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Abstract

This proposal presents simplification and enhancements to unscheduled APSD as described in the TGe draft. It builds upon the joint compromise proposal developed by Avaya, Cisco, Motorola, Nokia, SpectraLink, and TI during the IEEE May 2004 Anaheim meeting. The new proposal addresses some of the issues in the original joint compromise proposal by suggesting signaling simplifications and new complementary features.

This proposal resolves following 32 sponsor ballot comments:

Amann/7, Amann/11, Barr/7, Barr/8, Barr/9, Barr/13, Barr/14, Barr/16, Barr/21, Barr/25, Barr/26, Barr/27, Barr/28, Eklund/2, Eklund/3, Eklund/4, Eklund/5, Eklund/6, Eklund/7, Eklund/8, Hansen/10, Hansen/12, Kandala/9, Kandala/22, Benveniste/6, Benveniste/7, Benveniste/8, Benveniste/12, Benveniste/13, Myles/1, Myles/2, Myles/3.
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1 Key Issues with the Current Joint Compromise Proposal

1. The “Max SP Length” carried in every uplink data frame brings too much complexity to AP implementers. In some cases, it increases the AP turnaround time (the interval between downlink Ack and downlink data frame) and results in increased power consumption on the station.

2. It lacks a method to exclude certain AC from being delivered during an unscheduled SP in a predictable fashion. The ability to restrict certain traffic delivery in an unscheduled SP is crucial to completing higher priority, time-critical tasks, such as neighbor AP scanning and handover, in a timely manner. It also helps improving the talk-time of voice stations using unscheduled APSD.

3. Some non-enterprise-grade QAPs may be incapable of supporting the “one trigger for all” mechanism due to hardware limitations (e.g. on-chip memory). 
2 Introduction

The objective of this new proposal is to address the above issues while striving to preserve the general framework of the previous joint compromise proposal. Major changes outlined in this proposal are:

· Simplified signalling to establish per AC U-APSD settings. 

· Max SP Length is per non-AP QSTA rather than allowed to vary dynamically at each SP.

· TSPEC-based signalling is allowed to modify the currently in effect U-APSD settings for each non-AP QSTA.

2.1 Terms and Definitions

Trigger-enabled:  When an AC is trigger-enabled for a non-AP QSTA, uplink QoS data/null frames from the station that map to the AC will trigger an unscheduled SP.

Delivery-enabled: When an AC is delivery-enabled, the QAP may deliver traffic from the AC to a non-AP QSTA in an unscheduled SP triggered by the station.

2.2 Commonalities Between This Proposal and the Joint Compromised Proposal

This proposal preserves the following features or practices of the Joint Compromise Proposal developed by a group of companies during the IEEE May 2004 Anaheim meeting:

1. TIM and More Data bits are lump sum indicators of all traffic buffered for a given STA.
2. Only one unscheduled SP per STA at any given time, during which the QAP may deliver frames from one or more delivery-enabled ACs. 
3. All ACs may be trigger-enabled and delivery-enabled (preserving semantics of the one-trigger-for-all mechanism), and a TSPEC is not required to set up an unscheduled SP.
4. QAP optionally provides “PS Buffer State” in downlink QoS Data frames.
2.3 Differences Between This Proposal and the Joint Compromised Proposal

This proposal differs from the original Joint Compromise Proposal in following aspects:

1. Only uplink QoS Data or QoS Null frame from a trigger-enabled AC may serve as a trigger for an unscheduled SP.

2. Only traffic from delivery-enabled ACs may be delivered during an unscheduled SP.

3. PS-Poll retrieves one frame from an AC that is not delivery-enabled.  In case all ACs are delivery-enabled, QAP delivers one frame from the highest priority AC.

4. The “Max SP Length” is removed from uplink data frames. It is replaced by a static parameter carried in the QoS info subfield of (re) association request frames. 

2.4 Differences Between This Proposal and Power Save in theWME Draft

This proposal differs from WME in the following aspects:

1. Overlapping SPs are not allowed.

2. This proposal does not require per-AC triggers. Instead, traffic from multiple delivery-enabled ACs may be delivered in response to a single trigger frame.

