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Abstract

This document contains text for incorporation in the Tge draft.  The changes allow the HC to limit what priorities a WSTA responds with when responding to a poll.  This allows simple scheduling disciplines such as “strict priority” to be implemented which would be implicity prohibited by the current draft.  Text is also provided to explain how the capability may be turned off, and how a reduced complexity WSTA can easily accommodate the change.  All changes are presented as modifications to Draft 3.3 (P802_11E-D3_2_2.doc).

Editing Instructions:  Incorporate the changes indicated below into the TGe draft.  Adustments to clause numbers and other editorial changes should be made if the changes in this documents conflict with other changes adopted into the draft by TGe.

7.1.3.5 QoS Control field

The QoS Control field is 16-bit field that identifies the TC or TS to which the frame belongs and various other QoS-related information about the frame that varies by frame type and subtype. Each QoS Control field comprises 5 subfields, as defined for the particular sender (HC or WSTA) 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

	Bits 0-3
	Bit 4
	Bits 5-6
	Bit 7
	Bits 8-15
	Usage

	TID
	Reserved
	Ack Policy
	Reserved
	
Bit 8

Strict Priority
	Bits 9-12

PTID
	Bits 13-15

Reserved
	QoS data type frames that include CF-Poll sent by the HC

	TID
	Reserved
	Ack Policy
	Reserved
	Reserved
	QoS data type frames without CF-Poll sent by the HC

	TID
	Reserved
	Ack Policy
	Reserved
	Queue size in units of  256 octets
	QoS data (non-null) frames sent by WSTAs

	TID
	0
	Ack Policy
	Reserved
	TXOP duration requested in units of 32 microseconds
	QoS null frames sent by WSTAs

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




7.1.3.5.3 Strict Priority Field
The Strict Priority field is one bit in length.  It is set to 1 when the priority value indicated by the PTID field is to be strictly obeyed, and only the user priority or TSID indicated is allowed in response to a poll.  It is set to 0 if any priority equal or greater than that indicated by the PTID field is permited.
7.1.3.5.4 PTID Field

The Polled TID (PTID) field is 4 bits in length.  Its format is the same as for the TID field, and it indicates the TID associated with the current poll.
7.1.3.5.5 Queue size field

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

7.1.3.5.6 TXOP duration requested field

The TXOP duration requested field is an 8-bit field that indicates the duration, in units of 32 microseconds, which the sending station desires for its next TXOP. The range of time values is 32 to 8160 microseconds. The TXOP duration requested field is present in QoS null frames sent by WSTAs associated a QBSS with bit 4 of the QoS control field set to 0. A value of zero in the TXOP duration requested field indicates that no TXOP is requested.

TXOP duration requested values are not cumulative.  A TXOP duration requested for a particular TID supercedes any prior TXOP duration requested for that TID.  A value of zero indicates that no TXOP is required for that TID.  This may be used to cancel a pending unsatisfied TXOP request when its MSDU is no longer queued for transmission.

9.10.2.1.2 Recovery from the absence of an expected reception

QSTAs, including the HC, are required to respond within any frame exchange sequence after a SIFS period. If the beginning of reception of an expected response, as detected by the occurrence of PHY-CCA.indication(busy) at the QSTA which is expecting the response, does not occur during the first slot time following SIFS, that QSTA may initiate recovery by transmitting after PIFS from the end of the last transmission.  This recovery after PIFS is only permitted by the QSTA expecting the response. This QSTA is the HC in the case of a QoS (+)CF-Poll frame, and is the TXOP holder in the case of a QoS data type frame transmitted during a CFB.

If a bad frame, as detected by an FCS error after occurrence of PHY-RXSTART.indicate followed by PHY-RXEND.indicate(no error) is received at a QSTA that expects a response to its transmission, the QSTA may initiate recovery by transmitting a frame after SIFS from the end of that reception. 35
WSTAs that receive a QoS (+)CF-Poll shall respond within a SIFS period. If the polled WSTA has no queued traffic to send, the MPDUs available to send are all too long to transmit within the specified TXOP limit, or the WSTA has been polled for a user priority or TSID that is unavailable for transmission, the WSTA shall send a QoS Null frame. In the case of no queued traffic, this QoS Null shall have a QoS control field that reports a queue size of 0 for any TID. In the case of insufficient TXOP size or wrong user priority or TSID, this QoS Null shall have a QoS control field that contains the TID and TXOP duration needed to send the highest priority MPDU that is ready for transmission.

