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ANALYSIS 
OF CEASING TRANSMISSION OF PROTECTING DEVICES

AND SOLUTIONS

1. INTRODUCTION

Three types of protecting devices, PPD, NPD, and SPDs, are operating together to protect incumbent user equipments.

Each has its own protected devices such as microphones which can be protected by this protecting device.

Each device can leave the radio space with or without notice. These two cases – leave with notice and leave without notice – are being dealt with in this document.

Only one case for SPD ceasing transmission without notice is not mentioned in the current draft [1] while some of other cases need more explanation or clarification or slight modifications in the draft.

In this document, all the cases that each of all three types of protecting devices leaves with notice or without notice are reviewed and their solutions are suggested if they are not covered in the draft.

2. VARIOUS CEASING TRANSMISSION CASES

In this document, all the cases that a protecting device leaves are considered and how to confront these cases is suggested. Most of the cases have been covered by the methods described in the current standard draft [1]. Some of them should be covered by adding new methods to the draft.

PPD ceasing transmission

With notice

The PPD can notify its intention to cease operation by transmitting its beacon frame with Cease TX subfield set to one. Then the NPD and/or SPDs which are associated with the PPD can recognize it. The NPD or each SPD will wait for a period of the certain number of superframes where this number is its own parameter of macMaxMissedBeaconsNPD or macMaxMissedBeaconsSPD. Before that timer expires, if it finds one new PPD, it will reset the timer and just communicate with the new PPD. When the timer expires, that means if it can not hear one PPD for a defined period, it will promote itself as the new PPD. The NPD is most likely to be a new PPD as described in the current draft (7.4.7.1, page 63, lines 24-40). When the NPD does not promote itself as the new PPD before one new PPD appears, this NPD will not regard itself as an NPD again. That means it will become the one of ordinary SPDs.
Baowei: If the NPD does not promote itself to be the new PPD, why is the whole concept of the NPD needed? 
Without notice

The NPD and SPDs continuously monitor PPD’s transmissions. SPDs also monitor NPD’s activities by receiving NPD codes in the Receive period. If the NPD can not hear the PPD for a fixed amount of time corresponding to macMaxMissedBeaconsNPD beacon frames, it promotes itself as the PPD by discretion of its higher layer.  (7.4.7.1, page 63, lines 17-22) 
Baowei: How about the SPDs? How about the NPD fails to function as the new PPD? 

NPD ceasing transmission

With notice

The NPD can notify its intention to cease operation by sending a beacon frame with Cease TX subfield set to one. Then the PPD selects one SPD as an NPD and notifies this SPD so that this SPD can operate as a new NPD. (7.4.6.3, page 63, lines 32-51)

In the current draft, the SPD can be an NPD right after it sends a beacon frame as described in 7.4.6.3. It means that the PPD can notify an SPD of its selecting this SPD as a new NPD only when it receives a beacon frame from the SPD. If no SPDs send their beacon frames, the PPD can not have a new NPD. This might be a problem if no SPDs transmit their beacons after the NPD leaves because the PPD can make an SPD promote to a new NPD by sending a beacon frame with NPD indication of Parameter 2 field set to one only after the PPD receives a beacon frame from the SPD according to the current draft described in [2].

To remedy the problem identified in the above a procedure can be considered as follows:

Firstly, if SPDs can receive all beacon frames and identify which protecting device is the current NPD, SPDs can know that the current NPD is about to cease its transmission if they receive Cease TX subfield. Then after a fixed amount of time elapses, an SPD sends its beacon frame to be selected as a new NPD. This scheme can be implemented with the assumption that all protecting devices can receive RTS and NPD codes and interpret them as suggested in [4]. Then SPDs can recognize NPD’s beacon frames if the following is adopted: when the NPD sends a beacon frame, it can set NPD indication in Parameter 2 to one; when an SPD sends a beacon frame, this SPD can set NPD indication in Parameter 2 to zero. [4] For the first method for SPDs to know NPD frames, a definition of NPD indication of Parameter 2 should be changed.
Baowei: This is same as Baowei, David, et al. has proposed.

Only for the case that the above method does not work in any reason, as the last and back-up method, if a scheme with which an SPD sends its beacon frames periodically is adopted to control SPDs’ abrupt leave without notice from the radio space, all SPDs will send its beacon frames periodically and the PPD can select one of SPDs after an SPD sends its beacon frame. For this case, for a considerable amount of time there will be no NPD. This amount of time depends on how often an SPD sends its beacon frames periodically. For the worst case there may exist no NPD in the space at most for a period between two adjacent beacon frames that an SPD sends. However, it is not a big problem because once again it is a back-up method for the worst case scenario and an SPD can be a new PPD voluntarily after macMaxMissedBeaconsSPD beacon frames if the PPD ceases its transmission before a new NPD is selected. 
Baowei: The interval for SPD updating the PPD could be very long to reduce the traffic. The proposal in this paragraph substantially reduces the importance of the NPD. Why not just remove the whole concept of the NPD from the draft? 

