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Abstract

Enclosed below is an updated draft of sections 7.3.2.14, 9.2.3.4 and 9.2.4 incorporating changes to enable dynamic update of the QoS parameter set.

7.3.2.14
QoS Parameter Set element

The QoS Parameter Set element provides information needed by QSTAs for proper operation of the QoS facility during the contention period. This information includes the CP TXOP limit, the QoS parameter set count, the contention window values, and AIFS values for HCF contention-based channel access.  The format of the QoS Parameter Set element is shown in Figure 42.6.

The QoS Parameter Set element shall be transmitted by an QAP in Beacon Frames and Probe Response Frames although its use is not necessarily limited to those frames.  The QoS Parameter Set element is used by the QAP to establish policy (by changing default MIB values), to change policies when accepting new stations or new traffic, or to adapt to changes in offered load. The most recent QoS parameter set element received by a QSTA is used to update the appropriate MIB values. 
	Element ID
(12)
	Length
(19)
	QoS Parameter set Count
(1 octet)
	CP
TXOP Limit
(2 octets)
	CWmin[UP] values
CWmin[0] ... CWmin[7]
(8 octets)
	AIFS[UP] values
AIFS[0]…AIFS[7]
(8 octets)


Figure 42.6 – QoS Parameter Set element format

The QoS Parameter set Count is a 1-octet field that is initialized to zero and incremented by one each time the parameter set changes. This field can be used by QSTAs to determine whether the QoS parameter set has changed and requires updating the appropriate MIB values.

The CP TXOP limit is a 2-octet field that specifies the time limit on TXOPs that are not granted by QoS (+)CF-Polls.  All non-polled WSTA TXOPs during the CP last no longer than the number of 16-microsecond periods specified by the CP TXOP limit value.  A CP TXOP limit value of 0 indicates that each non-polled TXOP during the CP can be used to transmit a single MPDU at any rate in the operational rate set of the QBSS.

The CWmin[UP] values field contains 8 octets which specify 8 contention window values, for  user priorities 0 through 7, respectively.  Each contention window value is 1 octet in length and contains an unsigned integer.   A QSTA must update the dot11CWmin[UP] MIB values according to the CWmin[UP] values in the most recent QoS parameter set element received by the QSTA from the QAP of a QBSS. A QSTA must effectively use the updated dot11CWmin[UP] MIB values for all transmissions following the reception of the updated QoS parametr set element.  
The AIFS[UP] values field contains 8 octets which specify 8 AIFS values, for user priorities 0 through 7, respectively.  Each AIFS value is 1 octet in length and contains an unsigned integer. A QSTA must update the dot11AIFS[UP] MIB values according to the AIFS[UP] values in the most recent QoS parameter set element received by the QSTA from the QAP of a QBSS. A QSTA must effectively use the updated dot11AIFS[UP] MIB values for all transmissions following the reception of the updated QoS parametr set element.  
9.2.3.4
Arbitration IFS (AIFS)

The Arbitration Interframe Space shall be used by QSTAs to transmit Data type frames (MPDUs) and Management type frames (MMPDUs).  A QSTA using the EDCF shall obtain a TXOP for AC[i] if the QSTA's carrier sense mechanism (see 9.2.1) determines that the medium is idle at the TxAIFS[UP] slot boundary (see 9.2.10), where UP is the lowest user priority assigned to AC[i], after a correctly-received frame, and the backoff time for AC[i] has expired. A QSTA using the EDCF shall not transmit within an EIFS after that QSTA determines that the medium is idle following reception of a frame for which the PHYRXEND.indication primitive reported an error or a frame for which the MAC FCS value (after correction, using MAC-level FEC, if applicable) was not correct, unless subsequent reception of an error-free frame resynchronizes the station, allowing it to transmit using the TxAIFS[UP] following that subsequent frame.  The time periods for each TxAIFS[UP] are obtained from the dot11AIFS[UP] attributes in the MAC MIB.  QSTAs update their dot11AIFS[UP] values using information in the most recent QoS Parameter Set element of Beacons received from the QAP of the QBSS (see 7.3.2.14).

9.2.4
Random Backoff Time

Change the text of 9.2.4 as follows:

A STA desiring to initiate transfer of Data MPDUs and/or management MMPDUs shall invoke the carrier sense mechanism (see 9.2.1) to determine the busy/idle state of the medium. If the medium is busy, the STA shall defer until the medium is determined to be idle without interruption for a period of time equal to DIFS when the last frame detected on the medium was received correctly, or after the medium is determined to be idle without interruption for a period of time equal to EIFS when the last frame detected on the medium was not received correctly. After this DIFS or EIFS medium idle time, the STA shall then generate a random backoff period for an additional deferral time before transmitting, unless the backoff timer already contains a non-zero value, in which case the selection of a random number is not needed and not performed. This process minimizes collisions during contention between multiple STAs that have been deferring to the same event.