If PHY-CCA.indication(busy) occurs during the slot following SIFS, followed by PHY-RXSTART.indication or PHY-RXEND.indication prior to PHY-CCA.indication(idle) then an HC may assume that a QoS (+)CF-Poll frame was successfully received by the QSTA.

9.10.2.2 TXOP structure and timing

Under HCF the basic unit of allocation of the right to transmit onto the WM is the TXOP. Each TXOP is defined by an implicit starting time (relative to the end of a preceding frame) and a defined maximum length. The TXOP may be obtained by a WSTA receiving a QoS (+)CF-Poll during the CP or CFP, or by a QSTA winning an instance of EDCF contention  during the CP. In the case of the former case (a “polled” TXOP), the entire TXOP is protected by the NAV set by the duration of the frame that contained the QoS (+)CF-Poll function, as shown in Figure 62.1.

The TXOP duration for any QoS data type frame of a subclass that includes CF-Poll can be inferred from the value of the frame’s duration field. For TXOPs resulting from EDCF contention the TXOP limit value from the QoS Parameter Set element in the most recent Beacon frame shall be used. Within a polled TXOP a QSTA may initiate the transmission of one or more frame exchange sequences, with all such sequences nominally separated by a SIFS interval. The QSTA shall not initiate transmission of a frame unless the transmission, and any acknowledgement or other immediate response expected from the peer MAC entity, are able to complete prior to the end of the remaining TXOP duration.

A TXOP or transmission within a TXOP shall not extend across TBTT, dot11CFPMaxDuration (if during CFP), dot11MaxDwellTime (if using an FH PHY) or dot11CAPLimit. The HC shall ensure that the full duration of any granted TXOP meets these constraints. WSTAs may use the time prior to the TXOP duration of a polled TXOP without checking for these constraints. However, a QSTA shall enforce the TBTT and dot11MaxDwellTime constraints during contention-based (EDCF) TXOPs. Subject to these limitations, all decisions regarding what MSDUs and/or MMPDUs are transmitted during any given TXOP are made by the QSTA which holds the TXOP. 36 37
36 In certain regulatory domains, channel sensing should be done at periodic intervals (for example, in Japan, this period is 4 ms). This means that the duration of a TXOP in these regulatory domains should not be more than this periodic interval. If longer durations are desired then the TXOP holder needs to sense the channel at least once in dot11MediumOccupancyLimit TU by waiting for at least for the duration of one PIFS during which it will sense the channel. If it does not detect any energy, it may continue by sending the next frame. This means that the total TXOP size assigned should include an extra time allocated (i.e., n x aSlotTime, where n is the number of times the QSTA needs to sense the channel and is given by floor(TXOP duration/aMediumOccupancyLimit) for the channel sensing.
37 The TID value in the QoS Control field of a QoS (+)CF-Poll frame pertains only to the MSDU or fragment thereof in the Frame Body field of that frame. This TID value does not pertain to the TXOP limit value, and does not place any constraints on what frame(s) the addressed QSTA may send in the granted TXOP.





Figure 62.1 – TXOP

9.10.2.2.1
NAV operation during a CAP

The Duration/ID field in any QoS data frame of a subtype that includes CF-Poll shall contain a value that exceeds the TXOP duration by one aSlotTime period.  The Duration/ID in any QoS data type frame sent within a polled TXOP shall be set to the number of microseconds remaining until the specified end of the TXOP. 

When a QSTA updates its NAV setting using the duration value from a QoS (+)CF-Poll containing the BSSID of this QBSS, that QSTA shall also save the TXOP holder address, which is the MAC address from the Address1 field of the frame containing the QoS (+)CF-Poll. If an RTS, management type, data type or QoS data type frame is received with a MAC address in the SA field (TA field in the case of RTS) which matches this saved TXOP holder address, the QSTA shall send the appropriate response after SIFS, without regard for, and without resetting, its NAV. The saved TXOP holder address shall be cleared whenever the NAV is reset or when the NAV counts down to 0. A WSTA that receives a CF-End frame containing the BSSID of this QBSS shall reset its NAV. A WSTA that receives a QoS CF-Poll with a MAC address in the Address1 which matches the HC's MAC address and a Duration/ID value equal to zero shall clear its NAV.

Within a polled TXOP, if there will be time left in the TXOP after the transmission of the final frame and its expected ACK response, then the recipient of this final frame shall be the HC. If there are no frames to be sent to the HC, then the WSTA shall send to the HC a QoS Null with queue size subfield in QoS Control set to 0.

