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Abstract

This submission contains normative text for the 802.11 TGe draft regarding suggested changes on the power management. Changes are indicated by using underlined text for insertion and strikethrough for deletion.

Instruct editor to incorporate the following change in Clause 7.3.2.15
The Aggregation subfield is 1 bit in length.  It is set to 1 by a non-AP QSTA to indicate that an aggregate schedule is required.  It is set to 1 by the QAP if an aggregate schedule is being provided to the non-AP QSTA.  It is set to 0 otherwise.  
The APSD subfield is a single bit and is set to 1 to indicate that Automatic Power Save Delivery is to be used for the traffic associated with the TSPEC.  The APSD flag is set to 0 if the station does not engage inAPSD.   


Instruct editor to incorporate the following change from Clause 11.2.1.4 to 11.2.1.9
11.2.1.4 Power management with APSD

QAPs capable of supporting automatic power-save delivery (APSD) shall signal this capability through the use of the APSD subfield in the Capability Information Field in Association Request management frame.

Non-AP QSTAs operating in a QBSS wishing to utilize the automatic power-save delivery mechanism shall inform the AP by setting the APSD subfield of the TS info field in the TSPEC element to 1. The request may be sent in an ADDTS request frame or in (re) association frames. . 

Non-AP QSTAs use the power management field in the frame control field of a frame to indicate whether it is in active or power-save mode.  As APSD is a mechanism for the delivery of downlink frames to power-saving stations, and thus the frames of a non-AP QSTA using APSD shall have the power management bit in the frame control field set to 1 for buffering to take place at the QAP.  A non-AP QSTA may transition out of the power-save mode, and then back in, by changing the value of power management bit accordingly.  A non-AP QSTA with admitted TSs having the APSD subfield in the TSInfo field set to 1, but not in power-save mode, will be in active state until it returns to power-save 
mode. If non-AP QSTAs are in power-save mode, the QAP shall not arbitrarily transmit MSDUs associated with traffic using APSD to non-AP QSTAs that use APSD, but shall buffer MSDUs and only transmit them during the service period.  

The QAP shall maintain APSD and scheduling status of admitted uplink or downlink traffic for currently associated non-AP QSTA.  The APSD and scheduling status are identified by the APSD subfield and schedule bit in the TSInfo field in the TSPEC.  The QAP obtains this information through the ADDTS Request or Reassociation Request frames sent by a non-AP QSTA.  APSD defines two different types of delivery mechanisms, depending upon the SP used. An SP can be either unscheduled or scheduled corresponding to schedule bit set to 0 and 1, respectively. APSD is used to deliver admitted APSD traffic for a non-AP QSTA in power-save mode.  

An unscheduled SP begins when the QAP receives a trigger frame, which is a QoS-Data or Null frame associated with any uplink TSPEC wherein the APSD subfield is set to 1 and the schedule bit is set to 0 from the non-AP QSTA.  The unscheduled SP ends after the QAP has attempted to transmit all frames destined for the non-AP QSTA associated with all admitted APSD traffic using unscheduled delivery with the schedule bit set to 0 in the TSPECs.  The QAP shall set the EOSP bit to 1 in the last frame to notify the non-AP QSTA the end of the unscheduled SP.

A scheduled SP starts at fixed intervals of time specified in Service Interval field. The first scheduled SP starts when the low order 4 bytes of the TSF timer equals the value specified in Service Start Time field. A non-AP QSTA using scheduled SP shall first wake up to receive downlink frames buffered and/or polls from the AP/HC.  The station shall wake up subsequently at a fixed time interval equal to the Service Interval. The QAP may modify the Service Start Time by indicating so in the Schedule element in ADDTS response and Schedule frames.  

