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Summary of the intention of this document
1. Refine the text in power save subclause.
Suggested changes to the draft spec

1. Change the text as shown below.
Apply the following changes.
Corresponding changes to D2.07 is indicated in the following text with “Track Changes” on, to clarify the direction to the editor. Please update the part indicated by the “Track Changes” only.
· Power save in a mesh BSS

A mesh STA is capable to buffer frames and track power mode of each peer mesh STA, A mesh STA uses peer service periods for individually addressed frame transmission to the mesh STA in power save mode, and transmits the group addressed frame after the DTIM Beacon when any of its peer mesh STA is in power save mode. These capabilities are referred as support for power save.

A mesh STA, which operates in power save mode or is transitioning to power save mode, is referred to as a power saving mesh STA. The operation in power save mode is optional.

Note: In this clause, the frame whose RA field is set to individually address is referred to as individually addressed frame. DA field of the individually addressed frame in this context may not be set to an individually address necessarily, if the frame uses 4 address or 6 address format. Similarly, the frames whose RA is set to group address is referred to as group addressed frames, in this subclause.

· Link Specific Power Modes

A mesh STA is in one of two different power states:

· Awake: the mesh STA is able to transmit or receive frames and is fully powered.

· Doze: the mesh STA is not able to transmit or receive and consumes very low power.

The manner in which a mesh STA transitions between power states is determined by the combination of peering specific power modes. A mesh STA shall be in Awake state if any of its peerings requires operation in Awake state.

A peering is always associated with two mesh STAs and both mesh STAs have own power mode for the peering. A mesh STA defines a power mode in which it operates for the peering and maintains the power mode its peer mesh STA operates for the peering. The power modes of peerings are independent and mesh STA may operate in different power modes for other peerings. A mesh STA maintains a power mode for non-peer mesh STAs that is described in 11B.13.2. An example illustration of power modes use is shown in Figure s60.

There are three power modes defined: active mode, light sleep mode, and deep sleep mode. The used power mode shall be indicated by the Power Management field and Power Save Level field. The difference between modes is as follows

· Active mode: The mesh STA shall be in Awake state all the time. 

· Light sleep mode: The mesh STA alternates between Awake and Doze states, as determined by the frame transmission and reception rules. The mesh STA shall listen to all the Beacons from its peer mesh STA 

· Deep sleep mode: The mesh STA alternates between Awake and Doze states, as determined by the frame transmission and reception rules. The mesh STA may choose not to listen to the Beacons from its peer mesh STA 

A power mode is defined as the combination of the Power Management field indicated in the Frame Control field and the Power Save Level as shown in the Table s64.

	· Power Mode Definition

	Activity Level
	Power Mode
	Power Management Field
	Power Save Level Field

	Highest[image: image1.wmf]
Lowest
	Active Mode
	0
	Reserved

	
	Light Sleep Mode
	1
	0

	
	Deep Sleep Mode
	1
	1
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Figure s60—An example of Power Mode (PM) Use. All mesh STAs have peerings between

each other.


· Non-peer power modes

A mesh STA shall indicate its non-peer power mode with the Power Management field in the Frame Control field and Power Save Level field in the Mesh Capability field in Beacon and Probe Response frames. A mesh STA shall also indicate its non-peer power mode with the Power Management field in the Frame Control field and Power Save Level field in the Mesh Control field in group addressed mesh data frames. The non-peer power mode determines when non-peer mesh STAs may send Probe Request and Peering Open Request frames to the mesh STA. The non-peer power mode shall be equal to or lower than the lowest activity level in which the mesh STA is operating for peer mesh STAs.

· Power mode indications and transitions

When a mesh STA is operating in active mode for a link, the mesh STA shall set Power Management bit to 0 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link.

When a mesh STA is operating in light sleep mode for a link, the mesh STA shall set the Power Management bit to 1 and the Power Save Level field to 0 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link.

When a mesh STA is operating in deep sleep mode for a link, the mesh STA shall set the Power Management bit to 1 and the Power Save Level field to 1 in all transmitted individually addressed Mesh Data or Mesh-Null frames on this link. 

The algorithm to trigger the change of power mode is beyond the scope of this standard.  

