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This text provides a resolution to CID227 [1].
CID: 227
Comment: "A mesh point considers the mesh to operate in a power save mode if anyone of its neighbors is operating in the power save mode. ... 1) All broadcast and multicast traffic will be transmitted only on DTIM intervals, if the mesh is operated in power save mode."

This description is vague. At least, make sure that mesh management frames such as RREQ should not be restricted by this rule. Further, the MSDUs whose RA is set to broadcast address (due to unknown reachability) should not be restricted by this rule. According to the current rule, single MP attribute affects the performance of the entire mesh around there. In general, the restriction should be minimized and localized.
Proposed Change: Recommend to allow the transmission of mesh management frames which does not comply with this rule.

Detailed optimization methodology should not be defined in this specification, and leave it as implementation choice. Optimization highly depends on the deployment scenario, which is quite broad.

Recommend to replace the text describing "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." to "All broadcast and multicast MSDUs whose route to destination is already set will be buffered by mesh points that perceive the mesh to operate in power save mode. These packets will be transmitted only after DTIM beacons. Some of the broadcast/multicast mesh management frames may be buffered until DTIM beacon transmission.", on line 20-21, page 152.
Resolution: Defer-NS
Although the CID60 is closed by rejction of the comment, CID60 points the same issue as CID227.

CID: 60

Comment: This is very bad, because ALL multicast traffic is delayed - even multicast traffic that is NOT destined to any LWMPs.
Proposed Change: Replace lines 20-21 with the following: 1) All broadcast and multicast traffic targeted to mesh points in power save mode will be buffered. These packets will be transmitted only on DTIM intervals.
Resolution: Rejected with the comments “Not clear, since bradcast traffic goes to all nodes”.

Proposed resolution

The ad-hoc team identified the following choices for buffering or transmitting broadcast/multicast traffic:

1. send broadcast/multicast immediately

2. send broadcast/multicast immediately AND buffer traffic to send a second time after DTIM

3. always buffer and send only after DTIM

4. other behaviour
Corresponding chnages in the text should be made in the following subclauses:

11A.13 Power Management in a Mesh (Optional)

The following text was taken from the Draft and has been modified with “Track Changes” on:

11A.13 Power Management in a Mesh (Optional)

This sub-clause describes the power management mechanisms to use within a mesh network
11A.13.1 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 it’s 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 3 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. 

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.13.2 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.

1) 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

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

3) 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

4) The start of the ATIM window will be measured from TBTT 
11A.13.3 Mesh point power save transitions

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

1) The mesh point supports power save operation

2) 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 power save 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:

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

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

3) If a mesh point received an ATIM 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.

4) 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

5) 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

6) 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.

7) A mesh point may transition to awake state if it has traffic to transmit at any given point of time
11A.13.4 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 power save mode if any one of its neighbors is operating in the power save 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:

1) 
2) All unicast traffic targeted to mesh points in power save will be buffered. These packets will be transmitted only on the DTIM interval.

3) Mesh points will not transmit other types of packets but ACK, CTS, RTS, ATIM, Beacon & Null Data during the ATIM window.

4) 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.

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

6) 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.
MPs associating with MP in a power save mode may transmit broadcast/multicast frames in either of following way, depending on the circumstances.
 The optimization of the broadcast/multicast frame delivery scheme highly depends on the deployment model, and the specific option of these frame delivery scheme is beyond the scope of this standard.
     1) MP may transmit broadcast/multicast frames regardless of the neighbor MP’s power save mode. In this case, frame delivery to active mode MPs will not be delayed due to the power save mode MPs, while neighbor MP in a power save mode may lose the frame reception. MP should take this option if the MP perceives that transmitting frame is not destinated to the MP in the power save mode. MP should take this option for route discovery related frame delivery.
     2) MP may transmit broadcast/multicast frames regardless of the neighbor MP’s power save mode, and transmit again after the DTIM beacon putting the same frame sequence number. In this case, frame delivery to active mode MPs will not be delayed due to the power save mode MPs, and neighbor MP in a power save mode are likely to receive the broadcast frames, while duplicated transmission will cause an additional traffic overhead.

     3) MP may buffer all broadcast and multicast traffic and transmit them only after its DTIM beacon transmission. In this case, neighbor MP in a power save mode are likely to receive the broadcast frames, while frame delivery to active mode MPs will be delayed due to the power save mode MPs.
     4) MP may break broadcast and multicast traffic into multiple unicast frames targeting to each of the neighbor MPs, and transmit them independently. In this case, neighbor MPs will receive the broadcast/multicast traffic with a higher probability (since unicast frames can relay on the ARQ mechanisms), while multiple unicast frame transmission will cause an additional traffic overhead.
     5) MP may transmit broadcast/multicast frames in other way, as far as it maintains interoperability or all neighbor MPs are agreed to do so.
11A.13.5 Power management operation with APSD

Power management operation with APSD in a mesh is very similar to the operation in a BSS.

