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2- Overall sensing requirements

The WRAN sensing system must be able to detect the DTV, NTSC and wireless microphones at the specified signal power levels where they need to be protected and for a specified sensing reliability (probability of detection).  These requirements which are given in Table 1 represent an evolution from those specified in Section 15.1.1.7 of the WRAN Functional Requirements Document
.

	Signal Type
	Signal level to be protected
	Protection Ratio (D/U)
	Measurement Bandwidth
	Location
	Probability of detection (Pd)

	ATSC
	-92.1 dBm
(41 dBu)

	23 dB
	6 MHz
	Up to the edge of the DTV noise-limited contour
	99% (TBD)

	NTSC
	-69.1 dBm
(64 dBu)

	34 dB
	6 MHz
	Up to the edge of the NTSC Grade B contour
	99% (TBD)

	Part 74 Wireless Microphone
	
–95 dBm

	20 dB
	200 kHz
	At the location of the wireless microphone receiver
	99% (TBD)

	Part 74 Wireless Microphone beacon
	-120 dBm
	N/A
	10 kHz
	At the location of the CPE
	99% (TBD)


Table 1: WRAN sensing requirements

Notes:

1- The signal levels to be sensed are defined in terms signal power at the input of the sensing detector assuming a 0 dBi sensing antenna gain which also includes any RF loss.

2- The signal power to be sensed is specified for any location within the DTV and NTSC protected contours.  It is the signal power to be sensed for CPEs and base stations located inside the contour.  If they are located outside the contour and still need to sense the presence of DTV or NTSC operation (for co-channel and adjacent channel operation), this signal power needs to be decreased by the extra loss that the DTV or NTSC signal would normally suffer to reach their location.

3- The probability of detection consists in the cumulative probability required for all WRAN systems in the same area to detect an incumbent.  In other words, if there are 2 WRAN systems trying to use a same frequency in an area, the probability of misdetection of 1 % will need to be distributed to each system such that each WRAN system will be allowed to misdetect DTV or NTSC for only 0.5%.

4- Since the probability that the DTV signal will exceed the specified signal power at the edge of the noise-limited contour is F(50, 90), measures will have to be taken by the WRAN operator to reach the required probability of detection and compensate for the cases where the actual signal level will be below the specified level (i.e., F(50, 10)).  The location and time probability need to be collapsed into one probability of detection.  The standard deviation for the location variability is assumed to be 5.5 dB whereas the standard deviation for the time variability depends on the distance from the TV transmitter and is generated in the prediction model.  Meeting this overall higher probability can be done by using collaborating sensing with multiple CPE’s, reducing the signal threshold for which detection has to take place and/or tightening the probability of detection at each CPE.  WRAN operators may decide to use different means to achieve the stated probability of detection.

5- Same as note 4 in the case of NTSC detection except that the signal availability to be compensated for is F(50,50) and the location standard deviation is 7 dB.

6- Unless there are close-in CPEs, the –95 dBm signal level to be protected for Part 74 wireless microphones will not be met in all cases by practical sensing methods (sensing threshold at -107 dBm).  The detection will be based on a ‘best effort’.

7- The power and the location of the microphone beacon should be such that the –120 dBm sensing signal level at the CPE should be sufficient for any CPE close enough to create interference to the wireless microphone operation to be able to sense the presence of the beacon for the given probability of detection.

In the case of DTV detection, the requirements specified in Table 1 will translate in the sensing threshold requirements at each CPE detailed in Table 2, depending on the number of statistically independent CPEs sensing the signal and reporting it to the base station.

	Probability of detection
	Number of statistically independent sensing CPEs

	
	1
	2
	3
	4
	5
	6
	7
	8

	99%
	-105.1
	-99.3
	-96.5
	-94.8
	-93.6
	-92.7
	-91.9
	-91.3

	99.9%
	-109.2
	-102.4
	-99.2
	-97.2
	-95.8
	-94.8
	-93.9
	-93.2

	99.99%
	-112.7
	-105.0
	-101.4
	-99.2
	-97.6
	-96.5
	-95.5
	-94.8

	99.999%
	-115.6
	-107.2
	-103.3
	-100.9
	-99.2
	-97.9
	-96.9
	-96.0


Table 2: Sensing threshold as a function of Pd and number of independent sensors
for DTV detection

In the case of NTSC detection, the requirements specified in Table 1 will translate in the sensing threshold requirements at each CPE detailed in Table 3, depending on the number of statistically independent CPEs sensing the signal and reporting it to the WRAN base station.

	Probability of detection
	Number of statistically independent sensing CPEs

	
	1
	2
	3
	4
	5
	6
	7
	8

	99%
	-87.1
	-79.3
	-75.7
	-73.4
	-71.8
	-70.6
	-69.6
	-68.8

	99.9%
	-92.1
	-83.1
	-78.9
	-76.3
	-74.5
	-73.1
	-72.0
	-71.1

	99.99%
	-96.3
	-86.2
	-81.6
	-78.7
	-76.7
	-75.2
	-73.9
	-72.9

	99.999%
	-100.0
	-89.0
	-83.9
	-80.8
	-78.6
	-76.9
	-75.6
	-74.5


Table 3: Sensing threshold as a function of Pd and number of independent sensors
for NTSC detection

With respect to the probability of false alarm for the RF sensing system, this may be left to the WRAN operators to decide since it is an internal WRAN operation question.  To meet the stated probability of detection of incumbents, it may be decided to use a relatively high level of false alarm to speed-up the detection process (e.g., 5%) but this may result in a rather frequency agile WRAN system since frequency changes would tend to be initiated by false alarms wrongly indicating the presence of incumbent systems using the channel.  On the other hand, a tight false alarm probability (e.g., 0.1%) would likely result in slower detection process but fewer unnecessary channel changes.  The WRAN operator would likely tend to lean towards the first case when there are many available channels in an area and few WRAN systems operating; whereas the tighter false alarm setting would be used where few TV channels are available and many WRAN systems are trying to have access to it.  Whatever the setting chosen by the WRAN operators, the overall probability of detection of the incumbents will need to be met.

__________________________

Notice: This document has been prepared to assist IEEE 802.22. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s).  The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.





Release: The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication.  The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.22.





Patent Policy and Procedures: The contributor is familiar with the IEEE 802 Patent Policy and Procedures 


<� HYPERLINK "http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf" ��http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf�>, including the statement "IEEE standards may include the known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or applicant with respect to patents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase the likelihood that the draft publication will be approved for publication.  Please notify the Chair <� HYPERLINK "mailto:carl.stevenson@ieee.org" ��Carl R. Stevenson�> as early as possible, in written or electronic form, if patented technology (or technology under patent application) might be incorporated into a draft standard being developed within the IEEE 802.22 Working Group. If you have questions, contact the IEEE Patent Committee Administrator at <� HYPERLINK "mailto:patcom@ieee.org" \t "_parent" �patcom@ieee.org�>.





Abstract


This document propose a detailed text explaining the overall sensing requirements for the various incumbent signals and the resulting sensing thresholds as a function of the required probability of detection and the number of statistically independent devices involved in a collaborative sensing effort.





This text is for inclusion in section 2 of the 22-06-0089-00-0000-Spectrum-Sensing-Requirements-Summary.doc being discussed by the Sensing Tiger Team.
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