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Abstract

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

7.1.3.1.8 More Data field

Insert the following paragraph between second and third paragraphs of the subclause:

For a non-AP QSTA that has the 'More Data Ack' subfield set in its QoS Capability information element and also has APSD enabled, a QAP may set the More Data field to 1 in ACK frames to this non-AP QSTA to indicate that it has a pending transmission for it.

7.1.3.5 QoS Control field

.
Change the following paragraph and insert new information element to QoS control field:

The QoS Control field is a 16-bit field that identifies the TC or TS to which the frame belongs and various other QoS-related information about the frame that varies by frame type and subtype. The QoS Control field is present in all frames of type Data in which the QoS subfield is set to one (see 7.1.3.1.2). Each QoS Control field comprises 56 subfields, as defined for the particular sender (HC or non-AP QSTA) and frame type and subtype.  The usage of these subfields and the various possible layouts of the QoS Control field are described below and illustrated in Table 3.1.

Table 3.1 – QoS Control field

	Applicable Frame 

(sub) Types
	Bits 0-3
	Bit 4
	Bits 5-6
	Bit 7
	Bits 8-15

	QoS (+)CF-Poll frames sent by HC
	TID
	EOSP
	Ack Policy
	Reserved
	TXOP limit in units of 32 microseconds

	QoS Data, QoS Null, QoS CF-Ack and  QoS Data+CF-Ack frames sent by HC
	TID
	EOSP
	Ack Policy
	Reserved
	QAP PS Buffer State 

	QoS data type frames sent by non-AP QSTAs
	TID
	0
	Ack Policy
	0
	TXOP duration requested in units of 32 microseconds

	
	TID
	1
	Ack Policy
	0
	Queue size in units of 256 octets

	
	TID
	0
	Ack Policy
	1
	Max SP Length

	
	TID
	1
	Ack Policy
	1
	Reserved


Insert after 7.1.3.5.4 the following subclause 7.1.3.5.4, and renumber subsequences 7.1.3.5.x as necessary

7.1.3.5.4 Max SP Length field
The Max SP Length field is a 3-bit field that identifies the maximum number of buffered frames that may be sent to a non-AP QSTA in PS mode per unscheduled APSD SP.   The Max SP Length field  is present in data frames of sub-type QoS sent by non-AP QSTAs with bit 4 set to 0 and bit 7 set to 1 of the QoS control field. The Max SP Length field is reserved for a non-AP QSTA in Active mode. The range of the value is described below in Table 3.2.

Table x – MAX SP Length field
	Max SP Length
	Interpretation

	0
	Do not start service period

	1 – 6 
	Maximum number of downlink frames in the SP

	7
	No limits imposed to the maximum number of frames in the SP


7.1.3.5.5 Queue size field

The queue size field is an 8-bit field that indicates the amount of buffered traffic for a given TC or TS at the non-AP QSTA sending this frame. The queue size field is present in data frames of subtype QoS sent by STAs associated in a QBSS with bit 4 set to 1 and bit 7 set to 0 of the QoS control field. The queue size value is the total size, rounded up to the nearest multiple of 256 octets and expressed in units of 256 octets, of all MSDUs buffered at the QSTA (excluding the MSDU of the present QoS data frame) in the delivery queue used for MSDUs with TID values equal to the value in the TID subfield of this QoS Control field. A queue size value of 0 is used solely to indicate the absence of any buffered traffic in the queue used for the specified TID. A queue size value of 254 is used for all sizes greater than 64768 octets. A queue size value of 255 is used to indicate an unspecified or unknown size. If a QoS data type frame is fragmented, the queue size value may remain constant in all fragments even if the amount of queued traffic changes as successive fragments are transmitted.

7.1.3.5.6 TXOP duration requested field

The TXOP duration requested field is an 8-bit field that indicates the duration, in units of 32 microseconds, which the sending station desires for its next TXOP for the specified TID. The range of time values is 32 to 8160 microseconds. The TXOP duration requested field is present in data frames of subtype QoS sent by non-AP QSTAs associated in a QBSS with bit 4 set to 0 and bit 7 set to 0 of the QoS control field. A value of zero in the TXOP duration requested field indicates that no TXOP is requested for the MSDUs for the specified TID in the current SP.

