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1 Introduction

In the email discussion [85-5-6] [1] post the RAN1 #85 meeting, the following agreement was reached:
Agreement:
· UE is not expected to be signaled different LBT types for all consecutively scheduled subframes when there is no gap between the consecutive subframes. 

· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.

This contribution discusses the handling of errors in a set of consecutively scheduled UL subframes while proposing a solution for the following FFS:

· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
We discuss the above solution in light of the error handling mechanisms in Wi-Fi.
2 Discussion
Below is a discussion on the handling of UL transmission errors in a set of consecutively scheduled UL subframes.
Wi-Fi performs the following procedure to handle transmission errors:

· If the initial frame exchange in a COT is in error

· Termination of the COT and doubling the CW followed by a fresh CAT 4 LBT with the doubled CW.
· If a non-initial frame exchange is in error, one of the following:

· Termination of the COT and doubling the CW followed by a fresh CAT 4 LBT with the doubled CW, while keeping the remaining value of the previous COT as the new COT limit; OR
· PIFS based recovery of the COT i.e. continuing the COT only after sensing the channel as idle for 25 us.
Observation 1: In 802.11ac, DL and UL transmission errors are handled by not only updating the CW size but additionally in case of initial frame errors, by terminating the COT mandatorily  and in case of non-initial frame errors, by either terminating the COT or by performing PIFS based COT recovery.
The consecutively scheduled UL subframes in LAA could be one of the below two types. The error handling for each is discussed below:
2.1 UL burst starting with CAT 4 LBT
If a UL transmission in a subframe amongst a set of consecutively scheduled subframes is in error, the following can be done:
· If the first transmitted UL subframe is in error,  the UE should terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any).
· If  a subsequent UL subframe is in error, it may do either of the following:

· Terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any). The MCOT value for the new channel access procedure corresponds to only the remaining duration from the previously terminated COT.
· Not increase the CW and continue transmissions within the same COT after sensing the channel to be idle for 25us.

The above is similar to the corresponding 802.11ac procedure [2] (section 9.19.2.5). However, the LAA procedure will still be aggressive relative to Wi-Fi, as the LAA HARQ feedback delay is minimum 4ms while the error feedback delay is 16us for Wi-Fi. So, in LAA, the UL transmission can continue for an additional 3ms (at a minimum) irrespective of the transmission status of a packet. But it is required that at least after the error status becomes available, the COT is truncated or continued based the error status and position of the transmitted subframe.
Proposal 1: If a UL burst starts with CAT 4 LBT and the initial transmitted UL subframe amongst a set of consecutively transmitted UL subframes is in error,  the UE should terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any).
Proposal 2: If a UL burst starts with CAT 4 LBT and a non-initial UL subframe amongst a set of consecutively transmitted UL subframes is in error, the UE shall do one of the following:
· Terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any). The COT duration for the new channel access procedure corresponds to only the remaining duration from the previous COT.
· Not increase the CW and continue transmissions within the same COT after sensing the channel to be idle for 25us.
2.2 UL burst starting with 25 us LBT within a COT acquired by the eNB
The corresponding proposed behaviour in 802.11ax Uplink is as follows ([3] read together with [2]):
If the AP fails to receive an ACK from at least 1 scheduled STA in the UL (which may be either due to LBT failure at all the UEs or LBT success followed by transmission error), 
· If the failure is for the initial scheduled frame exchange, the AP terminates the COT, increases the CW and initiates a new channel access procedure.

· If the failure is for a non-initial frame exchange, it may do either of the following:

· Terminate the COT, increase the CW and initiate a new channel access procedure. On success, use an MCOT duration equal to the time remaining from the previously terminated COT.

· Not increase the CW and continue transmissions within the same COT after sensing the channel to be idle for 25us.

Observation 2: Proposed behaviour in 802.11ax for handling errors in Trigger-based UL transmissions is similar to the legacy behaviour in 802.11ac. The errors are handled by not only updating CW size but also in case of initial frame errors, by terminating the COT mandatorily  and in case of non-initial frame errors, by either terminating the COT or by performing PIFS based COT recovery.
A direct mapping of the 802.11ax behaviour is not possible in LAA due to the minimum 4ms HARQ feedback delay. 
A proposed scheme that can be implemented for LAA (but which is still more aggressive that the 802.11ax scheme) is as follows:
The eNB indicates to the UE if it is the only scheduled UE for a given initial subframe:
· If the UE is the only scheduled UE in an initial UL subframe and if the UE fails LBT, it does not attempt any further scheduled transmission within the COT. The eNB terminates the COT and reattempts channel access using CAT4 LBT. The CW size for the new CAT4 LBT is doubled.
· Else if there are multiple UEs scheduled in the initial subframe or if the subframe is a non-initial subframe and if the eNB fails to receive correct packets from > 80% of the scheduled UEs,

· If it is the initial sub-frame, it sends an indication to each scheduled UE that was scheduled in the initial subframe and still has scheduled UL sub-frames (if such indication can be sent within the same COT) to stop further transmission within the COT.