The following are the modifications compared to the description provided in section 802.11-1999 Section 11.2.1.4

The Mesh supports periodic and aperiodic APSD operation modes. The periodic APSD mode is similar to Scheduled APSD. The aperiodic APSD is similar to Unscheduled APSD. The periodic and aperiodic APSDs use the same signaling as scheduled and unscheduled APSDs, but they can be used only with neighbors in a mesh that support it.. 

Use of aperiodic APSD in a mesh may be limited.  It may only be used if one of the mesh points in the link is Active and the other in Power Save and EDCA is used for transport of the data. In this case the mesh point that operates in power save mode will be the one to initiate the data exchange by sending packets to the other mesh point triggering it to send the traffic back.

Periodic APSD can be used for all cases (i.e., both mesh points in power save or only one, EDCA or HCCA access).

The ADDTS request is modified to include a Schedule element that describes the requested schedule from the mesh point.  The ADDTS response will include the Schedule that can be supported by the other mesh point and that should be used for this flow.  If this schedule is not acceptable to the originating mesh point it may reattempt the ADDTS request with modified schedule or tear down the flow.

For periodic APSD both sides can initiate transactions as long as they are sent within the service interval defined.  The service interval will last up to the maximal service duration as defined in the schedule IE or if EOSP is declared in frames sent/received for that flow.  For a unidirectional flow the originating mesh point sets the EOSP when it wants to end the service interval. The interval will be considered terminated once the ACK is received for that packet (if ACK is required).  For a bi-directional flow the service period will end only after both ends of the flow send a packet with EOSP bit set and the matching ACK packets are received.
11A.13.6 Power Save parameters selection

The power save operation of a mesh point is controlled by a set of global parameters.  The following are the global mesh parameters with their default recommended values:

Beacon Period: 100TU 

DTIM period: 10

ATIM Window: 10TU

Mesh points may wish to use other parameters but doing so may effect the power save efficiency and also delay the service initiation in the mesh.
11A.13.7 TS Reinstatement

A mesh point wishing to reinstate a TS with another mesh point that is operating in Power save mode will send a QoS-Null frame to the mesh point in power save during its ATIM window.
11A.13.8 Beacon broadcaster

By default the beacon broadcaster in a mesh is rotating between the MPs. MAPs may need to send a beacon even if another MP had already sent a beacon on that same TBTT. 

MPs that support power save operation must also support the deterministic beacon broadcasting selection as described in this section.

An MP not supporting this service will use a random backoff procedure for sending of Beacons as described for IBSS operation in the 802.11-1999 standard. An MP that receives a Beacon after TBTT and before being able to send its own beacon may cancel that beacon transmission. MPs that do implement this service and are set to be the Beacon Broadcaster (BB) will transmit Beacons immediately after TBTT or after a PIFS interval after the clearing of CCA in case CCA was active during TBTT.

An MP that supports this option and starts a mesh will set itself to be the Beacon broadcaster. 
11A.13.9 Change of Beacon broadcaster

It is possible to change the beacon broadcaster. In every DTIM period the current beacon broadcaster sets the BB switch bit to 1 if it wants to change the beacon broadcaster. In this case the neighbor that is first in the neighbor list shall start acting as the beacon broadcaster and shall send the next DTIM beacon. 

The BB has to make sure that the neighbor appearing at the head of the list is supporting power save transmission and Beacon broadcasting.

If a neighbor assigned to be the beacon broadcaster fails to transmit its beacon (shuts down or goes out of range), other MPs will attempt to take over its role.  MPs supporting the deterministic beacon broadcasting will start attempting to send beacons using the standard backoff procedure with a Neighbor list IE designating itself as the BB if it does not receive 3 consecutive beacons from the last designated BB.

If another MP already transmitted a Beacon with a neighbor list IE designating itself as the BB, then the MP will cancel its pending Beacon.
11A.13.10 Beacon broadcaster power save state

Beacon broadcaster can enter the power save state where it sends only DTIM beacons and stays awake for the next beacon period. In this case, MPs shall not send any frames to the beacon broadcaster during normal beacon periods.

If beacon broadcaster is in power save state it sets the BB PS State bit to 1.
11A.13.11 Naïve Mesh operation (Informative)

This section describes the operation of a naive mesh that does not include any Mesh APs and is also not supporting any routing capabilities.

This type of mesh would be mainly useful in cases were all Mesh point are maintaining a neighbor relationship with each other, as such it does not need to follow the association procedures and may use the three address format to directly exchange frames between the mesh members.

For this specific case the Mesh point does not have to support any of the route messages and link state announcements defined in this specification.

The mesh point will include in its WLAN Mesh Capability IE a Peer Capability field with only bit 15 set. This would signal that the MP is not supporting association with any other MPs and does not support any 802.1X capabilities.

Since the mesh point is not going to receive any association request, and it has no need to initiate one itself, it does not have to support the association messages as well as any of congestion control messages that can be exchanged only between associated peers.

The power save operation is an optional feature and may be implemented by the MPs of the Naive mesh.

A naive mesh supporting power save may use the basic power save scheme for simple data exchange and may optionally extend to include the APSD support for real time power save stream delivery.
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