TXOP duration requested field values are not cumulative.  A TXOP duration requested for a particular TID supercedes any prior TXOP duration requested for that TID.  A value of zero in the TXOP duration requested field may be used to cancel a pending unsatisfied TXOP request when its MSDU is no longer queued for transmission. The TXOP duration requested is inclusive of the PHY overhead, and a QSTA should account for this when attempting to determine whether a given transmission fits within a specified TXOP duration.

Insert after 7.1.3.5.5 the following subclauses 7.1.3.5.6, and renumber subsequent subclauses as necessary:
7.1.3.5.7 PS Buffer State

The Highest-Priority Buffered AC is a 2-bit field that indicates the AC of the highest-priority traffic   remaining buffered at the QAP, excluding the MSDU of the present frame. The QAP Buffered Load field is a 4-bit field that indicates the total size, rounded up to the nearest multiple of 4096 octets and expressed in units of 4096 octets, of all MSDUs buffered at the QAP (excluding the MSDU of the present QoS data frame). The QAP Buffered Load field is present in data frames of subtype QoS sent by QAPs, and is shown in Figure x.

	8
	9
	10
	11
	12
	15

	Reserved


	Buffer State Indicated
	Highest-Priority Buffered AC
	QAP Buffered Load (in units of 4096 octets)

	Bits:  1
	1
	2
	4


When bit 9 is set to 0, the QAP Buffered Load and the Highest-Priority Buffered AC are unspecified or unknown.  When the value of the QAP Buffered Load is 14, the queue is greater than 57344 octets.  A QAP Buffered Load value of  0 is used solely to indicate the absence of any buffered traffic. 

7.3.2 Information elements

7.3.2.15 Traffic Specification (TSPEC) element

Change subfield B10 and B16  in Figure 46.8 as shown, and change the contents of the subclauses as shown:

The structure of the TS Info field is defined in Figure 46.8. 

	B0
	B1
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	B11
	B13
	B14
	B15
	B16
	B17
	B23

	Traffic Type
	TSID
	Direction
	Access Policy
	Aggregation
	S-APSD
	User Priority
	TSInfo Ack Policy
	Schedule

Reserved
	Reserved

	Bits: 1
	4
	2
	2
	1
	1
	3
	2
	1
	7


Figure 46.8 – TS Info field

The Aggregation subfield is 1 bit in length. The Aggregation subfield is valid only when access method is HCCA or when the access method is EDCA and the schedule S-APSD subfield is set to 1. 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. In all other cases, the Aggregation subfield is reserved.

The S-APSD subfield is a single bit and is set to 1 by a non-AP QSTA to request scheduled Automatic Power Save Delivery for the traffic associated with the TSPEC.  It is set to 0 otherwise.  When the S-APSD subfield is set to 1, the aggregation subfield is also set to 1.

The schedule subfield is 1 bit in length and specifies the requested type of schedule. The setting of the subfield when the Access Policy is EDCA is shown in Table 20.6. When the Access Policy is set to any value other than EDCA, the schedule subfield is reserved. 

Table 20.6 – Setting of Schedule subfield

	APSD
	Schedule
	Usage

	0
	0
	No Schedule

	1
	0
	Unscheduled APSD

	0
	1
	Reserved

	1
	1
	Scheduled APSD


The configuration of APSD=0, Schedule=1 is reserved. 

The Service Start Time field is 4 octets and indicates the time, expressed in microseconds, when the SP starts. The Service Start Time indicates to QAP the time when a non-AP QSTA first expects to be ready to send frames and a power-saving non-AP QSTA will be awake to receive frames. This may help the QAP to schedule service so that the MSDUs encounter small delays in the MAC and the power-saving non-AP QSTAs to reduce power consumption. The field represents the four lower-order bytes of the TSF timer at the start of the SP. If S-APSD subfield is set to 0, this field is also set to 0 (unspecified).

