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Abstract

This document contains text that describes a mechanism to allow for automatic delivery of packets to stations in power-saving mode without the necessity of those devices to use a PS-Poll in order to retrieve packets stored at the AP for those devices.  This mechanism is intended to be used in conjunction with other 802.11e QoS services in order to provide QoS to devices operating in a power-saving mode.

Request an extended capability bit from the 802.11 ANA to indicate support for automatic power-save delivery mode, and add that capability bit to clause 7.3.2.17.

Change the contents of Table 7 in 7.2.3.4 as shown below:

Table 7 – Association Request frame body

	Usage
	Order
	Information

	Always present
	1
	Capability information

	
	2
	Listen interval

	
	3
	SSID

	
	4
	Supported rates

	QBSS
	5
	Extended Capabilities  (only if Capability[15]=1)

	
	6
	Automatic Power-Save Delivery


Change the contents of Table 9 in 7.2.3.6 as shown:

Table 9 – Reassociation Request frame body

	Usage
	Order
	Information

	Always present
	1
	Capability information

	
	2
	Listen interval

	
	3
	Current (Q)AP address

	
	4
	SSID

	
	5
	Supported rates

	QBSS
	6
	Extended Capabilities  (only if Capability[15]=1)

	
	7
	Automatic Power-Save Delivery


Add an entry to clause 7.3.2, table 20, for the Automatic Power-Save Delivery Information Element, after requesting an information element assignment from the 802.11 assigned numbers authority.

Add the following text to clause 7.3.2 at a location to be selected by the editor, renumber as needed, and insert the previously requested information element assigned number beneath the “Element ID” in the figure:

Automatic Power-Save Delivery Element

The automatic power-save delivery element contains information that a WSTA can use to indicate to the QAP whether the WSTA is currently in APSD mode, and how long traffic should be buffered for before being delivered to the WSTA.  The APSD element may be included in (re)association requests in order to activate the facility at association time.  The APSD element may also be sent to the QAP using the action frame, to enable or disable automatic power-save delivery.  The element information field is defined in Figure XX.Y.

	Element ID
	Length
(4)
	Wakeup
Period
(1 octet)
	Beacon
Offset
(1 octet)


Figure XX.Y – Automatic Power-Save Delivery element format

The wakeup period is the number of beacon intervals during which the WSTA is requesting the QAP to buffer MSDU and management frames before releasing the frames for delivery using a prioritized, or parameterized, delivery mechanism.

The station wakes at a time when (TSF / Beacon Interval) modulo Wakeup period = Beacon offset.

Request an action code from the 802.11 ANA and add an entry to table 20.6 with the labeled “APSD”.

Add a subclause, numbered accordingly, to clause 7.4 as follows:

11.2.3 Automatic Power-Save Delivery Action Frame

The automatic power-save delivery action frame contains an automatic power-save delivery information element.

Insert the following text as numbered:
11.2.4 Automatic Power-Save Delivery in a QBSS

QAPs capable of supporting automatic power-save delivery mode shall signal this capability through the use of the automatic power-save delivery extended capability bit.

WSTAs operating in a QBSS wishing to utilize the automatic power-save delivery mechanism shall inform the AP of this fact by using an automatic power-save delivery information element, signaled through a (re)association or action management frame.  The QAP shall not arbitrarily transmit MSDUs to WSTAs operating in an automatic power-save delivery (APSD) mode, but shall buffer MSDUs and only transmit them at beacon intervals that correspond to the specified wakeup period.

A WSTA can signal it’s desire to utilize APSD as the power save mode delivery method through the use of a Automatic Power-Save Delivery element contained in a (re)association request or action frame.  A WSTA will use the power-save mode bit in the frame control field of a frame to indicate whether it is in active or power-save mode.  The QAP will use the power-save delivery mechanism currently in effect for a WSTA to deliver frames to the WSTA when it is operating in power save mode. 

A WSTA may utilize the activation delay field of an action request frame to delay the activation of APSD mode.
Automatic power-save delivery can be disabled by the WSTA by setting the wakeup period to zero in an action request frame or (re)association frame.  Additionally, a WSTA may disable automatic power-save delivery by (re)associating with the QAP, and not including a Automatic Power-Save Delivery element.

11.2.4.1 Transmit operation at the QAP

QAPs shall maintain a automatic power-save delivery (APSD) status for each currently associated WSTA that indicates whether the WSTA is presently in APSD mode and the wakeup period for the WSTA.  A QAP shall, based on the APSD mode of the WSTA, temporarily buffer the MSDU or management frames destined to the WSTA.  MSDUs and management frames received for WSTAs not operating in APSD mode shall follow the appropriate frame delivery rules as related to their respective power-saving mode, and as described in other clauses of this standard.

a) MSDUs, or management frames, destined for APSD capable WSTAs shall be temporarily buffered in the QAP when requested by the WSTA.  The algorithm to manage this buffering is beyond the scope of this standard, with the exception that the QAP must preserve the order of arrival of frames on a per priority basis, including during transitions between active and APSD modes.

b) MSDUs, or management frames, destined for APSD capable WSTAs not operating in APSD shall be transmitted according to the rules in this standard that correspond to the power-save state of the WSTA.

c) At every beacon interval, the QAP shall assemble the partial virtual bitmap containing the buffer status per destination for WSTAs in the APSD mode, and shall send this out in the TIM field of the beacon.

d) At every beacon interval the QAP shall determine, based on the wakeup period specified by the WSTA, during (re)association or through a management action frame, whether this beacon corresponds to an APSD beacon for each WSTA.  If this is determined to be a APSD beacon, the QAP shall transmit all frames destined for the WSTA.  The More Data field of each directed MPDU or management frame, except the last frame, shall be set to indicate the presense of multiple frames destined for the WSTA.  If necessary the QAP can generate a extra (Qos)-Null frame with the more data field cleared.

e) A QAP shall have an aging function to delete pending traffic when it is buffered for an excessive time period.  Aging may be based on the listen interval specified by the WSTA in the (re)association request.

f) Whenever a QAP is informed that a APSD capable WSTA changes it’s delivery mode to not be APSD mode, then the QAP shall send buffered MSDUs and management frames (if any exist) to that WSTA according to the rules corresponding to the current power-save state of the WSTA.

11.2.4.2 Receive operation for WSTAs in the APSD mode

WSTAs operating in APSD mode shall operate as follows to receive an MSDU or management frame from the QAP.

a) WSTAs shall wake up early enough to receive the next beacon that corresponds to the wakeup period specified in the (re)association or action request frame the WSTA used to initiate APSD mode with the QAP.

b) When a WSTA detects that the bit corresponding to it’s AID is set in the TIM, the WSTA shall remain awake until it receives a directed MSDU or management frame with the More Data field cleared, or it receives a beacon with it’s TIM bit cleared.

c) A WSTA that misses it scheduled wakeup beacon shall remain awake until it receives a beacon with it’s TIM bit cleared, or a data frame with the More Data field set off.

d) A WSTA operating in APSD mode may send a PS-Poll frame at any time to retrieve a single frame buffered at the QAP.
p

e) When a WSTA transitions from active mode to APSD mode it should remain awake until it receives a beacon with its TIM bit cleared.
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