If the beginning of the reception of an expected ACK response does not occur, detected as the non-occurrence of PHY-CCA.indication(busy) at the WSTA which is expecting the response during the first slot time following SIFS, the WSTA shall retransmit the frame or transmit a QoS Null frame, with the Ack policy set to Normal acknowledgement and the queue size field set to 0, after PIFS from the end of last transmission, until such time that it receives an acknowledgement or when there is not enough time remaining in the TXOP for sending such a frame. This is to avoid the situation where the HC may not receive the frame and may result in an inefficient use of the channel. If the HC does not have any more QSTAs to be polled, it shall send a QoS CF-Poll with the RA matching its own MAC address and with the Duration/ID set to zero. If a PHY-CCA.indication(busy) occurs at the WSTA which is expecting the ACK response during the first slot following  SIFS after the end of the transmission of the final frame, it shall be interpreted as indicating that the channel control has been successfully transferred and no further action is necessary, even though the ACK from HC may by incorrectly received.

When a QSTA receives a frame that requires an acknowledgement, addressed to itself, it shall respond with an ACK or QoS (+)ACK independent of its NAV. A WSTA shall accept a polled TXOP by initiating a frame exchange sequence independent of its NAV. 

9.10.2.3
HCF controlled channel access transfer rules

A TXOP obtained by receiving a QoS (+)CF-Poll uses the TXOP duration, resulting in a CFB that consists of one or more frame exchange sequences with the sole time-related restriction being that the final sequence shall end not later than the TXOP duration. MSDUs may be fragmented in order to fit within TXOPs.  The Strict Priority and PTID fields shall be used to qualify allowed transmissions in a polled TXOP.  When Strict Priority is set to zero, PTID shall be set by the HC to a user priority.  Only frames (aside from a null or management frame) having a user priority equal or greater than the user priority contained in PTID may be transmitted in response to the poll.  If Strict Priority is set to one, only frames with the user priority or TSID indicated in PTID (aside from null or management frames) shall be transmitted.  When the Strict Priority field is set to zero, and PTID is set to a user priority of zero, all traffic is allowed to be tranmitted in response to a QoS Poll.
QSTAs shall use QoS data type frames for all MPDU transfers to/from an HC, and should use QoS data type frames for direct WSTA-to-WSTA transfers. The TID field in the QoS control fields of these frames shall indicate the TC or TS to which the MPDU belongs, and the queue size field shall indicate the amount of queued traffic present in the output queue that the QSTA uses for traffic belonging to this TC or TS.  The queue size value reflects the amount on the appropriate queue not including the present MPDU.  A WSTA should acknowledge the receipt of a QoS data type frame received from the HC, subject to normal Ack policy, using a QoS CF-Ack in cases where that WSTA has new or changed bandwidth requirements, and wants to send the TID and TXOP duration request along the required acknowledgement (also see 9.10.2.3.1).

QSTAs shall be able to transmit and receive QoS CF-Ack frames.  QSTAs are not required to be able to transmit QoS data type frames with subtypes that include +CF-Ack.  QSTAs shall be able to handle received QoS data type frames with subtypes that include +CF-Ack when the QSTA to which the acknowledgement is directed is the same as the QSTA addressed by the Address1 field of that QoS data type frame.  QSTAs are not required to handle received QoS data type frames in which the +CF-Ack function pertains to a different QSTA than is addressed by the Address1 field of that QoS data type frame.  The net effect of these restrictions on the use of QoS +CF-Ack is that the principal QoS +CF-Ack subtype that is useful is the QoS Data+CF-Ack, which can be sent by a WSTA as the first frame in a polled TXOP when that TXOP was conveyed in a QoS Data+CF-Poll(+CF-Ack) and the outgoing frame is directed to the HC's QSTA address.  QoS (Data+)CF-Poll+CF-Ack frames are only useful if the HC wants to grant another TXOP to the same WSTA a SIFS after receiving the final transmission of that WSTA's previous TXOP.

The HC assumes that all QSTA transfers using non-QoS frames are best effort traffic.

HCF contention-based channel access shall not be used to transmit MSDUs belonging to traffic streams for which the traffic specification as furnished to/by the HC has a specified minimum data rate and a specified delay bound, except as may be necessary to obtain the first polled TXOP from the HC for a newly added or modified traffic stream.

9.10.2.3.2
Use of RTS/CTS

QSTAs may send an RTS as the first frame of any frame exchange sequence for which improved NAV protection is desired, during either the CP or CFP, and without regard for dot11RTSThreshold. For an RTS frame sent at the beginning of a non-final frame exchange within a polled TXOP, as well as for an RTS frame sent by the HC at the beginning of a frame exchange which grants a TXOP, the Duration/ID field shall be set to the number of microseconds remaining until the end of the specified TXOP.

