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Abstract

The changes described in this document are relative to 802.11e D6.0.

Add the following sub clause to Annex H

H.4
Guidelines for Power Management

A station may be in one of two power management modes, the Active mode or the PS mode at any point in time.  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 may receive its frames sitting in the AP buffer either through the use of PS Polls.  Frames buffered at the AP while a station is in PS mode may also be received by the station transitioning to the Active mode.. 

A non-AP QSTA in PS mode may use both delivery mechanisms at the same time for different types of traffic.  The buffered frames may consist of a mix of traffic, such as a high-priority traffic stream for which an APSD TSPEC has been admitted and a low-priority data burst.  All buffered frames associated with an admitted APSD TSPEC maybe transmitted during a service period.  Other lower-priority traffic that has been buffered at the AP, and is not associated with the admitted APSD TSPEC, may also be transmitted during the service period at the discretion of the AP, which should not favor the lower-priority traffic of an APSD station over higher-priority traffic of other stations.   This provides an efficient way for a power-saving non-AP QSTA to receive its traffic.  If traffic remains buffered at the AP at the end of a service period, which is signalled by the AP by setting the subfield EOSP=1, the the subfield More Data is set to 1.  The non-AP QSTA with frames remaining buffered at the AP at the end of a service period may receive its frames from the AP either through the use of PS Polls, or by transitioning to Active mode..  

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

H.4.1
Use of Unscheduled Service Periods in APSD 

Unscheduled service periods are defined only for non-AP QSTAs accessing the channel using EDCA.  An unscheduled service period, which is established with a downlink TSPEC with subfield APSD=1 and subfield Schedule=0, begins when the AP receives a QoS-Data/Null frame associated with the admitted APSD TSPEC from the non-AP QSTA, and ends after the QAP has attempted to transmit all frames destined for the non-AP QSTA and associated with the admitted APSD TSPEC. 

The Unscheduled APSD option is useful only if there exists, at minimum, one uplink or bi-directional traffic stream because nothing can be retrieved from the AP buffer if there is no uplink stream.  An uplink stream may consist of QoS-Null frames, each generated whenever the non-AP QSTA receives a TIM indication that there are buffered frames at the AP, in order to retrieve such frames from the AP.  An APSD TSPEC with Schedule=0 and priority corresponding to the buffered traffic must be established for retrieval to take place using Unscheduled APSD.

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 it not be 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 to a new TSPEC element from the same station can be made equal to the time the next established service period is expected to start following the transmission of the new Schedule element, 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), it will be treated as if it were the same as the time the TSPEC element was received.  

If several TSs are established by a non-AP QSTA with subfield APSD=1 and subfield Schedule=1, the Aggregation subfield is set to 1.  It is recommended that if the TSPEC for one TS from a non-AP QSTA sets the subfield APSD=1 and the subfield Schedule=1, then all TSs 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 TSs established by the non-AP QSTA.  The Service Start Time will not be the later than a service period away from the earliest Service Start Time for all the TSs 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, preferably 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 that use 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 promptly at the start of the service period, thus reducing the time spent by the non-AP QSTA in the Awake state while waiting to receive its buffered frames from the AP.  Aggregation of multiple indpendent traffic streams at the station can be facilitated readily with Scheduled APSD due to the deterministic wake up times.   

 The schedule, which is generated by the AP, staggers the service periods of different stations, thus helping APSD stations using contention-based access avoid collisions among themselves.  The AP attempts to minimize the overlap of different service periods, which helps reduce the time spent by the non-AP QSTA in the Awake state while waiting to access the channel or receive its buffered frames from the AP.   

It is recommended that at the start of a service period, the AP transmit the frames buffered for the station and refrain from transmitting for a short time interval in order to enable the station to gain access to the channel immediately.  This way the station does not have to wait in the Awake state for the AP to complete its various other transmissions, which would drain the station’s power, as the AP has a heavier traffic load than non-AP stations.  

The Scheduled APSD option is useful regardless of whether there is any uplink traffic 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.  Scheduled APSD is thus well suited to periodic downlink, uplink, or bi-directional traffic as well a traffic mix of periodic and bursty traffic.  

The Scheduled APSD option gives excellent power economy 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; and (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.

