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Motivation

802.15.3 provides a mechanism for the PNC to perform handover of the PNC functionality.  The PNC is supposed to perform handover when a more capable device joins the piconet, or when it knows that it is going away.  Unfortunately, it is not always possible for the PNC to always know that it is going away.  The PNC may suddenly be turned off or lose power.  If mobile, the PNC could also move out of range of the other devices in the piconet.  When this happens the other devices are left unable to communicate because there is no more PNC.  
In theory, one of the remaining devices could assume the role of PNC when it determines that the PNC is no longer active or in range, but there are drawbacks to this.  First, there is no standard way of saving the piconet.  A new piconet has to be formed.  Second, multiple devices in the piconet could simultaneously assume the role of PNC in the new piconet. Third, since it is a new piconet every device would have to join the new piconet and re-establish all communications.  
Overview

The PNC always attempts to select another DEV in the piconet to become PNC if the PNC goes away without handing over.  If there is no other PNC capable device in the piconet, that is indicated.  If there is one other PNC capable device in the piconet, that devices is identified as the next PNC.  If there are multiple PNC capable devices the PNC chooses the best qualified device to be the next PNC and periodically advertises the next PNC via an IE in the Beacon.  
In addition to the information in the PNC rating field, the PNC should also consider the information on which devices can hear which other devices in the piconet.  It is important that the new PNC is a device that as many as possible devices in the piconet can reliably communicate with.  In order to allow the PNC to determine which devices can hear other devices in the piconet, each DEV should listen to all MCTAs or the CAP and make note of which other devices in the piconet it can hear and how well.  A new command is introduced to provide this information to the PNC.  Since each DEV transmits a management frame to the PNC at least once per association timeout period (ATP), if the DEV has nothing else to send to the PNC it should send the new command with the information about all of the devices in the piconet.  
Proposed Text

Add the following definitions to clause 3

Preliminary Handover - Transferring all info from the PNC to a next PNC.
                                    Sending the Next PNC IE in the beacon
Implicit Handover - Next PNC takes over after defined scan and timeout
                              when the old PNC has disappeared.
Add 7.4.18 Next PNC IE

The Next PNC IE shall be formatted as illustrated in Figure xx.  The Next PNC is the DEVID of the device that the PNC has chosen to be the Next PNC.  The Next PNID is the PNID that the next PNC shall use if it starts sending out beacons because the PNC disappeared without performing a handover.  
	Octets: 2
	1
	1
	1

	Next PNID
	Next PNC
	Length = 3
	Element ID


Add to the last paragraph of 7.5.3.1 Piconet channel status
It shall be set to 2 if the handover information is being transmitted to the designated NextPNC so that it is capable of becoming PNC if the PNC disappears, but handover is not being performed.
Add to last paragraph of 7.5.3.1 Piconet channel status

It shall be set to two indicate “Handover Information Transfer, no handover.”
Add 7.5.7.6 Piconet channel status
The Piconet Channel Status command shall be formatted as illustrated in Figure xx.  The Bitmap of Devices in Range is a 256 bit bitmap of all of the devices in the piconet that can be heard by the device sending the command.  The bit corresponding to the DEVID is set to “1” if a frame was correctly received from a device with that DEVID since the last piconet channel status command was sent, otherwise the bit shall be set to “0.”    
	Octets: 32
	2
	2

	Bitmap of devices in Range
	Length = 32
	Command Type


Add 8.2.x Next PNC 
Although the PNC shall attempt to perform a handoff when it shuts down or leaves the piconet, this may not always be possible.  The PNC could be powered off or in such a way that handover is not performed.  It could also move out of range of the rest of the devices in the piconet, or vice versa.  In order to avoid the interruption in communication that would occur when the PNC disappears without handoff, the PNC may choose a device in the piconet to be the Next PNC.  