· Transition to a higher activity level

A mesh STA may use group addressed or individually addressed frames to change its power mode to a higher activity level, i.e. from deep sleep to light sleep or to active mode; or from light sleep to active mode.

Individually addressed frames may be used temporarily raise the activity level of the mesh STA for a peering. This may be useful in cases, when a link temporarily requires efficient data transmission with the peer mesh STA and the mesh STA desires to be able to transit back to lower activity level without performing the power management transition signaling with all peer mesh STAs.

· Transition to a lower activity level

A mesh STA shall use acknowledged individually addressed Mesh Data or Mesh-Null frames to change its power mode for a link to a lower activity level, i.e. from active mode to light or deep sleep mode; or from light sleep to deep sleep mode. 

If a mesh STA is operating in deep sleep mode for a link or the mesh STA intends to change the power mode of at least one link to deep sleep mode, the mesh STA shall set the Power Management bit to 1 and Power Save Level field to 1 to all transmitted group addressed frames.

If a mesh STA is not operating in deep sleep mode for any link and the mesh STA is operating in light sleep mode for a link or the mesh STA intends to change its operation mode for at least one link to light sleep mode, the mesh STA shall set the Power Management bit to 1 and Power Save Level field to 0 in all transmitted group addressed frames.

· Mesh TIM transmissions

The Mesh TIM element identifies the peer mesh STAs operating in power save mode for which traffic is pending and buffered in the reporting mesh STA. This information is coded in a partial virtual bitmap using AIDs. In addition, the Mesh TIM contains an indication whether group addressed traffic is pending. The mesh STA shall identify those peer mesh STAs for which it is prepared to deliver buffered MSDUs by setting bits in the partial virtual bitmap of the Mesh TIM that correspond to the appropriate AIDs.

· Mesh TIM types

There are two different Mesh TIM types: Mesh TIM and Mesh DTIM. A mesh STA shall transmit a Mesh TIM with every Beacon frame. Every DTIMPeriod, a Mesh TIM of type Mesh DTIM is transmitted with a Beacon frame. After a Mesh DTIM the mesh STA shall send the buffered group addressed MSDUs, before transmitting any individually addressed frames. The More Data field of each group addressed frame shall be set to indicate the presence of further buffered group addressed MSDUs. The mesh STA sets the More Data field to 0 in the last transmitted group addressed frame following the transmission of the DTIM beacon.
If CCA is IDLE for the duration of PHY specific Group Delivery Idle Time when a mesh STA expects to receive a Mesh Beacon or a group addressed frame, the receiving mesh STA may assume that no more frames destined to group addresses will be transmitted and return to Doze state. The Group Delivery Idle Time is identical to the TXOP Limit for AC_VI specified by the default EDCA Parameter Set shown in Table 7-37. 

· Awake Window

A power saving mesh STA shall be in Awake state during its own Awake Window. An Awake Window is present after the Beacon and Probe Response frames containing an Awake Window element. An Awake Window element shall be in the DTIM Beacon frame and may be in TIM Beacon and Probe Response frames. The start of the Awake Window is measured from the end of the Beacon or Probe Response transmission. The duration of the Awake Window period is defined by the value of the Awake Window field in the Awake Window element.

If the owner of the Awake Window transmits frames destinated to group addresses during its Awake Window, the Awake Window is extended by the additional PostAwakeTime following the group address frame, and the owner of Awake Window shall stay in awake state until it has transmitted all of its frames to group address and the PostAwakeTime starting from the end of the last group addressed frame has elapsed. The duration of PostAwakeTime is equal to Awake Window period. 

The peer mesh STAs may send trigger frames to the power saving mesh STA during the Awake Window of the power saving mesh STA in order to initiate a peer service period. A successfully transmitted trigger frame initiates a peer service period as described in 11B.13.9.

Non-peer mesh STAs may send Probe Request and Peering Open frames to the power saving mesh STA during its Awake Window. The power saving mesh STA shall operate in Awake state at least until the completion of the peering setup procedure (i.e. success or failure) or the transmission of the Probe Response frame upon the reception of Probe Request frame.