11. MAC sublayer management

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.

Insert the following subclause after 11.2.3 renumbering all the following subclauses:

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 Beacon, Probe Response and (Re)Association Response management 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.  


APSD defines two different types of delivery mechanism, . unscheduled or scheduled.   .  
An unscheduled SP begins when the QAP receives any “trigger” frame, which is a QoS Data,or Null frame, from the non-AP QSTA that has a non-zero value assigned to the Max SP Length field. An unscheduled SP ends after the QAP has attempted to transmit at least one MPDU destined for the non-AP QSTA, if the buffer for that non-AP QSTA is non-empty, but not more than the number of frames indicated in the Max SP Length field. 

A scheduled SP starts at fixed intervals of time specified in Service Interval field. The non-AP QSTA that wishes to use a scheduled service period for a traffic stream shall send an ADDTS request with the S-APSD sub-field of the TSinfo field in the TSPEC element set to 1.  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.

An APSD-capable QAP shall maintain the status of admissions control, APSD scheduling for each currently associated non-AP QSTA indicating whether the HC has accepted an ADDTS request,.   The QAP that supports APSD shall  initiate unscheduled service periods when it receives a “trigger frame.    
A non-AP QSTA may signal its desire to utilize Scheduled APSD as the power-save mode delivery method for individual traffic streams by setting the S-APSD subfield of the TS info field contained in the TSPEC element 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. The Scheduled 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.
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 in power-save mode, temporarily buffer the MSDU or management frames destined to that non-AP QSTA. No MSDUs or management frames received for STAs operating in the Active mode shall be buffered for power management reasons.

a) 
MSDUs, or management frames destined for PS STAs, shall be temporarily buffered in the AP. MSDUs, or management frames, destined for APSD QSTAs shall be temporarily buffered in the APSD-capable QAP 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 on a 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 to those STAs.

c) 
At every beacon interval, the AP shall assemble the partial virtual bitmap containing the buffer status per destination for STAs in the PS mode, and shall send this out in the TIM field of the beacon. At every beacon interval, the APSD-capable QAP shall assemble the partial virtual bitmap containing the buffer status per destination for non-AP QSTAs in PS mode, and shall send this out in the TIM field of the beacon.
 If a non-AP QSTA has set up a scheduled SP for a traffic stream, it shall automatically wake up at each SP.  Therefore, the APSD-capable QAP shall transmit frames associated with admitted traffic with S-APSD subfield set to 1 in the TSPECs buffered for the non-AP QSTA during a scheduled SP. If the non-AP QSTA has not set up scheduled SP for a traffic stream, 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, or a PS Poll. The QAP shall not treat as a trigger a frame received during an unscheduled service period.  The bit for AID 0 (zero) shall be set to 1 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 or non-AP QSTA in the PS mode shall be forwarded to the STA or non-AP QSTA after a PS-Poll has been received from that STA or non-AP QSTA. The More Data field shall be set to indicate the presence of further buffered MSDUs or management frames for the polling STA or non-AP QSTA. If there are buffered frames to transmit to the STA, the 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 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 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 scheduled APSD SP for a non-AP QSTA, the APSD-capable QAP shall attempt to transmit at least one MPDU associated with admitted TSPECs with the S-APSD subfield set to 1 that are destined for the non-AP QSTA. At each unscheduled SP for a non-AP QSTA, the QAP shall attempt to transmit at least one MPDU but no more than the number of frames specified by the Max SP Length field in the QoS control field of the trigger frame received from the non-AP QSTA The More Data bit of the directed data or management frame(s) shall be set to 1 to indicate the presence of more frames 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 buffered for the target station identified by the RA address in the QoS +CF-Ack.  The QAP considers APSD QSTA to be in Awake state after it has sent a QoS +CF-Ack, with the EOSP subfield in QoS Control set to 0, to the APSD QSTA. 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 with the EOSP subfield set to 1 during the SP and has received an acknowledgement to that frame, 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 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.  The QAP may also provide additional information regarding the power save buffer state by filling in the PS Buffer State subfield of the QoS Control field, according to the rules in clause 7.3.5.7.   