In [2], another method was proposed by which the PPD broadcasts the corresponding information so as for the SPD to send a beacon frame, but in this document a simpler method than this method is being proposed because this problem can be solved in an easier way without broadcasting relevant extra information to SPDs using the method explained in the above.

Baowei: The primary goal for using the 2-bit NPD indicaton field is for resovling the dilemma in the draft: the SPDs operate as if the NPD exists, but it is the NHL of the PPD to decide whether it appoints the NPD or not at all.  This document does not solve the dilemma. 

Without notice

In the current draft, the PPD monitors NPD codes periodically transmitted by the NPD during the receive periods. If the PPD can not hear the NPD for a fixed amount of time, it tries to select an SPD as an NPD and notifies this SPD so that this SPD can operate as an NPD.  This fixed amount of time specified is (macMaxMissedNPDCodes x macNPDPeriod). (7.4.6.3, page 62 lines 53-54 and page 63 lines 1-6) 

In this case, the same problem that the PPD can’t select an SPD if no SPDs send their beacon frames to the PPD should be solved and the same procedure to solve the problem can be applied as in the above ‘leave with notice’. This procedure should be mentioned in the standard.

SPD ceasing transmission

With notice

The SPD can notify its intention to cease operation by setting Cease TX subfield to one and transmitting its beacon frame. Then the PPD can recognize it and update its corresponding information related to this SPD. (7.4.7.2, page 63, lines 44-50)

Without notice

If an SPD leaves the radio space without notice, in the current standard draft the PPD retains this SPD’s information until the PPD quits its role. (7.4.7.2, page 63, lines 52-54) In some comments including Comment # 336 suggested by Soo-Young Chang, it is pointed out that this might be a serious problem because some rogue SPDs can utilize this for denial-of-service. Therefore a scheme by which SPDs send their beacon frame periodically is proposed by some commenters including one who submitted Reference document [3] so that the PPD can have chances to check whether SPDs are still active or not. Therefore in this document, as in other documents, it is recommended that this feature is added to the draft.

PPD and NPD ceasing transmission simultaneously

With notice

If there is no NPD, i.e., for this case, no PPD and no NPD at the same time, each SPD will wait for a period of the certain number of superframes where this number is its own parameter of macMaxMissedBeaconsSPD. Before that timer expires, if it finds one new PPD, it will reset the timer and just communicate with the new PPD. When the timer expires, that means if it can not hear one PPD for a defined period, it will promote itself as the new PPD. 
If there is no active SPD, no more beacon frames are sent and the WRAN recognizes that there is no protected incumbent device. (7.4.7.1, page 63 lines 17-40)

PPD without notice, but NPD with notice

A new NPD can not be selected by the PPD because the PPD leaves without notice. SPDs monitor the PPD’s transmission and can not hear the PPD for this case. If it can not hear the PPD for a period of macMaxMissedSPD superframes, one of them can be the PPD. If needed, to compete to be the PPD among SPDs, random back-off time is applied for each SPD to initiate its trial to be the PPD.  (7.4.7.1, page 63 lines 17-40) The same procedure can be applied as the above case.

NPD without notice, but PPD with notice

An NPD can not be selected by the PPD. SPDs monitor the PPD’s transmission. If it can not hear the PPD for a fixed amount of time of macMaxMissedSPD superframes, one of them can be the PPD. (7.4.7.1, page 63 lines 17-40) The same procedure can be applied as the above case.

Both NPD and PPD without notice

If there is no NPD, i.e., for the case of no PPD and no NPD at the same time, each SPD will wait until its own parameter of macMaxMissedBeaconsSPD is satisfied individually. Before that timer expires, if it finds one new PPD, it will reset the timer and just communicate with the new PPD. When the timer expires, that means it does not find one PPD for a defined period and it will promote itself as the new PPD.  (7.4.7.1, page 63 lines 17-40) The same procedure can be applied as the above case.
PPD, NPD and SPDs ceasing transmission simultaneously

With and without  notice

No more activities will be done if all protecting devices cease transmission at the same time. The WRAN is recommended to wait for a fixed amount of time to check whether there are any active protecting devices if it can not hear any protecting devices for a while. Futher explanation for the WRAN’s action for this case is beyond the scope of the standard.

