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Abstract

This document contains the material proposed for inclusion in the WME specification, in the form of insertions into and replacements for material in document IEEE 802.11-03-504r7.  The changes affect the power-save method referred to a “triggered power save” in the WME specification.  This method corresponds to the Unscheduled APSD power-save method in 802.11e D8.0 draft.  

Editorial notes appear in bold italic Times New Roman font, and normative text appears in normal Times New Roman font.   Changes to existing WME text are marked in orange.  In the text that replaces Section 3.6 of the WME specification, any implied changes to the 802.11e D8.0 draft are marked in green.  Additions are indicated as underlined text. Deletions are indicated as crossed through text.
Background information can be found in document IEEE 802.11-04-464r1-e. 

Modify Section 2.1.6 as follows:

2.1.6
QoS Control Field

The QoS control field consists of two octets and is shown in Figure 4.
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Figure 4 QoS Control Field

…
The RB single-bit sub-field indicates priority-related status of buffered frames at the AP for a PS station using Unscheduled APSD.
Replace Section 3.6 with the following:

3.6
WME Power -save (PS) Procedures

The procedures defined in this section apply to unicast QoS-Data and QoS-Null frames that are to be delivered to a WME STA when the STA is in PS-mode.

The WME power-save procedures are based on the legacy procedures defined in [1], but the option for unscheduled automatic power-save delivery (U-APSD) is added, which is defined in [6]. A WME STA chooses legacy versus U-APSD behavior by declaring itself to be trigger-enabled
 on a per-AC basis.   If a WME STA is trigger-enabled for one AC, it is considered trigger-enabled for all ACs, and therefore it may not use the legacy power save procedure described in [1]. A STA indicates that it is “trigger-enabled” by setting PSB=1 in at least one admitted TSPEC. 

If a particular STA is not trigger-enabled, then all downlink frames destined to that STA are buffered and delivered using the procedures described in [1]. Conceptually, the buffer used to hold these frames will be referred to as the legacy PS buffer. The QAP uses the TIM and the More Data bit carried in Frame Control Field to indicate the status of the legacy buffer as specified in [1]. 

If a particular STA is trigger-enabled, then all downlink frames destined to that STA that map to an AC witn an admitted TSPEC setting PSB=1 are temporarily buffered by the QAP in a triggered buffer(s) corresponding to that AC. 
Conceptually, there is at least one triggered PS buffer per trigger-enabled PS-mode STA (this conceptual model does not, of course, constrain the implementation). Different triggered PS buffers hold frames corresponding to different ACs.  A triggered buffer may hold frames corresponding to multiple ACs; ACs are monotonically mapped into buffers in such a case.  The QAP shall use the TIM bits and the More Data bits to indicate the status of all PS buffers.   

Downlink frames are released from a triggered PS buffer(s) by a trigger frame. A trigger frame is defined as a QoS-Data or QoS-Null frame, sent uplink by a PS-mode WME STA in which the UP maps to a trigger-enabled AC and received by the AP outside a triggered service period of the station. A triggered service period of a station begins after the QAP acknowledges the trigger frame transmitted by the station and ends when the AP sends a frame to that station with the EOSP bit set in the QoS Control field.  (If the trigger frame maps to an AC that has ACM=1, then the STA must establish a suitable uplink flow before sending triggers.)  Only one service period can be active at a time per station; any frames received by the AP from a station while the service period is already active for the station will not be regarded as triggers.
The released frames are delivered during a triggered service period. The triggered service period begins after the QAP acknowledges the trigger frame transmitted by the station.  During a service period, the AP must release at least one frame from a triggered buffer, if there are any frames buffered, and may release additional frames.  The AP will release frames from the non-empty triggered PS buffer holding the highest priority frames.  The AP sets the EOSP bit in the last frame to be transmitted by the AP to a PS WME STA during a service period. 
  The More Data bit is used to indicate whether additional frames remain buffered at the AP.  The RB bit in the QoS Control field indicates whether additional frames remain buffered in the releasing triggered PS buffer, or in a PS buffer of higher priority.  Table 14 shows how the More Data and RB bits help convey priority information of the buffered frames.
A WME STA may have to initiate triggered service periods separately in order to retrieve all the buffered frames associated with an application.

Table 14 Use of the More Data and RB bits

	 More Data bit
	RB bit
	Interpretation

	0
	0
	No more frames remain buffered at the AP

	1
	0
	Frames of lower priority than the received frame remain buffered at the AP

	1
	1
	Frames of comparable or higher priority than the received frame remain buffered at the AP

	0
	1
	Not meaningful


AP Operation

If a WME STA is in Active mode, all frames destined to that STA shall be transmitted immediately, without PS buffering. 

