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3. Definitions
Add the fields as shown and number the elements accordingly: 

3.s14 Peer Service Period (PSP):  A peer service period is a contiguous time during which one or more unicast frames are transmitted between two peer MPs. A peer service period is directional and may contain one or more TXOPs. One MP transmits frames and initiates the termination of the peer service period. An MP may have multiple peer service periods ongoing on parallel. At most one peer service period can be set up in each direction with each peer MP.
3.s20 Power Mode: a power mode defines the used power management and power save level of an MP seen by  neighboring MPs. For peer MPs the power mode may be link specific. The power mode indicates that active, light sleep or deep sleep mode is in use. 
3.s21 Power Save Level: a power save level defines the level of the power save. The power save level indicates that light sleep or deep sleep mode is in use.  
7.1.3.1.6 Power Management field
Add the following-header to the beginning of the clause:

7.1.3.1.6.1 Infrastructure network

Insert the following new subclause 7.1.3.1.6.2: 

7.1.3.1.6.2 Mesh network
In the case of an MP, a value of 0 in multicast or broadcast frame indicates that the MP will be in active mode. A value of 1 indicates that the MP will be in power save mode for non-peer MPs. For the peer MPs the link specific power mode rules apply as described in 11A.12.3. 
In the case of MP, the Power Management field in a unicast frame indicates the Power Management mode of the MP for the recipient of the frame. A value of 0 indicastes that the MP will be in active mode and a value of 1 indicates that the MP will be in power save mode after the successful completion of the frame exchange sequence.

7.1.3.5a.2 Mesh Flags field

Modify the figure and add descriptions for thePower Management Level as shown below. 
	B0                 B1
	B2
	B3                             B7

	Address Extension (AE) Mode
	Power Save Level
	Reserved

	Bits: 2
	1
	5

	                              Figure s5—Mesh Flags field


…

If the Power Management mode field is set to 1, the Power Save Level field indicates the power save level of the MP. The value 0 in the Power Save Level field indicates that the MP is operating in light sleep mode, the value 1 indicates that MP is operating in deep sleep mode. If the Power Management field is set to 0, the Power Save Level field is reserved.
…
7.2.3.1 Beacon frame format

Change the Mesh ATIM field to Awake Window field as shonw.
Insert the following additional rows (preserving their order) in Table-7-8-Beacon frame body just before the Vendor Specific information element and insert contiguous numbering in the “Order” column:

	Order
	Information
	Notes

	
	Mesh ID
	The Mesh ID information element may be present within Beacon frames when dot11MeshEnabled is true. 

	
	Mesh Configuration 
	The Mesh Configuration information element may be present within Beacon frames when dot11MeshEnabled is true. 

	
	Mesh TIM
	The Mesh TIM element may be present in Beacon frames generated by the MP when dot11MeshEnabled is true.

	
	Awake Window
	The Mesh Awake Window parameter element may be present only when dot11MeshEnabled is true.

	
	Beacon Timing 
	The Beacon Timing information element may be present within Beacon frames when dot11MeshEnabled is true.

	
	MDAOP 

Advertisements
	The MDAOP Advertisements information element may be present within Beacon frames when dot11MeshEnabled is true and the MP supports MDA.

	
	MSCIE
	The MSCIE element may be present when dot11MeshEnabled is true.


7.2.3.5 Probe Response frame format

Insert the following additional rows (preserving their order) in before the last row of 7-15─Probe Response frame body just before the Vendor Specific information element and insert contiguous numbering in the “Order” column:

	· Probe Response frame body

	Order
	Information
	Notes

	
	Mesh ID
	The Mesh ID information element may be present within Probe Response frames when dot11MeshEnabled is true. 

	
	Mesh Configuration 
	The Mesh Configuration information element may be present within Probe Response frames when dot11MeshEnabled is true. 

	
	Mesh TIM
	The Mesh TIM element may be present within Probe Response frames only when dot11MeshEnabled is true.

	
	Awake Window
	The Mesh Awake window element may be present only when dot11MeshEnabled is true.

	
	Beacon Timing 
	The Beacon Timing information element may be present within Probe Response frames when dot11MeshEnabled is true.