A scheduled service period begins at the scheduled wakeup time that corresponds to the Service Interval and the Service Start Time indicated in the Schedule element sent in response to a TSPEC. The station shall wake up at a subsequent time whenever 

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

During a scheduled SP, the QAP shall attempt to transmit all frames associated with admitted TSPECs having the APSD subfield set to 1 that are destined for the non-AP QSTA.  A scheduled SP ends either when the QAP delivers all frames associated with admitted TSPEC with the APSD subfield set to 1 that are destined for the non-AP QSTA or when the time duration is expired as specified in Max Service Duration field in the schedule returned by the QAP in the schedule element in ADDTS response and Schedule frames.  The QAP shall set the EOSP bit to 1 in the last frame to notify the non-AP QSTA the end of the scheduled SP.
A non-AP QSTA may signal its desire to utilize APSD as the power-save mode delivery method for individual traffic streams by setting the APSD subfield of the TS info field contained in the TSPEC element to 1. The non-AP QSTA shall request scheduled service periods by sending a TSPEC element that contains a TS Info Field with its Schedule bit set to 1. If the APSD mechanism is supported by the QAP, the QAP shall respond with a Schedule element indicating whether the requested wakeup time can be accommodated by the QAP, and if not, a modified wakeup schedule shall be indicated by the Service Interval and the Service Start Time. If the APSD mechanism is supported by the QAP, the non-AP QSTA shall request unscheduled service periods by sending a TSPEC element that contains a TS Info Field with its Schedule bit set to 0; in this case the QAP shall not return a Schedule element in the response. The Scheduled and Unscheduled Service Period set up through the ADDTS request for power save delivery may be declined by the QAP

APSD shall only be used to deliver unicast frames to a QSTA. Broadcast/multicast frame delivery shall follow the frame delivery rules defined for broadcast/multicast frames as defined in clause 11.2.1.4.

It should be evident that the unscheduled SP is useful only if there exists, at minimum, one uplink and one downlink reservation having the APSD subfield set to 1 and the schedule bit set to 0; because if there is no downlink traffic streams with the APSD subfield set to 1 and the schedule bit set to 0, then nothing will be sent from the QAP during an unscheduled service period, and if there is no uplink traffic stream with the APSD subfield set to 1 and the schedule bit set to 0, then nothing can be used to retrieve buffered downlink frames using unscheduled SP.

11.2.1.45 AP operation during CP

Change the text in the subclause as sown:

APs shall maintain a Power Management status for each currently associated STA that indicates in which Power Management mode the STA is currently operating. QAPs that implement and signal their support of APSD shall maintain an automatic power-save delivery (APSD) and an access policy status for each currently associated non-AP QSTA that indicates whether the non-AP QSTA is presently using APSD, and the schedule (if any) for the non-AP QSTA. An AP shall, depending on the Power Management mode of the STA, temporarily buffer the MSDU or management frame destined to the STA. A QAP implementing APSD shall, if a non-AP QSTA is using APSD, temporarily buffer the MSDU or management frames destined to that non-AP QSTA in power save mode. No MSDUs or management frames received for STAs operating in the Active mode shall be buffered for power management 
reasons.  For a traffic stream with a schedule generated by the QAP, the QAP shall buffer frames associated with this traffic stream for scheduling reasons and deliver them based on the schedule such as service start time regardless the power-save status of the non-AP QSTA.  

a) 
MSDUs, or management frames destined for PS STAs, shall be temporarily buffered in the AP. 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 if the AP is QoS-enabled, it must preserve the order of arrival of frames per TID, per station basis. The algorithm to manage this buffering shall not favor the transmission of buffered frames destined for non-AP QSTAs using APSD mechanism over the transmission of equal or higher-priority frames destined for non-AP QSTAs not using APSD.

b) 
MSDUs, or management frames destined for STAs in the Active mode, shall be directly transmitted if there is no schedule generated by the QAP.   The QAP shall honor the schedule generated for traffic associated with TSPECS having the schedule bit set to 1 and may buffer frames associated with those traffic streams for scheduling reasons for STAs in the Active mode.  
c) 
At every beacon interval, the QAP shall assemble the partial virtual bitmap containing the buffer status for the unadmitted downlink traffic or admitted downlink traffic not using APSD per destination for non-AP QSTAs using APSD, and shall send this out in the TIM field of the beacon.
 If a non-AP QSTA set up a scheduled SP, then the QSTA automatically wakes up at each SP.  Therefore, the QAP shall transmit all frames associated with admitted traffic with APSD subfield set to 1 in the TSPECs buffered for the non-AP QSTA following a scheduled SP. If the non-AP QSTA has set up unscheduled SPs, the QAP shall buffer frames until it has received a trigger frame from the non-AP QSTA, which indicates the start of an unscheduled SP.  The QAP transmits all frames destined for the non-AP QSTA associated with admitted TSPECs having the APSD subfield set to 1 and the schedule bit set to 0 during an unscheduled service period.  The bit for AID 0 (zero) shall be set when broadcast or multicast traffic is buffered.