The PNC may periodically evaluate the PNC capabilities of the members of the piconet and other factors to decide which device should be the next PNC if the current PNC were to somehow leave the piconet without performing a handover.  In addition to the PNC capabilities field, the PNC may use information provided by the DEVs in the Piconet channel status command to determine which potential PNC could best be heard by the other devices in the piconet.  
Listen always devices should continuously determine the devises they can hear.  Listen source or normal mode devices will only hear devices that have streams set up to talk to them.  However, if the CAP is use in the piconet, each DEV should also keep track of devices that are heard in the CAP.  If MCTAs are used in the piconet, DEVs that are not extremely power sensitive should listen to all of the uplink MCTAs to determine which ones it can hear.  

DEVs are required to send a management frame to the PNC at least once per ATP.  If the DEV has nothing else to send, it should send the Piconet Channel Status command so that the PNC can track which DEVs can hear which other DEVs. The PNC should consider the bitmaps in the Piconet Channel status commands when choosing the next PNC.  
The PNC may periodically select a DEV to be the Next PNC. The Next PNC IE may be inserted in the beacon at least once per the minimum ATP in the piconet.  The Next PNC IE should also be inserted in all of the appropriate wake beacons for power save devices.  If no DEVs in the piconet are PNC capable, the PNC shall set the DEVID in the Next PNC IE to 0 whenever the NextPNC IE is sent.  
If a DEV has been chosen as next PNC, the PNC shall periodically send the handover information to the DEV deemed to be the next PNC so that it has the information that it needs to take over as PNC in case the PNC goes away.  This sending of handover information is known as preliminary handover.  
The PNC also inserts a Next PNID into the Next PNC IE.  The Next PNID is the PNID that the Next PNC uses as PNID if it takes over as PNC via an implicit handover.  The Next PNID shall be chosen to be different from the current PNID and different from any PNID it has heard on the current or any other channel, and different from the PNID reported via the Remote Scan Response command or the Overlapping PNID IE within an interval chosen to be sufficient by the implementer.       
When the DEV identified as the next PNC fails to detect five consecutive beacons, it shall scan the channel for any frames.  The Next PNC may start scanning whenever a single beacon is missed.  Since no frames can be transmitted in dynamic CTAs, the CAP or MCTAs if the beacon is not received, the Next PNC DEV shall use the presence of any of these frames as an indication that the beacon is still being transmitted but the Next PNC DEV has lost contact with the PNC.  In this case the next PNC shall not take over the role of PNC for that piconet.  If no frame headers can be heard at all during the 2 superframe duration scan, the Next PNC DEV shall begin sending out beacons.  The process of the NextPNC taking over as PNC is known as Implicit Handover.  There is a possibility that the next PNC has left the range of all of the other devices in the piconet as opposed to the original PNC going out of range or powering off.  In order to eliminate the possibility of two piconets in close range using the same PNIC, the new PNC shall use the Next PNID.  If the Next PNC can hear one or more other DEVs in the piconet continuing to transmit, it shall determine that the original PNC is still transmitting beacons and it shall not begins sending beacons in the same channel.  
The Next PNC shall purposely start its beacon after the time it would have expected the beacon from the previous PNC so that if they are both in range of some devices their beacons don't collide.  The NextPNC should choose a position for the beacon that was unused based on the previous superframe timing, to minimize the probability of collision if the two piconets are still in range.  
Add to Table 33 

MACPIB_NextPNCCapable

Add to Table 34 
MACPIB_NextPNCAware

Annex D PICS
MF3.xx Next PNC IE O O 
MF4.xx  Piconet Channel Status O O 
MLFxx Next PNC capable FD2: O O 
MLFxx Piconet Channel Status reporting O O 
Issue Discussion based on feedback from Cairns:  
1) Maybe some DEVs in the new piconets can hear each other even if the PNCs can’t.   

a. If the next PNC hears any DEVs that can hear the old PNC and are still transmitting, it shall not take over as next PNC. Done.
b. The next PNID will help sort out the issue if the original PNC is still transmitting, but the Next PNC is out of range of the original PNC or any DEVs that can still hear the original PNC. Done
c. The DEVs should report to their PNC if there is an interfering piconet and the PNCs will sort out by changing channels as in legacy 802.15.3.  Done
2) Next PNC may need to scan for >1SF but <2 SF before becoming PNC for backward compatibility. 
a. Not sure if this would help anything, because 802,15,3 is silent on how many missed beacons before a DEV starts a new piconet.  

b. Both the NextPNC and the legacy DEV that is attempting to create a new piconet shall scan until they start sending their own beacons, so if they hear the other DEV they will not start a piconet.  It will be a low probability event where both the NextPNC and a legacy DEV start sending beacons at the exact same instant.  This should be no more likely than two legacy DEVs starting new piconets and colliding.   