	
	MDAOP 

Advertisements
	The MDAOP Advertisements information element may be present within Beacon frames when dot11MeshEnabled is true and the MP supports MDA.

	
	MSCIE
	The MSCIE element may be present when dot11MeshEnabled is true.


7.3.2.54.5 Mesh Capability
Modify 7.3.2.54.5 as shown:
	B0
	B1
	B2
	B3
	B4
	B5
	B6
	B7   B15

	Accepting Peer Links
	Synchroniz. Enabled
	Synchronization Active
	Synchronization Support Required from Peer
	MDA Enabled
	Forwarding
	Power Save Level
	Reserved

	Bits: 1
	1
	1
	1
	1
	1
	1
	7


If the Power Management mode field is set to 1, the Power Save Level field indicates the power save level of the MP. The value 0 in the Power Save Level field indicates that the MP is operating in light sleep mode, the value 1 indicates that MP is operating in deep sleep mode. If the Power Management field is set to 0, the Power Save Level field is reserved.
7.3.2.62 Awake Window element
The Awake Window parameter element is present in DTIM Beacon and may be present in Beacon and Probe Response frames.

The contents of the element are shown in Figure s23.

	Octets: 1
	1
	2

	ID
	Length
	Awake Window 

	· Awake Window parameter element


The Element ID is set to the value given in Table 7─26 for this information element. The length field is set to 2.

The Awake Window field is 2 octets in length and contains the Awake Window length in TUs.
11A.12 Power save in a mesh
All MPs shall be capable to have a peer link with an MP operating in power save mode. The MP shall have capability to buffer frames, maintain the power mode for the peer MPs, and use peer service periods for data transmission. These capabilities are referred as support for power save. A power save supporting MP may be able to convert important broadcast and multicast frames to unicast frames and send them to MPs in power save mode.
An MP, which operates in power save mode or is transitioning to power save mode, is referred as power saving MP. The operation in power save mode is optional capability. 
11A.12.1 Overview

An MP operating in power save mode or an MP transitioning to power save mode shall set the Power Management field of the Frame Control field to 1. Such an MP is called a power saving MP. Peer MPs of the power saving MP shall not arbitrarily transmit MSDUs to it, but shall buffer MSDUs and only transmit them at designated times. An MP may close one or more of the established peer links with neighboring MPs, prior to changing its power management mode from active mode to power save mode, in order to reduce power consumption.  This can be achieved through using the MLME-CancelPeerLink.request primitive to terminate any established peer link prior to entering power save mode
A power saving MP operates in either of the power save levels, in light sleep or in deep sleep mode. MP operating in the light sleep mode shall listen to Beacons of the peer MPs. The MPs supporting power save service that currently have buffered MSDUs within the peer MP are identified in a TIM, which shall be included as an element within all Beacon frames generated by the peer MP. A light sleep MP shall determine that an MSDU is buffered for it by receiving and interpreting a TIM.

An Awake Window IE may be carried in the beacon and the probe response frame but shall be carried in the DTIM beacon. A light sleep MP shall remain Awake for the duration of the Awake Window after the Beacon with the Awake Window element. 
MP operating in the deep sleep mode needs not to wake up to listen to its peer MPs Beacons. In deep sleep mode the MP shall transmit DTIM Beacons. Further, the MP in deep sleep shall remain Awake for the duration of the Awake Window.
If a power saving MP enters into peer link setup procedure before the expiration of advertised Awake Window, it shall remain awake until the completion (i.e. success or failure) of peer link setup procedure. An MP’s SME shall delay entering doze state for the MLME-SignalPeerLinkStatus.indication primitive for all unestablished PLM instances. An unestablished PLM instance is a PLM instance not in the ESTABLISHED state
All the frame exchanges with a power saving MP take place in peer service periods. A peer service period is contiguous time period between two peer MPs, during which both MPs are operating in Awake state. A peer service period is initiated by a trigger frame transmission. The peer service period is terminated with an acknowledged frame in which the EOSP bit set to 1. 
Frame transmission with an MP operating in deep sleep mode may be initiated with successful transmission of trigger frame. A trigger frame shall be transmitted during the Awake Window of the MP in deep sleep mode. 
11A.12.2 MP Power Management modes
An MP is in one of two different power states:

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

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

The manner in which an MP transitions between these two power states shall be determined by the Power Management mode of MP.

