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Comments from LB162

	CID
	Page
	Clause
	Comment
	Proposed Change
	Owning Ad-hoc


	3064
	784.00
	11.2.1.0a
	"A bufferable management frame is a unicast management frame, addressed to an associated STA, of the following subtypes: Action, Disassociation, Deauthentication, or Probe Response (when sent in response to a unicast probe request);"It's not clear why an AP STA may need to buffer probe response. Probe request is a non-bufferable frame and hence (from lines 53-54, pp 785) cannot set PM=1. In that case why is it required for Probe Responses to be buffered?
	Please clarify
	MAC


Discussion:

Issue 1:

A STA only sends a unicast probe request when it does not know the capabilities of the peer (e.g. in direct link setup, or in IBSS).  I can’t think of any circumstances under which a non-AP STA would send a directed probe request to an AP it is associated with.  However, I think a STA may attempt to send a directed probe request to a STA in the same IBSS.

Issue 2:

I think there’s a separate issue, which is how the STA sending the probe request knows the PM state of the transmitter of the probe request.   In this case,  it would make sense to include the current PM state in the probe request,  which we could do by defining a unicast probe request to be a bufferable frame.

If this analysis is correct, the following is the proposed resolution (but only to issue 1):

Agree in principle.  Make change as shown in the 11-10/0190 latest version tagged with this CID.  This limits the buffering of probe response frames to IBSS.
	3095
	784.00
	11.2.1.0a
	Editor’s Note: As there are implicitly two QoS STA associated with any DLS link, references to “the QoSSTA” are ambiguous and need to be qualified.
	Replace "the QoS STA suspends the PS mode and shall be awake." with "both of the STAs associated with a DLS link suspend..."
	MAC


The change is as shown here:
A non-AP QoS STA may be in PS mode before the setup of DLS or Block Ack. Once DLS is set up with another STA, both of the QoS STAs associated with a DLS link suspend(#3095) the PS mode and shall be awake. When a STA 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 and A-MSDUs for a TID without a schedule are sent using Normal Ack 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 STA continue to operate normally.
Proposed Resolution:

Agree

	3094
	784.00
	11.2.1.0a
	Editor’s Note: “with another STA” below is redundant because only a STA can set up DLS, and it cannotdo that with itself as target.
	Remove "with another STA"
	MAC


A non-AP QoS STA may be in PS mode before the setup of DLS or Block Ack. Once DLS is set up(#3094), both of the QoS STAs associated with a DLS link suspend(#3095) the PS mode and shall be awake. When a STA 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 and A-MSDUs for a TID without a schedule are sent using Normal Ack 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 STA continue to operate normally.
Proposed Resolution:

Agree
	3093
	784.00
	11.2.1.0a
	Editor’s Note: A potential more radical resolution to comment 2216 and to various other editor’s notesemplaced throughout 11.2 is to consistently replace phrases of the form “MSDU, A-MSDU or bufferableMMPDU” with “bufferable unit (BU)” with suitable definitions, as shown in 11-10/0190r1.Note, there are multiple Editor's notes calling out specific instances of error in 11.2. I am not going to comment each one individually where the issue is addressed in 11-10/0190. However if 11-10/0190 is not accepted, the committee is encouraged to consider and resolve each of these in turn, as they highlight inconsistencies.
	Make changes as shown in latest revision of 11-10/0190.
	MAC


Proposed Resolution: 

Agree.
	3049
	784.00
	11.2.1.0a
	It seems to me that in a BSS operating under the DCF, the AP does not have A-MSDU.
	Remove A-MSDU.
	MAC


Proposed Resolution:

Agree in principle.   Make changes as shown in the latest revision of 11-10/0190.

These replace the “MSDU, A-MSDU or MMPDU” with BU and the definition of BUs excludes A-MSDU for non-HT devices.

	3065
	785.00
	11.2.1.1
	"The Power Management bit shall be set to zero in all management frames that are not bufferable management frames."This allows non-AP STA to send disassoc and deauth (bufferable management frames) with the PM bit set to 1. Should this rule be applicable to only Action frames?
	Please clarify
	MAC


Discussion:
The commenter states that “This allows non-AP STA to send disassoc and deauth (bufferable management frames) with the PM bit set to 1.”

Yes, I agree it does.  So what?  It is merely informing the AP of its current PM state.  As soon as transmission of the frame has completed (i.e., it has received an Ack), the STA will transition its link state machine to the AP to a non-associated state and will leave PS mode.

However, it is important that disassociation and deauthentication frames are buffered, because they may be intended for one or more STAs that are in PS mode.  It is important that these STAs reliably receive notification of any disassociation or deauthentication.  And transmitting without regard to the STA’s PM state doesn’t provide that.

Note there is one issue not resolved by this proposed resolution.  In the IBSS case, PM state is orthogonal to link state (i.e., authentication).   You may know that a STA is a power-saver prior to any need to talk to that device (i.e. you observed a broadcast Null data transmission from it).  Now you want to talk to it,  and need to send an authentication frame.   You can’t do this reliably if the device is in a PS mode.
Proposed resolution:

Disagree.

The commenter does not identify a problem with the protocol, so no change is warranted.

In reply to the commenter:

It is important that disassociation and deauthentication frames are buffered, because they may be intended for one or more STAs that are in PS mode.  It is important that these STAs reliably receive notification of any disassociation or deauthentication.  And transmitting without regard to the STA’s PM state doesn’t provide that.

The setting of the PM bit to 1 by a power-saving STA that is transmitting a disassociation or deauthentication frame merely informs its peer of its current PM state.  In the infrastructure case, the non-AP STA will cease operating in PS mode, and the AP will cease buffering for the departed STA after transport of this frame; so the PM bit is irrelevant.   In the IBSS case, operation of the PS mode is independent of authentication, and the PM bit in an IBSS deauthentication frame provides information that may be used in a subsequent attempt to communicate with the device.

	3051
	788.00
	11.2.1.5
	"...if a STA is using APSD and is in PS mode,..."A STA using APSD must be in PS mode. So "in PS mode" is not needed.
	Change to "…if a STA is using APSD,…"
	MAC


Discussion:
I think this comment highlights an ambiguity.

11.2.1.4 para 2 states:

“QoS STAs use the Power Management field in the Frame Control field of a frame to indicate whether it is in active or PS mode. As APSD is a mechanism for the delivery of downlink MSDUs and bufferable MMPDUs to power-saving STAs, the frames transmitted by a STA using APSD shall have the Power Management bit in the Frame Control field set to 1 for buffering to take place at the AP.” [my emphasis]

There are a number of problems with this text.

A minor issue is what does “for buffering to take place at the AP” mean here?  Does it mean you only “shall set … to 1” when you want buffering to take place.   Or is it an explanation of why it is set to 1?

Another minor issue is what does “transmitted … using APSD” mean, when citing the non-AP STA as doing transmission?  The “using APSD” should qualify the STA, not the transmission.

The main issue is that there is no definition of “using APSD”.

I think there are two alternative interpretations:

· A STA is “using APSD” when any ACs are delivery enabled,  or when any scheduled SP is set up
· A STA is “using APSD” when any ACs are delivery enabled,  or when any scheduled SP is set up,  and when it indicates it is in PS mode.

In the first interpretation, the PM field effectively has no purpose.   The STA can transition in and out of “using APSD”, but only by a management frame exchange.  The PM field mirrors the “using APSD” state.
In the second interpretation, the PM field is used to dynamically switch the STA in and out of PS mode.  The AP only buffers traffic for the STA when it is in PS mode.  The AP only delivers traffic in response to a trigger or a scheduled SP when the STA is in PS mode.

Try as I might, I don’t find anything in the 802.11 standard that indicates which is the correct interpretation.

If we believe the first is the correct interpretation, we should clarify the normative statement quoted above by changing:

“QoS STAs use the Power Management field in the Frame Control field of a frame to indicate whether it is in active or PS mode. As APSD is a mechanism for the delivery of downlink MSDUs and bufferable MMPDUs to power-saving STAs, the frames transmitted by a non-AP STA that is using APSD (i.e. a STA that has at least one AC that is delivery enabled, or at least one scheduled APSD SP) shall have the Power Management bit in the Frame Control field set to 1.”
We can than accept the change proposed by the commenter, because the highlighted phrase : “if a STA is using APSD and is in PS mode” is redundant, as it is implied by “using APSD”. 
If we believe the second is the correct interpretation, the cited text is correct,  and the quoted normative statement is unnecessary (being already captured in 7.3.1.6). It can re-worked into an explanatory sentence thus:
“QoS STAs use the Power Management field in the Frame Control field of a frame to indicate whether it is in active or PS mode. As APSD is a mechanism for the delivery of downlink MSDUs and bufferable MMPDUs to power-saving STAs, the frames transmitted by a STA in PS mode that is using APSD have the Power Management bit in the Frame Control field set to 1, thereby causing buffering to take place at the AP.”
	3050
	788.00
	11.2.1.4
	"When a STA establishes scheduled delivery for an AC, that AC shall be considered delivery-enabled."This is not consistant with delivery-enabled AC definition in section 3.
	Harmonize them by changing the definition of delivery-enabled AC to "A quality of service (QoS) access point (AP) AC where the AP is allowed to use enhanced distributed channel access (EDCA) to deliver traffic from the AC to a nonaccesspoint (non-AP) QoS station (STA) in an unscheduled service period (SP) triggered by the STA or in an scheduled service period (SP)"
	MAC


Discussion:
“delivery-enabled is a term that is specifically related to U-APSD”.  This is the only location that relates it to S-APSD. Any attempt to use in for S-APSD is unnecessary and muddies the waters.

