May 2004

doc.: IEEE 802.11-04-0499-00-000e

IEEE 802.11e
Wireless LANs

Normative Text for Simplified Power Save Delivery  

Date: May 6, 2004

Author:
Steve Emeott

Motorola Labs

Email: Steve.Emeott@motorola.com
Floyd Simpson

Motorola GTSS

Email:  Floyd.Simpson@motorola.com
Stephen Wang 

Motorola GTSS 

Email:  Stephen.Wang@motorola.com
Ye Chen

Motorola Labs

Email:  yechen@labs.mot.com
Abstract

This submission proposes simplifications to the power save delivery text currently included in draft 8.0 of 802.11e.  Since the number of changes required to simplify draft 8.0 of 802.11e are large, this document enumerates changes relative to the 802.11 standard as released in 1999 and reaffirmed in 2003.  

The organization of the proposed normative text is similar to the organization last used in draft 5.1 of 802.11e.  In particular, a section is added to provide an overview of power save operation for a station with a TSPEC, and then an additional section is added to elaborate on normative power save delivery behaviors.

Unlike earlier drafts, this proposal organizes power save delivery into two independent methods, namely automatic power save delivery (APSD) for HCCA channel access and triggered power save delivery (TPSD) for EDCA channel access.  This approach for splitting the description of power save delivery into two subsections is consistant with other clauses in 802.11e, such as channel access, backoff procedures and admission control, each of which describe contention based channel access and controlled access separately.  Additionally, this proposal does not seek significant changes to the power save procedures previously defined in 802.11, such as ps-poll delivery.  
The proposed organization and normative text simplifies the task of selecting the right power save delivery mechanism for the right task and reduces the amount of effort required to develop and test interoperability scenarios.

7.3.2 Information elements

7.3.2.15 Traffic Specification (TSPEC) element

Change subfield B10 in Figure 46.8 as shown, and replace the paragraph defining the APSD subfield with the text defining the PSD subfield provided below:

The structure of the TS Info field is defined in Figure 46.8. 
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Figure 46.8 – TS Info field
The PSD subfield is a single bit and is set to 1 to indicate that the Power Save Delivery is to be used for the traffic associated with the TSPEC.  If the Access Policy subfield is set to HCCA and the PSD subfield is set to 1, then automatic power save delivery (APSD) is enabled for the TS.  When using APSD, the aggregation subfield is also set to 1.  If the Access Policy subfield is set to EDCA and the PSD subfield is set to 1, then triggered power save delivery (TPSD) is enabled for the AC associated with the UP of the TSPEC.  When using TPSD, the values of the PSD subfield may differ for different AC.

11.2 Power Management
11.2.1 Power management in an infrastructure network

Insert the following paragraph at the end of subclause, above 11.2.1.1:

A non-AP QSTA may be in power-save mode before the set up of DLP or Block Ack. Once DLP is set up with another non-AP QSTA, the non-AP QSTA suspends the power save mode and shall always be awake. When a station enters normal (non-APSD) PS mode, any downlink Block Ack agreement without an associated schedule is suspended for the duration of this PS mode.  MSDUs for TID without a schedule are sent using normal acknowledgement following a PS-poll as described in rest of this clause.  Uplink Block ack, Block Acks for any TID with a schedule, and any Block Acks to APSD QSTA continue to operate normally.
11.2.1.4 Power management with APSD

Remove clause 11.2.1.4 added by draft 8.0 to 802.11 and relocate text associated with the clause into clause 11.2.3.  

11.2.1.4 AP operation during CP 
Do not renumber this clause to 11.2.1.5 as requested by draft 8.0.  Alos, remove all underlined text and new tables shown in draft 8.0 and revert back to text from 802.11-1999.
11.2.1.6 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, 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.  
11.2.1.9 Receive operation for non-AP QSTAs using APSD

Remove clause 11.2.1.4 added by draft 8.0 to 802.11 and relocate text associated with the clause into clause 11.2.3.
Insert the following subclause after subclause 11.2.1.9.

11.2.1.10 Power management for STAs with TSPEC

The QAP shall deliver traffic from admitted HCCA streams to non-AP QSTA in power save mode using Automatic Power Save Delivery (APSD) if PSD is enabled.  APSD simply requires that non-AP QSTAs operating in power save mode with admitted TS associated with a TSPEC having the Access Policy of the TSInfo field set to Controlled Channel Access shall be in the Awake state before the start of each controlled access SP and it shall remain in the Awake state until the SP ends. The end of SP is indicated to a non-AP QSTA by the HC by setting EOSP bit in a QoS frame. This bit indicates that the current SP ends after the end of current frame exchange sequence. In absence of indication by EOSP bit, a SP ends after the Max Service Duration from the scheduled SP start time. The indication of the end of an SP facilitates power management. 

