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2 Minutes from February 1 2006 Conference Call

2.1 Agenda

· Discussion on what are the deliverables of this Tiger Team

· Solicit volunteers for the various tasks

2.2 Notes

Deliverables of the Tiger Team

· Q&A document with questions on proposals and answers from proposers

· Simulation document describing how to evaluate spectrum sensing approaches.  Will utilize sampled DTV signals

Victor – We can supply sampled DTV signal in the field (50 capture segments). Noise could be added to simulate increased range.

We could also consider supplying signals from wireless microphones (Edgar).

Max - If someone tried to detect with a wideband receiver.  Intermodulation products could result in false alarms, or possibly mask a weak station.

Max – Do we want to regulate a false alarm rate?

Gerald – An industry forum can set sensing receiver linearity requirement.

Max – At some point we need to consider the effects of the sensing antenna.

Gerald – In the 802.18 comments we assumed 0dBi antenna.  What do we need to do to address poorer antenna.

Max – Add this to the noise figure of the receiver.

The January 2006 Issue of IEEE Proceedings has a series of articles on DTV.

Victor – Is next week a repetition.

Steve – No, next week we will continue on from where we left off this week.

Victor – Even though the NPRM discuss sensing.  I believe the design should still include sensing and not be bound by NPRM.

Peter – I agree with Victor. We need to develop a system that does not cause harmful interference.  We need to determine the appropriate design.

Gerald – Working on the sensing link budget equation at the sensing receiver.  I am planning to work on that before the next call.  It will be sent to the reflector.

Discussion on whether the standard describes the detection algorithm.

Plan for next week

· Review preliminary simulation document

· Review link budget equation

· Review Q&A document

· Discussion on what needs to be standardized regarding the detection of DTV signals

2.3 Action Items

	Action Item
	Owner

	Distribute a document describing ATSC signals
	Victor

	Supply ATSC signals (possibly on CD)
	Victor

	Simulation document
	Steve, Victor, Gerlad and Max

	Compile Q&A document
	Steve

	Send any comments anyone has on a proposal to Steve & Reflector
	Everyone

	Distribute Sensing Link Budget document
	Gerald


3 Minutes from February 8 2006 Conference Call

3.1 Agenda

· Attendance (Steve)

· Sensing Threshold Spreadsheet (Gerald)

· Simulation Document (Steve)

· New Business

3.2 Notes

· Gerald reviewed his spectrum sensing spreadsheet

· The purpose is to determine the time required for sensing

· Derived from previous spreadsheet

· First approach is based on thresholds derived in 802.18

· Steve went over the Sim document

· Victor will send out a description of signals

· Victor will provide a few signals via email and a complete set by DVD

· Victor give a presentation in Denver

· Victor says the set includes some signals with realistic multipath, so we may not need to include any multipath in the simulation

· It was pointed out that the -116 dBm included 24 dB fading margin.  So the simulation should be run with a mean signal power of -92 dBm.  Steve is to update the document.

· It was pointed out that the requirements document does include false alarm rate and probability of misdetection.  Steve is to update the sim document

3.3 Action Items

	Action Item
	Owner

	Draft text describing ATSC signals to be included in Sim document
	Victor

	Supply ATSC signals (possibly on DVD at Denver meeting).  Provide one or two signals prior to Denver so people can begin work.
	Victor

	Make a presentation at the Interim session in Denver describing the ATSC signals and how they were collected and how we can use them to evaluate the sensing technologies
	Victor

	Update Sim document with modifications brought up during the conference call and add a description of Simulation Scenario 2
	Steve


4 Minutes from February 15 2006 Conference Call

4.1 Agenda

· Attendance (Steve)

· R1 of Simulation Document (Steve)

· New Business

4.2 Notes

· Steve distributed R1 of the simulation document prior to the conference call

· On the call we reviewed simulation scenario 1 which involves calculating the receiver operating characteristics.

· Victor pointed out that the signals he will supply are for 25 seconds and we can segment them into section.  This will represent different mulitpath channel realizations at the same location but at different times.

