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Abstract

(No CID associated with this submission)
In 802.11me D7.0, the EDCAF operations are all be performed at slot boundaries and each available slot boundary is defined in the 10.23.2.4.  But the current defined available slot boundaries can only be triggered after a “cs busy event” (e.g. Rx end, Tx end, Other CS busy event…).  In this contribution, we are trying to deal with the case when there is no CS busy event and how to define a slot boundary to perform the EDCA operation.

Revisions:
· Rev 0: Initial version of the document.



Comment and discussion:

EDCAF operations defined in 802.11me
According to 802.11me D7.0 (10.23.2.4), all the EDCAF operations shall be performed at slot boundaries. The EDCAF operations include the following, 
                 (Page 2015, 10.23.2.4)
[image: ]
And there are 6 different slot boundaries defined in 10.23.2.4 (Page 2014, 10.23.2.4)), 
[image: ]
Here we can further provide some simple illustrations for all the above slot boundaries for a specific EDCAF:
a) The case a) above is for the Reception Correct case, which will trigger a slot boundary after AIFS idle time following the PHY Rx end event.
[image: ]
b) The case b) above is for the Reception Error case, which will trigger a slot boundary after EIFS idle time following the PHY Rx end event.
[image: ]
c) The case c) above is for the Transmission case (caused by other EDCAF), which includes Tx success and Tx failure cases,
1) For the Tx failure case, it will trigger a slot boundary after AIFS idle time after the AckTimeout following the PHY Tx end event
[image: ]
2) For the Tx success case, it will trigger a slot boundary after AIFS idle time after the AIFS idle time following the PHY Rx end event
[image: ]
d) The case d) above is for the Transmission case that does not need response, which will trigger a slot boundary after AIFS idle time following the PHY Tx end event
[image: ]
e) The case e) above is for the CS busy case that is not caused by the above a) to d) (i.e. not caused by the 802.11 Tx/Rx event). And this will trigger a slot boundary after the AIFS idle time following the last busy event. 
[image: ]
f) The case f) is a little different from a) to e). According to f) condition “Following aSlotTime of idle medium, which occurs immediately after any of these conditions, a) to f), is met for the EDCAF”, it can be inferred a slot boundary for f) can be triggered for one of the following conditions, 
1) After aSlotTime idle time following any one slot boundary caused by the a) to e); 
2) Or, after aSlotTime idle time following the previous slot boundary caused by f) itself.
Therefore, it’s obvious that the condition f) is applied to when in the backoff procedure. 
[image: ]

All above are the total allowable slot boundaries defined in 802.11me D7.0. Except the slot boundary of f), all other slot boundaries are triggered after AIFS/EIFS time following a CS busy event. Therefore, there is no slot boundary defined for the “no CS busy event” case.  
For example, when a device firstly switches to a channel or powers up from the doze state, and there is not any event that can cause CS busy.  If the device wants to transmit (or to initiate a TxOP), but there is no available slot boundary, the device cannot initiate a TxOP, as “initiate a TxOP” is an EDCAF operation that needs be performed at a slot boundary. 
[image: ]

DCF operations defined in 802.11me
Different from EDCA, the DCF can handle all the cases above, including the case with no cs busy event. 
The following is from the Basic Access section for DCF (10.3.4.2, p1930) in 802.11me D7.0, 
[image: ]
Based on the statement in red, for the case of no CS busy event (shown in Figure 8), under DCF, the device can transmit the frame after DIFS idle time following the time the frame is queued for transmission, as shown below, 
[image: ]

EDCAF operations defined in 802.11-2012
And furthermore, we checked the spec of 802.11-2012 version, its EDCAF slot boundaries are different from 802.11me (or different since 802.11-2016). The difference is for the condition e).  We try to list both definitions for comparison. 
	· For the 802.11me D7.0, the condition of e), 
Following AIFSN[AC] × aSlotTime + aSIFSTime – aRxTxTurnaroundTime of idle medium after
the last indicated busy medium as indicated by the CS mechanism that is not covered by condition a)
to condition d)

· For the 802.11-2012 (p876), the condition of e),  
Following AIFSN[AC] × aSlotTime + aSIFSTime – aRxTxTurnaroundTime of idle medium after
the last indicated idle medium as indicated by the CS mechanism that is not covered by a) to d)



The difference is shown in red. The original condition e) in 802.11-2012 version spec may be able to cover both the case for the cs busy event and the case for no cs busy event. But it may vary based on how to understand the “last indicated IDLE medium” in 802.11-2012, especially whether it can cover the case illustrated by the condition e) in 802.11me (i.e. the case shown in figure 6). 
We found the document (doc 16/228, reference [2]) that firstly introduced this change (from “idle” to “busy”). But the doc just said the “last indicated IDLE medium” might be incorrect and should be changed to “busy”.  There may be other documents that may have exact explanation for this change of the condition e), but we haven’t found one.    



