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IntroductionIntroductionIntroductionIntroduction
� Motivation:

� Minimizing Energy Consumption is a very importance design 
consideration when frequent battery replacement is impractical  
(such as in wireless sensor networks (WSN))

� Given the difficulties of joint optimization of all layers, a pair-
wise PHY-layer optimization is considered. 

� In short-distance wireless communication systems (such as 
densely distributed WSN),  circuit energy consumption 
and transmission energy consumption should both be 
considered. 
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IntroductionIntroductionIntroductionIntroduction

� Target
� Minimize energy consumption per information bit considering the 
impacts of overhead and retransmission;

� Adjustable Parameters
� Packet length

� Tradeoff between overhead and retransmission probability;

� Target bit error probability
� Tradeoff between transmission power consumption and 
retransmission probability;

� Modulation 
� Tradeoff between bandwidth efficiency and energy efficiency;

� Bandwidth
� Tradeoff between transmission time duration and frequency-selective 
fading
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System modelSystem modelSystem modelSystem model

� Fig. A typical transmitter architecture
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System modelSystem modelSystem modelSystem model

� Fig. A typical receiver architecture
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System modelSystem modelSystem modelSystem model
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� Total energy required to transmit/receive one packet

� The energy consumption when the transceiver is in active mode 
(modulation/demodulation, filter, power amplifier, 
ADC/DAC, mixer, frequency synthesizer)
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Packet structurePacket structurePacket structurePacket structure
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� Fig. Packet Structure



Retransmission mechanismRetransmission mechanismRetransmission mechanismRetransmission mechanism

� A packet will be retransmitted whenever this 
packet is viewed as in error.
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� The energy consumption of transmitting/receiving 
one packet

2008-7-1510

)(/

2 0

dGPP

BNP

P

P

tr

noise

noise

r

=
=

=γ



Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit

� Bit Error Probability w.r.t. SNR per Symbol
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Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit

Fig. transmit one packet with m transmissions
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Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit
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� The Energy Consumption during Each Time Period

� The Transmit Energy Consumption of m 
transmissions



Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 
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Fig. receive one packet with m transmissions
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Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit
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� The Energy Consumption during Each Time Period

� The Receiving Energy Consumption of m 
transmissions
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� The Average  Energy Consumption

� Packet Error Probability

� The Probability of  Transmission Number = m, 

∑

∑
∞

=

−

∞

=

−

==

==

1

1

}Pr{)(

}Pr{)(

i
rr

i
tt

imiEE

imiEE

L
bpe PP )1(1 −−=

)1()( 1
pe

i
per PPimP −== −



Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit
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� The Average Energy Consumption to Transmit/receive 
K information bits
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� To minimize the energy consumption of 
transmitting/receiving one information bit 
(consider retransmission and overhead)
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Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information Energy Consumption per Information 

BitBitBitBit

� To minimize the energy consumption of 
transmitting/receiving one information bit 
(consider retransmission and overhead)
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Numerical ResultsNumerical ResultsNumerical ResultsNumerical Results
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UnconstrainedUnconstrainedUnconstrainedUnconstrained

Fig.  The optimum target bit error probability v.s. distance 2008-7-1521



UnconstrainedUnconstrainedUnconstrainedUnconstrained

Fig.  The optimum packet length v.s. distance 2008-7-1522



UnconstrainedUnconstrainedUnconstrainedUnconstrained

Fig.  The optimized energy consumption v.s. distance 2008-7-1523



UnconstrainedUnconstrainedUnconstrainedUnconstrained

Fig.  The optimization gain v.s. distance 2008-7-1524



UnconstrainedUnconstrainedUnconstrainedUnconstrained
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� The Configuration as reference is 

Fig.  The Optimization Gain
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ConstrainedConstrainedConstrainedConstrained
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ConstrainedConstrainedConstrainedConstrained

Fig.  The optimum constellation size v.s. distance 2008-7-1527



ConstrainedConstrainedConstrainedConstrained

Fig.  The optimum packet length v.s. distance 2008-7-1528



ConstrainedConstrainedConstrainedConstrained

Fig.  The optimum target bit error probability v.s. distance 2008-7-1529



ConstrainedConstrainedConstrainedConstrained

Fig.  The optimum retransmission number v.s. distance 2008-7-1530



ConstrainedConstrainedConstrainedConstrained

Fig.  The optimized energy consumption v.s. distance 2008-7-1531



ConstrainedConstrainedConstrainedConstrained

Fig.  The optimized power consumption v.s. distance 2008-7-1532



ConclusionsConclusionsConclusionsConclusions
� An optimization over target bit error probability and 
packet length is proposed to minimize the energy 
consumption per information bit with the consideration of 
retransmission;

� Uncoded  modulation with large constellation size is 
energy efficient at short transmission distance, while coded
modulation with small constellation size is energy efficient 
at large transmission distance;

� lower target bit error probability and large packet size is 
preferred at short transmission distance, while higher target 
bit error Probability and small packet size is preferred at 
large transmission distance.
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ConclusionsConclusionsConclusionsConclusions
� For this particular constrained situation, using maximum 
allowable packet length and enough transmit power to 
ensure a low retransmission number is energy efficient.

2008-7-1534



Current ResearchCurrent ResearchCurrent ResearchCurrent Research
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�Wideband wireless sensor network
� Increased bandwidth will decrease the transmission time 
duration, therefore introduce a possible decrease of the 
energy consumption;

� However, wideband wireless channels will cause 
frequency-selective fading. In this case, a channel 
estimator and equalizer have to be used. This will increase 
the energy consumption at the receiver. 

� Moreover,  the pilot symbols used in wideband 
communication systems will induce more overhead. This 
will also increase the energy consumption per information 
bit. 



Current ResearchCurrent ResearchCurrent ResearchCurrent Research
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� Rake receiver



Rake receiverRake receiverRake receiverRake receiver
� Tradeoff between transmit power and diversity gain

� Maintain a certain outage probability
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� Application-aware/Energy-aware Link Cost
� Assign weights to transmit/receive energy



Current ResearchCurrent ResearchCurrent ResearchCurrent Research
� Application-aware/Energy-aware Link Cost
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� Application-aware/Energy-aware Link Cost