3) PNID assignment: same vs. New.  Why?  
a. Maybe overlapping piconets will automatically resolve dual PNID.  
b. But if security mode 90 is used, problems could occur because DEVs could accept frames with the same PNID but from the wrong  piconet.  Recommend keeping next PNID.  
4) Old DEV interoperability issues.

a. Old DEVs won’t know about Next PNID and will have to join the new piconet.  Same situation as legacy 802.15.3,  No change.  

5) Scanning requirements – compatibility.

a. No change required legacy DEV behavior is undefined when PNC disappears. 

6) Next PNC may need to change channels as well

a. This would complicate things too much in a crowded channel environment.  If the channel is busy, the DEV can optionally change channel and start a new piconet.  No change.  
7) Newly created streams may not be in handover list yet.  

a. If the stream disappears, the DEV will have to request a new stream.  DEVs need to be able to handle when PNC terminates a stream but the DEV doesn’t receive the stream termination announcement.  No Change.  
8) Only pre-handover to 3b DEVs.  How does it know?  
a. In Cairns it was decided that Device capability would be used to indicate 3b functionality.  Next PNC and Channel status capability would be mandatory for 802.15.3b implementations.    
9) What does bitmap mean?  Can only header, or payload be heard?  Or base rate payloads?
a.   Maybe 2 bits per DEV?  Or multiple bits 0 – nothing heard, 1 header heard, 1 lowest rate, 2, next rate, etc?  
b. MCTAs and Beacons always sent at base data rate.  For now, it is proposed that the bit map will use one bit that indicates that headers are being received correctly.  Base rate should also be heard if header can be heard.  No change.  
10) How does channel status information fit in with PNC priorities?   
a. Tiebreaker - Done
b. Can over ride PNC capabilities.  – Done. 

11) Maybe scan as soon as first beacon missed

a. Optional.  Done

12) No current requirement that DEV waits ATP before starting a piconet?  No.     
13) Corner cases

a. What if 2 start piconets?  How do you clean up if 2 piconets start?  First one should hear the other and defer.  If 2 start, they will not both have the same PNID.  
b. What if PNC and next PNC disappear?  Same situation as legacy 802.15.3
c. What if many devices can’t hear next PNC?  They will have to create another piconet, preferably on a separate channel.  
14) Knut says merging piconets won’t work.  Not sure if splitting the piconet will work

a. Splitting the piconet should work.  DEVs will be disassociated from the original piconet after ATP.  

15) Beacon offset should be fixed offset from original beacon.  Should hit CAP or other contention period to maximize the DEVs that hear it.  Done.
16) Knut wants STP (Stream Timeout Period) to time our streams – re-request or lose.  
a. New concept.  Not covered here.  

Changes made based on Knut’s e-mail Comments:
1) changed channel status bitmap to be bit set to 1 if any frames correctly received from that DEV since the last channel status command sent.  
2) Added MACPIB_NextPNCCapable and MACPIB_NextPNCAware
3) Kept NextPNID due to lack of feedback from the BRC.  
4) Added Handover status of “Handover Information Transfer, no handover..”
5) Added Definitions for preliminary handover and implicit handover.  
Changes made based on James’ e-mail Comments:

1) Changed text on use of the channel status IE bitmaps to “The PNC shall consider the bitmaps in the Piconet Channel status commands when choosing the next PNC.” 
2) Changed from Mandatory to Optional in PICS

Changes made based on James’ additional e-mail comments from 6/17/05

1) Cchanged Shalls to Mays.

2) Changed the beacon alignmet for the NnextPNC to an unused portion of the old superframe.  

3) Added references in the text for preliminary handover and implicit handover.

4) Added text that the PNC shall not choose a PNID of the current piconet or one that it has heard “recently” or one that has been reported by remote scan or overlapping PNID.  
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