3 Proposed Signaling and Normative Behaviors

3.1 Redefinition of QoS Info Subfield in (Re) Association Request Frames

The current definition of the QoS Info subfield is as follows:

	B0
	B1
	B2
	B3
	B4 – B7

	Q-Ack
	Queue Request
	TXOP Request
	More Data Ack
	EDCA Parameter Setup Count


Observations:

· B0 is currently used by QAP and non-AP QSTA

· B1 and B2 are currently reserved for non-AP QSTA.

· B3 usage is currently possible by a non-AP QSTA but the More Data Ack feature is not applicable to EDCA, and the TGe editor has a comment to remove it even for HCCA. The bit is not used by a QAP.

· B4 thru B7 are not set in (re) association requests frames.

There are 7 bits in the “QoS Info” field that can be used to provide traffic delivery signaling for unscheduled APSD. B4-B7 could be used to carry the signaling specific to U-APSD.  

The “QoS Info” subfield, which may be sent by a non-AP QSTA in (re) association request frames, is therefore redefined as follows:

	B0
	B1 – B3
	B4
	B5
	B6
	B7

	Q-Ack
	 Max SP Length 
	 AC3 U-APSD Flag
	 AC2 U-APSD Flag
	 AC1 U-APSD Flag
	 AC0 U-APSD Flag


ACx (x = 0, 1, 2, 3) U-APSD Flag each is one bit in length and set to 1 to indicate that the corresponding AC is both trigger-enabled and delivery-enabled. It is set to 0 to indicate that the corresponding AC is neither trigger-enabled nor delivery-enabled.

Max SP Length subfield is 3 bits in length and indicates the maximum number of downlink frames the QAP may deliver to a non-AP QSTA during any of the service periods triggered by the non-AP QSTA.

3.2 U-APSD Usage Selection
Non-AP QSTAs select different U-APSD usage options by setting the four U-APSD Flag subfields (bit 4 ~ 7) in the QoS Info subfield to different values at (re) association time. The following table summarizes different U-APSD usage options enabled by various bit combinations:

	U-APSD Flags

(Bit 4 ~ 7)
	Description
	Normative Behaviour

	1111
	Equivalent to “one-trigger-for-all” mechanism in the Joint Compromise Proposal. 
	· All ACs are trigger-enabled and delivery-enabled. 

· Any uplink QoS data/null frame may serve as a trigger. 

· Traffic from all ACs may be delivered during unscheduled SP.

· PS-Poll retrieves one frame from the highest priority AC with traffic pending.

	0001 ~ 1110
	QAP delivers traffic from some ACs using U-APSD, while holding traffic from other AC back until it receives a PS-Poll. 
	· Some ACs are trigger-enabled and delivery-enabled (with corresponding U-APSD Flag set to 1)

· Only uplink QoS data/null frame from trigger-enabled ACs may serve as a trigger.

· Traffic from all delivery-enabled ACs may be delivered during unscheduled SP.

· Some ACs are neither trigger-enabled nor delivery-enabled (with corresponding U-APSD Flag set to 0)

· QoS data/null frames from ACs that are not trigger-enabled cannot serve as triggers.

· Traffic from ACs that are not delivery-enabled cannot be delivered during unscheduled SP. They can only be retrieved by PS-Poll.

· PS-Poll retrieves one frame from any AC that is not delivery-enabled.

	0000
	 U-APSD is disabled when station operates in PS mode.
	· None of the AC are trigger-enabled or delivery-enabled.

· Unscheduled SP doesn’t exist (unless, as detailed in section 3.5, a TSPEC is established that changes some or all ACs to be triggered-enabled and/or delivery-enabled, in which case, the normative behaviour rules when ACs are triggered/delivery enabled would instead apply).

· Buffered traffic can only be retrieved by PS-Poll if the station enters PS mode or be delivered immediately when the stations remains in Active mode

· PS-Poll retrieves one frame from any AC (ideally, from the highest priority AC. However, since IEEE 802.11-1999 does not specify PS-Poll delivery semantics, this mode functionally preserves the legacy PS-Poll behaviour).