· Power save Support

As described in 11B.13.1 a mesh STA indicates its power mode for each peering and obtains the power modes of its peer mesh STAs. 

A mesh STA shall not arbitrarily transmit frames to mesh STAs operating in a power save mode, but shall buffer frames and only transmit them at designated times.

As described in 11B.13.4 a mesh STA can indicate the presence of buffered traffic in TIM elements for all peer mesh STAs in power save mode. As described in 11B.13.5, a mesh STA transmits its group addressed frames after its DTIM Beacon if any of its peer mesh STA is in power save mode.

As described in 11B.13.9 peer service periods are used for frame transmissions towards a mesh STA that operates in power save mode. Peer Service Periods are not used in frame exchange towards active mode mesh STAs. 

A mesh STA may initiate a peer service period with a peer mesh STA that operates in deep or light sleep mode by transmitting a trigger frame during the Awake Window of the peer mesh STA. 

· Operation in link specific power mode

Detailed operations of mesh STA in each power mode are described in the following subclauses. Figure s-XX depicts example state transition of mesh STAs, when three mesh STAs are operating in the power modes shown in the Figure s-60 above..
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Figure s-XX  Mesh power management operartion
· Operation in the active mode

A mesh STA operating in active mode shall be in Awake state. Peer service periods are not used in frame exchange toward active mode mesh STAs.

· Operation in light sleep mode

A mesh STA operating in light sleep mode shall enter the Awake state prior to every TBTT that matches the Beacon timing of its own and peer mesh STA. The mesh STA shall remain in Awake state after its beacon transmission for the duration of the Awake Window and the duration of its group addressed frame transmissions, whichever occurs later. The mesh STA may return to the Doze state after the Beacon reception from a peer mesh STA, to which it indicated to operate in light sleep mode, if the peer mesh STA did not indicate buffered individually addressed or group addressed frames. If an indication of buffered frames is received, the light sleep mode mesh STA shall send a trigger frame to initiate a peer service period with the beaconing mesh STA. 

If a light sleep mode mesh STA enters the Awake state in order to listen to DTIM Beacon and group addressed transmissions from its peer mesh STA, the mesh STA shall remain Awake until the More Data field of the group addressed MSDUs indicated the last group addressed MSDU.

A mesh STA in power save mode may receive peer trigger frames during its Awake Window as described in 11B.13.6.

If a mesh STA indicates buffered traffic using a Mesh TIM in Beacon frame for a peer mesh STA in light sleep for the link, it shall remain in Awake state until it completes the buffered traffic transmission to the peer mesh STA in light sleep mode or until its  next TBTT.

· Operation in deep sleep mode

A mesh STA operating in deep sleep mode shall enter the Awake state prior to every TBTT of its own and shall remain in Awake state after the Beacon transmission for the duration of the Awake Window and the duration of its group addressed frame transmissions, whichever occurs later. A mesh STA operating in deep sleep mode may not receive Beacon frames from its peer mesh STAs as far as it maintains synchronization with peer mesh STAs. The logic how the mesh STAs in deep sleep mode maintains synchronization among neighbors is beyong the scope of this standard. Guidance for the synchronization maintenance by the mesh STA in deep sleep mode is given in Annex V.3.5.
A mesh STA in power save mode may receive peer trigger frames during its Awake Window as described in 11B.13.6.

If a mesh STA indicates buffered traffic using a Mesh TIM in Beacon frame for a peer mesh STA in light sleep for the link, it shall remain in Awake state until it completes the buffered traffic transmission to the peer mesh STA in light sleep mode or until its next TBTT.

· Conditions for Doze State

A mesh STA may enter Doze state if all following conditions are fulfilled:

· the mesh STA operates in power save mode for all of the links 

· the mesh STA has no peer service period ongoing 

· the Awake Window indicated by the mesh STA has expired 

· the mesh STA has terminated its group addressed frames delivery sequence after its DTIM Beacon

· the mesh STA has completed the buffered frames delivery to the peer mesh STA in light sleep mode, to which the mesh STA had indicated buffered traffic in Beacon frame 

Guidance for the power save mechanisms use and default parameter values are given in Annex V.3.
· Peer service period

Peer service periods are used for frame exchange in a link in which at least one of the mesh STAs operates in power save mode. A peer service period is a contiguous period of time during which one or more individually addressed frames are transmitted between two peer mesh STAs. A peer service period is directional and may contain one or more TXOPs. One mesh STA transmits frames and initiates the termination of the peer service period. A mesh STA may have multiple peer service periods ongoing in parallel. At most one peer service period can be set up in each direction with each peer mesh STA. A peer service period is initiated by a peer trigger frame. 

