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A 0.5% of worldwide electricity by cellular networks in 2008 [Fettwkis

A ~124Twh in 2011 (expected) [ABI]
A CO, emission, comparable to ¥ by cars
A Operation cost, e.g., $1.5B by China Mobile in 2009
A It is predicted that mobil@ata trafficwill increase 26old by2015

A Rising energy consumption at-26%/year
A a 2 2 N&VE2x power every 4~5 years by 2030

[Fettweis]: G. Fettweis and E. Zimmermann, ICT energy consumptiore nds and chall enges,
[ABI]: ABI Research. Mobile networks go gréannimizing power consumption and leveraging renewable energy,

2008.
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Thekey to green 3G is on BS network
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A Overview
A Problem and root cause
A Existing solutions

A Our solution
A Characterizing 3G dynamics
A Exploiting dynamics in design
A Working with 3G standards
A Evaluation

A Summary and Insights

5/6/2018



400} //ED
Current
? 300F
X
o 200}
=
g
100}
|deal

0- 1 '] 1 '] 'l
0 2000 4000, . 6000 . 8000, 10000 12000
Loa :?#nn In 15min)

Powerload 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

A EachBase statiornis non-EP
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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

A Traffic is highly dynamic
A Fluctuate over time

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

1. Systemwide energy proportionality (EP)
How to design EP network with necEP BS components?

2. Negligible performance degradation
How to meet locationdep. coverage & capacity requirements ?

3. 3Gstandard compliance
How to support energy efficiency w/o changing 3G standard?
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A Optimizationbased approach
min E(x) subj ect constraitd, C2 é

A Practicaissues unaddressed
A Theoretical analysis only

A Componentbased approach
A e.g., on cooling, power amplifier
A No systemwide solution

A Complement ourapproach

A Clean slate design
A e.g., GRAN
A Rearchitect the 3G infrastructure
A Communication and computation intensive
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A traffic-driven approach that exploits traffic dynamics to turn

off under-utilized Basestations for system-wide energy
efficiency.

} Characterizing mukdimensional dynamics
+ Exploiting dynamics in design

I Working with 3G standards

+ Evaluation
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Temporal Dynamics iIs Pervasive

A Low average utilization under dynamic load
A Peakto-idle traffic is > 5 at 40~80%Base stations
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Large saving potential for quiet hours
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Temporal Dynamics is Stable

A Temporal pattern is neatlerm stable
A Traffic at each BS is quite stable on a daily basis
A Autocorrelation with 24hour lag is >0.92 at 70Base stations
A Day-to-day variatior(|Current & Previous|/Previous}y <0.2 at 709Base
stations

\
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>70%BS % 0.93 0.94 0.9

>90%BS 0.83 ~U.83 0790 0.90

!
Traffic is predictable

Case for traffic profiling
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Spatial Dynamics

A Deployment varies at locations

CDF (%)

100

A Dense in big cities

A 20+ neighbor (<1KM)
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Spatial -temporal Dynamics

A Traffic is also diverse at various locations

A Peak hours are different
A Multiplexing gain ~ 2 at peak hours

A Lower bound for the ratio of capacity to traffic
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Large saving potential even at peak ha
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Exploiting dynamics in design
Working with 3G standards
Evaluation
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Issue |: How to Satisfy Location -dependent Coverage
& Capacity Constraints?

A Once a BS turns off, clients in its original coverage should still be
covered

( . .

Kx o= B Even if the total capacity is enough,
e (¢ . . .

‘B A " 1% ” may fail to serve mobile clients due |
‘B ) S " 4 coverage issue.

Y provide location -dependent capacity
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A Divide into BS virtual grids
A Base stationsvithin a grid cover each other
A Decouple coverage constraint
A Locationdependent capacityeets locatiordep traffic

Virtual BS Grids

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

ri+d(ij)<R;i
ri+d(i))<R;
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