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1. Reference
[1]
Motorola “Part 22.1: Enhanced Protection for Low Power Licensed devices Operating in TV Broadcast Bands”.

2. Introduction
This contribution defines a backup primary protecting device for communication devices offering enhanced protection for low-power, licensed devices operating in television broadcast bands.
3. Backup PPD for quick PPD initialization 

During initialization each protecting device monitors its channel for a random number of slots to determine the presence or absence of other beaconing devices. If none are heard, the device determines that it shall act as the primary protecting device (PPD), and begins beaconing; if one or more beaconing devices are heard, under control of an upper layer, the device may determine either to act as the PPD and initiate its own beacon, or as a secondary protecting device (SPD) and attempt to contact a beaconing device.
When PPD dies, SPD can not detect PPD’s synchronization bursts. If the SPD misses aMaxMissedBeacons consecutive beacon frames, SPD will negotiate and find a new PPD. After that, the new PPD will enter the initial transmission period, transmit a continuous series of superframes, which shall not include receive periods or ANPs, for a period of 30 seconds. But this negotiation and initial transmission period is a long time. If in this period WRAN system occupy Part 74 device’s channel, and these channel was monitored by SPD, then SPD can not notify the interference because of no receive periods in PPD’s superframe. PPD can not notify WRAN system the interference, so this process can not protect Part 74 device timely.
In our proposal, we introduce backup primary protecting device (BPPD) to address above-mentioned problem. When PPD is working, it will choose one or several SPD as BPPD, and assign different priorities for every BPPD. When PPD doesn’t work, the BPPD with the highest priority (main BPPD) will promote itself to new PPD immediately. At the same time these BPPDs with other priorities (subordinative BPPD) will increase respective priorities, and the BPPD with the highest priority in subordinative BPPD will promote itself to new main BPPD immediately. This method can basically avoid negotiation and initial transmission period of 30 seconds, and ensure protection of Part 74 device.
Firstly, we will define some primitives to support the process of how to choose BPPD.
The MAC sublayer provides an interface between the next higher layer and the PHY. The MAC sublayer conceptually includes a management entity called the MAC Sublayer Management Entity (MLME). The MLME provides a means of passing information between the next higher layer and the MAC sublayer. The MLME is also responsible for maintaining a database of variables pertaining to the MAC sublayer, which is called the MAC Information Base (MIB).

Figure 1 depicts the components and interfaces of the MAC sublayer.


[image: image1]
Figure 1 The MAC sublayer reference model
The MAC sublayer provides a MAC management service, accessed through the MLME-SAP.
The MLME-SAP is an interface that provides a means of passing information between the next higher layer and MAC sublayer (using the MLME). Table 1 summarizes the primitives supported by the MLME through the MLME-SAP interface. We add a MLME-BPPD to indicate how to choose BPPD.
Table 1  Primitives supported by the MLME-SAP

	MCPS-SAP primitive
	Request
	Indication
	Confirm

	MLME-BEACON-LOST
	
	
	

	MLME-GET
	
	
	

	MLME-INCOMING-BEACON
	
	
	

	MLME-NEW-BEACON-DATA
	
	
	

	MLME-SCAN
	
	
	

	MLME-SET
	
	
	

	MLME-START-BEACON
	
	
	

	MLME-BPPD
	Table 2
	Table 3
	Table 4


After PPD initialize and start to work, the next higher layer will transmit a MLME-BPPD.request toMLME that need to choose a SPD as BPPD. MLME-BPPD.request includes the method of choosing BPPD. Then MLME will choose a BPPD based on negotiatory method, and send the MAC address of the chosen SPD to the next higher layer by MLME-BPPD.indication. Finally, the next higher layer will notify the result to MLME by MLME-BPPD.confirm. If the next higher layer does not agree to choose this received SPD as BPPD, the next higher layer can re-transmit a MLME-BPPD.request to choose a BPPD. The format of MLME-BPPD is shown in Table 2, Table 3, Table 4.
Table 2  MLME-BPPD.request parameters

	Name
	Type
	Valid range
	Description

	Status
	Integer
	0-1
	0：choose BPPD based on method 0, that is choose the first SPD that transmit beacon after indication was received
1：reserved


Table 3  MLME-BPPD. indication parameters

	Name
	Type
	Valid range
	Description

	SPD Address
	
	
	the address of SPD


Table 4  MLME-BPPD.confirm parameters

	Name
	Type
	Valid range
	Description

	Status
	Integer
	0-1
	1：choose the received SPD as BPPD

0：don’t choose the received SPD as BPPD


The flow can be summarized as:

                                             
[image: image2]
Figure 2 The flow of choose BPPD by MLME-BPPD
Figure 3 shows the structure of the beacon frame.
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Figure 3 Beacon frame format
When PPD received the first beacon frame of SPD after indication from the next higher layer, PPD will choose this SPD as BPPD and memorize its Source Address. We add a BPPD Address in beacon frame to notify BPPD’s identity to SPD, as in Figure 4. BPPD Address is zero before PPD choose BPPD. We also add a BPPD Priority after the BPPD Address to notify BPPD’s priority, as in Table 5. PPD can assign the priority based on the order of received beacon from SPD. That is, the first SPD that transmit beacon will be set the first priority, the second SPD that transmit beacon will be set the second priority, etc.

