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AUTHOR NOTE: This document is written as instructions to the editor to modify the current 802.22 draft (P802.22/D0.2).  It is the intention of the author to have this document reviewed by the spectrum sensing team and the working group. And once the document has been reviewed the WG technical editor is to modify the draft according to the instructions in this document.  The details of the procedure are to be set by the working group chair.
Instructions to the editor are written in bold italics.

3. Definitions
Insert the following new definitions in alphabetical order and renumber accordingly:
3.xx Available channel list (ACL): A list of which television channels are available for use by the WRAN.  The list is sorted in order of preference. The first channel in the list is the most preferred channel for use by the WRAN.  The last channel in the list is the least preferred channel.  Any channel not on the list shall not be used by the WRAN.
3.xx Available channel selection function (ACSF): The function that combines the outputs of the spectrum sensing function from the base station and the CPEs and generates the available channel list.
3.xx Confidence metric (CM): A metric indicating the confidence in a signal present decision.

3.xx Confidence vector (CV): A vector (one dimensional array) of confidence metrics.
3.xx Error standard deviation (ESD): The standard deviation of the error of a field strength estimate.
3.xx Error standard deviation vector (ESDV): A vector (one dimensional array) of error standard deviations.
3.xx Field strength estimate (FSE): An estimate of the field strength of a specific signal type at a WRAN station.
3.xx Field strength estimate vector (FSEV): A vector (one dimensional array) of field strength estimates.
3.xx Sensing mode (SM): A mode of operation the spectrum sensing function that specifies the outputs of the spectrum sensing function
3.xx Signal type vector (STV): A vector (one dimensional array) indicating which signal types the spectrum sensing function is to sense.
3.xx Spectrum sensing function (SSF):  The process of observing the RF spectrum of a television channel for a set of signal types and reporting the results of that observation.  The format of that report is specified by the sensing mode.
3.xx Sensing window specification (SWS): A specification of the time window over which the spectrum sensing function is to observe the television channel for a specific signal type.

3.xx Sensing window specification vector (SWSV): A vector (one dimensional array) of sensing window specifications for a specific signal vector.

4. Abbreviations and Acronyms
Insert the following new abbreviations and acronyms in alphabetical order:
	ACL
	Available Channel List

	ACSF
	Available Channel Selection Function

	CM
	Confidence Metric

	CV
	Confidence Vector

	ESD
	Error Standard Deviation

	ESDV
	Error Standard Deviation Vector

	FSE
	Field Strength Estimate

	FSEV
	Field Strength Estimate Vector

	MPFA
	Maximum Probability of False Alarm

	SM
	Sensing Mode

	SPD
	Signal Present Decision

	SPV
	Signal Present Vector

	SSF
	Spectrum Sensing Function

	STV
	Signal Type Vector

	SWS
	Sensing Window Specification

	SWSV
	Sensing Window Specification Vector


Insert this new clause between the current Clause 8 and Clause 9 and renumber subsequent clauses:
9. Spectrum Sensing

Spectrum sensing is the process of observing the RF spectrum of a television channel to determine if that channel is available for use by the WRAN. The process is divided into two parts: the spectrum sensing function and the available channel selection function.
The base station and all CPEs shall implement the spectrum sensing function. The base station shall implement the available channel selection function.

The spectrum sensing function observes the RF spectrum of a television station and reports the results of that observation.  The spectrum sensing function is described in sub-clause 9.1.
The available channel selection function utilizes reports from the spectrum sensing function within the base station and each of the CPEs to generate the available channel list.  The available channel selection function is described in sub-clause 9.2.

The spectrum manager in the MAC utilizes the available channel list, as well as other information obtained from other sources (e.g. geolocation and database information), to select the WRAN channel of operation.

9.1 The Spectrum Sensing Function

The spectrum sensing function observes the RF spectrum of a television channel for a set of signal types and reports the results of this observation.  The spectrum sensing function is implemented in both the base station and the CPEs.  There are MAC management frames that allow the base station to control the operation of the spectrum sensing function within each of the CPEs.  Figure 1 illustrates the inputs and outputs of the spectrum sensing function.