The best resolution is to change the cited location to avoid mis-use of this term:

“If scheduled services periods are supported in a BSS, a STA may use both unscheduled and scheduled APSD on different ACs at the same time. When a STA establishes scheduled delivery for an AC the AP shall not transmit MSDUs or bufferable MMPDUs using that AC during an SP that is initiated by a trigger frame, and it shall not treat MSDUs or bufferable MMPDUs using the AC that are received from the STA as trigger frames. The AP shall decline any ADDTS Request frame that indicates the use of both scheduled and unscheduled APSD to be used on the same AC at the same time.”
Permission to transmit the buffered traffic associated with the SP is given (albeit horrendously badly written) in 11.2.1.5 d):
“If a STA has set up a scheduled SP, it shall automatically wake up at each SP. Therefore, the APSD-capable AP shall transmit frames associated with admitted traffic with the APSD subfield set to 1 in the TSPECs buffered for the STA during a scheduled SP. If the STA has set up to use unscheduled SPs, the AP shall buffer MSDUs using delivery-enabled ACs until it has received a trigger frame using a trigger-enabled AC from the non-AP STA, which indicates the start of an unscheduled SP. …”
Proposed Resolution:

Agree in principle.

The use of the term “delivery-enabled” is elsewhere reserved for U-APSD operation.  While accepting there is an inconsistency, this is best resolved by changing the use of this term at the cited location as follows:

At page 788 line 25,  delete “, that AC shall be considered delivery-enabled. However,”.
	3072
	789.00
	11.2.1.5
	Bullet e "If any associated STAs are in PS mode, all group addressed MSDUs in which the Order bit in the Frame Control field is 0 shall be buffered."Order bit definition has been changed by 11n and therefore the above text needs correction. Also add rule for QoS group addressed frames.
	Replace with "If any associated STAs are in PS mode all group addressed MSDUs, except non QoS group addressed MSDUs in which the Order field in the Frame Control field is 1, shall be buffered"
	MAC


Discussion:

The intent of this bullet item was to exclude “strictly ordered” group addressed frames from this requirement. The commenter is correct.  The text does have one additional problem:  an MSDU does not have an order bit.  There are a couple of ways to resolve this, but the simplest one that doesn’t get into the multiple ways of interpreting the Order field is to relate to the service class parameter.
There are three locations where the order field is referenced:

The cited location,  plus 11.2.1.6 d):

“All group addressed(#1359) MSDUs in which the Order bit in the Frame Control field is 0(#1627) shall be buffered if any associated STAs are in the PS mode, regardless of(11n) whether those STAs are CF-Pollable.”
And 11.2.2.4 a):

“If the STA has one or more buffered group addressed(#1359) MSDUs, with the Strictly Ordered bit equal to 0(#1627), it shall transmit an appropriately addressed group addressed(#1359) ATIM frame.(#1131)”
Proposed resolution:

Agree in principle.  MSDUs are the unit of buffering, and do not have a Frame Control field.   An equivalent change that relates to MSDU parameters is to make the following change:  replace “in which the Order bit in the Frame Control field is 0” with “except those with a service class of StrictlyOrdered”.

Make matching changes in 11.2.1.6 d) and 11.2.2.4 a).

The change illustrated:

If any associated STAs are in PS mode, all group addressed MSDUs except those with a service class of StrictlyOrdered  shall be buffered."
	3053
	793.00
	11.2.1.9
	Why does this subclause not allow a STA with U-APSD to be awake to receive Beacon frame from the AP. 
	Add the bullet to mandate a STA with U-APSD AC to be awke to receive Beacon frame.
	MAC


Proposed Resolution:

Disagree.

The cited subclause contains no rule that prevents a STA from waking whenever it wishes to receive other Beacon frames – i.e., the rules state when it must be awake,  not when it must be asleep.
Note that a STA using U-APSD is also a STA in PS mode.  As such, it is subject also to the requirements of 11.2.1.8.  Bullet a) states:  “The STA shall enter the Awake state so as to receive the Beacon frame (which contains a DTIM) at the start of each CFP.”

	3096
	794.00
	11.2.2.1
	Editor’s Note: The following para “during which only Beacon or ATIM frames shall be transmitted“does not allow Null Data during the ATIM window, which conflicts with the resolution of CID 1131
	Replace: "during which only Beacon or ATIM frames" with "during which only Beacon, ATIM or (QoS)Null data frames".
	MAC


Discussion:

The cited para reads:

“When an MSDU, A-MSDU, or bufferable MMPDU is to be transmitted to a destination STA that is in a PS mode, the transmitting STA first transmits an ATIM frame during the ATIM Window, in which all the STAs including those operating in a PS mode are awake. The ATIM Window is defined as a specific period of time, defined by the value of the ATIM Window parameter in the IBSS Parameter Set supplied to the MLME-START.request primitive, following a TBTT, during which only Beacon or ATIM frames shall be transmitted. ATIM transmission times are randomized, after a Beacon frame is either transmitted or received by the STA, using the backoff procedure with the CW equal to aCWmin. Directed ATIMs shall be acknowledged. If a STA transmitting a directed ATIM does not receive an acknowledgment, the STA shall execute the backoff procedure for retransmission of the ATIM. Group addressed ATIMs shall not be acknowledged.” [my emphasis]

Which is inconsistent with 11.2.2.4 d):
“A STA shall transmit no frame types other than RTS, CTS, and ACK Control frames, Beacon and ATIM management frames and (QoS)Null data frames during the ATIM Window.”

We could resolve this by making the cited location informative, or fixing it to be consistent.  I propose to make it consistent.  Note that the commenter’s resolution doesn’t go far enough.  11.2.2.4.d implies the use or RTS/CTS inside the ATIM window – although nowhere is the purpose for doing this described.
The minimum change to address consistency is to make the following change:

“When an MSDU, A-MSDU, or bufferable MMPDU is to be transmitted to a destination STA that is in a PS mode, the transmitting STA first transmits an ATIM frame during the ATIM Window, in which all the STAs including those operating in a PS mode are awake. The ATIM Window is defined as a specific period of time, defined by the value of the ATIM Window parameter in the IBSS Parameter Set supplied to the MLME-START.request primitive, following a TBTT, during which only RTS, CTS, or ACK Control frames; Beacon or ATIM management frames; or (QoS) Null data frames shall be transmitted. ATIM transmission times are randomized, after a Beacon frame is either transmitted or received by the STA, using the backoff procedure with the CW equal to aCWmin. Directed ATIMs shall be acknowledged. If a STA transmitting a directed ATIM does not receive an acknowledgment, the STA shall execute the backoff procedure for retransmission of the ATIM. Group addressed ATIMs shall not be acknowledged.”
Proposed Resolution:

Agree in principle.  Change “Beacon or ATIM frames” to “RTS, CTS, or ACK Control frames; Beacon or ATIM management frames; or (QoS) Null data frames” at the cited location.
	3071
	794.00
	11.2.2
	The introduction of EOSP to allow STA go back to sleep after receiving ATIM in the current beacon interval may break backward compatibility with existing implementations based on IEEE 802.11, 2007 standard.For example, when STAs, implementing 2007 spec, receive a multicast ATIM frame they would assume all STAs in the IBSS would remain awake for the current beacon period. Therefore these STAs may attempt to transmit frames to STAs in the same IBSS anytime in the current beacon period, without knowning the fact the with STAs implementing proposed EOSP changes might be sleeping and therefore may result in excessive retries.
	Please clarify
	MAC


Proposed Resolution:
Disagree.

