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Intra-frame and inter-frame sensing quiet periods

1.
Performance of the proposed sensing schemes

The Sensing Tiger Team has documented a number of sensing schemes for the various types of incumbent signals present in the broadcast bands.  Annex A of the Working Document includes these findings.  It was found that the required sensing thresholds can be achieved within reasonable sensing times.

It is now possible to specify the connection between the requirements in terms of the extent of the quiet periods from the 802.22 side and the sensing performance specifications from the Sensing Tiger Team perspective.

2.
Specification linking the 802.22 WRAN requirements and the sensing scheme performance

It is believed that the sensing schemes should adjust to the 802.22 requirements rather than the other way around.  Once the widths of the intra-frame quiet period and the inter-frame quiet period are defined and agreed upon based on the capabilities of the sensing schemes, these sensing schemes should be designed/modified/refined to work within these constraints.  It is not expected that the 802.22 sensing will have the luxury of selectively sensing for a specific type of incumbent signal.  Once a quiet period is open, the sensing scheme should be able to capture and identify any type of incumbent signal without having to repeat it over different widths for different types of signal.

Furthermore, the possibility of having the CPEs indicate to the base station that their sensing scheme needs, say, 7 ms to sense while another CPE would signal that it can do it in 3 ms would not be very helpful.  Only one size of quiet period would be open by the base station at a time to allow sensing, hence, in such a circumstance, it would always have to cater to the lowest common denominator.

2.1
Intra-frame quiet period

So far, we have been able to establish the sensing time required to capture a TG1 burst with its index.  This can be done in a 5.1 ms period except in two cases: at CPE initialization and for out-of-band TG1 sensing.  These two exceptions can be covered by either an enhanced TG1 decoder as proposed in document 22-07-0xxx-01-0001-WRAN_Annex_on_TG1_detection.doc or by repeating the TG1 burst capture.  The latter option should not create difficulties since the sensing time for these two exceptions is not critical.

A sensing scheme that can sense an incumbent with the appropriate sensitivity, detection probability and false alarm probability in a shorter period would not bring any advantage since the quiet period that would normally be open would be 5.1 ms to allow the capture of a TG1 beacon.  If a sensing scheme needs more time, it will not be very useful since it would need its own longer quiet period to sense its specific type of signal.  All these sensing schemes should therefore be refined to match the 5.1 ms intra-frame period.

It is proposed to use the 5.1 ms quiet period as the reference intra-frame quiet period so that sensing schemes can be adjusted to meet this timing requirement for sensing the TG1 beacon, wireless microphones, DTV and analog TV.

When sensing an incumbent during the 5.1 ms does not provide enough sensitivity, the sensing scheme should be made such that it can improve its sensitivity by aggregating the results of its measurements over a number of non-contiguous 5.1 ms sensing periods.  Since an excessive number of these intra-frame sensing periods would affect the WRAN system throughput, a maximum number of repetition should be defined so that there is sufficient flexibility in designing the sensing schemes that would be implemented in different CPEs but that the BS should not have to cater to the slowest one.

2.2
Inter-frame quiet period

With respect to the inter-frame quiet period, this should be defined in terms of the number of frames needed, up to 16 frames minus the super-frame header (158.88 ms).  Since such inter-frame quiet period should be used sparsely and sparingly to preserve the WRAN QoS, i.e., only when a TG1 burst has been captured with its index, such long quiet period should not normally be considered for other types of incumbent detection.

The length of this inter-frame quiet period will likely be the result of a tradeoff between the amount of information required from the TG1 payload (MSF1, MSF2 and MSF3?), the time, in number of super-frames, that the WRAN system can afford to wait until the asynchronous TG1 payload falls in a smaller sensing period and the width of this sensing period (e.g., 30 ms for MSF1).  If urgent capture of the asynchronous TG1 payload is needed, the width of the quiet period will need to be increased to allow the capture of the necessary information on the fly.  It was reckoned that the entire super-frame period (158.88 ms) would be needed to capture MSF1, MSF2 and MSF3 within 3 superframe wait time in the worst case alignment (asynchronous capture of a 98.2 ms payload within a 158.88 ms window).  Another possibility could be to acquire the TG1 payload by pieces.  This would mean opening smaller inter-frame sensing windows over a number of successive super-frames.  The optimum solution should be left to the BS manager and the operator for each case.

3.
What is needed in the 802.22 standard

With respect to the 802.22 standard, it would seem that defining the 5.1 ms intra-frame quiet period and inter-frame quiet periods that can vary from 1 up to 16 contiguous frames anywhere within a super-frame would be sufficient to provide the necessary tools for spectrum sensing.

With respect to the Annex A to the 802.22 standard, it is proposed that the sensing schemes documented in Annex A be characterized and quantified in terms of their capability to meet the sensing requirements with one or multiple non-contiguous 5.1 ms intra-frame sensing periods.  A summary table would be very useful.

_______________________________________

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 contribution discusses the need to define specific criteria for the intra-frame and inter-frame quiet periods and the requirement for the sensing schemes to meet these criteria.
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