May 2004

doc:  IEEE 802.11-04-0484-01-000e


IEEE 802.11e
Wireless LANs

Normative and Informative Text for Including a Queue Status Subfield in Downlink QoS Data Frames

Date: May 4, 2004

Author:
Steve Emeott

Motorola Labs

Email: Steve.Emeott@motorola.com
Stephen Wang 

Motorola GTSS 

Email:  Stephen.Wang@motorola.com
Floyd Simpson

Motorola GTSS

Email:  Floyd.Simpson@motorola.com
Ye Chen

Motorola Labs

Email:  yechen@labs.mot.com
Abstract

This submission contains normative text for the 802.11 TGe draft regarding suggested changes that enables QAP to provide buffer status and size information to non-AP QSTAs by including a QAP Queue Size Subfield in downlink QoS Data, QoS Null, QoS CF-ACK, and QoS Data+CF-ACK frames.

Replace the reserved field associated with Bits 8-15 of Table 3.1 with a Queue Status field:

7.1.3.5 QoS Control field

The QoS Control field is a 16-bit field that identifies the AC or TS to which the frame belongs and various other QoS-related information about the frame that varies by frame type and subtype. The QoS Control field is present in all frames of type Data in which the QoS subfield is set to one (see 7.1.3.1.2). Each QoS Control field comprises 5 subfields, as defined for the particular sender (HC or non-AP QSTA) and frame type and subtype.  The usage of these subfields and the various possible layouts of the QoS Control field are described below and illustrated in Table 3.1.

Table 3.1 – QoS Control field

	Applicable Frame 

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

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

	QoS Data, QoS Null, QoS CF-Ack and QoS Data+CF-Ack frames sent by HC
	TID
	EOSP
	Ack Policy
	Reserved
	Reserved QAP Queue Size

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

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


Insert after 7.1.3.5.4 the following subclauses 7.1.3.5.5, and renumber subsequent 7.1.3.5.x subclauses as necessary:

7.1.3.5.5 QAP Queue Size

The QAP Queue Size field is an 8-bit field that indicates the amount of buffered traffic at the QAP for a particular AC or TS.  The QAP Queue Size field is present in data frames of subtype QoS sent by QAPs, and is shown in Figure x.
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Figure x– QAP Queue Size Field

The Queue Size TID subfield identifies the AC or TS for which the QAP is providing a queue size for a given non-AP QSTA.  This subfield may be set to any valid TID value.   

The Queue Size subfield is a 4-bit field that indicates the amount of buffered traffic for a non-AP QSTA at the QAP and associated with a AC or TS specified by the Queue Size TID subfield of the QAP Queue Size field of the frame. The Queue Size value is the total size, rounded up to the nearest multiple of 4096 octets and expressed in units of 4096 octets, of all MSDUs buffered at the QAP for a non-AP QSTA (excluding the MSDU of the present QoS data frame if the Queue Size TID subfield and the TID field in the QoS Control fields have the same value) in the delivery queue used for MSDUs with TID values equal to the value in the Queue Size TID subfield. A Queue Size value of 0 is used solely to indicate the absence of any buffered traffic in the queue used for the specified TID. A Queue Size value of 14 is used for all sizes greater than 53248 octets. A Queue Size value of 15 is used to indicate an unspecified or unknown size. If a QoS data type frame is fragmented, the Queue Size value may remain constant in all fragments even if the amount of queued traffic changes as successive fragments are transmitted.

The following text provides background information and informative text related to the proposed change, and is not part of the normative text change requested.  A few examples of how the proposed signalling method might be used by a QAP to transmit buffer status information to a non-AP QSTA are provided below.  The examples are provided for informational purposes and should in no way constrain implementation.  

The proposed change to the QoS Control field introduces a new general purpose signaling capability into the specification.  This mechanism provides a simple and flexible means for a QAP to indicate the amount of traffic it has buffered for a non-AP QSTA while transmitting frames to the station.

The proposed signaling method uses the previously reserved bits in positions 8 through 15 of the QoS control field to carry a second TID value, unique to the QAP Queue Size field, and a Queue Size value to indicate the amount of buffered information for the AC or traffic stream associated with this TID.  This mechanism provides similar information to the queue size subfield in bits 8 through 15 of the QoS Control field of frames transmitted by non-AP QSTA.  However, because a Queue Size TID is included in the QAP Queue Size field, the QAP transmit a frame associated with a first AC or traffic stream while at the same time providing queue size information associated with a second AC or traffic stream.

Some of the salient features of the proposed mechanism include:

1. The proposed mechanism may be used to communicate the number of additional octets the QAP has queued up in its buffers for a non-AP QSTA in Active mode.  Such a mechanism might be used, for example, by a non-AP QSTA to identify a good opportunity to transition from active mode into power save mode, such as after the AP has delivered all pending frames associated with a particular station. Another potential application would be to allow the non-AP QSTA to optimize flow control and resource reservations for variable rate adaptive applications.

2. The proposed mechanism may be used to communicate the number of octets stored in power save buffers for a non-AP QSTA in power save mode in the frame that the QAP transmits in response to a PS-Poll.  Such a mechanism would be useful in identifying situations where the QAP has a significant number of frames buffered, allowing the non-AP QSTA to transition to active mode without further polling.

3. Alternatively, the proposed mechanism may be used to communicate the number of octets stored in power save buffers for a non-AP QSTA in power save mode while the QAP is delivering frames to this station via automatic power save delivery.  For example, the QAP may transmit the queue size of the buffer associated with the TID of the delivered frames (or any other TID) when the EOSP bit of the frames equals 0, and then transmit the queue size of an AC or traffic stream with additional buffered traffic when delivering a frame with its EOSP bit set to 1.  Such a mechanism might be used by a non-AP QSTA to identify situations where a second trigger frame may be required to initiate unscheduled delivery from a second AC.

4. The proposed mechanism is self-contained and does not require the QAP to signal additional supporting information in any other subfield.  One of the potential issues with automatic power save delivery has been the lack of an efficient means to signal to a non-AP QSTA how much buffered information is being held by the QAP.  Attempts have been made to communicate this information via the More Data bit.  However, a single bit is insufficient to convey the information needed to drive intelligent triggering algorithms, and attempts to link the More Data bit with other fields have resulted in a specification that is unsatisfactory.  The proposed mechanism provides 4 bits to signal the TID of the buffer being monitored by the QAP and another 4 bits to communicate the status of the buffer, which allows the Queue Status information to be transmitted in a single field and in a manner that is completely decoupled with the More Data bit.

5. The proposed mechanism can accommodate QAP with different capabilities.  Any QAP that does not support the features required to track the number of buffered frames for AC or traffic streams not associated with the TID of a transmitted frame may either 1) report on the queue size of the buffer associated with the TID of the transmitted frame, or 2) may transmit a Queue Size value of 15 along with any valid TID to indicate that the QAP has no queue size information to report.  Any QAP supporting these features only needs to piggy back the required TID and queue size information onto any transmitted frame.

In summary, the proposed mechanism provides a simple and flexible means for a QAP to signal amount of data it has buffered for a non-AP QSTA, independent of the power save mode of the station.  The proposed mechanism stands on its own, and does not require the QAP to signal additional supporting information in other subfields.  Therefore, the behavior of the More Data subfield can revert back to the original behavior specified in the 802.11-1999 specification, greatly simplifying the current draft specification. 
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