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Abstract

The changes described in this document are relative to 802.11e D8.0.

Replace sub- clause H.4 with the following:

H.4
Guidelines for Power Management

At any point in time a station may be in one of two power management modes, the Active mode or the PS mode.  A station may transition from one power management mode to the other by changing the value of the PM bit.   Frames destined for a station in PS mode will be buffered at the AP.  Frames buffered at the AP are delivered to a non-AP QSTA in PS mode only when it is in the Awake state.  A non-AP QSTA may elect one of two methods for the delivery of the frames buffered at the AP while in the PS mode: (a) by using PS Polls or (b) through APSD.   With PS Polls, the method available in the 802.11-1999 standard, a station transitions into the Awake state when is sends the PS Poll and it can return to the Doze state after acknowledging receipt of a frame from the AP.  With APSD, a non-AP QSTA is in the Awake state for the duration of the Service Period.  To use APSD, a non-AP QSTA must submit a TSPEC request with the subfield APSD=1.  If APSD=0, the non-AP QSTA in PS mode may receive its frames held in the AP buffer through the use of PS Polls.  If a station is in PS mode and frames for that station are buffered at the AP, the station may also receive those frames by transitioning to the Active mode. 

There are two types of service periods possible under APSD: unscheduled and scheduled.  

Replace sub- clause H.4.1 with the following:
H.4.1
Use of Unscheduled Service Periods in APSD 

Unscheduled service periods are only defined when a station accesses the channel using EDCA.  An unscheduled service period for an APSD station, begins when the AP receives a QoS-Data/Null frame from the station in a trigger-enabled AC and ends after the station has received a frame with the EOSP field set to 1. An AC is “trigger enabled” if it has been declared so on association/reassociation or has an uplink TSPEC with subfield APSD=1 and subfield Schedule=0 for a given AC. An AC which is “trigger enabled” is know as a “triggered AC”.   Service Periods are initiated when the AP receives an uplink frame corresponding to a triggered AC, known as a “trigger” frame.  Only the buffered frames corresponding to delivery-enabled ACs are delivered during a service period.  An AC is “delivery enabled” if it has been declared so on association/ reassociation or has a downlink TSPEC with subfield APSD=1 and subfield Schedule=0..  The AP ends a service period by sending a downlink frame with the EOSP bit set.  All uplink frames corresponding to a triggered AC are not necessarily trigger frames.  The AP would not treat as trigger frames the frames received from a station while in a service period. 
Unscheduled APSD may be used for both periodic and non-periodic traffic.  Buffered downlink frames of a bi-directional periodic traffic stream can be retrieved from the AP upon receipt of the uplink frames.   In the absence of uplink data frames, as in the case of a uni-directional periodic stream, QoS-Null frames can be used to cause the release of buffered frames.  Non-periodic data buffered for a non-AP QSTA can be retrieved similarly.  Unlike for periodic traffic, the time of arrival of downlink frames is not known for non-periodic traffic.   Therefore for non-periodic traffic the non-AP QSTA relies on the TIM or the More Data bit for notification that downlink frames are buffered.  When such notification is received by the non-AP QSTA, it can send an uplink frame in order to retrieve the buffered frames.   Since only frames corresponding to the delivery-enabled ACs may be released from the AP buffers in a triggered service period, the ACs of non-periodic traffic for which the use of Unscheduled APSD is desired must therefore be delivery enabled.    
Unscheduled APSD has the following advantages over legacy power save method, regardless of the number of buffered frames:  

(1) If there are uplink frames to be transmitted by the station, the station need not generate extra PS polls to retrieve its buffered frames; 

(2) If there are more than one frame buffered for a station, all frames may be retrieved with a single uplink frame,  as compared to using the PS poll, which retrieves a single frame at a time;

(3) If only a single frame is buffered, a station need not use two uplink frames to receive a single buffered frame, as it would have to do if it retrieved buffered frames by switching from PS to Active mode.

It is worth noting that a station cannot tell from the TIM or the More Data bit how much data is buffered in order to avoid the inefficiency described in (2) and (3).

