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Cellular Telephony  

ÅHighest adoption since lightbulb  

ï~5B users in ~25 years 

ÅMore users than IPv4 addresses!  

ïNumerous studies showing user benefits  

ÅJensen showed benefits from installation      

(8% profit increase, 4% price fall)  

ÅWaverman  et al showed benefits of adoption    

(+.1 phones per capita = + .59% GDP growth)  



Cellular Telephony  

ÅHighest adoption since lightbulb  

ÅBillions currently not on network  

ïSome luddites, sureé 

ïBut at least 1B outside of coverage  



Why no coverage?  



Why no coverage?  

1. Cost 

ï Personal reports of order 500K -1M USD to 

do an install in rural Indonesia  

ï Requires dense population for install  

 

 



Why no coverage?  

1. Cost  

2. Power  

ï GSMA: 95% of people lacking cellular 

coverage live in areas without grid 

power. (1)  

ï ITU: 50% of rural tower operational 

expenses (OPEX) are power -related. (2)  

 

 

 
1)Powering Telecoms: East Africa 

Market Analysis Sizing the Potential 

for Green Telecoms in Kenya, 

Tanzania and Uganda  

2) Green Solutions to Power 

Problems (Solar & Solar-Wind 

Hybrid Systems) for Telecom 

Infrastructure.  



Goal:  

Reduce the cost of rural cell 

installations by reducing cell 

tower power draw  

 



Plan:  

Find the part drawing the most 

power and reduce its energy 

consumption  

 



So whatõs in a rural tower? 



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  

Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  Base Transceiver Station (BTS) 



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  

Backhaul Network  



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  Power  



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS)  

Å Traditional Vendor: Siemens BS -240 

ï 50-100K USD 

ï 1K+ Watts  



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS)  

Å Traditional Vendor  

Å Build yourself: Ettus B100 

ï 2000USD 

ï 150W 

ï Low Quality  



Rural Cellular Tower  

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

Å Traditional Vendor  

Å Build yourself: Ettus B100 

Å Small Vendor: Range Networks 5150  

ï 15K USD 

ï 150 Watts  

ï Full disclosure: I work for them  



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

Å Wired  

ï Negligible power draw  

ï Very expensive to install in rural areas  



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

Å Wired  

Å Microwave: Alcatel -Lucent MDR-8000 

ï High bandwidth (300 Mb/s)  

ï 25K USD 

ï 70 Watts  

ï Requires spectrum license  



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

Å Wired  

Å Microwave  

Å Long Distance Wifi: Ubiquiti  NanoBridge  M2 

ï Low bandwidth (80 Mb/s)  

ï 100 USD 

ï 5.5 Watts  

 



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

3. Power  Infrastructure  

Å Grid Power  

ï Literally just plugging in  

ï Only available near urban areas  



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

3. Power  Infrastructure  

Å Grid Power  

Å Diesel Generator/Batteries  

ï Requires road for trucking diesel in  

ï Requires fence for protecting diesel  

ï Also in urban areas if power unreliable  

ï 50-100K USD 



Rural Cellular Tower 

ÅA Rural Cellular Tower contains 3 parts:  

1. Base Transceiver Station (BTS) 

2. Backhaul Network  

3. Power  Infrastructure  

Å Grid Power  

Å Diesel Generator/Batteries  

Å Solar/Renewables  

ï Less òrelatedó infrastructure 

ï Cost depends on power drawé 



Example: Solar Power  

ÅSetup:  

ïRange Networks 5150  

Å15000 USD 

Å150W 

ïUbiquiti  NanoBridge  M2 

Å100 USD 

Å5W 



Example: Solar Power  

ÅSetup  

ÅRequires:  

ï1000W Solar Panels 

ï3300 AH of Batteries  

ÅThatõs 17 68lb (1156lb) deep-cycle batteries  

ï15000 USD worth of equipment  

Å50% of Capex  for òSmall Vendoró 

ÅNot including shipping/installation  



So how do we reduce the 

total power draw of a BTS?  



Saving Power  



Saving Power  

CPU (~10W) 



Saving Power  

CPU (~10W) 

Radio (~15W)  



Saving Power  

CPU (~10W) 

Radio (~15W)  

Power Amplifier 

(~130W) 



Saving Power  

ÅParts of a Base Transceiver Station (BTS)  

ïComputer (~10W)  

ïRadio (~15W)  

ïPower Amplifier (130W)  

ÅConstant Draw (beaconing)  

 

Have to touch power amplifier to save 

power!  



Saving Power  

ÅPower Amplifier (PA)  

ïDraws the most power  



Saving Power  

ÅPower Amplifier (PA)  

ïDraws the most power  

ïDetermines the coverage radius  

ÅTo a point (Eventually limited by 2W handsets)  



Saving Power  

ÅPower Amplifier (PA)  

ïDraws the most power  

ïDetermines the coverage radius  

ïDetermines capacity  

Å10W on one channel or 2.5W on two  

ïGeometric losses as we add more channels  



Saving Power  

ÅPower Amplifier (PA)  

ïDraws the most power  

ïDetermines the coverage radius  

ïDetermines capacity  

ïCanõt just use smaller one 

ÅòMacroó BTS = 10-50W Power Amplifier  

ÅWould limit range  

ÅOr reduce capacity  

ÅPermanently!  



Q: How do we reduce  

the PA power draw?  



A: Same way you do 

everything else; turn it off 

when not in use.  



A: Same way you do 

everything else; turn it off 

when not in use.  

We call this òVirtual Coverageó 



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Virtual Coverage  



Implementation  

ÅBTS-Side 

ïHardware  

ÅAdd switch controlling PA  

ÅAny communication means 

PA is òOnó 

ïChanges to transceiver  

ÅDaemon with GSM/PA state  

ÅDetect bursts by hearing any 

output above limit on 

channel  



Implementation  

ÅUser-side: Outgoing  

ïHow to send burst to BTS?  



Implementation  

ÅUser-side: Outgoing  

ÅAnswer 1: Wakeup Radio  

ïSupports legacy phones  

ÅAverage 25 seconds of wait  

ïDeployment strategies  

ÅEach user/home has one  

ÅCentralized òphone boothó 

 

 



Implementation  

ÅUser-side: Outgoing  

ÅAnswer 1 : Wakeup Radio  

ÅAnswer 2: Wakeup Phone  
ïOsmocomBB  on Motorola  

ïSend burst, then 
immediately òcampó  
ÅAdds ~2 seconds  

ïCanõt camp: move to 
another BTS 



Implementation  

ÅUser-side: Incoming  

ïNo change to handset  

ïWake BTS 

ïWait for handset attach  

ïThen: 

ÅHold  

ÅCall Back  

 



User Impact  

ÅFundamental change:  

ïInvolve users in power provisioning  

ïPrior research has shown that users in rural 

areas often know more about their 

networks (1 ) 

1) K. Heimerl  and T. S. Parikh. How 

users understand cellular 

infrastructure.  



Technical Details  

Thereõs a lot of technical details 
(GSM camping, timings, etc ) 
weõve omitted for time/space. 

Read the paper!  



Power Infrastructure Savings  

BTS 

ÅRange Networks 5150  

Å50W PA 

Å1000W Solar 

Å3300 AH 

ï17 Batteries  

Å Infrastructure Cost:  

ï15000USD 

BTS w/ VC (100% Idle)  

ÅModified 5150  

ÅEffectively no PA  

Å150W Solar 

Å500 AH 

ï3 batteries  

Å Infrastructure Cost:  

ï2500 USD 

Å84% Savings 



Power Proportionality  