[image: image4]
Figure 4 New Beacon frame format

Table 5   BPPD Priority format
	BPPD Priority
	Description

	0000
	Don’t choose BPPD 

	0001
	The first priority

	0010
	The second priority

	0011
	The third priority

	……
	etc


We can discuss communication among PPD, BPPD and SPD in the next three situations:
3.1 PPD is working, but BPPD dies


[image: image5]
Figure 5 New Superframe format
Figure 5 is the new superframe format. BPPD ANP was inserted between Rx period and ANP, and the length is 2bits. Main BPPD can transmit BPPD burst in BPPD ANP period  to notify whether it is active or not as in Table 6. 
Table 6  BPPD burst format
	BPPD burst
	Description

	00
	BPPD will cease transmission in the next superframe

	11
	BPPD is active

	01，10
	reserved


If PPD and subordinative BPPDs received 00 in the BPPD ANP period, this means that main BPPD will cease transmission in the next superframe. Then Subordinative BPPDs will increase respective priorities. The BPPD with the highest priority in subordinative BPPD will promote itself to new main BPPD immediately, and transmit BPPD burst in the next frame. If there is no subordinative BPPD, PPD need to re-choose a BPPD. If PPD misses aMaxMissedBPPD (the default value of aMaxMissedBPPD is 2) consecutive BPPD burst, PPD will also consider that this main BPPD does not work. In the same way, subordinative BPPDs will increase respective priorities. The BPPD with the highest priority in subordinative BPPD will promote itself to new main BPPD immediately, and transmit BPPD burst in the next frame. If there is no subordinative BPPD, PPD also need to re-choose a BPPD. PPD can choose a SPD that transmit beacon frame in the next superframe as BPPD based on the indication of next higher layer. 
We also can add a MLME-BPPD-LOST.indication in Table 1. The MLME-BPPD-LOST.indication primitive is generated by the MLME of a PPD and issued to its next higher layer as a notification that the last aMaxMissedBPPD BPPD burst of the BPPD were not heard. This primitive is issued by a PPD and subordinative BPPD.

3.2 PPD dies, but BPPD is working

Figure 6 is the format of parameter 2 field.

If PPD will cease transmission in the next superframe, it will notify BPPD and SPD by Cease Tx in parameter 2.


[image: image6]
Figure 6 Format of the parameter 2 field
If PPD notify BPPD and SPD that it is planning to cease transmission by Cease Tx in beacon frame, main BPPD will promote itself to new PPD in the next superframe. The BPPD with the highest priority in subordinative BPPD will promote itself to new main BPPD in the next superframe.
If PPD don’t set Cease Tx to one and BPPD misses aMaxMissedPPD consecutive beacon frame, main BPPD will consider that this PPD does not work and promote itself to new PPD at the discretion of the next higher layer. The BPPD with the highest priority in subordinative BPPD will promote itself to new main BPPD in the next superframe.
Because the default value of N in synchronization burst is 382, the period of superframe is 8*(383*3+55)/9609 = 1.002394 s. When main BPPD miss synchronization bursts for a period of 1.002394 seconds, main BPPD must promote itself to PPD immediately and begin transmitting burst. So the default value of aMaxMissedPPD can be setted as 1.
3.3 Both PPD and BPPD die

This situation may be occurred by:

1. PPD dies, in the next aMaxMissedPPD consecutive superframe BPPD also dies: 

If there is subordinative BPPD, the BPPD with the highest priority in subordinative BPPD will promote itself to new PPD immediately; if there is no subordinative BPPD, SPD will negotiation and find a new PPD, after that perform initial transmission period.
2. BPPD dies, in the next aMaxMissedBPPD consecutive superframe PPD also dies:
If there is subordinative BPPD, the BPPD with the highest priority in subordinative BPPD will promote itself to new PPD immediately; if there is no subordinative BPPD, SPD will negotiation and find a new PPD, after that perform initial transmission period.

The above situation can be summarized as that if SPD misses aMaxMissedBeacons (aMaxMissedBeacons is bigger than aMaxMissedPPD and aMaxMissedBPPD, we can set aMaxMissedBeacons as MAX（aMaxMissedPPD，aMaxMissedBPPD）＋1, i.e. the default value is 3) consecutive beacon frame, SPD will consider that both PPD and BPPD do not work. If there is no subordinative BPPD, SPD will negotiation and find a new PPD, and then perform initial transmission period.

