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GR-2.1: Investigation and Evaluation of Techniques

for Power Reduction

GR-2.5: Novel Approaches for Power Reduction

GR-2.2: 

Resource 
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Techniques

GR-2.3:

Power 

Efficient 

Digital Signal 
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WP1: Architectures 

WP2: Techniques 
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Energy Metrics 

Energy (E) = Power (P) x Time (T): 
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ECR = Energy (E) / M bits delivered: 

ECG = Sys 2 Energy (E2) / Sys 1 Energy (E1): 
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where R is the offered traffic rate, and C is the 

achievable system throughput.  R/C can be 

seen as the system load, L (proportion of 

transmit period to total operational period). 

ERG = (1 ï 1 / ECG) x 100%: 

   
%100)1(

2,22,

1,11,
³

+

+
-=

OHRH

OHRH

PLP

PLP
ERG

Book of Assumptions v2, and TR-GR-0071 Baseline RAN 
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Architectures 

Architectures 

Research 

Approaches 

Mechanical Relaying 

Traffic Off-loading to Wi-Fi 

Bandwidth Expansion for  

High User Density 

Femto Cells 

Distributed Antenna System 

For Cell Edge Users 

Cell Expansion / Sleep Mode 

Cell Size  
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Techniques 

Techniques  

Research 

Approaches 

Random Network 

Coding 

Interference Cancellation  

EE Scheduling 

Power Amplifier Efficiency 
Cooperative Relaying and 

Backhauling 

CoMP 
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Framework Documents 

Register of 

Technologies 
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Framework Documents 

Developed base-station Operational (OP) power 

consumption model that is a function of: 

Å Radiohead (RH) power (Load L dependent) 

Å Overhead (OH) and Backhaul (BH) power 

(Load independent) 

There is a relationship between the BS coverage 

radius and the power consumption of the BS: 

Å  Power amplifier efficiency decreases with BS size 

Å  Overhead power varies slowly with BS size 

Å  Backhaul power is roughly constant 

 

This yields an approximate empirical formula 

between operational power and coverage radius (r): 
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Book of Assumptions v2, and TR-GR-0013 BS Efficiency 
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Transmit (TX) Data

Transmit (TX) Theory

Radiohead (RH) Data

Radiohead (RH) Theory

Overhead (OH) Data

Overhead (OH) Theory

Operational (OP) Data

Operational (OP) Theory
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Thematic Deliverables 

Key Observations from The Architecture Theme  
ï There are significant energy gains of 40-60% reported from traffic off-loading in 

outdoor, indoor and enterprise scenarios.  
ï There are also significant energy gains of up to 50% from spectrum balancing.  
ï Results indicated that the LTE system is more efficient than the HSPA standard by 10-

50%.  
ï The use of omni-directional antenna cells in place of tri-sectored ones can save 60-80% 

energy under low offered traffic load conditions.  
ï Network coding found to be less promising with only small operational energy gains 

reported.  
ï Distributed Antenna System (DAS) and Network MIMO can give operational ERGs up to 

59% in planned hotspot areas close to the cell edge.  

Key Observations from The Relay/Multihop Theme  
ï Scheduling in relay-aided networks achieves operational energy savings up to ~50%.  
ïMechanical relaying achieves >80% ERG for RF but the gains depend on the elasticity of 

the service traffic. Mechanical relaying allows BS to be powered down. 
ï Routing in multi hop wireless networks using cooperative diversity produces 

operational energy savings of up to 50%. 
ï Random Network Coding in relay-aided cellular networks outperforms the HARQ-

based scheme and gives operational energy savings of ~30%  and 40%  for relay-
assisted and single-hop scenarios. 
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