H.4.3
Integration of power saving methods

A non-AP QSTA in PS mode may use both delivery mechanisms, legacy and APSD, 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 is useful when the downlink traffic is mixed, as for example when the buffered frames consist of a high-priority traffic stream for which an APSD TSPEC has been admitted and low-priority data bursts possibly without a time pattern or predictability.  All buffered frames associated with an admitted APSD TSPEC will be transmitted during a service period.  Other traffic that has been buffered at the AP, and is not associated with the admitted APSD TSPEC, may also be transmitted during the service period at the discretion of the AP, which should not favor the lower-priority traffic of an APSD station over higher-priority traffic of other stations.   This provides an efficient way for a power-saving station to receive its traffic.  If 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 may receive its frames from the AP buffer either through the use of PS Polls, or by transitioning to Active mode until it receives its remaining buffered frames, and then transitioning back to the PS mode. 

For integration of the legacy power saving delivery mechanism with Unscheduled APSD to be efficient, it is important that there exist an uplink periodic traffic stream.  Generating QoS-Null frames and transmitting them uplink just to find out whether there are buffered frames at the AP is inefficient from both a power consumption and channel use perspective.  It would be more efficient to wake up at the beacon to listen to the TIM and then retrieve the buffered data by transitioning to the Active state temporarily or by sending a PS Poll, depending on how much data is buffered.  No APSD TSPEC would be required to be set up in advance.

Integration of Scheduled APSD with the legacy power saving delivery mechanism is efficient when there is a periodic traffic stream either on the downlink or on the uplink.  It is not necessary for the station to awaken at the beacon to read the TIM bit in order to find out whether there is traffic buffered at the AP.  If there is buffered traffic not associated with an APSD TSPEC, the AP will either transmit it during the scheduled service period or notify the station by setting the More Data bit to 1 and the EOSP to 1 in the last downlink frame.  The lower priority traffic destined for a station with an admitted ASPD TSPEC will not receive preferential treatment over higher priority traffic destined for other stations.   The APSD station, having been notified that traffic destined for it is buffered at the AP, and that the traffic cannot be transmitted during the scheduled service period, may transition to the Active mode until it has received all its traffic, and then transition back to PS mode.   Alternatively, the station may send PS polls to retrieve the traffic.  

Finally, the two APSD options could also be combined.    For instance, Scheduled APSD could be used for the periodic data stream and Unscheduled APSD for the bursty data.  The bursty data would be retrieved from the AP with the aid of an uplink stream of QoS-Null frames, each generated whenever the non-AP QSTA receives a TIM indication that there are buffered frames at the AP.  In addition to the APSD TSPEC needed for the high-priority periodic stream, a second APSD TSPEC with Schedule=0 would need to be established for the bursty data.  Whenever both forms of APSD are used by a non-AP QSTA, both unscheduled and scheduled service periods will occur according to the rules of each option.  The AP may deliver buffered frames destined to that station during a service period regardless of the APSD option generating the service period.

H.4.4 Derivation of an APSD Schedule

There are many ways to derive a service period schedule for Scheduled APSD.  A simple way is based on the adoption of a Basic Service Interval, which is the least common denominator of the most common service interval values expected within a BSS.  An example would be the 10 ms sampling period used in many codecs.  TSPECs containing service intervals that are not multiples of the Basic Service Interval would denied and would receive an ADDTS response with Schedule=0 in the TSPEC and Status Code=39, suggesting that a TSPEC request be submitted for Unscheduled APSD. 

With all service intervals being a multiple of the Basic Service Interval, the channel time can be slotted into APSD Channels repeating at fixed time intervals equal to the Basic Service Interval, as illustrated in Figure H-4, where the numbers indicate one of seven APSD Channels and the Basic Service Interval is 10 ms. An APSD channel may be assigned to a single APSD station with service interval equal to the Basic Service Interval, or can be shared by two or more power-saving stations with TSs having longer service intervals.  In the earlier example, one ASPD channel can be shared either by two TSs with service intervals of 20ms, three TSs with service interval of 30 ms, or by a single TS with a 20 ms service interval and two TSs with 40 ms service interval. 

The APSD slots must be longer than the expected service periods, assuming a nominal transmission rate.  When traffic is transmitted at a higher rate, or when the service period is shorter than the allotted time, more room will be left for other EDCA transmissions.
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Figure H-4 APSD channel slots
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