H.4.1.1
Example of triggered buffer organization at the AP 

The final frame sent by the AP during a service period  always has the EOSP bit set to 1 (as specified in the standard) The following shows a way that buffering could be organized at the AP in order to meet this requirement.  An AP that supports unscheduled APSD will maintain one legacy PS buffer for each Unscheduled APSD station.  For each trigger-enabled station, the AP will maintain at least one triggered PS buffer and a legacy buffer. 

 All downlink frames destined to a trigger-enabled station in the sleep state and corresponding to a triggered AC 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 in each trigger-enabled station.  Each triggered buffer would then hold frames corresponding to a different AC.  An AP may however maintain, 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.   Downlink frames not corresponding to a triggered AC are held in the legacy 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 xx illustrates how delivery-enabled ACs may be mapped into buffers.  The downlink frames arriving at the AP for a particular station correspond to ACs 3,1, and 0 (where AC3 is highest priority, AC0 is lowest priority).  If there are two triggered buffers at the AP allotted per station, frames with priority corresponding to AC=3 are held in the first triggered buffer, and frames with priority corresponding to AC=1 and 0 are held in the second triggered buffer.  Clearly, the first triggered buffer contains higher priority frames than the second. 

When a service period starts for a station, the AP may release frames to be sent to the station. An easy way 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, is for the AP to release frames from a single triggered buffer during a service period. If this strategy is adopted then the frames would be released from 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 waits for a new service period to release those frames. To avoid changing an EOSP bit in a frame in real time (between storing a frame in a buffer and transmitting it from the buffer) the frames released during a service period must all use the same EDCA access/transmit buffer.  When following this strategy the service period will 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.  Note that this may be also achieved in other ways.
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Figure xx AC-to-triggered buffer mapping

Replace sub- clause H.4.2 with the following:
H.4.2
Use of Scheduled Service Periods in APSD

Scheduled service periods are defined for either access mechanism, EDCA or HCCA.   A scheduled service period, which is established with a downlink or bi-directional TSPEC with subfield APSD=1 and subfield Schedule=1, repeats regularly at the Service Interval, with the first service period starting at the Start of Service Time.  The Service Interval and Start of Service Time, which are returned by the AP in the Schedule element, are determined so that the overlap between service periods of different non-AP QSTAs is minimal.  An example of a method for deriving such a schedule is discussed below.

A non-AP QSTA may indicate the time when it first expects to receive traffic associated with the submitted APSD TSPEC in order to reduce the time the station spends in the Awake state.  The AP may adjust the Service Start Time in the Schedule element it returns in order to stagger service periods of different stations and thus shorten the time each power-saving station spends in the Awake state.  Unless a schedule is already established for the non-AP QSTA, the adjusted value of the Service Start Time will be either the same or later than the requested Service Start Time in the TSPEC element.   It is suggested that the Service Start Time is not delayed longer than twice the duration of a service period relative to the requested Service Start Time.  If a schedule is already established for a non-AP QSTA, the Service Start Time returned upon receipt of a new TSPEC element from the same station can be made equal to the time the next established service period following the trtansmission of the new Schedule element is expected to start, as the station is expected to be in the Awake state at that time.  If no Service Start Time is requested in the TSPEC element (i.e. if the value of this field is set to 0), the Service Start Time is treated as if it were the same as the time the TSPEC element was received.  

If several Traffic Streams are established by a non-AP QSTA with subfield APSD=1 and subfield Schedule=1, the Aggregation subfield is set to 1.  It is suggested that if the TSPEC for one Traffic Stream from a non-AP QSTA sets the subfield APSD=1 and the subfield Schedule=1, then all Traffic Streams from the same station set their APSD and Schedule subfields similarly.  The AP responds with an aggregate schedule for all admitted TSPECs from a non-AP QSTA, where the Service Interval does not exceed the lowest Max Service Interval for the Traffic Streams established by the non-AP QSTA.  It is suggested that the Service Start Time is not later than a service period after the earliest Service Start Time for all the Traffic Streams established for an APSD station.

