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Proposal for IEEE 802.16m Synchronous Messaging for Mobility Management and Power Saving
Susan Hartman
1. Introduction and Motivation
Handover, Scanning, and Sleep Mode require synchronization between the MS and BS as to the Start Frame for the action.  Current management command exchanges can be improved to enable the Start Frame to be synchronized more efficiently.

2. Example: Issues with 802.16e Power Saving Class Activation
MS may request Power Saving Class (PSC) activation by sending the MOB_SLP-REQ message to the BS.  The MS can suggest a Start Frame, but it is better if the BS specifies the Start Frame so there is less uncertainty in guessing a good value for the Start Frame.

MS has a timer (T43) to retry the MOB_SLP-REQ message however BS does not have a timer for MOB_SLP-RSP retries for BS-initiated PSC activation.  It seems that BS does not retry the MOB_SLP-RSP if the MS does not receive it.  (Please refer to figures B8, B9, and B10 in [3]).  

MS/BS synchronization is aided with the use of the MOB_TRF-IND message (TRF-IND_Required = 1).  MOB_TRF-IND has three uses:

· Notify MS of traffic so MS deactivates PSC

· Update SLPID

· Help verify synchronization between MS and BS

MOB_TRF-IND message for synchronization contributes to overhead and it is a weak synchronization mechanism since there may be many MSs in Sleep Mode, so the MOB_TRF-IND message received by an MS in its Listening Window may not be meant to indicate synchronization for that MS.

For effective power saving, PSC activation and switching must be very quick.  The MS can lose significant power saving during messaging delays.  

Suppose BS anticipates that MS will send MOB_SLP-REQ message.  BS may provide bandwidth for this message with or without HARQ.  MS is responsible for retries if it does not receive MOB_SLP-RSP.   On the other hand, when bandwidth with HARQ is used for either the MOB_SLP-REQ or MOB_SLP-RSP, there is uncertainty about when the retries will be completed (if any).  Since with HARQ the message cannot be changed after it is sent, the Start Frame has to take into account the frames required for HARQ retries.  During the gap between MS receiving MOB_SLP-RSP and the Start Frame, MS is not in a power save mode.  

3. Synchronous Messaging for MS/BS Synchronization
This contribution proposes use of a synchronous method of messaging for PSC activations.  With this synchronous method, synchronization is assured so that TRF-IND_Required is not needed for this purpose and the latency of activation is very small.

The same synchronous messaging can be used for negotiating scanning, handover, and other 802.16m messaging.  Figure 1 shows an example of synchronous messaging.  As seen in Figure 1, there is a fixed relationship between CMD and RSP (it is shown as FN+1 in this example, but it could be FN (same frame) or other).  The Hold-Off Time is an interval (in this example shown as one frame) that provides the BS with a means to re-send CMD before MS starts the synchronized action.  Hold-Off Time can be one or more frames.
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Figure 1 Synchronous Messaging
Figure 2 shows an example with errors and retries.  As seen, when BS does not receive RSP from MS, the CMD is sent again.  If the RSP is not received by the BS, the BS cannot distinguish from the MS missing the CMD or the BS missing the MS.  
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Figure 2 Synchronous Messaging with Retries
4. MS-Initiated Synchronous Messaging
Figure 3 shows MS-initiated synchronous messaging.  The MS makes the request and then the BS actions are the same as for the BS-initiated case since the BS may change the MS request (the BS usually has permission to alter the MS requests).  The MS must retry if it does not receive the BS CMD within the specified interval (likely no more than a few frames).
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Figure 3 MS-Initiated Synchronous Messaging
Figure 4 shows a variant of MS-initiated quick synchronous messaging.  In this scenario, the MS is requesting an action that the BS does not alter.  The Sync messages are multicast and repeated on purpose to give extra chances for the MS to receive the Sync.  With this method, if MS does not receive response (Sync) from BS, MS has another chance to receive it without needing to perform a CDMA bandwidth request and then send another action request.
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Figure 4 MS-Initiated Quick Synchronous Messaging
Figure 5 shows an example of MS-initiated quick synchronous messaging with errors and retries.
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Figure 5 MS-Initiated Quick Synchronous Messaging with Retries
5. Conclusions and Recommendations

We would like to recommend that 802.16m incorporate the above described synchronous messaging into the 802.16m specification.
6.   Proposed Text for SDD
Insert the following text into Medium Access Control sub-layer sub-clause (i.e. Chapter 10 in [3]):
-------------------------------  Text Start  ---------------------------------------------------

10 Medium Access Control Sub-Layer
10.x Synchronized Messaging
IEEE 802.16m supports synchronous messaging for selected message exchanges to provide efficient synchronization between MS and BS.

-------------------------------  Text End  ---------------------------------------------------
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