The inputs to the spectrum sensing function are described in Sub-clause 9.1.1.  The outputs of the spectrum sensing function are described in Sub-clause 9.1.2.  The behaviour of the spectrum sensing function is described in Sub-clause 9.1.3.

Possible sensing techniques that can be used to realize the spectrum sensing function are described in Annex XXX.  The use of any specific sensing technique is optional, as long as the inputs, outputs and behaviour meet the description in this sub-clause.
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Figure 1: The Spectrum Sensing Function
9.1.1 SSF Inputs

A summary of the spectrum sensing inputs is given in Table 1.

	Signal Name
	Signal Description

	RF
	Radio Frequency

	Channel Frequency
	The center frequency of the television channel which is to be sensed by the SSF

	Channel Bandwidth
	The bandwidth of the channel to be sensed by the SSF

	Signal Type Vector
	A vector indicating which signal types the SSF is to sense

	Sensing Window Specification Vector
	A vector of sensing window specifications.  Each SFS specifies the details of the sensing window for a given signal type being sensed 

	Sensing Mode
	The sensing mode specifies which SSF outputs are valid and in some cases it specifies the behaviour of the SSF.

	Minimum Probability of False Alarm
	In sensing modes 0 and 1 this value specifies the maximum false alarm rate for each sensing mode decision in the sensing present vector.


Table 1: The Spectrum Sensing Function Input Signals

The RF input shall be connected to the output of a series of RF amplifiers which are themselves connected to the WRAN sensing antenna.
The channel frequency is the center frequency of the television channel that the SSF is to sense.

The channel bandwidth is the bandwidth of the television channel that the SSF is to sense.
The signal type vector (STV) indicates to which signal types are to be sensed for by the SSF.  The vector is a one-dimensional array of length STVLength, indexed from 0 to STVLength -1.  The STV is a binary vector whose elements are either zero or 1.  The i-th element in the vector specifies whether the SSF is to sense for i-th signal type.  The mapping of STV index to signal type is given in Table 2.

The value of STVLength is 7.

Author Note: I have rewritten Table 70 from the draft and placed it here. I believe it belongs here and not in the MAC section.  The MAC should reference this section.

	STV Index
	Signal Type

	0
	Any Signal Type

	1
	IEEE 802.22 WRAN

	2
	IEEE 802.22.1 Beacon

	3
	ATSC

	4
	NTSC

	5
	Wireless Microphone

	6
	DVB

	7-255
	Reserved


Table 2: Signal Type Vector Indices
A one in index zero of the STV indicates sensing for any signal type, with no distinction between signal types.  A one in index one of the STV indicates the SSF should sense for an 802.22 WRAN.
As an example, if the STV is given as follows,


[image: image2.wmf]÷

÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

ç

è

æ

=

0

1

1

1

1

0

0

STV


Then the SSF shall sense for an 802.22.1 beacon, an ATSC signal, and NTSC signal and a wireless microphone.
The sensing window specification vector (SWSV) is a one-dimensional array of length STVLength.  Each element in the SWSV is a sensing window specification.  If the i-th element of the STV is one (1) then the i-th element of the SWSV shall be set to a valid sensing window specification.  If the i-th element of the STV is set to zero (0) then the i-th element of the SWSV does not need to be set to a valid SWS since it will be ignored by the SSF.
A sensing window specification (SWS) consists of three numbers.  These three numbers specify the window of time over which the SSF shall sense for specified signal type.  Figure 2 illustrates a sensing window.  A sensing window consists of NumIntervals number of intervals.  The minimum number of sense intervals is one and the maximum number of intervals is 255.  Each interval is of duration SenseIntervalDuration ms. The time between sensing intervals can vary between the SenseSeparationMin and SenseSeparationMax ms.
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The parameters in a sensing window specification are given in Table 3.
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Figure 2: Sensing Window
Author Note: We need to decide value of the TBDs.
	Parameter Name
	Units
	Value