H.4.2.1
Scheduled APSD for HCF controlled access

Scheduled APSD is the only APSD option available to power-saving stations using HCF controlled access.   At the start of the service period, the AP initiates a polled TXOP by sending the frames buffered for the power-saving station, these may be piggybacked onto QoS CF-Poll frames or QoS CF-Ack frames for greater efficiency.

H.4.2.2
Scheduled APSD for EDCA contention-based access

Scheduled APSD enables power-saving stations using EDCA for channel access to have a service period occur according to a pre-specified schedule.  The AP, aware of the schedule, delivers the buffered frames at the start of the service period, thus reducing the time spent by the non-AP QSTA in the Awake state waiting to receive its buffered frames from the AP.  The deterministic wake up times of Scheduled APSD enable aggregation of multiple independent traffic streams for the station.   

 The schedule is generated by the AP. As the AP is aware of the requirements of all stations it may stagger the service periods of different stations, thus helping APSD stations using contention-based access to avoid collisions.  By minimizing the overlap of different service periods, the AP can help to reduce the time spent by the non-AP QSTA in the Awake state while waiting to access the channel or to receive its buffered frames from the AP.

At the start of a service period, the AP transmits the frames buffered for the station. Following transmission of frames to the station the AP may choose to refrain from transmitting for a short time interval in order to enable the station to gain access to the channel immediately.  This avoids the station waiting in the Awake state for the AP to complete transmissions to other stations, which would drain the station’s power.  

Under the Scheduled APSD option the AP behaves the same way regardless of whether uplink traffic is generated by the non-AP QSTA.  It is not necessary for the APSD station to generate QoS-Null frames in order to receive buffered downlink traffic.  Thus scheduled APSD may be used for periodic traffic, downlink, uplink, or bi-directional traffic, as well a traffic mix of periodic and nonperiodic traffic.  

The Scheduled APSD option reduces power consumption because: \

(1) The non-AP QSTA does not contend for the channel with other power saving stations using Scheduled APSD or need to wait for them to transmit their traffic.

(2) The non-AP QSTA need not be awake while the AP transmits its traffic to all other stations before the APSD station can transmit its own traffic and going back to sleep.

(3) Scheduled service periods allow the non-AP QSTA to aggreagate multiple independent traffic streams at the station into a single service period as opposed to causing the station to wake up and go back to sleep every time a  frame is generated from a different stream.

Replace sub- clause H.4.3 with the following:
H.4.3
Integration of APSD methods

A non-AP QSTA in PS mode may use both scheduled and unscheduled APSD delivery mechanisms at the same time for different types of traffic. While the different methods can be used independently of one another, their integration could lead to further power conservation.  

Integration of Scheduled and Unscheduled APSD is possible when the downlink traffic is mixed, as for example when the buffered frames consist of a mix of periodic high-priority traffic stream for which a scheduled APSD TSPEC has been admitted and low-priority data bursts without a predictable time pattern

.  If a station is receiving a frequent periodic traffic stream all buffered frames associated with the traffic stream will be transmitted during a service period.   In this case the station does not need to awaken at the beacon to read the TIM bit in order to find out whether there is traffic buffered at the AP.  If all ACs for which scheduled APSD TPECs are not established have been delivery enabled, whenever traffic remains buffered at the AP at the end of a service period, the AP sets the field EOSP=1 and the field More Data=1.  The station with frames remaining buffered at the AP at the end of a service period reads the More Data bit and thus knows there is data queued at the AP, it may then receive its frames from the AP buffer through the use of trigger frames (QoS-Null frames may be used if there is no uplink data to send).  

If there is no periodic stream, or if the service interval of a periodic stream is longer than the acceptable delay in receiving buffered frames, the buffered frames may be retrieved from the AP with the aid of an uplink stream (QoS-Null frames may be used if there is no uplink data to send). In this case the station awaken at the beacon and reads the TIM bit. A frame is then generated whenever the non-AP QSTA receives a TIM indication that there are buffered frames at the AP.  
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