Backoff Time = Random() x aSlotTime

where


Random() = Pseudorandom integer drawn from a uniform distribution over the interval [0,CW], where CW is an integer within the range of values of the PHY characteristics aCWmin and aCWmax, aCWmin <= CW <= aCWmax.  It is important that designers recognize the need for statistical independence among the random number streams among stations.

aSlotTime = The value of the correspondingly named PHY characteristic.

A QSTA desiring to initiate a transfer using the EDCF uses a similar random backoff time mechanism, except that the QSTA calculates and maintains a backoff time and contention window for each AC[i] when there are Data MPDUs and/or management MMPDUs to be transmitted for that AC. Prior to each transmission when the medium is busy, the QSTA shall defer until the medium is determined to be idle without interruption for a period of time equal to AIFS[UP], where UP is the lowest user priority assigned to AC[i], when the last frame detected on the medium was received correctly, or for a period of time equal to EIFS when the last frame detected on the medium was not received correctly. The backoff calculation uses the DCF method, but draws from different intervals and replicates the contention window state for each AC[i] as follows:

Backoff Time[i] = Random(i) x aSlotTime

where 


Random(i) = Pseudo random integer drawn from a uniform distribution over the interval [1,CW[i]+1], where CW[i] is an integer within the range of values of the MIB attributes dot11CWmin[UP] and dot11CWmax[UP], dot11CWmin[UP] <= CW[i] <= dot11CWmax[UP], where UP is the lowest user priority assigned to AC[i].  It is important that designers recognize the need for statistical independence among the random number streams among stations and among ACs within stations.

aSlotTime = The value of the correspondingly named PHY characteristic.

The Contention Window (CW) parameter shall take an initial value of aCWmin. Every STA shall maintain a STA Short Retry Count (SSRC) as well as a STA Long Retry Count (SLRC), both of which shall take an initial value of zero. The SSRC shall be incremented whenever any Short Retry Count associated with any MSDU is incremented. The SLRC shall be incremented whenever any Long Retry Count associated with any MSDU is incremented. The CW shall take the next value in the series every time an unsuccessful attempt to transmit an MPDU causes either STA Retry Counter to increment, until the CW reaches the value of aCWmax. A retry is defined as the entire sequence of frames sent, separated by SIFS intervals, in an attempt to deliver an MPDU, as described in 9.7. Once it reaches aCWmax the CW shall remain at the value of aCWmax until it is reset. This improves the stability of the access protocol under high load conditions. See Figure 50.

QSTAs shall maintain a Contention Window plus Short and Long Retry Counts for each AC[i]: CW[i], QSRC[i] and QLRC[i].  The retry procedure for each AC  shall be the same as for DCF, substituting CW[i], QSRC[i] and QLRC[i] for CW, SSRC and SLRC respectively. The CW[i] values shall be calculated as described below.  QSTAs may choose to provide differentiated dot11CWmax[UP] values, although this is not required, and the value of aCWmax may be used for every dot11CWmax[UP] value.  The values of dot11CWmin[UP] and dot11AIFS[UP] are updated by information in the most recent QoS Parameter Set element of Beacons received from the QAP of the QBSS (see 7.3.2.14). A QSTA must effectively use the updated dot11Cwmin[UP] and dot11AIFS[UP] MIB values for all transmissions following the reception of the updated QoS parametr set element.  
The set of CW values shall be sequentially ascending integer powers of 2, minus 1, beginning with a PHY-specific aCWmin value, and continuing up to and including a PHY-specific aCWmax value. The set of CW[i] values of AC[i] shall be sequentially ascending integer powers of 2, minus 1, beginning with aCWmin[UP] value, and continuing up to and including aCWmax[UP] value, where UP is the lowest user priority assigned to AC[i].
The CW shall be reset to aCWmin after every successful attempt to transmit an MSDU or MMPDU, when SLRC reaches aLongRetryLimit, or when SSRC reaches aShortRetryLimit. The SSRC shall be reset to 0 whenever a CTS frame is received in response to an RTS frame, whenever an ACK frame is received in response to an MPDU or MMPDU transmission, or whenever a frame with a group address in the Address1 field is transmitted. The SLRC shall be reset to 0 whenever an ACK frame is received in response to transmission of an MPDU or MMPDU of length greater than aRTSThreshold, or whenever a frame with a group address in the Address1 field is transmitted.
CW[i] of AC[i] shall be reset to aCWmin[UP], after every successful attempt to transmit an MSDU or MMPDU by AC[i], when QLRC[i] reaches aLongRetryLimit, or when QSRC[i] reaches aShortRetryLimit. UP is the lowest user priority assigined to AC[i]. The QSRC[i] for AC[i] shall be reset to 0 whenever a CTS frame is received in response to an RTS frame transmitted for AC[i], whenever an ACK frame is received in response to an MPDU or MMPDU transmission by AC[i], or whenever a frame with a group address in the Address1 field is transmitted by AC[i]. The QLRC[i] for AC  i shall be reset to 0 whenever an ACK frame is received in response to transmission of an MPDU or MMPDU of length greater than aRTSThreshold by AC[i], or whenever a frame with a group address in the Address1 field is transmitted by AC[i].
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