	NumIntervals
	Integer
	1-TBD

	SenseIntervalDuration
	milliseconds
	1-TBD

	SenseSeparationMin
	milliseconds
	TBD - SenseSeparationMax

	SenseSeparationMax
	milliseconds
	SenseSeparationMin -TBD


Table 3: Parameters of a Sensing Window Specification
The value of SenseIntervalSeparationMinimum must be less than or equal to the value of SenseIntervalSeparationMaximum.
For periodic sensing SenseSeparationMin and  SenseSeparationMax can be set equal.  If the sensing technique used to implement the SSF can tolerate a non-periodic sensing window then different values can be used for SenseSeparationMin and SenseSeparationMax.
The sensing mode specifies which outputs of the SSF are valid and in some cases the behaviour of the SSF.  Table 4 summarizes the valid SSF outputs for each of the sensing modes.  The table also includes a description of each sensing mode.
	Sensing Mode
	Valid SSF Outputs
	Description

	0
	Signal Present Vector
	For each signal type the SSF generates a binary decision as to whether the signal is present in the television channel

	1
	Signal Present Vector

Confidence Vector
	Same as sensing mode 0 with the addition of a confidence metric for binary decision

	2
	Field Strength Estimate Vector
Error Standard Deviation Vector
	For each signal type the SSF generates an estimate of the field strength of that signal and the standard deviation of that estimate


Table 4: Summary of the Sensing Modes
The maximum probability of false alarm input specifies the behaviour of the elements of the signal present vector when no signal is present on the RF input.  The details of the behaviour of the SSF, and its dependence on this input parameter, are given in Clause 9.1.3.
9.1.2 SSF Outputs

The sensing mode and the signal type vector are passed through the SSF.  These parameters indicate which of the other SSF outputs are valid and hence are useful for subsequent processing.

The signal present vector is a one dimensional array of length STVLength.  Each element in the vector is a signal present decision.  Each decision can take on three possible values, which are given in Table 5.  The i-th signal present decision corresponds to the i-th signal type as listed in Table 2.
	Value of Signal Present Decision
	Description

	TRUE
	SSF decides that signal is present in TV channel

	FALSE
	SSF decides that the signal is not present in the TV channel

	NODECISION
	The SSF makes no decision regarding the presence of the signal in the TV channel.  This is the output when the SSF was not instructed to sense for the signal type.


Table 5: Values of the Signal Present Decision
The confidence vector is a one dimensional array of confidence metrics.  The i-th confidence metric indicated the confidence in the i-th signal present decision.  A confidence metric varies between a minimum of zero indicating no confidence in the signal present decision and one indicating total confidence in the signal present decision.  In practice since it is unlikely the SSF will have no confidence in the SPD or have total confidence in the SPD, the confidence metric is typically larger than zero and smaller than one.  The range of a confidence metric is given in Table 6.

	Limit
	Value
	Description

	Minimum confidence metric
	0
	No confidence in SPD

	Maximum confidence metric
	1
	Total confidence in SPD


Table 6: Range of a Confidence Metric
The field strength estimate vector is a one dimensional array of field strength estimates.  The i-th field strength estimate is an estimate of the i-th signal type measured at the location of the station (base station or CPE) in which the SSF resides.  The range of a field strength estimate is given in Table 7.

Author Note: We need to decide value of the TBDs.
	Limit
	Value
	Units
	Description

	FSMin
	TBD
	dB(V/m
	Minimum Field Strength Estimate

	FSMax
	TBD
	dB(V/m
	Maximum Field Strength Estimate


Table 7: Range of a Field Strength Estimate
The error standard deviation vector is a one dimensional array with each element in the vector is the standard deviation of the corresponding estimate in the field strength estimate vector.  The range of an error standard deviation of a field strength estimate is given in Table X.
Author Note: We need to decide value of the TBD.
	Limit
	Value
	Units
	Description

	ESDMin
	0
	dB(V/m
	Minimum Standard Deviation of the Field Strength Estimate Error

	ESDMax
	TBD
	dB(V/m
	Maximum Standard Deviation of the Field Strength Estimate Error


Table 8: Range of the Standard Deviation of a Field Strength Estimate Error
9.1.3 SSF Behavior
In this clause all references to signal power refer to the signal power measured as the sensing antenna connector.

