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11A.8 Power Management in a Mesh (Optional)

This sub-clause describes the power management mechanisms to use within a mesh network

11A.8.1 Basic approach

A mesh point supporting power save operation may either operate in an active or power save state. The mesh point will advertise its power save state to all neighboring mesh points by using its beacons and by sending a Null-Data frame with the PS bit active.

Mesh points in power save mode shall periodically listen for DTIM beacons.  Mesh point waking to receive a beacon will stay awake for a minimum period of ATIM window as indicated in their beacons, before returning to sleep.

Mesh points in power save mode shall also wakeup according to any negotiated schedule as part of TSPEC setup with other mesh points.  The mesh point will remain awake until the end of service period 

Mesh point wishing to communicate with mesh points that are in power save would buffer the traffic targeted for these mesh points.  They could deliver the traffic to the mesh point in one of 4 ways:

1. Send traffic to these mesh points only on agreed schedules as negotiated as part of APSD (Automatic Power Save Delivery) TSPEC setup

2. Send directed or broadcast ATIM packets to mesh point in power save during ATIM window in order to signal them to remain awake and wait for further traffic 

3. Send a single null data packet to mesh point in power save during their ATIM window in order to reactivate a flow that has been suspended or to signal power save state change. 

4. Send a single, short broadcast or multicast frame to mesh points during the ATIM window as described in Section 1.1.4

All non-AP MPs that support the mesh power save mechanism shall support synchronization as described in 6.11. Such non-AP MPs shall become synchronizing MPs if they are not already, if they receive beacons or probe responses with the “Request Synchronization from Peers” bit set in the ‘Synchronization Capability’ field of WLAN Mesh Capability IE. All non-AP MPs that intend to enter power save state shall be synchronizing MPs, as defined in clause 6.11, and shall request synchronization from peers through the ‘synchronization capability’ field in their WLAN Mesh Capability IE. MAPs may support power save with or without being synchronizing MPs (that is, even when acting as unsynchronizing MPs). 

Any MP that wishes to communicate with an unsynchronizing MAP, and enters PS mode shall wake up for the BSS DTIM beacon of the MAP. If such an MP wishes to communicate with more than one unsynchronizing MAP, it shall wake up for the BSS DTIM beacons for each such MAP in addition to any Mesh DTIM TBTT which may be scheduled for its synchronizing MP neighbors.

LW-MPs that aim to communicate with their unsynchronizing MAP neighbors and enter PS state must wake up for the BSS DTIM beacons for each such MAP in addition to any Mesh DTIM TBTT which may be scheduled for its synchronizing MP neighbors.  Alternatively, a lightweight MP may associate with a MAP as a simple STA if it intends to enter PS mode.

The PS operation of an unsynchronizing MAP is based upon IEEE 802.11 infrastructure power management operation.  In particular, STAs (including MPs) changing Power Management mode shall inform the MAP of this fact using the Power Management bits within the Frame Control field of transmitted frames.  Unsynchronizing MAP shall not arbitrarily transmit MSDUs to MP operating in a PS mode, but shall buffer MSDUs and only transmit them at designated times (during BSS DTIM intervals).

11A.8.2 Initialization of power management within a mesh

The following procedure shall be used to initialize power management within a new mesh or on joining an existing mesh.

· A mesh point that joins a mesh will update its ATIM window and DTIM interval according to the received values from beacons in the mesh

· The mesh point sets its own power save state and advertises it in its beacons

· A mesh point that creates a mesh would set the values of ATIM window, DTIM interval and power save state and advertise them in its beacons

· The start of the ATIM window will be measured from TBTT 

11A.8.3 Mesh point power state transitions

A mesh point may change its state to power save only if the following conditions are fulfilled:

· The mesh point supports power save operation

· All of the mesh points that the mesh point is connected to (has peer relationships) are capable of transmitting traffic to mesh points operating in power save mode

A mesh point changing power mode to power save will inform all it’s mesh neighbors of the change by sending a Null-Data frame to a broadcast address with the power bit in its frame control header set. The packet will be sent during the ATIM window of a DTIM beacon and will be repeated at least twice on two different DTIM intervals. If a beacon is received with the PS state bit of the specific MP in Neighbor list not updated, the MP will continue to send the Null-Data packet on the next DTIM. The mesh point will include a Mesh PS IE with a value of Powersave in its following beacons. 

