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Overview

This submission contains proposed text cleanup for clause 11.2.1.13.

11.2.1.13 TDLS Peer Power Save Mode

TDLS Peer Power Save Mode (TDLS Peer PSM) is a power save mechanism that can be used between TDLS peer STAs, and which is based on a periodic wakeup schedule. A STA supports TDLS Peer PSM if dot11TDLSPeerPSMActivated is true. A STA supporting this capability may indicate support through any TDLS Setup Request frame or TDLS Setup Response frame. A STA indicating this support shall signal this by setting the TDLS Peer PSM Support subfield in the Extended Capabilities element included in the TDLS Setup Request frame or TDLS Setup Response frame to one. A station that signals support for this capability is capable of acting in both the TDLS Peer PSM initiator and the TDLS Peer PSM responder role.

A STA that intends to enter TDLS Peer PSM (TDLS Peer PSM initiator) shall send a TDLS Peer PSM Request frame to the TDLS peer STA (TDLS Peer PSM responder), including a proposed periodic Wakeup Schedule. A TDLS Peer PSM Request frame shall not be transmitted to a STA that did not indicate support for TDLS Peer PSM. When the TDLS Peer PSM responder accepts the proposed Wakeup Schedule, it shall respond with a TDLS Peer PSM Response frame indicating status code 0 (“Successful). Otherwise the TDLS Peer PSM responder shall respond with a TDLS Peer PSM Response frame indicating the appropriate status code for rejecting the schedule. An alternative schedule shall be included in the TDLS Peer PSM Response frame when the status code is set to 2 (“TDLS Wakeup Schedule rejected but alternative schedule provided”). The alternative schedule may be used by the TDLS Peer PSM initiator to generate a new TDLS Peer PSM Request frame. After successfully transmitting or receiving a TDLS Peer PSM Response frame indicating status code 0 (“Successful”), the TDLS Peer PSM initiator and TDLS Peer PSM responder have established a periodic wakeup schedule between them. The wakeup schedule remains valid until either

· the TDLS direct link is torn down 
· the STAs explicitly update the existing wakeup schedule, or 

· no MPDUs containing data have been exchanged for Idle Count consecutive Awake Windows.

A STA transmitting a TDLS Peer PSM Request frame shall remain in the wake state until it received the corresponding TDLS Peer PSM Response frame. A TDLS Peer PSM Request frame may be transmitted via the AP path or via the direct path (which is up to the implementer to decide). A TDLS Peer PSM Response frame shall be transmitted over the direct path.
The timing of the periodic schedule of the TDLS Peer PSM Awake Windows is based on the Offset field, the Interval field, the Awake Window Backoff field and the Awake Window Duration field of the TDLS Peer PSM Setup Request frame that established TDLS Peer PSM operation on the link. Awake Windows begin at TSF values that satisfy the equation TSF mod Interval = Offset.  The interval between the start of two successive Awake Windows is equal to the time in microseconds of the Interval field. The periodic wakeup schedule may be unrelated to the TBTT or the Beacon Interval. When the Awake Window Backoff field is equal to an unsigned integer that is greater than zero, the Awake Window ends when a backoff counter with similar properties to an EDCA AC_BE backoff counter (referred to as Awake Window backoff) with an initial value equal to the value of the Awake Window Backoff field reaches zero, or when the time specified in the Awake Window Duration field has been reached, whichever is earlier. Awake Windows associated with different TDLS Peer PSM STAs use a separate Awake Window backoff counter, and none of these counters is the EDCA AC_BE backoff counter described in 9.9.1.5 for use in determining when to transmit frames from the AC_BE queue. An Awake Window Duration field value of zero means that there is no maximum time limit and in such a case, only the expiration of the Awake Window backoff is used to determine the end of the Awake Window. When the Awake Window Backoff field is set to zero, the Awake Window ends when the time specified in the Awake Window Duration field has been reached. The Awake Window Backoff field and Awake Window Duration fields shall not both be set to zero. The Awake Window backoff starts at the beginning of the Awake Window with the value set to the value of the Awake Window Backoff field, regardless of any remaining backoff that might have existed at the end of the previous Awake Window. The Awake Window Backoff field should be set to a value that is larger than CWmin[AC_BE]. The Awake Window backoff causes the wakeup window to scale with the traffic intensity on the medium, which under busy medium conditions avoids that the wakeup window expires before the STAs have had a chance to transmit, while avoiding long wakeup windows when the medium is lightly loaded. The wake time is capped by the Awake Window Duration, so that the wake time can be limited in case of heavy interference. A fixed Awake Window can be preferred when the signal strength on the TDLS Direct Link is low and the TDLS peer STAs may experience different medium busy conditions. The Offset field contained in a TDLS Peer PSM Setup Request frame shall be set to a random value between 0 and the value of the Interval field of the TDLS Peer PSM Setup Request frame.
A TDLS Peer PSM service period is a contiguous period of time during which one or more unicast frames are transmitted between two TDLS peer STAs when at least one STA employs TDLS Peer PSM. A TDLS Peer PSM service period may be initiated during an Awake Window. A TDLS peer STA in power save mode may enter a doze state when it has successfully transmitted to and received from the corresponding TDLS peer STA in power save mode a frame with the EOSP subfield set to one, ending the TDLS Peer PSM service period. A TDLS peer STA in power save mode may enter a doze state when it has successfully received from the corresponding TDLS peer STA in active mode a frame with the EOSP subfield set to one.