11.2.2.4 a) states:
“Following the reception or transmission of the Beacon frame, during the ATIM Window, the STA shall transmit a directed ATIM management frame to each STA for which it has one or more buffered individually addressed(#1359) MSDUs and A-MSDUs(11n).”
11.2.2.4 f) states:

“If a STA is unable to transmit an ATIM during the ATIM Window, for example due to contention with other STAs, the STA should(#1504) retain the buffered MSDU(s) and A-MSDU(s)(11n) and attempt to transmit the ATIM during the next ATIM Window.”
There is nothing here that permits a compliant IEEE 802.11-2007, on observing a multicast ATIM to transmit buffered MSDU(s) without also itself having transmitted an ATIM (“the STA shall transmit a directed ATIM management frame”).  It would also be a bad idea because:  1) multicast frames are receive with reduced reliability – just because you received a multicast frame does not mean your intended recipient will have received it; and 2) topology may make it possible for you to receive frames from some other third party,  but your indented recipient is hidden from that third party.
The behavior described in the comment is not compliant behavior, and it is not necessary to maintain “backwards compatibility” with it.
	3055
	794.00
	11.2.1.12
	"A PPDU containing MPDUs addressed to a STA shall not start after expiry of the STA’s PSMP-DTT."Why? The AP definitely can send PPDU to a STA after expiry of the STA's PSMP-DTT when the PSMP burst is finished and the AP finishes its backoff.
	Change the text to "A PPDU containing MPDUs addressed to a STA shall not start after expiry of the STA’s PSMP-DTT within the PSMP sequence."
	MAC


11.2.1.12 cited para proposed change:

“Within a PSMP sequence, a PPDU containing MPDUs addressed to a STA shall not start after expiry of the STA’s PSMP-DTT. A STA completes the reception of any PPDU that starts before the end of the PSMP-DTT. If no frames addressed to a STA begin within a PSMP-DTT, it can assume that no frame addressed to it will arrive during this PSMP sequence.”
Proposed Resolution:
Agree in principle.  Insert “Within a PSMP sequence, “ at the start of the cited para.

	3054
	794.00
	11.2.1.12
	I t hink this note is wrong since S-PSMP is not U-APSD, S-APSD. And S-PSMP also not use PS-poll per Table 7-41.
	Add text to describe when a STA in PSMP is awake.
	MAC


Discussion:
The commenter is partly correct.  Because S-PSMP is not S-APSD, the rules defined for S-APSD do not apply.  However,  the other comments about knowing when a STA is awake still apply.

Insert para and change note as follows.

A STA with an established PSMP session (see 11.4.4b) shall be awake at the start of the session’s SP and shall remain awake until the end of the SP unless permitted to return to sleep as described in this subclause.
NOTE—A STA in power save mode can also be determined to be awake following receipt of a trigger frame according to the operation of the U-APSD protocol (as defined in 11.2.1.4 (Power management with APSD)), following receipt of a PS-Poll frame (as defined in 11.2.1.7), or following a DTIM Beacon (as defined in 11.2.1.7).
Proposed resolution:

Agree in principle.  There is no clear requirement relating to S-PSMP, and the NOTE can be clarified.
Replace note at cited location with the following para and note:

“A STA with an established PSMP session (see 11.4.4b) shall be awake at the start of the session’s SP and shall remain awake until the end of the SP unless permitted to return to sleep as described in this subclause.

NOTE—A STA in power save mode can also be determined to be awake following receipt of a trigger frame according to the operation of the U-APSD protocol (as defined in 11.2.1.4), following receipt of a PS-Poll frame (as defined in 11.2.1.7), or following a DTIM Beacon (as defined in 11.2.1.7).”
	3069
	795.00
	11.2.2.1
	"If a STA receives a directed ATIM frame during the ATIM Window, it shall acknowledge the directed ATIM and stay awake for the entire beacon interval to receive the announced MSDU(s), A-MSDU(s), orbufferable MMPDU(s)." This does not include EOSP addition.
	Modify this to take care of EOSP field.
	MAC


Proposed resolution:

Change cited text to read follows:

“If a STA receives a directed ATIM frame during the ATIM Window, it shall acknowledge the directed

ATIM and stay awake to receive the announced MSDU(s), A-MSDU(s), or bufferable MMPDU(s) for the entire beacon interval or until it has completed successful transmission to and reception from the source STA of the received ATIM, a frame with EOSP field set to one.”
	3068
	795.00
	11.2.2.1
	"Directed ATIMs shall be acknowledged. If a STA transmitting a directed ATIM does not receive an acknowledgment, the STA shall execute the backoff procedure for retransmission of the ATIM. Group addressed ATIMs shall not be acknowledged."Is it really needed?
	Remove the cited text.
	MAC


Discussion:

One of the many flaws in 11.2.2 is that 11.2.2.1 contains many normative statements, which are repeated in subtly different ways in the following subclauses.   It would be nice to get rid of that duplication and inconsistency by having the normative statements in one place.

However, I question the value of putting too much work into 11.2.2.   IBSS power-saving is hardly ever used.  So I propose to ignore the problem.

Proposed Resolution:

Disagree.  While the cited text is arguably redundant, it is not incorrect, and is present in STD-2007.
	3070
	797.00
	11.2.2.4
	"Directed ATIM management frames shall be acknowledged. If no acknowledgment is received, the ATIM shall be retransmitted using either the DCF (for non-QoS STAs) or the EDCAF (for QoS STAs). Group addressed ATIM management frames shall not be acknowledged."Is this needed?
	Remove the cited text.
	MAC


Proposed Resolution:

Disagree.  While the cited text is arguably redundant, it is not incorrect, and is present in STD-2007.

	3056
	797.00
	11.2.2.4
	Why does retransmission of ATIM use EDCF the first transmission of ATIM only use DCF?
	Clarify it.
	MAC


Discussion:

This probably is an inconsistency.  It makes little sense to attempt to prioritize within the ATIM window,  and I would prefer that all channel accesses within the window were the same.

However,  to change this would make legacy device non-compliant.

Proposed Resolution:

There is no clear reason why the first transmission of a TIM should use DCF and retransmissions should use EDCAF.   However, this is not something that TGmb wants to change because it would make legacy devices non-compliant.
Proposed Resolution

Concept
Insert the following in 11.2.1.0a:

A bufferable unit(BU) is an MSDU, A-MSDU or bufferable MMPDU that is buffered to operate the power-saving protocol.


An individually-addressed BU is an individually-addressed MSDU, individually-addressed A-MSDU or individually-addressed bufferable MMPDU.

A group-addressed BU is an group-addressed MSDU or group-addressed bufferable MMPDU.

Throughout 11.2, replace any use of the term “MSDU, A-MSDU and/or bufferable MMPDU” with BU, adjusting for the plural form as necessary.  Likewise replace the term when qualified with individually-addressed or group-addressed with individually-addressed or group-addressed BU, as appropriate.

Detail

Change 11.2 as follows.   Note, any edits that introduce technical changes are highlighted.
Changes are shown based on D2.03.
· Power management

· Power management in an infrastructure network

· General(#28)

· 
A bufferable management frame is a unicast management frame, 
of the following subtypes: Action, Disassociation, Deauthentication, or Probe Response (when sent in an IBSS in(#3064) response to a unicast probe request); or a group-addressed management frame of the following subtypes: Action, Disassociation, or Deauthentication.  A bufferable MMPDU is an MMPDU that will be transmitted using a bufferable management frame. A non-bufferable MMPDU is an MMPDU that is not a bufferable MMPDU.
A bufferable unit (BU) is an MSDU, A-MSDU (HT STAs only)(#3049) or bufferable MMPDU that is buffered to operate the power saving protocol.
An individually-addressed BU is an individually-addressed MSDU, individually-addressed A-MSDU (HT STAs only) (#3049) or individually-addressed bufferable MMPDU.

A group-addressed BU is an group-addressed MSDU (HT STAs only) (#3049) or group-addressed bufferable MMPDU.
(#2211)STAs changing Power Management mode shall inform the AP of this fact using the Power Management bits within the Frame Control field of transmitted frames. A STA shall remain in its current Power Management mode until it informs the AP of a Power Management mode change via a frame exchange that includes an acknowledgment from the AP. Power Management mode shall not change during any single frame exchange sequence, as described in Annex S.(#2176)

The AP shall buffer individually addressed BUs addressed(Ed) to STAs operating in a PS mode. These buffered BUs shall be transmitted only at designated times.(#61)

If any STA in its BSS is in PS mode, the AP shall buffer all group addressed BUs and deliver them to all STAs immediately following the next Beacon frame containing a DTIM transmission.  
The STAs that currently have buffered BUs within the AP are identified in a TIM, which shall be included as an element within all Beacon frames generated by the AP. A STA shall determine that  BU is buffered for it by receiving and interpreting a TIM.(#61)

STAs operating in PS modes shall periodically listen for Beacon frames, as determined by the STA's ListenInterval and the ReceiveDTIMs parameter in the MLME-POWERMGT.request primitive.

In a BSS operating under the DCF, or during the CP of a BSS using the PCF, upon determining that an BU is currently buffered in the AP, a STA operating in the PS mode  shall transmit a short PS-Poll frame to the AP, which shall respond with the corresponding buffered BU immediately, or acknowledge the PS-Poll and respond with the corresponding BU at a later time. If the TIM indicating the buffered BU is sent during a CFP, a CF-Pollable STA operating in the PS mode does not send a PS-Poll frame, but remains active until the buffered BUis received (or the CFP ends). (#61)(#2211)

· 
· 
A non-AP(#2224) QoS STA may be in PS mode before the setup of DLS or Block Ack. Once DLS is set up(#3094), both of the QoS STAs associated with a DLS link suspend(#3095)the PS mode and shall(#1478) be awake. When a STA enters normal (non-APSD) PS mode, any downlink Block Ack agreement without an associated schedule is suspended for the duration of this PS mode. BUs for a(Ed) TID 
without a schedule are sent in a frame using Normal Ack 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 STA continue to operate normally.