· Victor also mentioned that he has two signals collected in the lab which we can use as a baseline.

· Gerald pointed out some concern about averaging over all 50 signals.

· After completing review of simulation scenario 1 we did a quick review of simulation scenario 2.  The open question is, “where should the WRAN sensor be located?”  Gerald argued in favour of locating the sensor at the DTV protection contour.  Steve will start some analysis of this topic and begin an email discussion on this topic.

4.3 Action Items

	Action Item
	Owner

	Add a simulation using the two laboratory signals which can be used as a baseline
	Steve

	Begin analysis of where to locate the WRAN sensor in Simulation Scenario 2.  Send preliminary thoughts to the email reflector.
	Steve


5 Minutes from February 22 2006 Conference Call

5.1 Agenda

· Attendance (Steve)

· R2 of Simulation Document (Steve)

· Comments on Gerald’s Spreadsheet

· New Business

5.2 Notes

· We discussed SS2.

· Exchange SS4 and SS5

· Danijela to talk with Gerald off-line regarding the link budget spreadsheet and bring back summary next week

· We discussed how this document will allow the proposals to demonstrate how they meet the sensing requirements in the requirements document.

5.3 Action Items

	Action Item
	Owner

	Draft text describing ATSC signals to be included in Sim document
	Victor

	Supply ATSC signals (possibly on DVD at Denver meeting).  Provide one or two signals prior to Denver so people can begin work.
	Victor

	Make a presentation at the Interim session in Denver describing the ATSC signals and how they were collected and how we can use them to evaluate the sensing technologies
	Victor

	Update Sim document with modifications brought up during the conference call and add a description of Simulation Scenario 3
	Steve


6 Minutes from March 1 2006 Conference Call

6.1 Agenda

· Attendance (Steve)

· Tutorial on Spectrum Sensing (Danijela)

· New Business

6.2 Notes

· Danijela presented Part 1 of the tutorial on Spectrum Sensing

· The tutorial material are available on the web

· http://www.eecs.berkeley.edu/~sahai/Presentations/Dyspan_2005_tutorial_part_I.pdf
· http://www.eecs.berkeley.edu/~sahai/Presentations/DySPAN05_part2.ppt
· Steve sent out R3 of the Simulation Document prior to the conference call

7 Minutes from March 22 2006 Conference Call

7.1 Agenda

· Discuss document on proposed tasks for Tiger Team.  Gerald – 10 minutes 

· Review changes to keep-out area calculations in Sim Doc. Steve – 20 minutes 

· Berkeley Tutorial material. Danijela – 30 minutes 

7.2 Notes

· Gerald review document IEEE 802.22-06/0040r1 on proposed tasks for the tiger team

· We recruited volunteers for the various tasks

1- Develop the geometry of incumbent sensing

a. Steve as part of the Sim document

2- Define requirements (Pfa, Pd, C/N) for single and multiple sensor cases

a. Make into the Sim document

3- Define the RF model for the sensor (antenna gain, cable loss, NF, etc.)

a. Gerald

4- Develop methodology to measure performance of the proposed sensing schemes

a. Winston from Fox, Georgia Tech, Victor from MSTV and Huawei
5- Develop a test suite for measuring these sensing schemes

a. Winston from Fox, Georgia Tech, Victor from MSTV and Huawei
6- Review measurements and simulation results of the various sensing schemes and compare the performance in terms of sensitivity and sensing time requirements to meet sensing probability requirements established in (2).

· Steve review the recent changes to sim document

· We discussed whether we should use F(50,10) curve for interferer or F(10, 10)

· Danijela described tutorial material – focusing on the energy detector

· Since Steve will be unavailable next week Gerald will run the conference call

8 Minutes from March 29 2006 Conference Call

8.1 Agenda

· Attendance (Steve)

· Introduction of the Sensing Threshold spreadsheet  (Gerald)

· Continuation of the Berkeley presentations (Danijela)

· Any other business

8.2 Notes

· The latest version of the Sensing Threshold spreadsheet was presented with an emphasis on the new table resulting from the theoretical considerations on the needed sensing time brought by the work done at the University of Berkeley.  The key elements of the presentation made by Danijela Cabric have been included and form a theoretical basis to compare with the expected empirical findings from the measurements to be carried out on the various proposed sensing schemes.