9.1.3.1 Sensing Mode 0
When the sensing mode is set to zero the only valid SSF output is the signal present vector (SPV).

In sensing mode zero, if the i-th element of the signal type vector is zero then the i-th element of the SPV shall be set to NODECISION.

	Sensing Mode
	STV Index
i
	Signal Type
	STV(i)
	SPV(i)

	0
	0
	Any Signal Type
	0
	NODECISION

	0
	1
	IEEE 802.22 WRAN
	0
	NODECISION

	0
	2
	IEEE 802.22.1 Beacon
	0
	NODECISION

	0
	3
	ATSC
	0
	NODECISION

	0
	4
	NTSC
	0
	NODECISION

	0
	5
	Wireless Microphone
	0
	NODECISION

	0
	6
	DVB
	0
	NODECISION


Table 9: Summary of SPV for Sensing Mode Zero with STV(i) set to 0
In sensing mode zero if the i-th element of the signal type vector is set to one and there is no signal present at the sensing antenna then the i-th element of the SPV shall be FALSE with probability greater than or equal to 
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, where MPFA is the maximum probability of false alarm [KAY1] input to the SSF. Under these conditions the i-th element of the SPV is set to TRUE with probability less than or equal to MPFA.  The behavior of the SSF in sensing mode 0 with the i-th element of STV set to one and with no signal present at the sensing antenna is summarized in Table 10.
	Sensing Mode
	STV Index
i
	Signal Type
	STV(i)
	SPV(i)
	Probability 

	0
	0
	Any Signal Type
	1
	FALSE
	
[image: image6.wmf]P(SPV(0) = FALSE)(1)

MPFA

³-



	0
	1
	IEEE 802.22 WRAN
	1
	FALSE
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	0
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	ATSC
	1
	FALSE
	
[image: image9.wmf]P(SPV(3) = FALSE)(1)

MPFA

³-



	0
	4
	NTSC
	1
	FALSE
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	0
	5
	Wireless Microphone
	1
	FALSE
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Table 10: Summary of SPV for Sensing Mode Zero with STV(i) set to 1 with no Signal Present
In sensing mode zero with the i-th element of the STV set to one and with the signal present in the channel at the specified signal power level given in Table 11, the i-th output of the SPV shall be TRUE with probability greater or equal to 0.9.

The behaviour of the SSF output SPV is specified in Table 11.  

	Sensing Mode
	STV Index
i
	Signal Type
	STV(i)
	Signal Power
	SPV(i)
	Probability

	0
	0
	Any Signal Type
	1
	TBD
	TRUE
	
[image: image13.wmf]P(SPV(0) = TRUE)0.9

³



	0
	1
	IEEE 802.22 WRAN
	1
	TBD
	TRUE
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	0
	2
	IEEE 802.22.1 Beacon
	1
	TBD
	TRUE
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	0
	3
	ATSC
	1
	-116 dBm
	TRUE
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	0
	4
	NTSC
	1
	TBD
	TRUE
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	0
	5
	Wireless Microphone
	1
	-107 dBm
	TRUE
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	0
	6
	DVB
	1
	TBD
	TRUE
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Table 11: Summary of SSF Outputs for Sensing Mode Zero
9.1.3.1 Sensing Mode 1
Text

9.2 The Available Channel Selection Function
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Abstract


This text is to be included as a clause in the draft specifying the spectrum sensing function.  This specification gives the inputs and outputs of the function and specifies the behaviour of the spectrum sensing function, without specifying a specific implementation.
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