· STA Power Management modes

A STA may be in one of two different power states:

· Awake: STA is fully powered.

· Doze: STA is not able to transmit or receive and consumes very low power.

The manner in which a STA transitions between these two power states shall be determined by the STA’s Power Management mode and reflected in (#1706,Ed)dot11PowerManagementMode(#1005). These modes are summarized in  Table 11-1 (Power Management modes).

	· Power Management modes

	Active mode or AM
	STA may receive frames at any time. In Active mode, a STA shall be in the Awake state. A STA on the polling list of a PCF shall be in Active mode for the duration of the CFP.

	PS
	STA listens to selected Beacon frames (based upon the ListenInterval parameter of the MLME-ASSOCIATE.request primitive) and sends PS-Poll frames to the AP if the TIM element(Ed) in the most recent Beacon frame indicates an individually-addressed BU is(#61) buffered for that STA.

The AP shall transmit buffered individually-addressed BUs to a PS STA only in response to a PS-Poll from that STA, or during the CFP in the case of a CF-Pollable PS STA. In PS mode, a STA shall be in the Doze state and shall enter the Awake state to receive selected Beacon frames, to receive group addressed(#1359) transmissions following certain received Beacon frames, to transmit, and to await responses to transmitted PS-Poll frames or (for CF-Pollable STAs) to receive CF transmissions of buffered BUs.(#61)


The Power Management mode of a STA is selected by the PowerManagementMode parameter of the MLME-POWERMGT.request primitive(#2172). Once the STA updates its Power Management mode, the MLME shall issue an MLME-POWERMGT.confirm primitive(#2172) indicating the success of the operation.

To change Power Management modes, a STA shall inform the AP through a successful frame exchange as described in Annex S(Ed) initiated by the (#1112)STA and that includes an ACK from the AP. The Power Management bit in the Frame Control field of the frame sent by the STA in this exchange indicates the Power Management mode that the STA shall adopt upon successful completion of the entire frame exchange. The Power Management bit shall be ignored in frame exchanges initiated by the AP. A non-AP STA shall not change power management mode(#2091) using a frame exchange that does not receive an ACK.(#1362) The Power Management bit shall be set to zero in all management frames that are not bufferable(#2222) management frames.(#61)

A STA that is changing from Doze to Awake in order to transmit shall perform CCA until a frame sequence is detected by which it can correctly set its NAV, or until a period of time equal to the ProbeDelay has transpired.

· AP TIM transmissions

The TIM shall identify the STAs for which traffic is pending and buffered in the AP. This information is coded in a partial virtual bitmap, as described in 7.3.2.6 (TIM). In addition, the TIM contains an indication whether group addressed(#1359) traffic is pending. Every STA is assigned an AID by the AP as part of the association process. AID 0 (zero) is reserved to indicate the presence of buffered group addressed(#1359) BUs. The AP shall identify those STAs for which it is prepared to deliver buffered BUs by setting bits in the TIM’s partial virtual bitmap that correspond to the appropriate AIDs.

· TIM types

Two different TIM types are distinguished: TIM and DTIM. After a DTIM, the AP shall transmit(#1485) buffered group addressed(#1359) BUs(#1485), before transmitting any individually addressed(#1359) frames.

The AP shall transmit a TIM with every Beacon frame. Every dot11DTIMPeriod(#1005), a TIM of type DTIM is transmitted within a Beacon frame, rather than an ordinary TIM. 

 Figure 11-4 (Infrastructure power management operation (no PCF operating)) illustrates the AP and STA activity under the assumptions that no PCF is operating and that a DTIM is transmitted once every three TIMs. The top line in  Figure 11-4 (Infrastructure power management operation (no PCF operating)) represents the time axis, with the beacon interval shown together with a DTIM Interval of three beacon intervals. The second line depicts AP activity. The AP schedules Beacon frames for transmission every beacon interval, but the Beacon frames may be delayed if there is traffic at the TBTT. This is indicated as “busy medium” on the second line. For the purposes of this figure, the important fact about Beacon frames is that they contain TIMs, some of which are DTIMs. Note that the second STA with ReceiveDTIMs set to false does not power-on its receiver for all DTIMs.[image: image1.wmf]Figure 11-4—Infrastructure power management operation (no PCF operating)


The third and fourth lines in  Figure 11-4 (Infrastructure power management operation (no PCF operating)) depict the activity of two STAs operating with different power management requirements. Both STAs power-on their receivers when they need to listen for a TIM. This is indicated as a ramp-up of the receiver power prior to the TBTT. The first STA, for example, powers up its receiver and receives a TIM in the first Beacon frame; that TIM indicates the presence of a buffered BUs for the receiving STA. The receiving STA then generates a PS-Poll frame, which elicits the transmission of the buffered BU from the AP. Group addressed(#1359) BUs are sent by the AP subsequent to the transmission of a Beacon frame containing a DTIM. The DTIM is indicated by the DTIM count field of the TIM element having a value of 0.

· Power management with APSD

QoS APs 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.

(#1112)QoS STAs use the Power Management field in the Frame Control field of a frame to indicate whether it is in active or PS mode. As APSD is a mechanism for the delivery of downlink data and bufferable management frames to power-saving STAs, the frames transmitted by(Ed) a (#1112)STA using APSD shall have the Power Management bit in the Frame Control field set to 1 for buffering to take place at the AP.

APSD defines two delivery mechanisms, namely unscheduled APSD (U-APSD) and scheduled APSD (SAPSD). (#1112)STAs may use U-APSD to have some or all of their BUs delivered during unscheduled SPs. (#1112)STAs may use S-APSD to schedule delivery of some or all of their BUs during scheduled SPs.

If there is no unscheduled SP in progress, the unscheduled SP begins when the AP receives a trigger frame from a (#1112)STA, which is a QoS data or QoS Null frame using(#1146) an AC the STA has configured to be trigger-enabled. An A-MPDU that contains one or more trigger frames acts as a trigger frame.(11n) An unscheduled SP ends after the AP has attempted to transmit at least one BU using(#1146) a delivery-enabled AC and destined for the (#1112)STA, but no more than the number indicated in the Max SP Length field if the field has a nonzero value.

In order to configure an AP to deliver BUs during an unscheduled SP, a (Ed)(#1112)STA designates one or more of its ACs to be delivery-enabled and one or more of its AC to be trigger-enabled. A (#1112)STA may configure an AP to use U-APSD using two methods. First, the (#1112)STA may set individual U-APSD Flag bits in the QoS Info subfield of the QoS Capability element carried in (Re)Association Request frames. When a U-APSD Flag bit is 1(#1627), it indicates that the corresponding AC is both delivery- and trigger-enabled. When all four U-APSD Flag subfields are set to 1 in (Re)Association Request frames, all the ACs associated with the (#1112)STA are trigger- and delivery-enabled during (re)association. When all four U-APSD Flag subfields are set to 0 in (Re)Association Request frames, none of the ACs associated with the (#1112)STA is trigger- or delivery-enabled during (re)association.
.

NOTE—Bufferable MMPDUs are transmitted using AC_VO.  Thus the AC of an MMPDU is, by definition, AC_VO.

Alternatively, the (#1112)STA may designate one or more AC as trigger-enabled and one or more AC as delivery-enabled by sending an ADDTS Request frame per AC to the AP with the APSD subfield set to 1 and the Schedule subfield set to 0 in the TS Info field in the TSPEC element. APSD settings in a TSPEC request take precedence over the static U-APSD settings carried in the QoS Capability element. In other words, a TSPEC request overwrites any previous U-APSD setting of an AC. The request may be sent for ACs for which the ACM subfield is(#1217) 0.

A (#1112)STA may set an AC to be trigger- or delivery-enabled for its own use by setting up TSPECs with the APSD subfield set to 1 and the Schedule subfield set to 0 in the uplink or downlink direction, respectively. An uplink TSPEC plus a downlink TSPEC, or a bidirectional(Ed) TSPEC with the APSD subfield set to 1 and the Schedule subfield set to 0, makes an AC both trigger- and delivery-enabled. An uplink TSPEC plus a downlink TSPEC, or a bidirectional(Ed) TSPEC with the APSD and the Schedule subfields both set to 0, makes an AC neither trigger- nor delivery-enabled.