In addition, when a mesh STA enables MCCA while in a power save mode, a scheduled service period begins at the each MCCAOP start time as described in Clause 11B.13.10. A mesh STA in a power save mode shall enter the Awake state prior to the start time of scheduled service period.

A data frame or a QoS-Null frame that requires acknowledgement may be used as a peer trigger frame. If the EOSP bit in the peer trigger frame is set to 0, the peer trigger frame initiates two independent peer service periods; one is owned by the transmitter of the peer trigger frame and the other is owned by the receiver of the peer trigger frame,. If the EOSP bit in the peer trigger frame is set to 1, one peer service period is initiated that is owned by the receiver of peer trigger frame. Peer service period shall not be used in frame exchange toward active mode mesh STA. 

During the peer service period, the transmitter of the peer service period and peer mesh STA shall operate in Awake state. The peer service period may contain one or more TXOPs. During the peer service period, the transmitter is able to transmit frames from any AC, but a TXOP shall contain frames from a single AC only.

The peer service period is terminated after a successfully acknowledged QoS-Null or data frame with the EOSP bit set to 1 from the transmitter of the peer service period. 

If the mesh STA does not receive an acknowledgement to a frame sent with the EOSP subfield set to 1, the mesh STA shall retransmit that frame at least once within the same peer service period - subject to applicable retry or lifetime limit. The maximum number of retransmissions within the same peer service period is the lesser of the Max Retry Limit and the MIB attribute dot11MeshSTAMissingAckRetryLimit. If an Ack to the retransmission of this last frame in the same peer service period is not received, the mesh STA may use the next peer service period to further retransmit that frame subject to the applicable retry or lifetime limit.

· MCCA use by power saving mesh STA

When a mesh STA enables MCCA, mesh STA shall be in active mode or in light sleep mode. When the mesh STA that is in a deep sleep mode with any of its neighbor peer mesh STA is enabling MCCA access, it shall change power mode of all its links to light sleep mode or active mode, prior to use the MCCA access.

A scheduled service period begins at the MCCAOP start time, if the MCCAOP responder operates in light or deep sleep power mode for the MCCAOP owner. The MCCAOP owner is the transmitter during the scheduled service period. The MCCAOP responder is the receiver during the scheduled service period. Scheduled service periods are not used, if the MCCAOP responder operates in active mode for the MCCAOP owner.

The scheduled service period continues until it is successfully terminated by acknowledged QoS-null or data frame with set EOSP bit from transmitter to receiver as described in 11B.13.9.

· (informative) Mesh BSS Operation

· Power Save parameters selection 

Power save mechanisms enable mesh STA operation in Doze state. In Doze state a mesh STA may set the transceivers off. The power save mechanism may adjust the power mode of a mesh STA for various reasons that are beyond the scope of the standard including but not limited to traffic load or scanning and network maintenance needs.

The Annex specifies recommendations how to select a power mode for the mesh STA based on traffic load, recommendations how to do scanning in mesh BSSs that may contain mesh STAs in power save mode and recommended default values for power save related parameters.

· Selecting the power mode based on traffic load

A mesh STA may adjust its power mode based on the traffic load or the QoS requirements of the forwarded traffic. If a mesh STA has high traffic load or a mesh STA is congested, the mesh STA should operate in active mode to reduce delays or overhead that may be created by the power save mechanisms.

A mesh STA may consider operating in active mode for all peer mesh STAs, even if only a single link is congested. When mesh STA operates in active mode, the mesh STA may receive frames at any time and peer service periods may be triggered on demand, as in case of an AP that receives a trigger frame at times controlled by a non-AP STA.

