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1 Introduction

During RAN1#85 and the following email discussion [85-5-6], following three alternatives are discussed for CWS adjustment for category 4 LBT for PUSCH transmission on LAA SCell
Alternative 1: 

· For category 4 LBT for PUSCH transmission on LAA SCell,

· CWS is managed by eNB and indicated by UL grant.

· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.

· Reference subframe is the starting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used, for which DM-RS or SRS transmission from the UE is detected and PUSCH decoding is completed.

· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.

· K is selected by eNB implementation from the set of values from (1, …,8).

Alternative 2: 

· For category 4 LBT for PUSCH transmission on LAA SCell
· The reference scheduled burst is the most recent set of contiguous (i.e. without any gap in between) scheduled UL subframe(s) for the UE that is expected to start after a category 4 LBT and is expected to end at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted

· The reference subframe is the first subframe in the reference scheduled burst where the eNB successfully decodes at least one transport block from the UE.

· The position of the reference subframe within the reference scheduled burst is signaled to the UE in the UL grant in which Cat. 4 LBT is signaled as the LBT type to the UE

· The eNB can also signal that no reference subframe was detected
· If the UE first transmitted in the reference scheduled burst earlier than the signaled reference subframe, the CWSs for all the priority classes are increased.

· If the UE first transmitted in the reference scheduled burst later than the signaled reference subframe, the CWSs for all the priority classes are left unchanged.

· If the UE first transmitted in the reference scheduled burst in the signaled reference subframe, the CWSs for all the priority classes are reset.

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts only for the priority class for which maximum CWS is used for K consecutive LBT attempts.

· K is selected by eNB and RRC configured to the UE from the set of values from (1, …,8).

Alternative 3:

· For category 4 LBT for PUSCH transmission on LAA SCell,

· CWS is adjusted at the UE side.

· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.

· Option 1:

· Reference subframe is the starting transmitting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used.
· Option 2: 

· Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 

· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.

· The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used for the reference subframe. 

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.

· K is selected by eNB implementation from the set of values from (1, …,8).

This contribution considers the aspect of CWS adjustment for Cat 4 LBT. 
2 Discussion on alternatives for CWS adjustment 
As identified during email discussion, each alternative has its pros and cons. For Alternative 1, it is the simplest solution among alternatives since UE just uses CWS signaled by eNB. In other words, the UE does not need to know whether the transmission is failed or not. Therefore, there is no CWS mismatch between UE and eNB. In addition, CWS would be indicated by UL grant such that alternative 1 could be able to update CWS faster than other alternatives, which is one of important functionalities on CWS adjustment. 
Observation 1: Alternative 1 provides the simplest solution for CWS adjustment without CWS mismatch between eNB and UE. 
For Alternative 2, although the position of the reference subframe within the reference scheduled burst is signaled to the UE, it can still cause mismatch on CWS between UE and eNB when UE misses UL grant. For example, if eNB schedules UL burst 1 from subframe n (with Cat 4 LBT) and n+1, eNB schedules UL burst 2 from subframe n+5 (with Cat 4 LBT) and n+6, and eNB also schedules UL burst 3 from subframe n+9 and n+10. Regarding the CWS for the UL burst 3, eNB assumes the reference scheduled burst is UL burst 2, but if UE miss detects UL grant for UL burst 2, UE assumes the reference scheduled burst is UL burst 1. If eNB indicates reference subframe is no subframe (because UE does not transmit UL burst 2 and eNB does not receive UL burst 2), UE assume the reference subframe is 1st subframe of UL burst 1 and increase CWS. But eNB may expect no changed CWS. In addition, it is not clear that when eNB signals that no reference subframe was detected and UE does not transmit any subframe, the corresponding UE behavior for CWS adjustment is not described. Moreover, the position of reference subframe can be signaled to UE at least 4 subframes later.
Observation 2: Alternative 2 may cause mismatch of reference subframe between eNB and UE, which would impact the CWS adaptation at the UE side.
For Alternative 3, it is the most robust scheme with regard to the CWS mismatch between UE and eNB since UE can determine the success or failure of its transmission based on NDI for the HARQ process used for the reference subframe. In addition, NDI is used for CWS adjustment, additional signaling to indicate CWS or the position of the reference subframe within the reference scheduled burst is not required. However, a drawback of this alternative is latency for CWS update since it restricts the reference subframe for CWS adjustment should have the same HARQ process ID as current UL grant, and when to retransmit is up to eNB scheduling decision, which would reduce the benefits (e.g. collision resolution) from CWS adjustment.
Observation 3: Alternative 3 provides robust CWS adjustment operation without mismatch of CWS between eNB and UE and additional signaling, but latency for CWS adjustment which would impact the CWS adaptation at the UE side
Proposal: Alternative 1 should be considered for CWS adjustment for Cat 4 LBT.
3 Conclusions 
This contribution considered remaining issues of CWS adjustment for Cat 4 LBT, and followings are proposed.
Proposal: Alternative 1 should be considered for CWS adjustment for Cat 4 LBT.
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