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1 Energy (Power) Detector Sensing Technique
The energy, or power, detector is a blind detector that does not rely on features of a specific signal type.  This sensing technique may not be able to meet the sensing sensitivity requirements; however, this sensing technique is a simple method of quickly determining if a strong signal is present in the channel.  Hence this is a coarse sensing technique.
To sense channel N with this sensing technique the sensing receiver is tuned to that channel and the RF signal is converted to an intermediate frequency (IF) where a 6 MHz wide filter is used to filter out signals outside the channel N.  After IF filtering the signal is down-converted to a base-band signal.  The base-band signal is band-limited to (3 MHz.  The band-limited signal is complex (in-phase and quadrature) sampled at 6 MHz.  The sampled signal is,
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Where 
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is the noise component.  The power of 
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The test statistic for this sensing technique is,
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This is an estimate of the signal power.  If the summation was not scaled by dividing by M then T would be an estimate of the signal energy.  The choice of whether or not to scale by M does not affect the performance of the sensing technique.  Since this is a rather simple test statistic it is possible to write an analytic formula for it probability density function.  This is not always possible for a sensing technique.
The mean and variance of the test statistic are,
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For a large number of samples (
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), by the Central Limit Theorem, we can approximate test statistic as a Gaussian random variable,
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Given this probability density function for the test statistic one can write a formula for the detector threshold based on the required false alarm probability,
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Where 
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is the tail probability of a normalized zero-mean Gaussian random variable.
The sensing technique can be represented as a threshold comparison.  If 
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then the channel is classified as occupied and if 
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then the channel is classified as vacant.  The probability of detection depends on the signal power.  The formula for the probability of detection is given by,
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The performance of this sensing technique in detecting weak signals relies heavily on accurate knowledge of the value of the noise power.  This dependency on accurate knowledge of the noise power can be seen by writing our estimate of the noise power 
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 as the sum of the true noise power 
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 and an error in the noise power estimate,
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The magnitude of the error in the noise power estimate is less than Δ, so we have,
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The threshold is set using the noise power estimate.  And the actual probability of false alarm and probability of detection depend on the true noise power.  If the noise power estimate 
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 is higher that the actual noise power 
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then the actual probability of false alarm and actual probability of detection will be lower than expected.  This dependency on accurate knowledge of the noise power significantly limits the ability of this sensing technique to detect very weak signals (
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The primary performance metric for a sensing technique is the required SNR.  The required SNR is the SNR at which the sensing technique has a probability of detection of at least 0.9 for all multipath conditions.  The energy detector is not significantly impacted by multipath since the bandwidth of 6 MHz is quite wide.  The required SNR does depend on the noise uncertainty, so results are given for various values of noise uncertainty.  The required SNR, for several sensing times and several values of noise uncertainty are given in Table 1.

	Sensing Time
	Δ=0dB
	Δ=0.5dB
	Δ=1dB

	
	Required SNR (dB)

	0.2 ms
	-11
	-5
	-2.5

	1 ms
	-15
	-6
	-3

	5 ms
	-18
	-6
	-3


Table 1: Required SNR for the Energy Detector
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Abstract


This document contains the text on the energy detector for the informative Annex on sensing techniques.
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