If a WME STA is in PS-mode, the following shall apply:

a) A STA shall be considered trigger-enabled if it has a trigger-enabled AC.    An AC shall be considered trigger-enabled, if there exists at least one admitted downlink or bi-directional TSPEC with PSB=1 that maps to that AC. Downlink unicast QoS-Data frames associated with a trigger-enabled AC STA shall be temporarily held in the AC’s triggered PS buffer(s).
b) Other downlink frames shall be temporarily held in the legacy PS buffer. 

c) The algorithm to manage the buffering is beyond the scope of this standard, with the exception that the AP must preserve the order of arrival of frames on a per-AC, per-station basis.

d) At every beacon interval, the AP shall assemble the partial virtual bitmap indicating the status of all PS buffers and shall send this out in the TIM field of the beacon. 

e) The AP shall deliver frames from the legacy PS buffer using the power management procedures described in [1].

f) A triggered service period shall begin, for a particular WME STA, when the AP receives a QoS-Data or QoS-Null frame sourced by the STA and containing a UP that maps to a trigger-enabled AC.  The AP 

g) The AP shall select the non-empty triggered PS buffer containing the highest-priority frames, from which it shall release frame(s) during a triggered service period.  The AP shall not terminate a service period unless it has released at least one frame, if there is one buffered in a triggered buffer.  The AP may have to send a Null frame if there are no QoS data-type frames in a triggered buffer.  

h) The AP shall consider a triggered service period ended for a particular WME STA on its first attempt to transmit to that station a QoS-Data or QoS-Null frame that has its EOSP bit set to 1.  The frame with the EOSP bit set shall be the last frame to be transmitted by the AP to the station during the station’s service period. 1   

STA Operation

WME stations in PS-mode shall operate as follows to receive buffered frames from the AP.

a) WME STAs shall use the power management procedures defined in [1] to retrieve frames held in the legacy PS buffer.

b)  If a WME STA initiates a triggered service period by successfully transmitting a frame to the QAP, it will remain awake until it receives the first copy of a QoS data type or Null frame addressed to it, with the EOSP bit set to 1; the station will disregard the EOSP bit in any copies of the same frame received subsequently.  
c) Frames received by the AP from the STA during a service period are not regarded as trigger frames.  A frame received by the AP from a particular station after the AP has sent a frame to that station with the EOSP bit set is regarded as a trigger.
Example of triggered buffer organization at the AP (informative)

The following represents a way that buffering could be organized at the AP in order to meet the requirement that the frame with the EOSP bit be the last frame received in a service period.  An AP that supports U-APSD will maintain one legacy PS buffer for each non-trigger-enabled station and at least one triggered PS buffer per triggered-enabled station; no legacy buffer will be maintained for trigger-enabled stations. 
 All downlink frames destined to a trigger-enabled station in the sleep state will be held in one of the triggered PS buffers.  Which buffer that is will depend on the frame’s AC. For maximum prioritization, there would be one triggered PS buffer for each AC and for each trigger-enabled station.  Each triggered buffer would then hold frames corresponding to a different AC.  An AP may maintain, however, fewer PS buffers per station than the number of ACs.  In such a case, frames corresponding to two different ACs could be held in the same buffer.  

The mapping of ACs to buffers may change dynamically as the priority mix of downlink frames arriving at the AP may vary over time.  The mapping at any point in time should be monotonic; i.e. the ACs of the frames contained in one triggered buffer should all have priority either higher or lower than those of another triggered buffer.  Figure 18 illustrates how ACs may be mapped into buffers.  The downlink frames arriving at the AP for a particular station correspond to ACs 3,1, and 0.  If there are two triggered buffers at the AP allotted per station, frames with priority corresponding to AC=3 are held in one buffer, and frames with priority corresponding to AC=1 and 0 are held in the other buffer.  Clearly, the first triggered buffer contains higher priority frames than the second.  

When a service period starts for a station, the AP will release frames to be sent to the station. In order to avoid a situation where the frame with the EOSP bit set is received at the station before other frames released in the same service period, the AP releases frames from a single triggered buffer during a service period. It is the buffer containing the highest priority frames – the first buffer, in this example. The EOSP bit is set in the last released frame.  Although more frames may be queued in another buffer, the AP will wait for a new service period to release those frames. The frames released from a triggered buffer during a service period must all use the same EDCA access/transmit buffer.  For instance, the service period may be ended if the AC corresponding to the next frame to be released changes. The architecture described here ensures that the last frame sent by the AP will be the one with the EOSP bit set.
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Figure 18 AC-to-triggered buffer mapping
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� The section entitled “Example of triggered buffer organization at the AP (informative)” illustrates how the AP can meet the requirement on the transmission of the frame with the EOSP bit set.  
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