· Active mode: the MP shall be in the Awake state all the time

· Power save mode: the MP alternates between Awake and Doze states, as determined by the frame transmission and reception rules.

The MP in Power Save mode operates in either light sleep or deep sleep mode. The used power save mode is determined by the Power Save Level field. 
· Light sleep mode: the MP shall transmit its TIM and DTIM Beacons and stay active during its Awake Window after its DTIM Beacon and after its TIM Beacon with the Awake Window IE. The MP shall listen to all the Beacons from all peer MPs 

· Deep sleep mode: the MP shall transmit its DTIM Beacon and stay active during its own Awake Window after its DTIM Beacon
A power mode is defined as a combination of the Power Management mode of the Frame Control field and Power Save Level for an MP as shown in the table v5.
Table v5, Power Mode definition
	Activity Level 
	Power Mode
	Power Management field
	Power Save Level field

	Highest 


Lowest
	Active mode
	0
	Reserved

	
	Light sleep mode 
	1
	0

	
	Deep sleep mode
	1
	1


11A.12.3 Power mode indications and transitions
The power mode indicated in broadcast and multicast frames is the lowest activity level in which the MP is operating for all MPs. 
When an MP is operating in active mode for a link, the MP shall set Power Management bit to 0 in all transmitted unicast frames on the link.

When an MP is operating in active mode for all links, the MP shall set the Power Management bit to 0 to all transmitted frames. 
When an MP is operating in light sleep mode for a link, the MP shall set the Power Management bit to 1 and the Power Save Level field to 0 in all transmitted unicast frames on the link.
An MP may change its power state from Awake to Doze state when the MP is operating in power save mode for all the peer links.
The algorithm to trigger the change of power management mode is beyond the scope of the standard. 

11A.12.3.1 Transition to a higher activity level
An MP may use broadcast, multicast or unicast 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. 

Unicast frames may be used to temporarily raise the activity level of the MP within a peer link. This may be useful in cases, when a link temporarily requires efficient data transmission with the peer MP and the MP desires to be able to transit back to lower activity level without performing the power management transition signaling with all peer MPs. 
11A.12.3.2 Transition to a lower activity level
An MP shall use acknowledged unicast 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 an MP is operating in deep sleep mode for a link or the MP intends to change the power mode of at least one link to deep sleep mode, the MP shall set the Power Management bit to 1 and Power Save Level field to 1 to all transmitted multicast and broadcast frames.

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

11A.12.4 TIM transmissions

The TIM shall identify the peer MPs operating in power save mode for which traffic is pending and buffered in the peer MP. This information is coded in a partial virtual bitmap using AIDs. In addition, the TIM contains an indication whether broadcast/multicast traffic is pending. An MP shall assign AID to every peer MP during the peer link establishment procedure. MP shall assign AID value uniquely to each of the peer MPs. AID 0 (zero) is reserved to indicate the presence of buffered broadcast/multicast MSDUs. The MP shall identify those peer MPs for which it is prepared to deliver buffered MSDUs by setting bits in the partial virtual bitmap of TIM that correspond to the appropriate AIDs.

11A.12.5 TIM types

Two different TIM types are distinguished: TIM and DTIM. The MP shall transmit a TIM with every Beacon frame. Every DTIMPeriod, a TIM of type DTIM is transmitted within a Beacon frame. After a DTIM the MP shall send the buffered broadcast/multicast MSDUs. The MP sets the More Data field to 0 in the last transmitted broadcast or multicast frame following the transmission of the DTIM beacon.
11A.12.6 Awake Window
Awake Window is a time period during which a power saving MP is in Awake state waiting for transmissions from neighboring MPs. An Awake Window shall follow every DTIM. If a TIM Beacon has an Awake Window IE, an Awake Window shall follow the TIM Beacon. The start of the Awake Window is measured from the end of the beacon transmission. The duration of the Awake Window period is defined by the value of the Awake Window field in the Awake Window parameter element. 
The peer MPs may use the Awake Window to send trigger frames to the power saving MP. A successfully transmitted trigger frame shall initiate a peer service period that is described in 11A.12.8. 
The non-peer MPs may use the Awake Window to send probe request and peer link open frames to the power saving MP. The power saving MP shall operate in Awake state at least until the completion of peer link setup procedure (i.e. success or failure) or transmission of response to probe request. 
11A.12.7 Power saving MP operations
11A.12.7.1 Light sleep mode MP
A light sleep mode MP shall enter to Awake state prior to every TBTT that matches the Beacon timing of its own and of its peer MPs. 