If traffic load is moderate or low and best effort data is transmitted, a mesh STA may consider operating in light sleep mode for all or some peerings. The mesh STA operating in light sleep mode for a peering receives beacons from the peer mesh STA with periodic indication of buffered traffic.

If traffic load is low or no traffic is transmitted, a mesh STA may consider operating in deep sleep mode for a peering. The mesh STA does not need to wake-up to receive a beacon from the peer mesh STA relative to which it operates in deep sleep mode.

The mesh STA may use deep sleep mode to control the number of times it enters the Awake state to receive Beacon frame from a peer mesh STA. If the mesh STA operates in deep sleep mode for all of its peering, the mesh STA needs only to operate in Awake state during its own beacon transmission and Awake Window. 

The power saving mesh STA should avoid real time traffic (AC3 or AC2) transmissions with EDCA when both mesh STAs in a peering are in power save mode. In this case the delays in frames forwarding will increase and the forwarded data frames have inappropriate QoS. 

· Scanning of mesh BSSs

A mesh BSS may have mesh STAs in power save and active mode. With active scanning only devices in Awake state at the transmission time of Probe Request frame may be found. However, with passive scanning also mesh STAs in power save mode can be found.

Since mesh STAs in power save mode may transmit Beacons at long intervals, a mesh STA seeking for candidate mesh STAs for a new peerings should do passive scanning relatively longer time compared to passive scanning in BSS infrastructure mode. mesh STAs in power save mode with long Mesh DTIM interval may not be discovered with short scanning durations. mesh STAs in power save mode may use short Mesh DTIM interval, if it intends to establish new peerings.

· Default Parameters

The following are the recommended default values for power save related parameters for mesh STAs:

	· Default parameters for mesh STAs in power save mode

	
	For moderate power save
	For aggressive power save

	Beacon Period
	200 TU
	800 TU

	Mesh DTIM Period
	4
	1

	Awake Window
	10 TU
	10 TU


A mesh STA that is eager to conserve power and likely to operate in deep sleep mode with most of the links should utilize the value from aggressive power save parameters.

Although mesh STAs may utilize individual parameters regardless of the parameters used by neighbor mesh STAs or peer mesh STAs, each implementer should recognize balance between the power save efficiency and delay in the service initiation.
· Frames forwarding in MBSS containing mesh STAs in power save mode

The battery powered mesh STAs should avoid forwarding frames, to avoid power consumption and possible additional delays and inefficiencies that power save mechanisms may cause. If a power saving mesh STA forwards frames, it should select its power mode based on the traffic load and the traffic type as described in the Clause V.3.1. 

The mesh STAs that desire to operate in power save mode may select the power save mode:

· mesh STAs that are “mains powered” may apply power save if they do not have frames to forward

· mesh STAs, that are “battery powered” and desire to minimize the power consumption, may freely use all power save modes 

Mesh STAs may degrade the link metric value. The use of worse metric values make reduces the probability of a power saving mesh STA being used for forwarding frames. If the mesh STA will operate in active mode for the link in forwarding path it should apply the link metric value without degradation.

V.3.5 Synchronization of mesh STAs in deep sleep mode
Mesh STAs in deep sleep mode may not receive beacon frames of neighbor mesh STAs, whereas it shall maintain synchronization among neighbor mesh STAs. Neighbor offset protocol, the default synchronization protocol of this standard, imposes the maintenance of TSF offset values between neighbor mesh STAs, which generally requires the reception of Beacon frame or Probe Response frame. The simplest form to maintain the synchronization is that the mesh STAs in deep sleep mode listen to the neighbor mesh STA’s beacon frame once in certain duration and check the TSF offset value. In case of power management for STAs in infrastructure BSS, this duration needs to be strictly specified as a fixed value and is reported to AP through Listen Interval. In contrast, mesh STAs are allowed to control this parameter more in flexible fashion　and could be dynamically changed. This flexibility is introduced in order to allow mesh STAs to operate controlling its activity level autonomously. 
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Abstract


This document provides some fixes to the power save subclause.









































�The Group Delivery Idle Time is linked to the TXOP limit, referring to Jarkko’s comment saying this value should be PHy dependend in some way.


�The figure is included for a clarification. Note that the base standard has a similar figure like this in Figure 11-4.
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