· A number of points were raised during the presentation and modifications will be made to the spreadsheet to bring some clarifications.  The reference giving the received signal variability as a function of the bandwidth will be posted on the reflector.

· Danijela continued the presentation of the work done at Berkeley and a number of points were discussed.  Slides 65 to 93 (#42 to #62) covering energy detectors, SNR wall due to noise uncertainty and the advantage of within-system cooperation were described

· It was suggested that the next teleconference call starts with the continuation of the presentation from Berkeley.

8.3 Action Items

	Action Item
	Owner

	Clarifications and updates to the Sensing Threshold spreadsheet
	Gerald

	Posting of the Sensing Threshold spreadsheet and the ITU Handbook section referenced in the spreadsheet on the email reflector 
	Gerald

	Investigation of the effect of collaboration of multiple CPEs on sensing incumbent services, and the impact on the joint ‘Probability of false-alarm’
	Danijela


9 Minutes from April 5 2006 Conference Call

9.1 Agenda

· Attendance (Steve)

· Continuation of the Berkeley presentations (Danijela)

· Any other business

9.2 Notes

· Danijela reviewed the tutorial material.
· She described solutions to the problems with the energy detector.
· What number of “untrusted” sensors should we assume?

· How malicious should we assume these untrusted sensors are?  Do we assume they just always send the wrong answer or should we assume it sends a more malicious message, like randomly send wrong answers?

9.3 Action Items

	Action Item
	Owner

	Convert Tutorial material into 802.22 submissions
	Danijela


10 Minutes from April 12 2006 Conference Call

10.1 Agenda

· Attendance (Steve)

· Discuss Tiger Team Deliverables (Steve)

· Schedule and Plans for Jacksonville (All)

· Presentation on Energy Detector versus the Pilot Detector (Monisha)

· Spreadsheets (Gerald)

· Any other business

10.2 Notes

· Revised Deliverable document
· May agenda for Tiger Team

· Demonstration of Test Bed (GaTech)

· General discussion on Sensing requirements and models

· At a minimum we can have a status update on each of the Deliverables

· Reviewed Monisha’s presentation comparing the Energy Detector and the Pilot Detector

11 Minutes from April 19 2006 Conference Call

11.1 Agenda

· Attendance (Steve)

· Status of Deliverables (Steve)

· Spreadsheets (Gerald)

· Any other business

11.2 Notes

· Updated deliverables document (R3)
· Reviewed Gerald’s Keep-out spreadsheet (22-06/0052r2)

· Quick review of Gerald’s sensing threshold spreadsheet (22-06/0051r1)

11.3 Action Items

	Action Item
	Owner

	Edgar to contact Victor and see if we can obtain a sample collected DTV signal
	Edgar

	Distribute ATSC document describing collected signals
	Steve

	Compare Sim document keep-out region calculations with the keep-out spreadsheet and identify any differences
	Steve


12 Minutes from April 26 2006 Conference Call

12.1 Agenda

· Attendance (Steve)

· Status of Deliverables (Steve)

· Discussion of Captured DTV Signals (Gerald)

· New business

12.2 Notes

· Updated Deliverables doc
· Steve volunteered to draft a strawman sensing requirements document based on previous requirements document for discussion at the May meeting.
· Discussions on captured DTV signals

· Steve will bring portable disk drive to May meeting with the DTV signal files to distribute the signals for those who are interested the files

· Victor will bring in additional information about the captured signals at the May meeting, and we can discuss which signals we will use for the simulations

13 Minutes from May 3 2006 Conference Call

13.1 Agenda

· Attendance (Steve)

· Status of Deliverables (Steve)

· Plans for the May Meeting (All)

· Review Channel bandwidth and Fading Document (Gerald)

· Review Sensing threshold spreadsheet (Gerald)

· New business

13.2 Notes

· Reviewed and updated Deliverables document
· May Meeting Plans

· Demo Ga Tech Sensing System (Kyutae Lim)

· Presentation on additional signal files (Victor)

· Sequence of spectrum plots from signal files (Steve)

· Possibly a real-time display of signals using D/A and spectrum analyzer (Volunteer?)