· If it is a non-initial sub-frame, the eNB may do the above or may do nothing. The “do nothing” is an option because PIFS based COT recovery as in Wi-Fi is not needed in an eNB since the scheduled UEs will be doing PIFS based LBT before each transmission. 

Proposal 3: If a UL burst starts with PIFS based LBT within a COT acquired by the eNB, the eNB indicates to the UE if it is the only scheduled UE for the initial subframe of the burst. If the UE is the only scheduled UE in an initial UL subframe and if the UE fails LBT, it does not attempt any further scheduled transmission within the COT. The eNB terminates the COT and reattempts channel access using CAT4 LBT. The CW size for the new CAT4 LBT is doubled.
Proposal 4: If a UL burst starts with PIFS based LBT within a COT acquired by the eNB and if there are multiple UEs scheduled in the initial subframe or if the subframe is a non-initial subframe and if the eNB fails to receive correct packets from > 80% of the scheduled UEs,

· If it is the initial sub-frame, the eNB sends an indication to each UE that was scheduled in the initial subframe and still has scheduled UL sub-frames (if such indication can be sent within the same COT) to stop further transmission within the COT.

· If it is a non-initial sub-frame, the eNB may do the above or may do nothing. The “do nothing” is an option because PIFS based COT recovery as in Wi-Fi is not needed in an eNB since the UEs will be doing PIFS based LBT before each transmission. 

3 Observations and Conclusions
Observation 1: In 802.11ac, DL and UL transmission errors are handled by not only updating the CW size but additionally in case of initial frame errors, by terminating the COT mandatorily  and in case of non-initial frame errors, by either terminating the COT or by performing PIFS based COT recovery.
Proposal 1: If a UL burst starts with CAT 4 LBT and the initial transmitted UL subframe amongst a set of consecutively transmitted UL subframes is in error,  the UE should terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any).

Proposal 2: If a UL burst starts with CAT 4 LBT and a non-initial UL subframe amongst a set of consecutively transmitted UL subframes is in error, the UE shall do one of the following:

· Terminate the COT and initiate a new channel access procedure with doubled CW for the remaining scheduled transmissions (if any). The COT duration for the new channel access procedure corresponds to only the remaining duration from the previous COT.
· Not increase the CW and continue transmissions within the same COT after sensing the channel to be idle for 25us.
Observation 2: Proposed behaviour in 802.11ax for handling errors in Trigger-based UL transmissions is similar to the legacy behaviour in 802.11ac. The errors are handled by not only updating CW size but also in case of initial frame errors, by terminating the COT mandatorily  and in case of non-initial frame errors, by either terminating the COT or by performing PIFS based COT recovery.
Proposal 3: If a UL burst starts with PIFS based LBT within a COT acquired by the eNB, the eNB indicates to the UE if it is the only scheduled UE for the initial subframe of the burst. If the UE is the only scheduled UE in an initial UL subframe and if the UE fails LBT, it does not attempt any further scheduled transmission within the COT. The eNB terminates the COT and reattempts channel access using CAT4 LBT. The CW size for the new CAT4 LBT is doubled.
Proposal 4: If a UL burst starts with PIFS based LBT within a COT acquired by the eNB and if there are multiple UEs scheduled in the initial subframe or if the subframe is a non-initial subframe and if the eNB fails to receive correct packets from > 80% of the scheduled UEs,

· If it is the initial sub-frame, the eNB sends an indication to each UE that was scheduled in the initial subframe and still has scheduled UL sub-frames (if such indication can be sent within the same COT) to stop further transmission within the COT.

· If it is a non-initial sub-frame, the eNB may do the above or may do nothing. The “do nothing” is an option because PIFS based COT recovery as in Wi-Fi is not needed in an eNB since the UEs will be doing PIFS based LBT before each transmission. 
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