d) 
All broadcast/multicast MSDUs, with the Order bit in the Frame Control field clear, shall be buffered if any associated STAs are in PS mode.

e) 
Immediately after every DTIM, the AP shall transmit all buffered broadcast/multicast MSDUs. The More Data field of each broadcast/multicast frame shall be set to indicate the presence of further buffered broadcast/multicast MSDUs. If the AP is unable to transmit all of the buffered broadcast/ multicast MSDUs before the TBTT following the DTIM, the AP shall indicate that it will continue to deliver the broadcast/multicast MSDUs by setting the bit for AID 0 (zero) of the TIM element of every Beacon frame, until all buffered broadcast/multicast frames have been transmitted.

f) 
A single buffered MSDU or management frame for a STA in the PS mode shall be forwarded to the STA after a PS-Poll has been received from that STA. The More Data field shall be set to indicate the presence of further buffered MSDUs or management frames associated with unadmitted traffic or admitted traffic not using APSD for the polling STA. A QAP may set the More Data bit in a QoS +CF-Ack frame to 1, in response to a QoS Data frame to indicate that it has one or more pending frames associated with unadmitted traffic or admitted traffic not using APSD buffered for the PS station identified by the RA address in the QoS+CF-Ack. A QAP may also set the More Data bit in ACK frame in response to a QoS Data frame to indicate that it has one or more pending frames associated with unadmitted traffic or admitted traffic not using APSD buffered for the PS station identified by the RA address in the ACK frame, if that PS Station has set the “More Data Ack” subfield in the QoS Capability Information Element to 1. Further PS-Poll frames from the same STA shall be acknowledged and ignored until the MSDU or management frame has either been successfully delivered, or presumed failed due to maximum retries being exceeded. This prevents a retried PS-Poll from being treated as a new request to deliver a buffered frame.

g)
At each APSD scheduled SP for a non-AP QSTA, the QAP shall attempt to transmit all frames associated with admitted TSPECs with the APSD subfield set to 1 that are destined for the non-AP QSTA.  At each APSD unscheduled SP for a non-AP QSTA, the QAP shall attempt to transmit all frames associated with admitted traffic with the APSD subfield set to 1 and the schedule bit set to 0 in the TSPECs destined for the non-AP QSTA. The More Data bit of the directed data or management frame shall be set to 1 to indicate the presence of more frames associated with unadmitted traffic or admitted traffic not using APSD that are destined for that non-AP QSTA. For all frames except for the final frame of the SP, the EOSP subfield of the QoS Control field of the QoS data frame shall be set to 0 to indicate the continuation of the SP. A QAP may also set the More Data bit to 1 in a QoS +CF-Ack frame in response to a QoS Data frame to indicate that it has one or more pending frames associated with unadmitted traffic or admitted traffic not using APSD buffered for the target station identified by the RA address in the QoS +CF-Ack.  . If necessary the QAP may generate an extra QoS Null frame, with the more data subfield set to 0 and the EOSP set to 1. When the QAP has transmitted a directed frame to the non-AP QSTA the EOSP subfield set to 1 during the SP, it shall not transmit any more frames using this mechanism until the next SP. The QAP shall use EOSP=1 to indicate the end of SP in APSD.  The More Data Bit shall be used simply to indicate whether there is data associated with unadmitted traffic or admitted traffic not using APSD still buffered in the AP at the end of the SP. The usage of More Data and EOSP subfields is summarized in table 26.1. 

h)
If the QAP does not receive an acknowledgement to a directed MPDU or management frame sent to a STA in power-save mode following receipt of a PS Poll from that STA, it may retransmit the frame fewer times than the Max Retry Limit before the next TIM, but it shall retransmit that frame at least once before the next TIM, time permitting – subject to the Max Retry Limit and the MSDULifetime limit.  If an Ack to the retransmission is not received, it may wait until the next TIM to further retransmit that frame subject to the Max Retry Limit and the MSDULifetime limit.  