A scheduled SP starts at fixed intervals of time specified in the Service Interval field. In order to use a scheduled SP for a TS when the access policy is controlled channel access, a (#1112)STA shall send an ADDTS Request frame to the AP with the APSD subfield of the TS Info field in the TSPEC element set to 1. To use a scheduled SP for a TS for a AC when the access policy is contention-based channel access, a (#1112)STA shall send an ADDTS Request frame to the AP with the APSD and Schedule subfields of the TS Info field in the TSPEC element both set to 1. If the APSD mechanism is supported by the AP and the AP accepts the corresponding ADDTS Request frame from the (#1112)STA, the AP shall respond to the ADDTS Request frame with a response containing the Schedule element indicating that the requested service can be accommodated by the AP. The first scheduled SP starts when the lower order 4 octets of the TSF timer equals the value specified in the Service Start Time field. A (#1112)STA using scheduled SP shall first wake up to receive downlink individually addressed(#1359) BUs  buffered and/or polls from the AP/HC. The STA shall wake up subsequently at a fixed time interval equal to the SI. The AP may modify the service start time by indicating so in the Schedule element in a successful(#1127)(#1486) ADDTS Response frame (which is sent in response to an ADDTS Request frame)(#1486) and in Schedule frames (which are sent at other times)(#1486). 

A scheduled SP begins at the scheduled wakeup time that corresponds to the SI and the service start time indicated in the Schedule element sent in response to a TSPEC. The STA shall wake up at a subsequent time when 

(TSF – service start time) mod minimum SI = 0.

· 
If scheduled services periods are supported in a BSS, a STA may use both unscheduled and scheduled APSD on different ACs at the same time. When a (#1112)STA establishes scheduled delivery for an AC, that AC shall be considered delivery-enabled. However, the AP shall not transmit BUs using(#1146) that AC during an SP that is initiated by a trigger frame, and it shall not treat BUs using(#1146) the AC that are received from the STA as trigger frames. The AP shall decline any ADDTS Request frame that indicates the use of both scheduled and unscheduled APSD to be used on the same AC at the same time.

· 
APSD shall be used only to deliver individually addressed(#1359) BUs. Group addressed(#1359) BU delivery shall follow the frame delivery rules defined for group addressed(#1359) BUs as defined in  11.2.1.6 (AP operation during the CFP).

· AP operation during the CP

APs shall maintain a Power Management status for each currently associated STA that indicates in which Power Management mode the STA is currently operating. APs that implement and signal their support of APSD shall maintain an APSD and an access policy status for each currently associated (#1112)STA that indicates whether the (#1112)STA is presently using APSD and shall maintain the schedule (if any) for the (#1112)STA. An AP shall, depending on the Power Management mode of the STA, temporarily buffer BUs destined to the STA. An AP implementing APSD shall, if a (#1112)STA is using APSD and is in PS mode, temporarily buffer BUs destined to that (#1112)STA. No BUs addressed directly to
 STAs operating in the Active mode shall be buffered for power management reasons.

· BUs destined for PS STAs, shall be temporarily buffered in the AP. (#1128)The algorithm to manage this buffering is beyond the scope of this standard, with the exception that if the AP is QoS-enabled, it shall preserve the order of arrival of frames on a per-TID, per-STA basis.

· 
· Non-bufferable MMPDUs and BUs destined for STAs in the Active mode, shall be directly transmitted to those STAs.

· 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 frame. At every beacon interval, the APSD-capable AP shall assemble the partial virtual bitmap containing the buffer status of nondelivery-enabled ACs (if there exists at least one nondelivery-enabled AC) per destination for (#1112)STAs in PS mode and shall send this out in the TIM field of the Beacon frame. When all ACs are delivery-enabled, the APSD-capable AP shall assemble the partial virtual bitmap containing the buffer status for all ACs per destination(#1112).

· If a (#1112)STA has set up a scheduled SP, it shall automatically wake up at each SP. Therefore, the APSD-capable AP shall transmit frames associated with admitted traffic with the APSD subfield set to 1 in the TSPECs buffered for the (#1112)STA during a scheduled SP. If the (#1112)STA has set up to use unscheduled SPs, the AP shall buffer BUs(#1488) using(#1146) delivery-enabled ACs until it has received a trigger frame using(#1146) a trigger-enabled AC from the nonAP STA, which indicates the start of an unscheduled SP. A trigger frame received by the AP from a (#1112)STA that already has an unscheduled SP underway shall not trigger the start of a new unscheduled SP. The AP transmits BUs destined for the (#1112)STA and using(#1146) delivery-enabled ACs during an unscheduled SP. The bit for AID 0 (zero) in the bit map control field of the TIM (#1684)element(#31) shall be set to 1 when  traffic is buffered, according to 7.3.2.6 (TIM). 

· If any associated STAs are in PS mode, all group addressed(#1359) BUs in which the Order bit in the Frame Control field is 0(#1627) shall be buffered.(Ed)

·  
· (#2211)Immediately after every DTIM, the AP shall transmit all buffered group addressed(#1359) BUs. The More Data field of each group addressed(#1359) frame shall be set to indicate the presence of further buffered group addressed(#1359) BUs. If the AP is unable to transmit all of the buffered group addressed(#1359) BUs before the primary or secondary(11n) TBTT following the DTIM, the AP shall indicate that it will continue to deliver the group addressed(#1359) BUs by setting the bit for AID 0 (zero) in the Bit Map Control(11n) field of the TIM element of every Beacon frame, until all buffered group addressed(#1359) BUs have been transmitted. When the AP transmits an STBC DTIM or TIM Beacon frame, the AP shall retransmit all group-addressed BUs that were transmitted following the non-STBC DTIM or TIM Beacon frame except that they are transmitted using the basic STBC MCS. It may be the case that a complete set of buffered group-addressed BUs is sent over a period of time during which non-STBC and STBC transmissions are interleaved, but the transition from non-STBC group-addressed transmissions to STBC group-addressed transmissions shall be preceded by the transmission of an STBC Beacon frame and the transition from STBC group-addressed transmissions to non-STBC group-addressed transmissions shall be preceded by the transmission of a non-STBC Beacon frame.

· 
· A single buffered BU for a STA in the PS mode shall be forwarded to the STA after a PS-Poll has been received from that STA. For a (#1112)STA(#1489) using U-APSD, the AP transmits one BU destined for the (#1112)STA from any AC that is not delivery-enabled in response to PS-Poll from the (#1112)STA. When all ACs associated with the (#1112)STA are delivery-enabled, AP transmits one BU from the highest priority AC. The AP can respond with either an immediate data or management frame or with an ACK
, while delaying the responding data or management(11n) frame.

For a STA in PS mode and not using U-APSD, the More Data field of the response data(11n) or management frame shall be set to indicate the presence of further buffered BUs for the polling STA. For a (#1112)STA using U-APSD, the More Data field shall be set to indicate the presence of further buffered BUs that do not use(#1146) delivery-enabled ACs. When all ACs associated with the (#1112)STA are delivery-enabled, the More Data field shall be set to indicate the presence of further buffered BUs using(#1146) delivery-enabled ACs. If there are buffered BUs to transmit to the STA, the AP 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 BUs buffered for the PS STA identified by the RA (11n)in the QoS +CF-Ack frame. An AP may also set the More Data bit in an ACK frame to 1(#1627) in response to a QoS data frame to indicate that it has one or more pending BUs buffered for the PS STA identified by the RA (11n)in the ACK frame, if that PS STA has set the More Data Ack subfield in the QoS Capability (#1684)element to 1. 

· 
Further PS-Poll frames from the same STA shall be acknowledged and ignored until the BU 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 BU.

· At each scheduled APSD SP for a (#1112)STA, the APSD-capable AP shall attempt to transmit at least one BU, using(#1146) admitted TSPECs with the APSD and Schedule subfields both set to 1, that are destined for the (#1112)STA. At each unscheduled SP for a (#1112)STA, the AP shall attempt to transmit at least one BU, but no more than the value specified in the Max SP Length field in the QoS Capability element from delivery-enabled ACs, that are destined for the (#1112)STA.

The More Data bit of the directed data or bufferable management(#2222) frame using(#1146) delivery-enabled ACs and destined for that (#1112)STA indicates that more BUs are buffered for the delivery-enabled ACs. The More Data bit equal to 1(#1627) in data or bufferable management(#2222)(#1487) frames using(#1146) nondelivery-enabled ACs and destined for that (#1112)STA indicates that more BUs are buffered for the nondelivery-enabled ACs. 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. An AP 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 BUs buffered for the target STA identified by the RA (11n)in the QoS +CF-Ack frame. If the QoS data frame is using(#1146) a delivery-enabled AC, the More Data bit in the QoS +CF-Ack frame indicates more BUs for 
 delivery-enabled ACs. If the QoS data frame is not using(#1146) a delivery-enabled AC, the More Data bit in the QoS +CF-Ack frame indicates more BUs for ACs that are not delivery-enabled.