Additionally, if PSD is enabled, non-AP QSTAs in power save mode with admitted TS having the Access Policy of the TSInfo field set to Contention-Based Channel Access may select to have MSDUs delivered using Triggered Power Save Delivery (TPSD).  TPSD is requested for an AC by setting the PSD subfield of the TSInfo field contained in a TSPEC element to 1.  A non-AP QSTA in power save mode and using TPSD shall be in the Awake state before the start of each contention-based channel access SP in accordance with the triggered power save delivery procedures set forth in subclause 11.2.3.  The end of SP is indicated to a non-AP QSTA by the HC by setting EOSP bit in a QoS frame. This bit indicates that the current SP ends after the end of current frame exchange sequence.

11.2.2 Power management in an IBSS

Insert the following paragraph at the end of the subclause, above 11.2.2.1:

In a QIBSS, a QSTA shall not operate in power save mode while it has Block Ack set up with another QSTA. A QSTA may be in power-save mode before the set up of Block Ack. Once Block Ack is set up with another QSTA, the QSTA suspends the power save mode and shall always remain awake.

Insert the following clause after subclause 11.2.2:

11.2.3 Triggered Power-Save Delivery (TPSD) in a QBSS

QAPs capable of supporting triggered power-save delivery (TPSD) for Contention-Based Channel Access shall signal this capability through the use of the PSD subfield in the Capability Information Field in Beacon, Probe Response and (Re)Association Response management frames.

Non-AP QSTAs operating in a QBSS wishing to utilize triggered power-save delivery for an AC shall inform the QAP using the PSD subfield of the TS info field in the TSPEC element. The request may be sent in an ADDTS request frame or in (re) association frames by setting the PSD subfield to 1. The request may be sent for ACs for which the ACM subfield is set to 0. The QAP that supports TPSD capability shall not arbitrarily transmit MSDUs to non-AP QSTAs that are in power-save mode. TPSD 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.

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 TPSD is a mechanism for the delivery of downlink frames to power-saving stations, and thus the frames of a non-AP QSTA using TPSD 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 TS having the PSD subfield in the TSInfo field set to 1, but not in power-save mode, will be in Active state until it enters power-save mode.

TPSD power-save procedures are based on the power save procedures defined for infrastructure networks in subclause 11.2.1, but an option for triggered triggered power-save delivery is added. 

A non-AP QSTA enables triggered behavior on a per-AC basis. A non-AP QSTA causes an AC to be “trigger-enabled” by setting PSD=1 in at least one admitted downlink TSPEC that maps to the AC. (Note: throughout this subclause, a bi-directional TSPEC is equivalent to an uplink and a downlink TSPEC with identical characteristics).

If, for a particular STA, an AC is not trigger-enabled, then all downlink frames destined to that STA that map to that AC are buffered and delivered using the procedures described in subclause 11.2.1. The buffer used to hold these frames will be referred to as the QAP PS buffer. The QAP uses the TIM and the More Data bit carried in Frame Control Field to indicate the status of the QAP PS buffer as specified in subclause 11.2.1. 

If, for a particular non-AP QSTA, an AC is trigger-enabled, then all downlink frames destined to that STA that map to that AC are temporarily held by the QAP in a “triggered PS buffer”. Conceptually, there is one triggered PS buffer per trigger-enabled AC and non-AP QSTA (this conceptual model does not, of course, constrain the implementation). The QAP shall not use the TIM bits or the More Data bits to indicate the status of a triggered PS buffer.   

Downlink frames are released from a triggered PS buffer by a trigger event. TPSD defines two different types of triggered events, namely unscheduled trigger events and scheduled events.

11.2.3.1 Unscheduled triggering of TPSD SP

If PSD is supported by the QAP, the non-AP QSTA may request unscheduled triggering of SP for an AC by sending a TSPEC element that contains a TS Info Field with its Schedule bit set to 0.  The QAP may decline ADDTS requests by a non-AP QSTA for unscheduled delivery.

Once an AC is trigger enabled for unscheduled delivery, an unscheduled trigger event begins when the QAP receives a trigger frame from a non-AP QSTA.  A trigger frame is defined as a QoS-Data or QoS-Null frame, sent uplink by a non-AP QSTA STA in PS-mode, in which the UP maps to a trigger-enabled AC.  The transmission of trigger frames is not implicitly allowed by admission of a downlink flow.  If the trigger frame maps to an AC that has ACM=1, then the STA must establish a suitable uplink flow before sending triggers.  The combination of sending non-AP QSTA and UP uniquely identifies a triggered PS buffer; the trigger frame causes at least one frame to be released from that buffer. 