For an RTS frame sent at the beginning of the sole or final frame exchange within a polled TXOP, including the case of a polled TXOP with a TXOP durationvalue of 0, as well as for an RTS frame sent by the HC at the beginning of a frame exchange which does not grant a TXOP, the Duration/ID field shall be set to the time, in microseconds, required to transmit the data or management type frame of the pending frame exchange, plus one CTS time, plus one ACK time, plus three SIFS intervals, plus one DIFS interval. If the calculated duration includes a fractional microsecond, that value is rounded up to the next higher integer.

The HC and TXOP holder after transmitting RTS may recover from the failure of the successful CTS reception by transmitting a frame after PIFS following the end of the RTS transmission if the PHY‑CCA.indication(busy) does not occur, or after SIFS following the end of the last frame reception if the frame after the RTS transmission is received incorrectly, as determined by an FCS error, after occurrence of PHY-RXSTART.indication and PHY-RXEND.indication(no error).

If NAV protection is desired for a transmission to the HC in response to a QoS data frame with a subtype that includes CF-Poll, the WSTA is allowed to send a CTS frame with RA containing its own MAC address in order to set the NAV in its own vicinity without the extra time to send an RTS (which is unnecessary because the NAVs in vicinity of the HC were set by the QoS (+)CF-Poll frame). For a CTS frame sent to the WSTA's own MAC address at the start of a polled TXOP, the Duration/ID field shall be set to the number of microseconds until the end of the TXOP. 38
9.10.2.4 Schedule Management by the HC 

When the HC provides controlled channel access to WSTAs, it is responsible to grant or deny polling service based on the admitted TSPEC. If the TSPEC is admitted, the HC is responsible for scheduling channel access to this TSPEC based on the negotiated TSPEC parameters. The polling service based on admitted TSPECs provides a “guaranteed channel access” from the scheduler in order to have its QoS requirements met. This is an achievable goal when the wireless medium operates free of external interference. The nature of wireless communications may preclude absolute guarantees to satisfy QoS requirements. However, in a controlled environment (e.g. no interference), the behavior of the scheduler can be observed and verified to be compliant to meet the service schedule.

The normative behavior of the scheduler is summarized as follows.

· The scheduler shall be implemented such that, under controlled operating conditions, all stations with admitted TS are offered TXOPs that satisfy the service schedule. 

· Specifically, if a TSPEC is admitted by the HC, then the scheduler shall send polls anywhere between the minimum Inter TXOP interval and the maximum Inter TXOP interval within the specification interval. Additionally, the Minimum TXOP duration shall be at least the time to transmit one maximum size MSDU successfully at the minimum PHY rate specified in the TSPEC. The vendors are free to implement any optimized algorithms, such as reducing the polling overheads, increasing the TXOP duration etc, within the parameters of the transmitted schedule.

The HC provides admitted TSPECs for each WSTA a Service Schedule.  To simplify scheduling and stream management WSTA may aggregate multiple streams within a single TSPEC when requesting resources from the HC.  When doing so the WSTA should use the lowest user priority of the streams aggreaged as the user priority for the TSPEC.  The Service Schedule is communicated to the WSTA in a Schedule element contained in an AddTS QoS Action response message.  The HC can update the Service Schedule at any time by sending a Schedule element in a Schedule QoS Action request frame.  The WSTA shall send a Schedule QoS Action response frame to acknowledge a Service Schedule received in a Schedule QoS Action request frame.  The updated schedule is in effect when the HC receives the Schedule QoS Action response frame.

A WSTA cannot directly reject a Service Schedule.  A WSTA can affect the Service Schedule by modifying or deleting its corresponding TSPEC.  A WSTA may have multiple service schedules in effect (for multiple TSPECs).  An HC may chose to organize service schedules so that the service periods abut so as to ease a WSTAs power saving requirements.

If a WSTA is operating in an active mode, then the Minimum Service Interval specifies the minimum interval between successful QoS (+)CF-Polls sent by the HC for a given TSPEC.  If a WSTA is operating in power-save mode, then the Minimum Service Interval specifies the minimum interval between the start of successive scheduled service periods for a TSPEC, where a “service period” is defined as follows.  A service period consists of a set of one or more downlink frames and/or one or more polled TXOPs.  A service period starts with the first successful data or QoS (+)CF-Poll transmission by the HC.  A service period ends a) after a downlink frame, which does not include a piggybacked poll, is transmitted, by the HC, with the More flag cleared or b) at the end of a polled TXOP.  A WSTA shall be in active mode before the start of a service period.

An exemplary usage of the TSPEC for admission control is described in Annex H.
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