The AP considers an(Ed) APSD STA to be in Awake state after it has sent a QoS +CF-Ack frame, with the EOSP subfield in the QoS Control field set to 0, to the APSD STA. If necessary, the AP may generate an extra QoS Null frame, with the EOSP set to 1. When the AP has transmitted a directed frame to the (#1112)STA with the EOSP subfield set to 1 during the SP except for retransmissions of that frame, the AP shall not transmit any more frames to that STA(11n) using this mechanism until the next SP. The AP shall set the EOSP subfield to 1 to indicate the end of the SP in APSD.

· If the AP does not receive an acknowledgment to a directed data(#1487)(#1494) or bufferable management(#2222) frame sent to a (#1112)STA in PS mode following receipt of a PS-Poll from that (#1112)STA, it may retransmit the frame for at most the lesser of the maximum retry limit and (#1706)dot11QAPMissingAckRetryLimit times before the next Beacon frame, but it shall retransmit that frame at least once before the next Beacon frame, time permitting and subject to its appropriate lifetime limit. If an acknowledgment to the retransmission is not received, it may wait until after the next Beacon frame to further retransmit that frame subject to its appropriate lifetime limit. 

· If the AP does not receive an acknowledgment to a directed data frame(#1494) containing all or part of an MSDU or A-MSDU(11n) sent with the EOSP subfield set to 1, it shall retransmit that frame at least once within the same SP, subject to applicable retry or lifetime limit. The maximum number of retransmissions within the same SP is the lesser of the maximum retry limit and (#1706)dot11QAPMissingAckRetryLimit. If an acknowledgment to the retransmission of this last frame in the same SP is not received, it may wait until the next SP to further retransmit that frame, subject to its applicable retry or lifetime limit.

· An AP can delete buffered BUs for implementation-dependent reasons, including the use of an aging function and availability of buffers. The AP may base the aging function on the listen interval specified by the (#1112)STA in the (Re)Association Request frame.

· When an AP is informed that a STA changes to the Active mode, then the AP shall send buffered BUs (if any exist) to that STA without waiting for a PS-Poll. When an AP is informed that an APSD-capable (#1112)STA is not using APSD, then the AP shall send buffered BUs (if any exist) to that (#1112)STA according to the rules corresponding to the current PS mode of the (#1112)STA.

· AP operation during the CFP

APs shall maintain a Power Management status for each currently associated CF-Pollable STA that indicates in which Power Management mode the STA is currently operating. An AP shall, for STAs in PS mode, temporarily buffer BUs addressed(Ed) to the STA.(#61)

· BUs destined for PS STAs shall be temporarily buffered in the AP. The algorithm to manage this buffering is beyond the scope of this standard.(#61)

· Non-bufferable MMPDUs(#2222) and all BUs destined to STAs in the Active mode shall be transmitted as defined in Clause 9 (MAC sublayer functional description).(#61)

· Prior to every CFP, and at each beacon interval within the CFP, the AP shall assemble the partial virtual bitmap containing the buffer status per destination for STAs in the PS mode, set to 1(#1627) the bits in the partial virtual bitmap for STAs the PC is intending to poll during this CFP, and shall send this out in the TIM field of the DTIM. The bit for AID 0 (zero) in the Bit Map Control field of the TIM (#1684)element(#31) shall be set to 1(#1627) when  group-addressed(11n) traffic is buffered, according to 7.3.2.6 (TIM).

· All group addressed(#1359) MSDUs in which the Order bit in the Frame Control field is 0(#1627) shall be buffered if any associated STAs are in the PS mode, regardless of(11n) whether those STAs are CF-Pollable.

· 
· Immediately after every DTIM (Beacon frame with DTIM Count field of the TIM element equal to zero), the AP shall transmit all buffered group addressed(#1359) BUs. The More Data field shall be set to 1(#1627) in the headers of all but the final frame containing one of these buffered group addressed BUs to indicate the presence of further buffered group addressed(#1359) BUs. If the AP is unable to transmit all of the buffered group addressed(#1359) BUs before the non-STBC or STBC(11n) TBTT following the DTIM, the AP shall indicate that it will continue to deliver the group addressed(#1359) BUs by setting the bit for AID 0 (zero) in the Bit Map Control(11n) field of the TIM element of every Beacon frame, until all buffered group addressed(#1359) frames have been transmitted. When the AP transmits an STBC DTIM or TIM Beacon frame, the AP shall retransmit all group-addressed BUs(Ed) that were transmitted following the non-STBC DTIM or TIM Beacon frame except that they are transmitted using the basic STBC MCS. It may be the case that a complete set of buffered group-addressed BUs(Ed) is sent over a period of time during which non-STBC and STBC transmissions are interleaved, but the transition from non-STBC group-addressed transmissions to STBC group-addressed transmissions shall be preceded by the transmission of a STBC Beacon frame and the transition from STBC group-addressed transmissions to non-STBC group-addressed transmissions shall be preceded by the transmission of a non-STBC Beacon frame.

· Buffered BUs for STAs in the PS mode shall be forwarded to the CF-Pollable STAs under control of the PC. Transmission of these buffered BUs) as well as CF-Polls to STAs in the PS mode that were indicated in the DTIM in accordance with  paragraph c) of this subclause shall begin immediately after transmission of buffered group addressed(#1359) frames (if any), and shall occur in order by increasing AID of CF-Pollable STAs. A CF-Pollable STA for which the TIM element of the most recent Beacon frame indicated buffered BUs  shall be in the Awake state at least until the receipt of a directed frame from the AP in which the Frame Control field does not indicate the existence of more buffered BUs. After acknowledging the last of the buffered BUs, the CF-Pollable STA operating in the PS mode may enter the Doze state until the next DTIM is expected.

· An AP shall have an aging function to delete pending traffic buffered for an excessive time period. The exact specification of the aging function is beyond the scope of this standard.

· When an AP detects that a CF-Pollable STA has changed from the PS mode to the Active mode, then the AP shall queue any buffered frames addressed to that STA for transmission to that CF-Pollable STA as directed by the AP’s PC.

· Receive operation for STAs in PS mode during the CP

A STA(Ed) in PS mode shall operate as follows to receive a BU from the AP when no PC is operating and during the CP when a PC is operating.

· The STA(Ed) shall wake up early enough to be able to receive the first Beacon frame scheduled for transmission after the time corresponding to the last TBTT plus the STA’s current ListenInterval. 

· When the(Ed) STA detects that the bit corresponding to its AID is 1(#1627) in the TIM, the STA shall issue a PS-Poll to retrieve the buffered BU. The PS-Poll shall be transmitted after a random delay uniformly distributed between zero and aCWmin slots following a DIFS.

· 
· The STA shall remain in the Awake state until it receives the BU in response to its poll or it receives another Beacon frame whose TIM indicates that the AP does not have any BUs buffered for this STA. If the bit corresponding to the STA’s AID is 1(#1627) in the subsequent TIM, the STA shall issue another PS-Poll to retrieve the buffered BU. When a (#1112)STA that is using U-APSD and has all ACs delivery-enabled detects that the bit corresponding to its AID is 1(#1627) in the TIM, the (#1112)STA shall issue a trigger frame or a PS-Poll frame to retrieve the buffered BU.

· (#2211)If the More Data field in the received data or bufferable management(#2222)(#1487) frame indicates that more traffic for that STA is buffered, the STA, at its convenience, shall Poll until no more BUs are buffered for that STA.

· 
· When ReceiveDTIMs is true, the STA shall wake up early enough to be able to receive either every non-STBC DTIM or every STBC DTIM(11n) sent by the AP of the BSS. A STA that stays awake to receive group addressed(#1359) BUs shall elect to receive all group-addressed non-STBC transmissions or all group-addressed STBC transmissions and(11n) remain awake until the More Data field of the appropriate type (non-STBC or STBC) of(11n) group addressed(#1359) BUs indicates there are no further buffered group addressed(#1359) BUs of that type(11n) or until a TIM is received indicating there are no more buffered group addressed(#1359) BUs of that type(11n). If a (#1112)STA receives a QoS +CF-Ack frame from its AP with the More Data bit set to 1, then the STA shall operate exactly as if it received a TIM with its AID bit equal to 1(#1627). If a (#1112)STA has set the More Data Ack subfield in QoS Capability (#1684)element to 1, then if it receives an ACK frame from its AP with the More Data bit set to 1, the STA shall operate exactly as if it received a TIM with its AID bit equal to 1(#1627). For example, a STA that is using the PS-Poll delivery method shall issue a PS-Poll frame to retrieve a buffered BU. See also 9.2.7 (Group addressed(#1359) MPDU transfer procedure).

· Receive operation for STAs in PS mode during the CFP

· 
A STA in PS mode that is(Ed) associated as CF-Pollable shall operate as follows in a BSS with an active PC to receive BUs from the AP during the CFP:

· The STA shall enter the Awake state so as to receive the Beacon frame (which contains a DTIM) at the start of each CFP.