The released frames are delivered to non-AP QSTAs during a triggered service period. The triggered service period begins after the QAP acknowledges the trigger frame transmitted by the station. 

The frames released from the triggered PS buffer shall be delivered using the access parameters of the corresponding AC. The QAP uses the EOSP bit that is carried in the QoS Control field to indicate the end of the triggered service period.

It should be clear that, for a particular non-AP QSTA, the triggered PS buffer, the trigger frame, and the triggered service period are all per-AC. Therefore, if a non-AP QSTA establishes flows that result in more than one trigger-enabled AC, the QSTA must initiate triggered service periods separately for each such AC in order to retrieve all the buffered frames.  The non-AP QSTA must remain awake as long as there is at least one triggered service period still in progress.

11.2.3.2 Scheduled triggering of TPSD SP

If TSPD is supported by the QAP, the non-AP QSTA may request unscheduled triggering of SP for an AC by sending a TSPEC element that contains a TS Info Field with its Schedule bit set to 1.  The QAP may decline ADDTS requests by a non-AP QSTA for unscheduled delivery.  When the QAP accepts a ADDTS request, it 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.

Once an AC is trigger enabled for unscheduled delivery, scheduled trigger events start at fixed intervals of time specified in the Service Interval field of an admitted TSPEC.  Each trigger event is associated with a trigger-enabled AC.

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 at the QAP.  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.

The frames released from the triggered PS buffer shall be delivered using the access parameters of the corresponding AC. The QAP uses the EOSP bit that is carried in the QoS Control field to indicate the end of the triggered service period.

11.2.3.3 QAP Operation

If a non-AP QSTA is in Active mode, all frames destined to that QSTA shall be transmitted immediately, without PS buffering. 

If a non-AP QSTA is in PS-mode, the following shall apply:

a) An AC shall be considered trigger-enabled, for a particular QSTA, if there exists at least one admitted downlink or bi-directional TSPEC with PSD=1 that maps to that AC.  Downlink unicast QoS-Data frames associated with a trigger-enabled AC shall be temporarily held in the AC’s triggered PS buffer.
b) Other downlink frames shall be temporarily held in the QAP PS buffer. 
c) The algorithm to manage the 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-AC, per-station basis.
d) At every beacon interval, the QAP shall assemble the partial virtual bitmap containing the QAP PS buffer status and shall send this out in the TIM field of the beacon. 
e) The AP shall not consider the status of triggered PS buffers when assembling the TIM.
f) The AP shall deliver all frames from the QAP PS buffer using the power management procedures described in subclause 11.2.1.
g) The QAP shall deliver at least one frame from a triggered PS buffer during a triggered service period.
h) The AP 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 station in its (re-) association request.
A triggered service period shall start, for a particular trigger-enabled AC and a particular non-AP QSTA, following a trigger event, either unscheduled or scheduled.  An unscheduled trigger event starts after the QAP receives a QoS-Data or QoS-Null frame sourced by the STA and containing a UP that maps to the trigger-enabled AC.  A scheduled trigger event starts at a scheduled wakeup time which corresponds to the Service Interval and the Service Start Time indicated in the Schedule element sent in response to a TSPEC.  

A triggered service period shall end, for a particular AC and WME STA, when the QAP sends to that station a QoS-Data or QoS-Null frame that:

1. contains a UP subfield that maps to the AC and
2. has its EOSP bit set to 1.
If the QAP does not receive an acknowledgement to a directed MPDU or management frame sent with the EOSP set to 1, it shall retransmit that frame at least once within the same service period – subject to applicable retry or lifetime limit. The minimum number of retransmissions within the same service period is the lesser of the Max Retry Limit and the MIB attribute dot11QAPMissingAckRetryLimitmay be fewer than the retry limit. If an Ack to the retransmission of this last frame in the same service period is not received, it may wait until the next service period to further retransmit that frame subject to its applicable retry or lifetime limit.  

QAP's shall not be required to support more than one admitted downlink TSPEC with PSD=1 per associated STA.
11.2.3.3 QSTA Operation
Non-AP QSTA in PS-mode shall operate as follows to receive buffered frames from the QAP.

1. Non-AP QSTAs shall use the power management procedures defined in 11.2.1 to retrieve frames held in the QAP PS buffer.

2. Non-AP QSTAs shall initiate a triggered service period to retrieve frames from a triggered PS buffer. 

3. A Non-AP QSTA initiating multiple triggered service periods shall remain in the awake state until the QAP indicates the end of all triggered service periods.
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