i)
If the QAP does not receive an acknowledgement to a directed MPDU or management frame sent with the More Data sub-field set to 0 or the EOSP set to 1, it may retransmit the frame fewer times than the Max Retry Limit within the same service period, but it shall retransmit that frame at least once within the same service period – subject to the Max Retry Limit and the MSDULifetime limit.  If an Ack to the retransmission is not received, it may wait until the next service period to further retransmit that frame subject to the Max Retry Limit and the MSDULifetime limit.  

gj) 
An AP shall have an aging function to delete pending traffic when it is buffered for an excessive time period. The QAP may base the aging function on the listen interval specified by the non-AP QSTA in the (re)association request.

hk) 
When an AP is informed that a STA changes to the Active mode, then the AP shall send buffered MSDUs and management frames (if any exist) to that STA without waiting for a PS-Poll. Whenever a QAP is informed that an APSD capable non-AP QSTA changes its power-save mode to active 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 mode of the non-AP QSTA.

Insert the following table at the end of subclause 11.2.1.5.

Table 26.1 – Usage of More Data and EOSP subfields

	More Data
	EOSP
	Description
	AP Behavior
	STA Behavior

	
	
	


	
	

	0
	0
	AP has no more buffered non-APSD traffic including unadmitted traffic 
SP does not end.


	QAP continues delivering buffered DL frames associated with admitted TSPECs having APSD=1 or engages in other follow-up actions (e.g. sending Poll) during the remaining SP
	Non-AP QSTA stays awake to receive DL frames. 

	
	
	

	
	

	1
	0
	QAP has buffered  non-APSD traffic including unadmitted traffic 
SP does not end
	QAP continues delivering buffered DL frames associated with admitted TSPECs having APSD=1 or engages in other follow-up actions (e.g. sending Poll) during the remaining SP
	Non-AP QSTA stays awake to receive DL frames

	
	
	

	
	

	0
	1
	QAP has no more buffered  non-APSD traffic including unadmitted traffic 
SP ends
	QAP transfers no more frames to the non-AP QSTA until next SP
	Non-AP QSTA returns to sleep 

	
	
	

	
	



	1
	1
	QAP has buffered  non-APSD traffic including unadmitted traffic 
SP ends
	QAP transfers no more frames to the non-AP QSTA until next SP
	Non-AP QSTA may use PS-Poll or transition to active mode to receive remaining frames


11.2.1.67 Receive operation for STAs in PS mode during the CP

Change item marked “e)” as shown:

e)
When ReceiveDTIMs is true, the STA shall wake up early enough to be able to receive every DTIM. A STA receiving broadcast/multicast MSDUs shall remain awake until the More Data field of the broadcast/multicast MSDUs indicates there are no further buffered broadcast/multicast MSDUs, or until a TIM is received indicating there are no more buffered broadcast/multicast MSDUs. If a non-AP QSTA receives a QoS+CF-Ack from its QAP, with the More Data bit set to 1 or a TIM with the bit for it's AID set, then the QSTA must operate exactly as if it received a TIM with its AID bit set. If a non-AP QSTA has set the “More Data Ack” subfield in QoS Capability Information Element to 1, then if it receives an ACK frame from its QAP, with the More Data bit set to 1, the QSTA shall operate exactly as if it received a TIM with its AID bit set.  For example, a QSTA that is using the PS-Poll delivery method shall issue a PS-Poll frame to retrieve a buffered frame.  
The following subclause heading is shown only to indicate the new number. There are no changes to the text in the subclause:

11.2.1.8 Receive operation for STAs in PS mode during the CFP

Insert the following subclause after subclause 11.2.1.8 and further renumber the following subclauses:

11.2.1.9 Receive operation for non-AP QSTAs using APSD

A non-AP QSTA using APSD shall operate as follows to receive an MSDU or management frame from the QAP:

a)
If a scheduled SP has been set up, the non-AP QSTA wakes up at its scheduled Start Time. (The non-AP QSTA shall wake up early enough to receive transmissions at the scheduled SP).

b) 
If the non-AP QSTA is initiating an unscheduled SP, the non-AP QSTA wakes up and transmits a trigger frame to the QAP.

c)
The non-AP QSTA shall remain awake until it receives a QoS data type frame addressed to it, with the EOSP subfield in QoS Control field set to 1.

� While sending this indication in the beacon is not essential for the operation of APSD, it simplifies the construction of TIM field at the AP.
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