If some of SPDs are still active while one or more SPDs cease without notice, the above cases of PPD and NPD ceasing transmission simultaneously are applied.

3. CONCLUSIONS

All the possible cases that PPD, NPD, and SPDs leave with or without notice are analyzed and explained in the above. They can be summarized in the table below.

Ceasing transmission

Covered by the draft

Related clause in the draft       

PPD

With notice


yes



7.4.7.1, page 63, lines 24-40

Without notice


yes



7.4.7.1, page 63, lines 17-22

NPD

With notice


need to modify the draft

7.4.6.3, page 63, lines 32-51

Without notice


need to modify the draft

7.4.6.3, page 62 lines 53-54

           and page 63 lines 1-6

SPD

With notice


yes



7.4.7.2, page 63, lines 44-50

Without notice


need to modify the draft

7.4.7.2, page 63, lines 52-54

PPD and NPD

With notice


yes (not explicitly covered)
7.4.7.1, page 63 lines 17-40

PPD without notice,

yes (not explicitly covered)
7.4.7.1, page 63 lines 17-40

     but NPD with notice

PPD with notice,

yes (not explicitly covered)
7.4.7.1, page 63 lines 17-40

     but NPD without notice

Both without notice

yes (not explicitly covered)
7.4.7.1, page 63 lines 17-40

PPD, NPD, and SPDs



With or without notice

yes (not explicitly covered)
7.4.7, pages 62 and 63

In this document, three concepts are introduced to be added to the current draft to cover all the cases listed in the above. 

· The first is that all protecting devices including the NPD and SPDs can receive RTS and NPD codes in the receive (RX) periods and interpret and utilize them in the PHY layer. 

· The second is that all SPDs send their beacon frames periodically to notify the PPD that they are still active.
· The third is that when the NPD doesn’t promote itself as the new PPD before one new PPD appears, this NPD will not regard itself as an NPD again. That means it will become the one of ordinary SPDs. And the new PPD will assign a new NPD.
With these three concepts, some possible problems caused by ceasing transmission by protecting devices which are not covered in the current draft can be solved in a simple and efficient way. It means that a slight modification of the current draft to implement these concepts will be needed. For all the cases, a simple procedure can be applied as summarized in the following:

· If the PPD leaves with notice, the NPD is informed right away and becomes a new PPD as described in the current draft.

· If the PPD leaves without notice, the NPD recognizes this fact after macMaxMissedBeaconsNPD superframes and becomes a new PPD as described in the current draft.
· If the NPD leaves with notice, the PPD selects an SPD as the new NPD and notifies the SPD of this selection after the PPD receives a beacon frame from the SPD as described in the current draft. 
· If the NPD leaves without notice, the PPD can recognize that by observing NPD codes in the receive periods as described in the current draft. For that case the above action to select an SPD can be applied. 

· If the above first two actions fails in any reason, SPDs can not hear the PPD. If an SPD can not hear the PPD for macMaxMissedBeaconsSPD superframes, it shall try to be the PPD by promoting itself as the PPD and transmitting its beacon frames periodically. After it becomes the PPD, it selects another SPD as the NPD if needed.

For the case that the PPD wants to select an SPD as the NPD, but it can not receive a beacon frame from an SPD, if an SPD can not receive NPD codes for a fixed amount of time, it can recognize that the PPD has difficulty to select an SPD as the NPD and send a beacon frame to be selected as an NPD. 

One optional alternative for the above is applied for the case that the PPD wants to select an SPD as the NPD, but it can not receive a beacon frame from any SPD. For that case, if an SPD can not receive a fixed number of NPD codes in the receive (RX) periods, this SPD sends one beacon frame to be selected as the NPD by the PPD. This can solve the problem that the PPD can not receive a beacon frame from an SPD when it wants to select an SPD as the NPD and should wait for a considerable time until an SPD sends its beacon frame to inform the PPD that it is still active. With this alternative, the time duration in which there is no NPD can be reduced.

References

[1] Part 22.1: Enhanced Protection for Low-Power, Licensed Devices Operating in Television Broadcast Bonds, P802.22.1/D1, May 2007

[2] 22-07-0338-02-0001 Comment-on-the-ceasing-transmission-of-NPD-SPD-and-PPD

[3] 22-07-0348-00-0001 and the Comment #266 in P802.22.1d1.0_cmts
[4] 22-07-xxxx-00-0001_Indication of NPD beacon frame

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
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