· To receive group addressed(#1359) BUs, the STA shall wake up early enough to be able to receive either every non-STBC DTIM or every STBC DTIM(11n) that may be sent during the CFP. A STA receiving group addressed(#1359) BUs shall elect to receive all group-addressed non-STBC transmissions or all group-addressed STBC transmissions and(11n) remain awake until the More Data field of the group addressed(#1359) BUs indicates there are no further buffered group addressed(#1359) BUs of that type(11n), or until a TIM is received indicating there are no more group addressed(#1359) BUs of that type(11n) buffered. See also 9.2.7 (Group addressed(#1359) MPDU transfer procedure).

· When the(Ed) STA detects that the bit corresponding to its AID is 1(#1627) in the DTIM at the start of the CFP (or in a subsequent TIM during the CFP), the STA shall remain in the Awake state for at least that portion of the CFP through the time that the STA receives a directed BU from the AP carried in a frame with the More Data field in the Frame Control field indicating that no further traffic is buffered.

· (#2211)If the More Data field in the Frame Control field of the last data(#1494) or bufferable management(#2222)(#1487) frame received from the AP indicates that more traffic for the STA is buffered, then, when the CFP ends, the STA may remain in the Awake state and transmit PS-Poll frames during the CP to request the delivery of additional buffered BUs, or may enter the Doze state during the CP (except at TBTTs for DTIMs expected during the CP), awaiting the start of the next CFP.

· Receive operation using APSD(#1112)

A (#1112)STA using APSD shall operate as follows to receive  a BU from the AP:

· If a scheduled SP has been set up, the (#1112)STA wakes up at its scheduled start time. (The (#1112)STA shall wake up early enough to receive transmissions at the scheduled SP.)

· If the (#1112)STA is initiating an unscheduled SP, the (#1112)STA wakes up and transmits a trigger frame to the AP. When one or more ACs are not delivery-enabled, the (#1112)STA may retrieve BUs using(#1146) those ACs by sending PS-Poll frames to the AP.

· The (#1112)STA shall remain awake until it receives a QoS data frame or bufferable management(#2222) frame(#1499) addressed to it, with the EOSP subfield in the QoS Control field set to 1.

· The (#1112)STA may send additional PS-Poll frames if the More Data subfield is(#1217) 1 in downlink individually addressed(#1359) data or bufferable management(#2222)(#1487) frames that do not use(#1146) any (#1500)delivery-enabled ACs. The (#1112)STA may send additional trigger frames if the More Data subfield is(#1217) 1 in downlink individually addressed(#1359) data or bufferable management(#2222)(#1487) frames that use(#1146) delivery-enabled ACs.

· STAs operating in the Active mode

A STA operating in this mode shall have its receiver activated continuously; such STAs do not need to interpret the TIM (#1684)elements in Beacon frames. 

· AP aging function

Any AP aging function shall not cause the buffered BUs to be discarded after any period that is shorter than the ListenInterval of the STA for which the BUs are buffered. The exact specification of the aging function is beyond the scope of this standard.

· PSMP power management(11n)

An AP transmits a PSMP frame containing a schedule only for STAs that are awake. 

NOTE—A STA in power save mode is awake as defined in  11.2.1.4 (Power management with APSD)(U-APSD, S-APSD), in  11.2.1.5 (AP operation during the CP) (PS-poll), or during a DTIM period.

The AP may signal the end of the SP for all awake associated PSMP-capable STAs by setting the More PSMP field to 0 or by sending CF-End frame instead of the next PSMP frame. 

NOTE 1—The AP can also signal the end of an SP on a per-STA basis using the EOSP field set to 1 in the QoS Control field, as defined in 7.1.3.5.2 (EOSP (end of service period) subfield) and  11.2.1.5 (AP operation during the CP). This field remains set to 1 for any retransmissions of the same frame, and no more new frames are sent to this particular STA in the current SP.

NOTE 2—If a STA is awake at the start of a scheduled PSMP session, the operation of the More Data field in the Frame Control field and the TIM element are defined by the S-APSD rules in  11.2.1.4 (Power management with APSD),  11.2.1.5 (AP operation during the CP), and  11.2.1.9 (Receive operation using APSD(#1112)).

A STA shall wake up at the start of the next PSMP frame if the More PSMP field is set to 1 in the current PSMP frame, unless the STA has been permitted to return to sleep through the reception of a frame addressed to it with the EOSP field set to 1 or the maximum SP interval has elapsed. 

A PPDU containing MPDUs addressed to a STA shall not start after expiry of the STA’s PSMP-DTT. A STA completes the reception of any PPDU that starts before the end of the PSMP-DTT. If no frames addressed to a STA begin within a PSMP-DTT, it can assume that no frame addressed to it will arrive during this PSMP sequence.

The STA shall be awake to receive at the start of the PSMP-DTT determined from a STA_INFO field that has the STA_INFO Type subfield set to 2 and the AID field matching the STA’s AID where the PSMP-DTT Duration subfield is not set to 0.

· Power management in an IBSS

· Introduction(#28)

Subclause  11.2.2 (Power management in an IBSS) specifies the power management mechanism for use within an IBSS.

· Basic approach

The basic approach is similar to the infrastructure case in that the STAs are synchronized, and group addressed(#1359) BUs and those BUs that are to be transmitted to a power-conserving STA are first announced during a period when all STAs are awake. The announcement is done via an (#1138)ATIM sent in an ATIM Window. A STA in the PS mode shall listen for these announcements to determine if it needs to remain in the Awake state. The presence of the ATIM window in the IBSS indicates if the STA may use PS mode(11n). To maintain correct information on the power save state of other STAs in an IBSS, a STA needs to remain awake during the ATIM window. At other times the STA may enter the Doze state except as indicated in the following procedures.(#1130)

· The following para “during which only Beacon or ATIM frames shall be transmitted“ does not allow Null Data during the ATIM window, which conflicts with the resolution of CID 1131

When an BU is to be transmitted to a destination STA that is in a PS mode, the transmitting STA first transmits an ATIM frame during the ATIM Window, in which all the STAs including those operating in a PS mode are awake. The ATIM Window is defined as a specific period of time, defined by the value of the ATIM Window parameter in the IBSS Parameter Set supplied to the MLME-START.request primitive, following a TBTT, during which only Beacon or ATIM frames shall be transmitted. ATIM transmission times are randomized, after a Beacon frame is either transmitted or received by the STA, using the backoff procedure with the CW equal to aCWmin. Directed ATIMs shall be acknowledged. If a STA transmitting a directed ATIM does not receive an acknowledgment, the STA shall execute the backoff procedure for retransmission of the ATIM. Group addressed(#1359) ATIMs shall not be acknowledged.

· 
If a STA receives a directed ATIM frame during the ATIM Window, it shall acknowledge the directed ATIM and stay awake for the entire beacon interval to receive(#1131) the announced BU. If a STA does not receive an ATIM, it may enter the Doze state at the end of the ATIM Window. Transmissions of BUs announced by ATIMs are randomized after the ATIM Window, using the backoff procedure described in Clause 9 (MAC sublayer functional description). 

It is possible that an ATIM may be received from more than one STA, and that a STA that receives an ATIM may receive more than a single BU from the transmitting STA. ATIM frames are only addressed to the destination STA of the BU.

An ATIM for a  BU shall have a destination address identical to that of the BU.

After the ATIM interval, only those individually-addressed BUs that have been successfully announced with an acknowledged ATIM, and group-addressed(#1359) BUs that have been announced with an ATIM, shall be transmitted to STAs in the PS mode. These frames shall be transmitted using the DCF (for non-QoS STAs)(#1502) or EDCAF(#1485) (for QoS STAs)(#1502).

 Figure 11-5 (Power management in an IBSS—basic operation) illustrates the basic PS operation.[image: image2.wmf]Figure 11-5—Power management in an IBSS—basic operation


The estimated power-saving state of another STA may be based on the power management information transmitted by that STA and on additional information available locally, such as a history of failed transmission attempts. The use of RTS/CTS in an IBSS may reduce the number of transmissions to a STA that is in PS mode. If an RTS is sent and a CTS is not received, the transmitting STA may assume that the destination STA is in PS mode. The method of estimating the power management state of other STAs in the IBSS is outside the scope of this standard.

· Initialization of power management within an IBSS

The following procedure shall be used to initialize power management within a new IBSS, or to learn about the power management being used within an existing IBSS.

· A STA joining an existing IBSS by the procedure in  11.1.3.3 (Initializing a BSS)(#1598) shall update its ATIM Window with the value contained in the ATIM Window field of the IBSS Parameter Set element within the Beacon or Probe Response management frame received during the scan procedure.

· A STA creating a new IBSS by the procedure in  11.1.3.3 (Initializing a BSS)(#1598) shall set the value of the ATIM Window field of the IBSS Parameter Set element within the Beacon management frames transmitted to the value of its ATIM Window.

· The start of the ATIM Window shall be the TBTT, defined in  11.1.2.2 (Beacon generation in an IBSS)(#1598). The end of the ATIM Window shall be defined as 

TSF timer MOD dot11BeaconInterval = ATIMWindow, where ATIMWindow is the value of the ATIM Window parameter of the IBSS Parameter Set from the MLME-Start.request or MLME-JOIN.request primitives.

