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1 Introduction
This document serves two purposes.  First, it captures the current numerical sensing requirements.  No attempt is made do duplicate the descriptive language from the requirements document on the behaviour of the system. References to the appropriate sections of the requirements document may be made as appropriate. Second, it supplements these requirements with additional detail not include in the original set of requirements.
Whenever detailed calculations are required those calculations are included in an appendix.

Any new requirements will be highlighted so that the Working Group can vote on those requirements as needed.

2 Signal Parameters
This section gives the signal power level and multipath characteristics that the sensing system must be able to meet.
2.1 Signal Power
The sensing system must be able to detect the DTV, NTSC and wireless microphones at various signal power levels.  These power levels are given in Table 1.  These requirements come from Section 15.1.1.7 of the WRAN Requirements Document [1].
	Signal Type
	Signal Power
	Measurement Bandwidth

	ATSC
	-116 dBm
	6 MHz

	NTSC
	-94 dBm
	6 MHz

	Wireless Microphone
	-107 dBm
	200 KHz


Table 1: Signal Power Levels

NOTE: The Tiger Team had a discussion on these requirements.  Gerald suggested an alternative method of writing these requirements.  Winston pointed out that these requirements should not be relaxed.
2.2 Multipath Channel
There is a detailed channel model document for the WRAN wireless link [2].  However, it is not clear whether that model should be used for sensing.  In particular, it has been recommended by Victor Tawil [3] that the working group use actual captured DTV signals, which include the effects of multipath.  Also, the working group must decide whether how to best consider the effects of multipath for NTSC and wireless microphones.
NEEDS WG APPROVAL
DTV sensing will be evaluated using the MSTV captured DTV signals [3].

OPEN ISSUE
How should multipath be addressed for sensing of NTSC and Wireless Microphones?

3 Sensing Receiver Model

This section gives the sensing receiver model to be used in evaluating sensing techniques.
3.1 Receiver Noise

The receiver noise consists of a typical noise power spectral density (PSD) and a noise uncertainty.  The noise uncertainty specification is necessary since even though the sensing mechanism may involve calibration based on estimating the noise power, that estimate will have some inaccuracy, which must be modelled.
The thermal noise PSD is,
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The receiver noise is larger than the thermal noise value.  Combining the effects of the LNA noise figure, coupling losses, RF switch losses and any other the TV industry typically assumes a composite receiver noise figure of 11 dB [4].
ACTION: Add derivation of 11 dB receiver noise figure (Gerald?)
NEEDS WG APPROVAL

The average receiver noise PSD is then,
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However, the actual receiver noise PSD is not known exactly, even if calibration is used.  Hence, the receiver noise PSD is modelled with an average value and a tolerance on that value.

The calculations of the noise uncertainty are in Appendix A.

NEEDS WG APPROVAL
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3.2 Local Oscillator Accuracy and Phase Noise

Sensing techniques that rely on sensing of a pilot signal depend on the accuracy and the phase noise of the receiver local oscillator.  The specification for the receiver local oscillator accuracy is the same as that used for the WRAN air interface.
NOTE: THE ONLY FREQUENCY ACCURACY IN THE CURRENT DRAFT IS 
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The specification for receiver phase noise is the same as the phase noise is the same as that used for the WRAN air interface.
NOTE: I WAS UNABLE TO FINE A PHASE NOISE REQUIREMENT IN THE DRAFT
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4 Timing Requirements

The channel detection time is 2 seconds maximum.

QUESTION: DOES THIS REQUIREMENT APPLY TO ALL CHANNELS OR ONLY THE ONES YOU ARE USING?  IT IS NOT CLEAR YOU NEED TO MAKE A FAST DECISION FOR CHANNELS YOU ARE NOT CURRENTLY USING.

We need to translate this into a sensing time based on periodic sensing.  Figure 1 shows the timing of sensing and how it fits within the 2 second detection time.
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Figure 1: Timing of Spectrum Sensing

We allocate X ms for a frame exchange to communicate the measurements to the base station and for the base station to notify the CPEs to change channels.  To ensure at least one chance to sense each of the channels the sensing period is,
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If we assume at most a 10% overhead for sensing we get a sensing time of,
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And if we assume that we sense 50 channels during the sensing time, then the per channel sensing time is,
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If X is small then this gives us 4 ms for sensing each channel.
5 Decision Accuracy

The requirements on probability of false alarm and probability of detection are,
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6 Conclusions 

Text
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A Noise Uncertainty

There are several factors that contribute to noise uncertainty: calibration error, changes in thermal noise due to thermal variation, changes in LNA amplifier gain due to thermal variation, and error in the estimate due to interference.
The thermal variation in the receiver leads to a change in the noise PSD.  This can be shown as follows.  The noise PSD is given by,
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Where Kb is the Boltzmann constant and T is the temperature in degrees Kelvin.  If the temperature changes from T1 to T2 the change in the PSD (in dB) is given by,
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If the original temperature is room-temperature of 300(K and the temperature rise is 20(K, then the increase in noise PSD is,
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Another factor that affects noise uncertainty is the change in LNA gain due to thermal changes.  As an example, in a GaAs LNA [5] used for operating between 700 and 1000 MHz the change in gain is up to 0.01 dB/(C.  So for a 20(C temperature change we get,
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NOTE: IF ANYONE HAS ADDITIONAL INFORMATION ON LNA GAIN VARIATION VERSUS TEMPERATURE FOR A UHF LNA IT WOULD BE HELPFUL.


In addition the initial power estimate will have an error.  If we sample for 1 ms then based on the standard deviation of the noise estimate [6] the error in the initial estimate is,
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Combining all these errors we get an error of approximately 
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.  So if we add three-tens of a dB for some margin, we get the following noise uncertainty,
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B Appendix

A.1 Two one
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