Possible proposed change:
If the condition e) cannot be reverted to the original statement in 802.11-2012, here another condition g) is proposed to cover the case of no cs busy event. 
	a) Following AIFSN[AC] × aSlotTime – aRxTxTurnaroundTime of idle medium after a SIFS(#6587)
(not necessarily idle medium during the SIFS) after the last busy medium on the antenna that was
the result of a reception of a frame with a correct FCS or of an S1G frame. Note that upon reception
of an S1G frame, an S1G STA updates its RID counter based on information obtained from the
RXVECTOR as described in 10.3.2.5 (Setting and resetting the RID) and this update does not
depend on the outcome of the FCS check.
b) Following EIFS – DIFS + AIFSN[AC] × aSlotTime + aSIFSTime – aRxTxTurnaroundTime of idle
medium after the last indicated busy medium as determined by the physical CS mechanism that was
the result of a non-S1G frame reception that has resulted in FCS error, or of a frame reception that
has resulted in PHY-RXEND.indication (RXERROR) primitive where the value of RXERROR is
not NoError.
c) When any other EDCAF at this STA transmitted a frame requiring immediate acknowledgment, the
earlier of
1) The end of the AckTimeout interval timed from the PHY-TXEND.confirm primitive, followed
by AIFSN[AC] × aSlotTime + aSIFSTime – aRxTxTurnaroundTime of idle medium, and
2) The end of the first AIFSN[AC] × aSlotTime – aRxTxTurnaroundTime of idle medium after a
SIFS(#6587) (not necessarily medium idle during the SIFS, the start of the SIFS implied by the
length in the PHY header of the previous frame) when a PHY-RXEND.indication primitive
occurs as specified in 10.3.2.11 (Acknowledgment procedure).
d) Following AIFSN[AC] × aSlotTime – aRxTxTurnaroundTime of idle medium after a SIFS(#6587)
(not necessarily medium idle during the SIFS) after the last busy medium on the antenna that was
the result of a transmission of a frame for any EDCAF and which did not require an
acknowledgment and after the expiration of the TXNAV timer if nonzero, and, if
dot11MCCAActivated is true, the expiration of the RAV timer if nonzero.
e) Following AIFSN[AC] × aSlotTime + aSIFSTime – aRxTxTurnaroundTime of idle medium after
the last indicated busy medium as indicated by the CS mechanism that is not covered by condition a)
to condition d).
f) Following aSlotTime of idle medium, which occurs immediately after any of these conditions, a)
to f), is met for the EDCAF
g) If none of the above a) to f) conditions is met for the EDCAF, following aSlotTime of idle medium after last indicated IDLE medium as indicated by the CS mechanism
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A STA may transmit an MPDU when it is operating under the DCF access method, when the STA
determines that the medium is idle when a frame is queued for transmission, and remains idle for a period of
a DIFS, or an EIFS (10.3.2.3.7 (EIFS)) from the end of the immediately preceding medium-busy event,
whichever is the greater, and the backoff counter has a value of zero. Otherwise the random backoff
procedure described in 10.3.4.3 (Backoff procedure for DCF) shall be followed.
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On these specific slot boundaries, each EDCAF shall make a determination to perform one and only one of the
following functions:

—  Decrement the backoff counter.

—  (#109)(#3653)Initiate a TXOP.

—  Invoke the backoff procedure due to choosing not (o transmit.

—  Invoke the backoff procedure due to an internal collision.(#3653)
— Do nothing.
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EDCAF operations shall be performed at slot boundarics, defined as follows on the primary channel, for cach
EDCAF:
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Following AIFSN[AC] * aSlotTime — aRxTxTumaroundTime of idle medium after a SIFS(£6557)

(not necessarily idle medium during the SIFS) after the last busy medium on the antenna that was

the result of a reception of a frame with a correct FCS or of an S1G frame. Note that upon reception

of an SIG frame, an SIG STA updates its RID counter based on information obtained from the

RXVECTOR as described in 10.3.2.5 (Setting and resetting the RID) and this update does not

depend on the outcome of the FCS check.

Following EIFS ~ DIFS + AIFSN[AC] * aSlotTime + aSIFSTime ~ aRxTxTurnaroundTime of idle

‘medium after the last indicated busy medium as determined by the physical CS mechanism that was

the result of a non-S1G frame reception that has resulted in FCS error, or of a frame reception that

has resulted in PHY-RXEND.indication (RXERROR) primitive where the value of RXERROR is

‘not NoError.

‘When any other EDCAF at this STA transmitted a frame requiring immediate acknowledgment, the

carlier of

1) The end of the AckTimeout interval timed from the PHY-TXEND, confirm primitive, followed
by AIFSN[AC] * aSlotTime + aSIFSTime ~ aRx TxTumaroundTime of idle medium, and

2)  The end of the first AIFSN[AC] * aSlotTime — aRxTxTumaroundTime of idle medium after a
SIFS(#6587) (not necessarily medium idle during the SIFS, the start of the SIFS implied by the
length in the PHY header of the previous frame) when a PHY-RXEND indication primitive
‘occurs as specified in 10.3.2.11 (Acknowledgment procedurc).
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Following AIFSN[AC] x aSlotTime — aRxTxTumaroundTime of idle medium after a SIFS(£6557)
(not necessarily medium idle during the SIFS) after the last busy medium on the antenna that was
the result of a transmission of a frame for any EDCAF and which did not require an
acknowledgment and after the expiration of the TXNAV timer if nonzero, and, if
dotl IMCCAActivated is true, the expiration of the RAV timer if nonzero.

Following AIFSN[AC] x aSlotTime + aSIFSTime — aRxTxTumaroundTime of idle medium after
the last indicated busy medium as indicated by the CS mechanism that is not covered by condition a)
to condition d).

Following aSlotTime of idle medium, which occurs immediately after any of these conditions, a)
1o 1), is met for the EDCAF.




