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Abstract

This document contains the material proposed to GTE for inclusion in the draft in the form of insertions into and replacements for material in IEEE Std 802.11-1999, as updated by IEEE Std 802.11a-1999, IEEE Std 802.11b-1999 (already present in TGE Draft 4.0).
Editorial notes appear in bold italic Times New Roman font, informative notes appear in normal Arial font, and normative text appears in normal Times New Roman font.  Open issues are highlighted using red text in normal Arial font, and begin with "OPEN ISSUE:".  Added text appears in blue with a dotted underline.  Deleted text appears in red with a strikethrough line.
Modify text in section 7.3.2.15 as follows:

The structure of the TS Info field is defined in Figure 42.8. 

Instruct the editor to add the following field in the TSPEC element:

Service Start Time, 4 octets

Instruct the editor to replace one of the Reserved bits in the TS Info field with the following sub-field:

APSD, 1 bit

The APSD sub-field is a single bit, which, when set to 1, indicates that Automatic Power Save Delivery will be used for the traffic associated with the TSPEC.  The APSD flag shall be set to 0 if the station does not engage in power saving.   If the APSD field values of two admitted traffic streams associated with the same QSTA differ, the QSTA shall be assumed to operate in APSD mode until termination of the traffic stream with a TSPEC with the APSD bit on. 

…

The Service Start Time field is 4 octets and indicates the time, expressed in microseconds, when service starts. A service period starts at fixed intervals of time specified in Minimum Service Interval field. The first service period starts when the low order 4 bytes of the TSF timer equals the value specified in Start Time field.  A non-AP QSTA in APSD mode shall first wake up to receive downlink frames buffered at the AP.  The station will wake up subsequently at a fixed time interval equal to the Minimum Service Interval.  The QAP shall buffer MSDU and management frames that arrive after the non-AP QSTA in APSD mode has gone to sleep, and will release these frames when the station wakes up for delivery using a prioritized, or parameterized, delivery mechanism.  The QAP may modify the Service Start Time by indicating so in the Schedule element it sends in response to the TSPEC request.  

The station shall wake up at a subsequent time when 

(TSF - Service  Start Time)  mod Minimum Service Interval  = 0

If APSD is not selected, this field must be set to 0.

Modify text in section 7.3.2.19  as follows:

7.3.2.19 Schedule Element

Instruct the editor to add the following field in the Schedule element:

Service Start Time, 4 octets

The Service Start Time field is 4 octets and indicates the time, expressed in microseconds, when service starts.  The QAP uses this field to confirm or modify the Service Start Time indicated in the TSPEC request.  The modified Service Start Time shall be no earlier than the Service Start Time requested by the TSPEC element.  Any difference in the Service Start Time will not exceed the Minimum Service Interval.
Modify section 11.2.1.10  as follows:

11.2.1.10 Power management for STAs with TSPEC

STAs with admitted TSPECs having the APSD subfield of the TS info field set to 1 can go into power-save after they are serviced.  The  STA shall be awake to receive any data frames from the AP according to the wakeup schedule for a duration of minimum service interval indicated by the HC in the schedule element by the Minimum Service Interval and the Service Start Time. At the end of a duration of minimum service interval, the a non-AP QSTA engaged in polling shall be awake to receive any data frames from the AP as well as to receive the QoS polls from the HC for its own transmissions.  At the end of a duration of service interval, a non-AP QSTA not engaged in polling shall receive buffered MSDUs and management frames (if any exist) destined to that non-AP QSTA.  When the TSPEC element from a non-AP QSTA in Beacon-based APSD mode has the APSD sub-field set to 0, the QAP shall send buffered MSDUs and management frames (if any exist) to that non-AP QSTA according to the rules corresponding to the specified access method.  When the TSPEC element from a non-AP QSTA not in Beacon-based APSD mode has the APSD sub-field set to 0, the QAP shall send buffered MSDUs and management frames (if any exist) to that non-AP QSTA according to the rules corresponding to the current power-save state of the non-AP QSTA. 

Modify section 11.2.3 as follows:

Non-AP QSTAs 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 or by setting equal to 1 the APSD subfield of the TS info field in the TSPEC element.. The QAP shall not arbitrarily transmit MSDUs to non-AP QSTAs operating in an automatic power-save delivery (APSD) mode, but shall buffer MSDUs and only transmit them at beacon intervals that correspond to the scheduled wakeup times specified in the APSD information element or at the scheduled wakeup time that correspond to the Service Interval and the Service Start Time indicated in the Schedule element sent in response to a TSPEC.  The QAP has the option to schedule the time it will wake up by indicating a beacon offset or a start time in the APSD schedule element that is different from the beacon offset in the APSD element. 

