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1 Introduction
At the RAN1#85 meeting and on LAA email discussion after RAN1#85, it has been discussed contention window size (CWS) adjustment for Cat-4 LBT for PUSCH transmission on LAA SCell. However, it has not concluded yet how to adjust CWS for UL PUSCH on a Cat-4 channel access procedure and whether UE’s CWS is managed by eNB or at the UE side. There are three alternatives discussed through an email discussion thread ([85-5-6] Channel Access Framework) as follows [1]:
	The CW adjustments for UL category 4 LBT for PUSCH transmission on LAA SCell,

Alternative 1:
· 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
· 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:
· 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).


In this contribution, we discuss CWS adjustment on UL channel access for PUSCH transmission on LAA SCell and provide a method to resolve a mismatch of reference subframe between eNB and UE for CWS adjustment on UL Cat-4 LBT.

2 Discussion on CWS adjustment for UL Cat-4 LBT
CWS adjustment for UL Cat-4 LBT
There are three options to maintain CWS on UL Cat-4 LBT for PUSCH transmission. The Alternative 1 is eNB managed UE-specific CWS maintenance. The Alt-1 has an advantage to perform fast CWS adjustment at the eNB side based on the receive PUSCH from each UE. The eNB can be aware of an UE’s CW size based on the scheduling information because the UE’s scheduling is completely under the eNB’s control. However, in case that eNB may not be able to reliably detect the UL transmission by a scheduled UE, it can be problematic that the Alt-1 may fail to increase the UE’s CWS since the eNB cannot know whether the eNB fails to detect actual PUSCH transmission by the UE or the UE has not transmitted PUSCH transmission due to missing UL grant/UL LBT failure. Further, in case of eNB should increase the UE’s CWS, eNB may reset the UE’s CWS due to different understanding of UL reference subframe for CWS adjustment between eNB and UE. Therefore, it should be considered how to handle a mismatch of the reference subframe between eNB and UE for CW adjustment on UL Cat-4 LBT.
[bookmark: _GoBack]The Alternative 2 as another option for CW adjustment on UL Cat-4 LBT is to resolve the mismatch of the reference subframe between eNB and UE, during offline discussion at the RAN1#85 meeting, the Alt.2 has been proposed. The Alt-2 can partially overcome the mismatch of reference subframe by signaling the position of reference subframe within a UL scheduled burst from the eNB to UE based on the successfully decoded PUSCH transmission by a UE. However, the mismatch of reference scheduled burst/subframe between eNB and UE still may occur in case of missed UL grant on the middle of multiple subframe scheduling as mentioned on email discussion ([85-5-6] Channel Access Framework). Therefore, even for Alt-2, it should be further discussed how to resolve a mismatch of the reference subframe/reference burst between eNB and UE.
The Alternative 3 for CW adjustment on UL Cat-4 LBT is to maintain and adjust UL CWS at the UE side. The CW size is managed by each UE based on eNB feedback, e.g., NDI in the UL grant. Even though the Alt-3 is robust without addition overhead and takes a merit to adjust CWS accurately by the UE as compared with Alt-1 and Alt-2, this may introduce long delay for CWS update due to the fact that CWS update is performed by receiving NDI with same HARQ process ID in the UL grant. Also, there are some cases that the eNB cannot know the exact CWS at the UE side since the eNB does not differentiate whether the UE fails PUSCH transmission by LBT or the eNB fails to detect actual PUSCH transmission from the UE. Therefore, the eNB scheduling complexity might be increased due to the different understanding for CW size between eNB and UE.
· Proposal 1: It should be considered how to handle a mismatch of the reference subframe between eNB and UE for CW adjustment on UL Cat-4 LBT.

Indication of Reference Subframe for CW adjustment
In this section, we provide a method to resolve the mismatch of reference subframe between eNB and UE for CWS adjustment on UL Cat-4 LBT.
For both Alt-1 and Alt-2 as mentioned above, the starting subframe of UL transmission burst is mainly regarded as the reference subframe for CWS adjustment. The mismatch for UL CW size between eNB and UE comes from the different understanding of the reference subframe between eNB and UE when the eNB detects PUSCH transmission which is not the reference subframe from the UE perspectives as the reference subframe at the eNB. 
In order to resolve this mismatch, we propose to exchange cyclic shift of UL DMRS sequence between slots at the only starting subframe of UL transmission burst after UL LBT is successfully performed. From the UE perspectives, when a UE transmits UL DMRS at the starting subframe of the UL burst, the UE exchanges cyclic shift of the 1st slot for cyclic shift of the 2nd slot at the only starting subframe of the UL burst differently to legacy LTE UL. At the eNB side, if eNB detects UL DMRS sequence with swapped cyclic shift at a certain subframe of UL transmission burst from a UE, the certain subframe can be exactly regarded by both eNB and UE as the starting subframe of the UL burst. Otherwise i.e. the eNB detects UL DMRS sequence with unchanged cyclic shift at a certain subframe, the eNB can realize that this subframe is not starting subframe of this UL burst and the actual starting subframe has been transmitted before the DMRS detected subframe, which implies that the eNB fails to detect the starting subframe. Therefore, by using this method, it can be helpful to resolve a mismatch of the reference subframe between eNB and UE.
· Proposal 2: We propose to exchange cyclic shift of UL DMRS sequence between slots at the only starting subframe of UL transmission burst after UL LBT is successfully performed in order to resolve the mismatch for UL CW size between eNB and UE.

3 Conclusion
In this contribution, we have discussed CW adjustment for UL Cat-4 LBT and a method to resolve a mismatch of reference subframe between eNB and UE for CWS adjustment on UL Cat-4 LBT. 
· Proposal 1: It should be considered how to handle a mismatch of the reference subframe between eNB and UE for CW adjustment on UL Cat-4 LBT.
· Proposal 2: We propose to exchange cyclic shift of UL DMRS sequence between slots at the only starting subframe of UL transmission burst after UL LBT is successfully performed in order to resolve the mismatch for UL CW size between eNB and UE.
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