· The ATIM Window period shall be static during the lifetime of the IBSS.

· An ATIM Window value of zero shall indicate that power management is not usable within the IBSS.

· STA power state transitions

· 
A STA may enter PS mode if the value of the ATIM window in use within the IBSS is greater than zero. A STA shall not enter PS mode if the value of the ATIM window in use within the IBSS is equal to zero.(#20) A STA shall set the Power Management subfield in the Frame Control field of data frames(Ed) containing all or part of a BU that it transmits using the rules in 7.1.3.1.6 (Power Management field). 

A STA in PS mode shall transition between Awake and Doze states according to the following rules:

· If a STA is operating in PS mode, it shall enter the Awake state prior to each TBTT.

· If a STA receives a (#1131)group addressed(#1359) ATIM management frame during the ATIM Window, the STA(#1131) shall remain in the Awake state until either the STA receives a group addressed frame from the source STA with the More Data field set to 0 or(#1131) the end of the next ATIM Window, whichever occurs first(#1131).

· If a STA receives at least one directed ATIM management frame containing the STA’s individual address in the RA field during the ATIM Window then the STA shall remain in the Awake state at least until the earlier of the completion of the successful transmission to and reception from the source STA of each received ATIM, a frame with EOSP field set to one, and the end of the next ATIM Window(#1131).

· If a STA transmits at least one directed ATIM management frame containing a STA’s individual address in the RA field during the ATIM Window then the STA shall remain in the Awake state at least until the earlier of the completion of the successful transmission to and reception from the destination STA of each transmitted ATIM, a frame with EOSP field set to one, and the end of the next ATIM Window(#1131).

· If a STA transmits a Beacon(#1131), the STA(#1131) shall remain in the Awake state until the end of the next ATIM Window(#1131).

· If the STA has not transmitted an ATIM and does not receive either a directed ATIM management frame containing the STA’s(#1131) individual address, or a group addressed(#1359) ATIM management frame during the ATIM Window, the STA(#1131) may return to the Doze state following the end of the current ATIM Window.

· ATIM and frame transmission

· 
If power management is in use within an IBSS, all STAs shall buffer individually-addressed BUs for STAs that are known to be in PS mode. BUs may be sent to STAs in Active mode at any valid time.

· Following the reception or transmission of the Beacon frame, during the ATIM Window, the STA shall transmit a directed ATIM management frame to each STA for which it has one or more buffered individually addressed BUs. If the STA has one or more buffered group addressed(#1359) MSDUs, with the Strictly Ordered bit equal to 0(#1627), or has one or more buffered group-addressed MMPDUs, it shall transmit an appropriately addressed group addressed(#1359) ATIM frame.(#1131)

· All STAs shall use the backoff procedure defined in 9.2.5.2 (Backoff procedure for DCF) for transmission of the first ATIM following the Beacon frame. All remaining ATIMs shall be transmitted using the conventional DCF access procedure.

· ATIM management frames shall be transmitted only(#1503) during the ATIM Window.

· A STA shall transmit no frame types other than RTS, CTS, and ACK Control frames, (#1131)Beacon and ATIM management frames and (#2146)(QoS)Null data frames(#1131) during the ATIM Window.

· Directed ATIM management frames shall be acknowledged. If no acknowledgment is received, the ATIM shall be retransmitted using either the DCF (for non-QoS STAs) or the EDCAF (for QoS STAs)(#1502). Group addressed(#1359) ATIM management frames shall not be acknowledged.

· If a STA is unable to transmit an ATIM during the ATIM Window, for example due to contention with other STAs, the STA should(#1504) retain the buffered BUs and attempt to transmit the ATIM during the next ATIM Window.

· Immediately following the ATIM Window, a STA shall begin transmission of any(#1505) buffered group addressed(#1359) frames for which an ATIM was previously transmitted. Following the transmission of any group addressed(#1359) frames, any BUs addressed to STAs for which an acknowledgment for a previously transmitted ATIM frame was received shall be transmitted. All STAs shall use the backoff procedure defined in 9.2.5.2 (Backoff procedure for DCF) for transmission of the first frame following the ATIM Window. All remaining frames shall be transmitted using either the DCF (for non-QoS STAs) or the EDCAF (for QoS STAs)(#1502).

· If a buffered BU is transmitted using fragmentation and the BU has been partially transmitted when the next Beacon frame is sent, the STA shall retain the buffered BU and announce the remaining fragments by transmitting an ATIM during the next ATIM Window.

· If a STA is unable to transmit a buffered BU during the beacon interval in which it was announced, for example due to contention with other STAs, the STA shall retain the buffered BU and announce the BU again by transmitting an ATIM during the next ATIM Window.

· Following the transmission of all buffered BUs, a STA may transmit BUs without announcement to STAs that are known to be in the Awake state for the current beacon interval(#1131). 

· A STA may discard BUs buffered for later transmission to power-saving STAs if the STA determines that the BU has been buffered for an excessive amount of time or if other conditions internal to the STA implementation make it desirable to discard buffered BUs (e.g., buffer starvation). A BU should not(#1506) be discarded that has been buffered for less than dot11BeaconPeriod. The algorithm to manage this buffering is beyond the scope of this standard.

· A STA may transmit individually addressed or group addressed(#1359) Null data frames within the ATIM window to indicate the STA’s intent to change power management modes. The STA may transition into PS mode after acknowledgements have been successfully received for all individually addressed Null data frames or after the STA has transnmitted group addressed(#1359) Null data frames at least dot11BSSBroadcastNullCount times(#1131).

· SM power save(11n)

A STA consumes power on all active receive chains, even though they are not necessarily required for the actual frame exchange. The SM Power Save feature allows a STA to operate with only one active receive chain for a significant portion of time.

The STA controls which receive chains are active through the PHY-RXCONFIG.request primitive specifying a PHYCONFIG_VECTOR parameter ACTIVE_RXCHAIN_SET that indicates which of its receive chains should be active.

In dynamic SM power save mode, a STA enables its multiple receive chains when it receives the start of a frame sequence addressed to it. Such a frame sequence shall start with a single-spatial stream individually addressed frame that requires an immediate response and that is addressed to the STA in dynamic SM power save mode. An RTS/CTS sequence may be used for this purpose. The receiver shall be capable of receiving a PPDU that is sent using an MCS that indicates more than one spatial stream a SIFS after the end of its response frame transmission. The receiver switches to the multiple receive chain mode when it receives the RTS addressed to it and switches back immediately when the frame sequence ends.

NOTE—A STA in dynamic SM power save mode cannot distinguish between an RTS/CTS sequence that precedes a MIMO transmission and any other RTS/CTS and, therefore, always enables its multiple receive chains when it receives an RTS addressed to itself.

The receiver can determine the end of the frame sequence through any of the following:

· It receives an individually addressed frame addressed to another STA.

· It receives a frame with a TA that differs from the TA of the frame that started the TXOP.

· The CS mechanism (see 9.2.0b.2 (CS mechanism(#1606))) indicates that the medium is idle at the TxPIFS slot boundary (defined in 9.2.10 (DCF timing relations)).

A STA in static SM power save mode maintains only a single receive chain active.

An HT STA may use the SM Power Save Action frame to communicate its SM Power Save state. A non-AP HT STA may also use SM Power Save bits in the HT Capabilities element of its Association Request to achieve the same purpose. The latter allows the STA to use only a single receive chain immediately after association. 

A STA that has one or more DLS links shall notify all STAs with which it has a DLS link of any change in SM power save mode before operating in that mode.

Changes to the number of active receive chains are made only after the SM Power Save Mode indication has been successfully delivered (i.e., by acknowledgment of a frame carrying the HT Capabilities element or by acknowledgment of a SM Power Save frame). The SM Power Save Mode indication shall be transmitted using a individually addressed frame.




Abstract


Comment 2216 in LB160 relates to inconsistency in the use of the terms “MSDU, A-MSDU and/or MMPDU”.





This submission proposes one possible solution.





R1: updated following 2010-02-12 telecon.  Corrected two errors as noted in the minutes 11-10/0214r0.


R2: updated following review by Dave Stephenson.  Plus changes to address additional editor’s comments in D3.0  


Comment resolutions from LB160 removed (now not relevant).  Comment 


resolutions to Clause 11.2 comments from LB162 added.











�This cannot be true for the IBSS case.  Any constraints on association state need to be described in the text where the term is used.


�What is the meaning of the TID of an MMPDU?


�This doesn’t introduce anything new,  but does provide guidance on how to interpret “AC of a BU” language nearby when the BU is an MMPDU.


�Note,  ignore the black underlining.  It is an artefact of the frame->word conversion.


�Could it respond with a management frame


�All is wrong,  because it would mean only setting the bit when there's at least one BU for each delivery enabled AC.
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