One important thing is that if PPD have chosen subordinative BPPD, then the situation that both PPD and BPPD doesn’t work will not occur. So this method can avoid negotiation and initial transmission period of 30 seconds as long as there is more subordinative BPPD.
The flow can be summarized as Figure 7.


[image: image7]
(a) PPD receives a RTS burst, and transmits ACK in ANP; no message was received in BPPD ANP period

[image: image8]
(b) PPD memorizes address of SPD, and chooses this SPD as BPPD; no message was received in BPPD ANP period

[image: image9]
(c) PPD transmits beacon to notify the chosen BPPD; BPPD transmits in BPPD ANP period to notify the actively state
Figure 7 The flow of how to choose and notify 
3.4 Simulation
In our simulation, the relation of the average re-initialization time and probability of stop working, the number of BPPD, aMaxMissedBPPD, aMaxMissedPPD were shown in the following figures.
The probability of stop working is the probability that a protect device stops transmitting abruptly.
In draft, the average re-initialization time is the time that SPD negotiate and the new PPD initial transmission after PPD stop working. In this proposal, the average re-initialization time is the same as draft or the time of BPPD promoting itself to new PPD.
In Figure 8, The number of BPPD is 2, aMaxMissedBPPD is 2, aMaxMissedPPD is 1.
In Figure 9, the number of BPPD is the number of main BPPD and subordinative BPPD. The probability of stop working is 0.05, aMaxMissedBPPD is 2, aMaxMissedPPD is 1. Based on this figure, we can define the default number of BPPD is 2.
In Figure 10, the number of BPPD is 2, the probability of stop working is 0.05, aMaxMissedPPD is 1.
In Figure 11, the number of BPPD is 2, the probability of stop working is 0.05, aMaxMissedBPPD is 2.
In draft, the average re-initialization time is about 31 second.

[image: image10]
Figure 8 Average re-initialization time with different probability of stop working

[image: image11]
Figure 9 Average re-initialization time with different number of BPPD

[image: image12]
Figure 10 Average re-initialization time with different aMaxMissedBPPD

[image: image13]
Figure 11 Average re-initialization time with different aMaxMissedPPD
4. Conclusion
Our proposal can basically avoid negotiation and initial transmission period of 30 seconds, and ensure protection of Part 74 device.
Abstract





The solutions in this document are aimed to meet functional requirements of an IEEE 802.22 based WRAN system. They include a backup primary protecting device for beacon device.








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.





Document Policy and Procedures: The contributor is familiar with the IEEE 802 Document 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 document(s), including document applications, provided the IEEE receives assurance from the document holder or applicant with respect to documents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of document 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 documented technology (or technology under document application) might be incorporated into a draft standard being developed within the IEEE 802.22 Working Group. If you have questions, contact the IEEE Document Committee Administrator at <�HYPERLINK "mailto:patcom@ieee.org" \n _blank��patcom@ieee.org�>.





Rx


period





MIB





PLME-SAP





PPD


transmits





SPD


transmits





no


RTS burst


received by PPD








BPPD


transmits





BPPD ANP





PPD


transmits





ANP


(ACK)












































































































































































































































































































































BPPD


transmits





BPPD ANP





PPD


transmits





ANP


(ACK)





PPD


transmits





Rx


period





Beacon





0





Sync





N





Sync





…





























MLME-BPPD.Confirm,


NHL to MLME, confirm the chosen BPPD








MLME-BPPD.Indication,


MLME to NHL with the address of chosen BPPD





MLME-BPPD.Request,


NHL request MLME to choose BPPD














6








BPPD Address


 





BPPD


transmits





BPPD ANP





PPD


transmits





ANP


(ACK)

















Rx


period








Beacon





0





Sync





N





Sync





…





BPPD ANP





ANP





PPD


transmits





Rx


period





Beacon





0





Sync





N





Sync





…





SPD


RTS burst


received by PPD








Reserved





3－6





2














Cease Tx

















Keep out zone





7








Channel Width





Bits:  0-1





Beacon





0





Sync





N

































































Sync





…








BPPD Priority


 





5








Sub channel Map





MFR








16





PD-SAP





MLME-SAP








MLME































































































1








Message Integrity Code





MAC payload





MHR





1





1





6





n








Parameter 1








Source Address








Location








Timestamp








Parameter 2








Parameter 3








Frame Payload 





8





6





Octets:  1








PAGE  
Submission







    
page 1



            Huawei Technologies Co., Ltd.

[image: image16.wmf]0

5

10

15

20

25

30

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

aMaxMissedBPPD

Average reinitialization time(second)

[image: image17.wmf]1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

6

7

8

9

10

11

aMaxMissedPPD

Average reinitialization time(second)

_1225173718.doc

[image: image1]
[image: image2]

6







16







5











Parameter 1











Message Integrity Code











Timestamp











Location











Source Address











Frame Payload











Parameter 3











Parameter 2















Octets:  1







MFR







1











Sub-channel Map







6







8







8







6







3







1







1







n











1







MHR







MAC payload
