A non-AP QSTA can signal its 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, in which case it is said that the non-AP QSTA is operating in Beacon-based APSD mode.  Non-AP QSTAs 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 shall acknowledge receipt of the automatic power-save delivery information element by returning the automatic power-save delivery schedule element. The APSD mechanismOperating in APSD mode does not affect the operation of the PS-Poll power-save mechanism.  Therefore, a QSTA that is operating in APSD mode can send a PS-Poll frame to solicit the AP to transmit exactly one downlink frame, in response.

A non-AP QSTA can signal its desire to utilize APSD as the power-save mode delivery method for individual traffic streams through the use of the APSD sub-field of the TS info field contained in the TSPEC element. The QAP shall acknowledge acceptance of the automatic power-save delivery request by returning a Schedule element with the APSD Flag set to 1.  The QAP shall acknowledge receipt of a TSPEC element with the APSD sub-field set to 1, by responding with a Schedule element indicating whether the requested wakeup time can be accommodated by the QAP, and if not a modified wakeup schedule will be indicated by the Service Interval and the Service Start Time.  A non-AP QSTA may utilize APSD as the power-save mode delivery method for individual traffic streams by indicating so in the TSPEC element regardless of whether or not it is operating in Beac0n-based APSD mode. 

Modify section 11.2.3.1 as follows:
QAPs shall maintain an automatic power-save delivery (APSD) status for each currently associated non-AP QSTA that indicates whether the non-AP QSTA is presently in APSD mode and the wakeup period for the non-AP QSTA.  A QAP shall, based on the APSD mode of the non-AP QSTA, temporarily buffer the MSDU or management frames destined to the non-AP QSTA.  MSDUs and management frames received for non-AP QSTAs not operating in APSD mode shall follow the appropriate frame delivery rules as related to their respective power-saving mode.

a) MSDUs, or management frames, destined for APSD capable non-AP QSTAs shall be temporarily buffered in the QAP when requested by the non-AP QSTA.  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.  The algorithm to manage this buffering shall not favor the transmission of buffered frames destined for non-AP QSTAs operating in APSD mode over the transmission of frames destined for non-AP QSTAs not operating in APSD mode.

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

c) At every beacon interval, the QAP shall assemble the partial virtual bitmap containing the buffer status per destination for non-AP QSTAs in the APSD mode, and shall send this out in the TIM field of the beacon.  If a non-AP QSTA has selected the APSD information element to indicate beacon-based parameters for its wakeup schedule, then the QSTA automatically transitions to active mode at each target Wakeup Beacon Transmission time.  Therefore, at every beacon interval the QAP shall transmit all frames buffered for the non-AP QSTA following a Wakeup Beacon. If a non-AP QSTA has selected the APSD subfield of the TS info field of the TSPEC information element using time-based parameters for its wakeup schedule, then tThe QSTA automatically transitions to active mode at each scheduled wakeup time.  Therefore, the QAP shall transmit all frames buffered for the non-AP QSTA following a scheduled wakeup time.

d) The More Data field of each directed data or management frame, except the last frame, shall be set to indicate the presence of multiple frames destined for the non-AP QSTA.  If necessary the QAP can generate an extra (QoS)-Null frame with the more data field cleared. When the QAP has transmitted a directed frame with “more data” zero during the APSD wakeup period, it shall not transmit any more data frames using this mechanism until the next APSD wakeup beacon or scheduled wakeup time.  

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 non-AP QSTA in the (re)association request.

a) Whenever a QAP is informed that a APSD capable non-AP QSTA 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 non-AP QSTA according to the rules corresponding to the current power-save state of the non-AP QSTA.

11.2.3.2 Receive operation for non-AP QSTAs in the APSD mode

The wakeup rules for QSTAs that use the APSD information element with beacon-base APSD parameters and for QSTAs that use the APSD subfield of the TS info field in the TSPEC information element with time-based APSD parameters are generally the same.

A non-AP QSTA operating in APSD mode shall operate as follows to receive an MSDU or management frame from the QAP if a non-AP QSTA has selected the beacon-based parameters for its wakeup schedule:

a)
A non-AP QSTA shall wake up early enough to receive each scheduled Wakeup Beacon. 

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

c) A non-AP QSTA that misses it scheduled wakeup beacon shall remain awake until it receives a beacon with its TIM bit cleared, or a data frame with the More Data field set off.

d) 
When a non-AP QSTA transitions from active mode to APSD mode it shall remain awake until it receives a beacon with its TIM bit cleared.

A non-AP QSTA operating in APSD mode shall operate as follows to receive an MSDU or management frame from the QAP  if a non-AP QSTA has selected the time-based parameters for its wakeup schedule:
a) The non-AP QSTA transitions to APSD mode at its scheduled Start Time.

b) A non-AP QSTA shall wake up early enough to receive transmissions at the scheduled wakeup time.

c) The non-AP QSTA shall remain awake until it receives a directed MSDU or management frame with the More Data field cleared, a QoS frame with a “queue size” value of ‘0’, or a beacon with its TIM bit cleared.
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