Either STA may update an existing schedule by initiating a TDLS Peer PSM Request/Response exchange. If the TDLS Peer PSM Response frame indicates status code 0 (“Successful”), a new wakeup schedule is established for the TDLS direct link. Otherwise, the existing schedule still applies. The new schedule takes effect after the termination of the current TDLS Peer PSM service period.

After the successful PSM setup, a STA informs its TDLS peer STA that it will enter power save mode per direct link by setting the Power Management field to one in an MPDU requiring acknowledgement. The STA enters power save mode after successful transmission of the MPDU. The power save status on one direct link is independent of the power save status on other links (direct or with the AP) the STA may have. If a TDLS peer STA enters power save mode when a Wakeup Schedule is active, it shall be awake at the beginning of each scheduled periodic Awake Windows, and stay awake for the duration of the Awake Window or until the end of a TDLS Peer PSM service period. Otherwise, it may enter a doze state, depending on the current requirements to be awake, imposed by other links. A TDLS peer STA that did not enter power save mode shall remain in the awake state.

When both TDLS peer STAs set the More Data ACK subfield in their QoS Capability information element to one, then the More Data field inside an ACK frame set to zero shall have the same function as the EOSP subfield inside a QoS frame set to one. Transmission of an ACK frame with the More Data subfield set to zero under these conditions is equivalent to a successful transmission of a frame with the EOSP subfield set to one.
When waking up at the beginning of an Awake Window, if a STA has no buffered frame to send to a TDLS Peer STA that had the More Data Ack subfield in its QoS Capability element set to one during the TDLS setup exchange, the TDLS STA may send a QoS-Null frame with the EOSP subfield of the QoS Control field set to one, and the More Data subfield of the Frame Control field set to zero.  If the TDLS peer STA that is the recipient of this QoS-Null frame has no buffered frame to deliver either, and it had the More Data Ack subfield in its QoS Capability element set to one during the TDLS setup exchange, then the TDLS peer STA shall respond with an ACK frame that has the More Data subfield set to zero. The STA may discard the QoS-Null frame if it has not been successfully transmitted at the end of the Awake Window.  If a Data frame, other than the QoS-Null frame, with an EOSP subfield set to one is received from a TDLS peer STA before the successful transmission of the QoS-Null frame, the STA may cancel the pending transmission of the QoS-Null frame if it sends an ACK frame with More Data subfield set to zero in response to the received Data frame.
To keep track of the connectivity over the direct link and to maintain the wakeup schedule, TDLS peer STAs may start an acknowledged frame exchange at least once per Idle Count consecutive Awake Windows, as a keepalive. For instance a QoS-Null frame may be used as a keepalive frame. When a TDLS Peer PSM Response frame was successfully transmitted or received and no subsequent TDLS Peer PSM service period has started for Idle Count consecutive wakeup periods, the TDLS peer STAs shall delete the wakeup schedule for this link, which means that the related periodic wakeup no longer occurs (i.e. the TDLS peer STAs no longer have to wake up during this period) and that a wakeup schedule no longer exists for this link. When traffic arrives at a TDLS peer STA in TDLS Peer PSM mode for a link with no existing wakeup schedule, the STA shall send a TDLS Peer PSM Request frame through the AP path to the TDLS peer STA to activate a new wakeup schedule. When both TDLS peer STAs enter active mode while a wakeup schedule is active, no more TDLS Peer PSM service periods will occur, causing the wakeup schedule to be deleted.

If a TDLS peer STA does not receive an acknowledgment to a directed MPDU sent with the EOSP subfield set to one that terminates a TDLS Peer PSM service period, it shall retransmit that frame at least once within the same service period, subject to the applicable retry or lifetime limit. The maximum number of retransmissions within the same service period is the lesser of the maximum retry limit and the MIB attribute dot11TDLSPeerSTAMissingAckRetryLimit. If an acknowledgment to the retransmission of this last frame in the same service period is not received, the TDLS peer STA may wait until the next Awake Window to further retransmit that frame, subject to its applicable retry or lifetime limit. When the TDLS peer STA has transmitted a directed frame that terminates a TDLS Peer PSM service period then, except for retransmissions of that frame, the TDLS peer STA shall not transmit any more frames to the TDLS peer STA until the next Awake Window.

A TDLS peer STA that has an active Wakeup Schedule shall not decrement a backoff count outside the Awake Windows, if that backoff precedes an MPDU that is destined for transmission on the related TDLS direct link.

A TDLS peer STA that has a frame within the queue for an AC to transmit to a TDLS peer STA that is in power save mode shall not decrement the backoff count for that AC outside of the Awake Windows for that recipient STA. Alternatively, the transmitting STA may maintain two backoff counters for that AC, one backoff counter that is decremented and used for transmission decisions only during Awake Windows, and a separate backoff counter that is decremented and used for transmission decisions only outside of Awake Windows. In addition to maintaining separate backoff counters, all control variables for CW incrementing and resetting decisions are duplicated.
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