h)
If the QAP does not receive an acknowledgement to a directed MPDU or management frame sent to a non-AP QSTA in power-save mode following receipt of a PS Poll from that non-AP QSTA, it may retransmit the frame for at most the lesser of the Max Retry Limit and the MIB attribute dot11QAPMissingAckRetryLimit times before the next TIM, but it shall retransmit that frame at least once before the next TIM, time permitting – subject to its appropriate lifetime limit.  If an Ack to the retransmission is not received, it may wait until the next TIM to further retransmit that frame subject to its appropriate lifetime limit.  

i)
If the QAP does not receive an acknowledgement to a directed MPDU or management frame sent with the More Data subfield set to 0 or 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 maximum number of retransmissions within the same service period is the lesser of the Max Retry Limit and the MIB attribute dot11QAPMissingAckRetryLimit. 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.  

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 is not using APSD, 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.

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. The non-AP QSTA shall indicate the maximum number of downlink data or management frames it is willing to receive during the unscheduled SP by setting appropriate value in the Max SP Length subfield of the QoS Control field of the trigger frame. 
c) If the non-AP QSTA has a frame to send to the QAP that should not initiate an unscheduled SP, the non-AP QSTA shall set the Max SP Length subfield to 0.  
dIf the non-AP QSTA is receiving transmissions in a scheduled SP, it shall remain awake until it receives a QoS data type frame associated with the scheduled APSD TSPEC and addressed to it, with the EOSP subfield in QoS Control field set to 1.
e) If the non-AP QSTA is receiving transmissions in an unscheduled SP, it shall remain awake until it receives a QoS data type frame not associated with the scheduled APSD TSPEC and addressed to it, with the EOSP subfield in the QoS Control field set to 1.
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 request delivery of the frames buffered at the AP while in the PS mode using one of two methods: (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.  The non-AP QSTA may receive its frames sitting in the AP buffer 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. Buffered frames may be transmitted to a station in PS mode during a service period.  If traffic remains buffered at the AP at the end of a service period, which is signaled by the AP by setting the subfield EOSP=1, 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 for stations in PS mode: unscheduled and scheduled.  

H.4.1 Use of Unscheduled Service Periods in APSD 

If an AP indicates that it is APSD capable, any station associated with the QAP may retrieve buffered frames using unscheduled delivery.  Unscheduled service periods are defined only for non-AP QSTAs accessing the channel using EDCA.  An unscheduled service period, begins when the AP receives a trigger frame from the non-AP QSTA (operating in PS mode), and ends when the QSTA receives a QoS Data/Null frame with EOSP subfield set to 1. Once the QAP has received an acknowledgment to this frame, it shall not transmit any more frames using this mechanism until the next SP.
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, however, may consist of QoS-Null frames.
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 the S-APSD set to 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 S-APSD=1, the Aggregation subfield is set to 1. 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 later than a service period away from the earliest Service Start Time for all the TSs established for a 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, attempts to deliver 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 independent 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, may stagger the service periods of different stations, thus helping S-APSD stations using contention-based access avoid collisions among themselves.  The AP may also attempt 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 the non-AP stations.  

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.  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 S-APSD TSPEC has been admitted and low-priority data bursts possibly without a time pattern or predictability.  Buffered frames associated with an admitted S-APSD TSPEC will be transmitted during a scheduled service period.  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. 

Integration of Scheduled APSD with the other 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 S-APSD TSPEC, the AP will 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 S-ASPD TSPEC will not receive preferential treatment over higher priority traffic destined for other stations.   The S-APSD station, having been notified that traffic destined for it is buffered at the AP, and that the traffic cannot be transmitted during the 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.  

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 S-APSD in the TSPEC and Status Code=39, suggesting that Unscheduled APSD be used. 

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 S-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.


Figure H-4 – APSD channel slots
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� 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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