparable to ¼ by cars 

ÁOperation cost, e.g.,  $1.5B by China Mobile in 2009

Á It is predicted that mobile data traffic will increase 26-fold by 2015

Á Rising energy consumption at 16-20%/year 
ÁaƻƻǊŜΩǎ law: 2x power every 4~5 years by 2030

[Fettweis]: G. Fettweis and E. Zimmermann, ICT energy consumption-trends and challenges, WPMCõ08.

[ABI]: ABI Research. Mobile networks go greenðminimizing power consumption and leveraging renewable energy, 

2008.
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Energy Consumption In Cellular Networks
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The key to green 3G is on BS network
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Outline

Á Overview
ÅProblem and root cause

ÅExisting solutions

Á Our solution
ÅCharacterizing 3G dynamics

ÅExploiting dynamics in design

ÅWorking with 3G standards

ÅEvaluation

Á Summary and Insights
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Case Study in a Regional 3G Network
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Power-load curve in a big city with 177 BSes (3G UMTS) 

Non -energy -proportionality (Non -EP) to traffic load
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Root Cause for Energy Inefficiency

Á Each Base station is non-EP

 

PBS=Ptx+Pmisc

Large portion of consumed energy even @ zero traffic load as long as the 

BS is on.  
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Root Cause for Energy Inefficiency

Á Traffic is highly dynamic
ÅFluctuate over time

ÅBe uneven at Base stations

Low usage at night time

Large energy overhead at light traffic => non -EP.    Turn off BS completely to save more energy!
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Goals and Challenges

1. System-wide energy proportionality (EP)

How to design EP network with non-EP BS components?

2. Negligible performance degradation

How to meet location-dep. coverage & capacity requirements ?

3.  3G standard compliance

How to support energy efficiency w/o changing 3G standard? 
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Existing Solutions

Á Optimization-based approach

ÅPractical issues unaddressed
ÅTheoretical analysis only 

Á Component-based approach
Åe.g., on cooling, power amplifier 
ÅNo system-wide solution
ÅComplement our approach

Á Clean slate design
Åe.g., C-RAN
ÅRe-architect the 3G infrastructure
ÅCommunication and computation intensive

 

minE(x) subject to C1,C2é constraints
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Our Solution Roadmap

}Characterizing multi-dimensional dynamics

}Exploiting dynamics in design

}Working with 3G standards

}Evaluation
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Temporal Dynamics is Pervasive

ÁLow average utilization under dynamic load

ÅPeak-to-idle traffic is > 5 at 40~80% Base stations

Large saving potential for quiet hours
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Temporal Dynamics is Stable

Á Temporal pattern is near-term stable
ÅTraffic at each BS is quite stable on a daily basis

ÅAutocorrelation with 24-hour lag is >0.92 at 70% Base stations 

ÅDay-to-day variation (|Current ðPrevious|/Previous) is <0.2 at 70% Base 

stations

Region1 Region2 Region 3 Region 4

>70%BS 0.92 0.93 0.94 0.94

>90%BS 0.83 0.83 0.90 0.90

Traffic is predictable 

Case for traffic profiling
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Spatial Dynamics

Á Deployment varies at locations
ÅDense in big cities

Å20+ neighbor (<1KM)

Rich BS redundancy ensures coverage.
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Spatial -temporal Dynamics

Á Traffic is also diverse at various locations
ÅPeak hours are different

ÅMultiplexing gain ~ 2 at peak hours

ÅLower bound for  the ratio of capacity to traffic

Multiplexing gain: sum(maxTraffic)/sum(traffic)

Large saving potential even at peak hours
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Roadmap

Characterizing multi-dimensional 

dynamics

Exploiting dynamics in design

Working with 3G standards

Evaluation
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Issue I: How to Satisfy Location -dependent Coverage 

& Capacity Constraints? 

ÁOnce a BS turns off,  clients in its original coverage should still be 

covered

Even if the total capacity is enough, it 

may fail to serve mobile clients due to 

coverage issue.

Ýprovide location -dependent capacity
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Solution I: Building Virtual Grids

Á Divide into BS virtual grids
ÅBase stations within a grid cover each other

ÅDecouple coverage constraint   

ÅLocation-dependent capacity meets location-dep. traffic

Virtual BS Grids

turn on/off BSes
s.t. cap >= load

r i + d( i,j ) < R i

r j + d( i,j ) < R j