A mesh point changing power mode to active will inform all its mesh neighbors of the change by sending a Null-Data frame to a Broadcast address with the power bit in its frame control header cleared. The packet will be sent during the ATIM window of a DTIM beacon and will be repeated twice on two consecutive DTIM intervals. The mesh point will include a Mesh PS IE with a value of Active in its following beacons. The mesh point will transfer to the active state immediately with no relation to when the Beacons will be sent.

A mesh point operating in power save mode will set the power bit in the frame control header of every outgoing frame.  A mesh point operating in active mode will clear the power bit in the frame control header of every out going frame.

A mesh point in power save mode will transition between awake and doze states according to the following rules:

· A mesh point will enter awake state prior to every TBTT that matches the mesh DTIM interval

· If a A mesh point that entered the awake state due to the DTIM TBTT event and had not sent an ATIM, a broadcast frame or a multicast frame, and did not receive a directed or multicast ATIM, a broadcast frame or a multicast frame may return to the Doze state following the end of the ATIM window

· If a mesh point received an ATIM, broadcast or multicast frame it may return to doze state after receiving a packet with the more bit in the control field cleared from all the sources that sent an ATIM packet to it, broadcast or multicast frame during the ATIM window.

· A mesh point receiving a broadcast or multicast frame during the ATIM window with the more data bit of its control field cleared may return to the doze state either following the end of the ATIM window or after receiving a packet with the more bit in the control field cleared from all other active sources, whichever comes later.   

· A mesh point that transitions to the awake state may transmit a beacon, but this would not prevent it from returning to doze state following the ATIM window

· In addition a mesh point will enter awake state prior to every agreed schedule as negotiated as part of a periodic APSD TSPEC exchange with other mesh points

· A mesh point entering awake state may return to doze state after receiving and/or sending a directed frame to/from the specific flow for which this schedule was set with EOSP bit set or with the expiration of the maximal service interval for that flow.

· A mesh point may transition to awake state if it has traffic to transmit at any given point of time

11A.8.4 Frame transmission

The following description applies to mesh points that are supporting power save operation.  Mesh points that do not support this capability do not have to track the power save state of other mesh points and will only use the standard procedure for frame transmission.

A mesh point will store information on the power save state of all its neighbors by monitoring their beacon’s Mesh PS IE and by extracting information from the neighbor list IE in beacons of other MPs.

A mesh point considers the mesh to operate in a powersave mode if any one of its neighbors is operating in the powersave mode.  In a mesh that operates in the Active state, frames may be sent at any time to other mesh points.  For a mesh that operates in a power save scheme the following rules apply for transmission:

· All broadcast and multicast traffic will be buffered by mesh points that perceive the mesh to operate in power save mode. These packets will be transmitted only on DTIM intervals

· All unicast traffic targeted to mesh points in power save will be buffered. These packets will be transmitted only on the DTIM interval.

· Mesh points will not transmit other types of packets but The only types of frames mesh points may transmit during the ATIM window are ACK, CTS, RTS, ATIM, Beacon, broadcast or multicast MPDU and & Null Data during the ATIM window.

· A mesh point may transmit one short broadcast or multicast MPDU during the ATIM window if the MAC frame length of the MPDU is less than dot11shortMulticastFrameLengthLimit.  If the mesh point has more than one broadcast or multicast frame to transmit, it should set the more data bit of the broadcast or multicast frame transmitted during the ATIM window and contend for the channel following the end of the ATIM window to transmit the additional frames.

· Mesh points that transmit to mesh points in power save state (including broadcast and multicast) will set the More bit in frame control headers to indicate if more frames are to be transmitted for the specific destination.

· All other aspects of ATIM based transmission are as defined in 802.11 specification section 11.2.2.4 

· For traffic that belongs to a flow for which an APSD TSPEC and schedule was setup with another mesh point, the transmission will be performed according to the agreed schedule.
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Abstract


This submission proposes a modification of the frame transmission rules defined for MP operating in PS mode.  The proposal permits short broadcast or multicast frames to be transmitted during the ATIM window in order to reduce power consumption of MP.  Comment 161 is addressed by this submission.
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