· Discussion on Sensing requirements (Steve , Gerald and Winston)

· Review of keep-out region parameters (Steve and Gerald)

· Presentation of Channel bandwidth and Fading Document (Gerald)

· Sensing threshold spreadsheet (Gerald)

· Need additional work for sensing of wireless microphones, and other licensed transmitters (part 74-like devices).  Need a model of the wireless microphone (Maybe Shure will volunteer)
· Review documents that Gerald distributed

· Bandwidth versus fading

· Revision 2 of sensing threshold document

14 Minutes from May 10 2006 Conference Call

14.1 Agenda

· Attendance (Steve)

· Review Sensing threshold spreadsheet (Gerald)

· Status of Deliverables (Steve)

· Plans for the May Meeting – Any New Presentations (All)

· New business

14.2 Notes

· Reviewed R3 of the Sensing Threshold Spreadsheet

· May Meeting Plans

· Demo Ga Tech Sensing System (Kyutae Lim) (60 min)

· Presentation on additional signal files (Victor) 

· Sequence of spectrum plots from signal files (Steve) (20 min)

· Performance of the Power Detector (Steve) (45 min)

· Possibly a real-time display of signals using D/A and spectrum analyzer (Volunteer?)

· Discussion on Sensing requirements (Steve, Gerald and Winston) (45 min)

· Review of keep-out region parameters (Steve and Gerald) (20 min)

· Update from proposal team on sensing technology (Volunteer?)

· Discussion on sensing of wireless microphones (Edgar, Arhen and Bill)

· Presentation of Channel bandwidth and Fading Document (Gerald) (30 min)

· Sensing threshold spreadsheet (Gerald) (60 min)

· Review Deliverables document (Steve) (30 min)

· Discussion on Next Steps (Steve) (30 min)

15 Minutes from May 31 2006 Conference Call

15.1 Agenda

· Attendance (Steve)

· Discuss whether to use the ITU tables or Annex 8, or FCC (Steve, Gerald and Others)

· Hidden Incumbent Question (Gerald)

· Sensing Requirements (Steve)

· New business

15.2 Notes

· Tables or only work down to 1Km.  Gerald extended the model down to 1 m and converges down to free space

· The FCC propagation model are all measurement based, back in the 50s

· Since then the ITU has updated these models for TV, fixed access and mobile access.  Also covers shorter distances.

· The measurements were averaged over 400 lambda to average out the Rayleigh fading

· Winston does not have a strong opinion on use of either.  Victor was involved in the development of the FCC curves and would be a good person to ask.  The curves can be optimistic in some cases and pessimistic in other situations.  These models are not used that often when doing installations, often a more site specific model is used.  These models average over many sites.  This is only to establish common understanding of the keep out distance.

· Why the use of the ITU model versus the FCC?  Gerald had access to the tables; they are more up to date and cover fixed access and mobile.

· We can ask Victor’s opinion about which curves to use.

· One option is to use the FCC for the protection and the ITU for the air interface.

· The FCC curves only go down to an antenna height of 30 meters.  It can be scaled down.

· In the tables the location variation uses the 5.5 dB standard deviation

· Another option is to use FCC curves for TV transmissions to calculate noise limited contour and then ITU curves for WRAN transmission.

· Discussion on the Hidden Incumbent Issue

· DTV stations do not change frequently

· If the sensing gets too complex we need to consider how often this happens so infrequently we do not want to put to much burden on the WRAN

· It would be useful for the Proposal Team to send out their email discussion that they had on sensing to the WRAN email reflector.