3.3 Max SP Length
The Max SP Length applies to all unscheduled SPs started by a particular non-AP QSTA. Values in the Max SP Length subfield shall be set as follows by a non-AP QSTA: 


Max SP Length = 000

Unspecified (permitted only whan B4 thru B7 are all set to 0)


Max SP Length = 001 ~ 110
Maximum of 1 ~ 6 frames per SP


Max SP Length = 111

QAP may release all buffered frames

3.4 Signaling to Leave U-APSD Disabled

If a non-AP QSTA does not wish to enable U-APSD triggering and delivery mechanisms during (re) association, it shall set bit 1 thru bit 7 to zero in the QoS Info subfield of (re) association request frames.

3.5 Means for QAP to Reject U-APSD Usage Selection

QAP may reject (re) association requests, which carry non-zero Max SP Length or non-zero U-APSD flag in the QoS Info field, by including following Status Code in (re) association responses.

	Status code
	Meaning

	44
	Cannot support the U-APSD usage selection made in the QoS Info field


3.6 TSPEC-based Signaling

As described in previous sections, U-APSD delivery and triggering options may be configured without a TSPEC during (re) association.  However, a non-AP QSTA may use a TSPEC to modify the currently in effect U-APSD settings and/or to provide more granularity (i.e. independent trigger and delivery configuration for a single AC).

U-APSD signalling carried in TSPEC takes precedence over the static U-APSD settings carried in (re) association request frames. In other words, TSPEC overwrites any previous U-APSD setting of an AC.

The following table summarizes different U-APSD modes for an AC that can be set by different values of the U-APSD bit in uplink and downlink TSPECs:

	U-APSD bit in downlink TSPEC
	U-APSD bit in uplink TSPEC
	Description

	0
	0
	U-APSD disabled. In this mode, the QAP does not start an unscheduled SP in response to QoS data/null trigger frame associated with this AC nor does it deliver traffic from this AC during unscheduled SPs.  This mode may also be set via the U-APSD Flag bits in the QoS Info field of the (re) association request

	0
	1
	Trigger-enabled. In this mode, the QAP starts an unscheduled SP in response to any uplink QoS data/null trigger frame from the AC or other trigger-enabled ACs, but does not deliver traffic from this AC in unscheduled SPs.  This mode may only be set using TSPEC signaling.

	1
	0
	Delivery-enabled. In this mode, the QAP may deliver downlink traffic from this AC in an unscheduled SP, but does not start an unscheduled SP in response to an uplink QoS data/null trigger frame associated with the AC. This mode may only be set using TSPEC signaling.

	1
	1
	Trigger-enabled and Delivery-enabled. In this mode, the QAP starts an unscheduled SP in response to any uplink QoS data/null trigger frame from the AC or other trigger-enabled ACs. QAP may deliver downlink traffic from this AC in an unscheduled SP.  This mode may also be set via the U-APSD Flag bits in the QoS Info field of the (re) association request.


A bidirectional TSPEC is equivalent to one uplink and one downlink TSPEC with respective U-APSD bits set to the same value (both 0 or both 1).

3.7 Major Benefits of This Proposal
3.7.1 Benefits of TSPEC-based U-APSD Signaling

TSPEC-based signaling provides more flexibility to stations by enabling U-APSD configuration for any direction (uplink or downlink) of a particular AC. For instance, a downlink TSPEC can turn on U-APSD delivery for an AC without also modifying the triggering behavior selected for the AC at (re) association, allowing the delivery behavior for traffic in an AC to be configured differently than triggering behavior for the same AC.  This is in contrast to signaling carried in the (re) association request, in which U-APSD must be configured for both directions of an AC.

TSPECs are also useful for BW reservation purposes and so make sense for applications that need them to be able to use them for both purposes.

3.7.2 Benefits of Per-station Max SP Length

AP vendors may use the “pre-queuing” technique to reduce U-APSD AP turnaround time. In practice, the QAP would pre-fetch a number of MPDUs, with the last one carrying the EOSP flag, before each SP starts. QAP implementation of pre-queuing would be much simplier with static, per-station “Max SP Length” than using dynamic, per-SP “Max SP Length” as described in the previous joint compromise proposal.
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