The MP in light sleep mode may return to the Doze state after the Beacon reception from a peer MP, if the peer MP did not indicate buffered unicast, broadcast or multicast frames. If indication of the buffered frames is received, the light sleep mode MP shall send a trigger frame to initiate a peer service period with the beaconing MP. 
The light sleep mode MP may enter to doze state if all following conditions are fulfilled:

· received a trigger frame from all peer light sleep mode MPs, to which the MP indicated buffered traffic in Beacon frame
· the MP has no peer service period ongoing 
· the MP operates in power save mode for all of the links 
· the Awake Window has expired 
· the MP has terminated the multicast and broadcast frames delivery sequence after the DTIM Beacon 

If a light sleep mode MP enters to Awake state in order to listen to Mesh DTIM Beacon and broadcast/multicast transmissions from peer MP, the MP shall remain Awake until the More Data field of the broadcast/multicast MSDUs indicated the last broadcast/multicast MSDU.

Peer service periods are used for frame transmissions towards to MP which operates in power save. Peer Service Period is not used in frame exchange toward active mode MP. The peer service period handling is described in 11A.12.8. 
11A.12.7.2 Deep sleep mode MP

A deep sleep mode MP shall enter to Awake state prior to TBTT that matches its Mesh DTIM Beacon and shall remain Awake for the duration of Awake Window and the duration of the multicast and broadcast frame transmissions.
An acknowledged trigger frame may be transmitted during the Awake Window of the deep sleep mode MP. A successful transmission of the trigger frame triggers a peer service period between the two MPs. 
Peer service periods are used for frame transmissions towards to MP which operates in power save mode. Peer Service Period is not used in frame exchange toward active mode MP. The peer service period handling is described in 11A.12.8. 
11A.12.8 Peer service period
Peer service periods are used for frame exchange in a link in which at least one of the MPs operates in power save mode. A peer service period is a contiguous time during which one or more unicast frames are transmitted between two peer MPs. A peer service period is directional and may contain one or more TXOPs. One MP transmits frames and initiates the termination of the peer service period. An MP may have multiple peer service periods ongoing on parallel. At most one peer service period can be set up in each direction with each peer MP. A peer service period is initiated by a peer trigger frame. 

A data frame or a QoS-Null frame that require 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 frames shall initiate 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 which is owned by the receiver of peer trigger frame. Peer Service Period shall not be used in frame exchange toward active mode MP. 

During the peer service period, the transmitter of the peer service period and peer MP 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.
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 MP does not receive an acknowledgement to a frame sent with the EOSP subfield set to 1, the MP 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 dot11MPMissingAckRetryLimit. If an Ack to the retransmission of this last frame in the same peer service period is not received, the MP may use the next peer service period to further retransmit that frame subject to its applicable retry or lifetime limit.
MIB VARIABLES

dot11MPMissingAckRetryLimit OBJECT-TYPE

SYNTAX INTEGER (1..100)

MAX-ACCESS read-write

STATUS current

DESCRIPTION

"This attribute indicates the number of times the MP may retry a frame for which it does not receive an ACK for a STA in power-save mode after the MP does not receive an ACK to a directed MPDU sent with the EOSP set to 1."



Abstract


The document contains normative text proposal for clause 11A.12 of the 802.11s draft related to power save. Draft normative text is provided for the following functionality:


support for power save


operation in power save


Additionally, supportive draft normative text is being provided for clauses 3 and 7 to the extent considered essential at the moment. 


Text for the peer service period description is provided in a separate submission even though it is being proposed to be incorporated as a subclause to the power management clause proposed here.
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