· On method of dealing with tunnelling is to consider the knowledge of a DTV transmitter that can reach the WRAN in the summer in the evening and the system can override the sensing algorithm

· Gerald feels the probability of detection needs to be modified.

· Gerald also believes the sensing power levels needs to be modified.

· Winston is not sure we should change these requirements

· Held a discussion on these requirements

· Winston says you need to effectively detect the edge of the keep-out region

· Next week we will continue discussion of the sensing requirements summary and discuss the proposal team emails on the hidden incumbent

15.3 Action Items

	Action Item
	Owner

	Send out proposal team email discussion on sensing to WRAN email reflector
	Steve Kuffner

	Write up table of requirements as described on call
	Gerald


16 Minutes from June 7 2006 Conference Call

16.1 Agenda

· Attendance (Steve)

· Discuss Gerald’s Overall Requirements Document (Gerald)

· Discuss Summary Sensing Requirements Doc (Steve)

· New business

16.2 Notes

· Reviewed Gerald’s document

· Quick overview of Steve’s summary document.  A more complete review can be done next time

17 Minutes from June 14 2006 Conference Call

17.1 Agenda

· Attendance (Steve)

· Discuss Summary Sensing Requirements Doc (Steve)

· Discuss Gerald’s Overall Requirements Document (Gerald)

· New business

17.2 Notes

· Reviewed document 89r0 and made some edits.  R0 to be sent to the Carl to post.

· Reviewed Gerald’s sensing threshold spreadsheet and sensing requirements document

18 Minutes from June 21 2006 Conference Call

18.1 Agenda

· Attendance (Steve)

· Volunteer to chair the call next week – Gerald

· RF Characteristics Document (Gerald)

· Sensing Requirements (Gerald)

· Revision 7 of the simulation document (Gerald)

· New business

18.2 Notes

· Reviewed RF characteristics document by Gerald.  Gerlad will add a description in terms of G/T and Steve will integrate it into the Sensing Requirements document.

· Reviewed Gerald’s revised sensing requirements document.

19 Minutes from June 28 2006 Conference Call

19.1 Agenda

· Attendance (Gerald)

· RF_Sensor_Characteristics (Doc. #89r3) – Gerald

· Sensing requirements (Doc. #103r1) - Gerald

· New business

19.2 Notes

· Appendix B of document 22-06-0089-03-0000-Spectrum-Sensing-Requirements-Summary.doc dealing with Sensing Receiver Characteristics was reviewed.  Comments and suggestions were collected to develop the next revision.

· There was general agreement on the mathematical model developed to characterize the performance of the sensor RF front-end.

· Further explanations were given on the Figure of Merit (G/T) parameter.  It was stated that the figure of 11 dB “noise figure” suggested as typical by Victor Tawil.referred to the G/T expressed as a function of 290ºK rather than 1ºK in dB.  This new variable corresponds to 12.44 dB for the parameter values assumed.  This is to be confirmed with Victor.  If it is the case, the values assumed in the spreadsheet 22-06-0051-06-0000_Sensing_Thresholds.xls are more conservative.

· As the mathematical expressions seem to be agreed upon, the work will turn to specifying reasonable and typical values for the RF front-end parameters.  In particular, the 4 dB downlead loss would not exist if the sensor RF front-end is at the antenna.  A footnote should be added to the text to highlight this point.  Manufacturers will need to comment on this.  Preliminary view expressed by Winston Caldwell is that the electronics will be in the indoor unit as in the case of DTV receivers.

· A new revision of the document will be prepared by Gerald based on the suggestions and comments.

· Document 22-06-0103-01-0000_Sensing_Requirements - part of doc-0089.doc was reviewed.  The discussion concentrated on section 2.1 where explanations were given and suggestions to clarify the tables and the text were gathered.  A new revision of the document will be prepared by Gerald based on these suggestions.
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