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1 Introduction

LBT mechanism for UL channels/signals on unlicensed carriers is most important technical point of Rel-14 eLAA WI.  RAN1 agreed to support two types of LBT procedures (25us CCA and Cat-4 LBT) in RAN1#84 and the principle to switch between the types of LBT in RAN1 84b. And in RAN1 85, LBT priority class of Cat-4 LBT is agreed. Email discussion [85-5-6] tries to conclude all the remaining aspects of LBT. Among several issues of LBT, some agreement has been achieved for the signaling of LBT type (proposal 3.1 and proposal 3.3 of possible agreement 3 listed below). There was no consensus about the RCOT indication in C-PDCCH, and also some FFS points for UE LBT behavior for consecutively scheduled subframes are still open.  

This contribution discusses these open issues. The CWS adjustment for Cat-4 LBT is discussed in our companion contribution [1]. 
Possible agreement 3:
·  Proposal 3.1 (agreed)
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.

· Proposal 3.2

· Remaining COT =x as a non-negative integer is signaled in the C-PDCCH of a DL subframe where RCOT  = x in subframe “n” indicates that

· any UL transmission from SF#(n+x+1) and onwards corresponds to Cat 4 LBT; AND     

· any UL transmission after the transmission in SF#n until SF#(n+x)  can be performed based on CCA of 25 us LBT;

· The LBT procedure for any UL subframe in SF#n to SF#(n+x)  for which the eNB had already indicated to be Cat. 4 LBT, can be switched to an LBT based on 25 µs CCA if an RCOT of value x  is detected in C-PDCCH in SF#n.

· Note: The UE is not expected to change its starting time based on the LBT method used.

· Proposal 3.3(agreed)
· UE is not expected to be signaled different LBT types for 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 performs LBT according to the signaled LBT type for the next subframe in the set.
2 Discussion  
2.1 RCOT indication in C-PDCCH 
According to the agreements so far, a UE can perform 25us LBT if the scheduled UL transmission is within a MCOT obtained by eNB, while a CAT4 LBT is required outside the MCOT. The LBT type is indicated by UL grant scheduling the corresponding UL transmission. The FFS point is whether additional LBT type indication on top of that indicated in UL grant is needed to fully utilize the 25us LBT chance. 

Due to the burst new traffic and scheduling delay, whether a UL subframe belongs to a MCOT obtained by eNB may change in time. The timing offset between UL grant and UL transmission could be up to 4+15= 19 subframes (4 bits indication in UL grant), it is possible that eNB occupies the channel again within these 19 subframes. Then, an early scheduled UL transmission with CAT-4 may belong to a later MCOT obtained by eNB, hence 25us LBT is applicable. Considering quite conservative channel access ability for LAA UL transmission, it is desirable to make the most of 25us CCA chance to improve UL throughput for UL LAA. 

Observation 1: Supporting additional LBT type indication on top of UL grant is beneficial to increase UL channel access probability.  
The proper LBT scheme for a UL subframe is dependent on the start time of DL channel occupation, number of DL subframe transmitted and number of previous UL subframes scheduled. That is, it is related to eNB scheduling in cell level but not the UL subframes scheduled to a particular UE. Therefore, the LBT scheme used in UL transmissions can be indicated by a cell common DCI. The indicated LBT type can not only apply to PUSCH, but also SRS and any other UL signals (e.g., PUCCH or PRACH) in further Release. 
Adding RCOT information which implicitly indicates the LBT type into Rel-13 C-PDCCH would be a simple way. To avoid frequent reconfiguration, C-PDCCH for LBT scheme could be transmitted in the end of a DL burst. Straightforwardly, a UE should follow the most recent detected C-PDCCH to switch LBT type for a UL subframe. When a UE receives both C-PDCCH in last and last but one subframe of DL burst, the RCOT information should not be conflicted. It is noted that C-PDCCH transmission is not mandatory for each DL burst. For example, if the ending subframe of DL burst is a full subframe and the LBT type for the following UL subframes does not need to change. Consequently, UE may not receive RCOT information by C-PDCCH either when eNB does not transmit C-PDCCH or UE miss detects the C-PDCCH. In such case, a UE should follow LBT type indicated in previous UL grant.

For RCOT indication, a reference subframe relative to the subframe carrying the C-PDCCH can be signaled. Then, as shown in proposal 3.2 of possible agreement 3, the UL subframes until the reference subframe can use 25us LBT, while other UL subframes use CAT4. 4 bits for indication would be a proper tradeoff between the signaling overhead and the flexibility. The LBT type for all at least 16 subframes can be indicated. 
Proposal 1: RCOT indication in C-PDCCH should be supported. UE could override the LBT type in UL grant  when UE detects RCOT indication, otherwise follow LBT type in UL grant. 
2.2 UE LBT behaviour for consecutive subframes  

LBT procedure when UE is scheduled for consecutive UL subframes without gap was extensively discussed during the email discussion.  It is agreed that UE is not expected to be signaled different LBT types for this case. It would be easily ensured by LBT indication in UL grant. However, when UE receives RCOT indication, the consecutive UL subframes may be split due to LBT type switching. Because RCOT indication is cell-specific, it is possible that UL transmission of some UEs scheduled only within the MCOT while others scheduled across the MCOT shown in Figure 1. On one hand, it would be beneficial to enable fast LBT for those UEs scheduled within the MCOT. On the other hand, it is not desirable to split the consecutive UL subframes of UEs across MCOT. Additional LBT is required for split UL subframes outside of MCOT, UE is at the risk of losing the channel. Though eNB could avoid such dilemma by scheduling, the scheduling flexibility is inevitably impacted. Because eNB may not accurately predict whether any new DL traffic would arrive and whether eNB could access the channel after the UL grant thus change the MCOT. Therefore, specifying UE behaviour when UE finds the LBT type indicated by RCOT splits the consecutive UL subframes is reasonable. That is, UE should follow the LBT type indicated by UL grant instead of LBT type indicated by RCOT.  
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Figure 1
Proposal 2: UE should follow the LBT type indicated by UL grant instead of RCOT when UE finds the consecutive scheduled UL subframes across the MCOT.
Another FFS point is whether UE can continue transmission for all the remaining subframes in the set after first successful LBT when UE is scheduled for a set of consecutive subframes without any gaps. Some companies propose that UE should give up the remaining subframes transmission if UE finds the transmitted subframe collides with other nodes. However, LAA UE cannot get any information of failed or successful UL transmission until UE receives UL grant scheduling retransmission or new transmission with the same HARQ ID. Obviously, at least for self-carrier scheduling, LAA UE cannot receive UL grant within the remaining UL subframes. Therefore, the “FFS” should be removed. 

Proposal3: “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” should be agreed.  
3 Conclusions
Based on the discussion above, the followings are proposed for UL LBT:

Proposal 1: RCOT indication in C-PDCCH should be supported. UE could override the LBT type in UL grant  when UE detects RCOT indication, otherwise follow LBT type in UL grant. 

Proposal 2: UE should follow the LBT type indicated by UL grant instead of RCOT when UE finds the consecutive scheduled UL subframes across the MCOT.
Proposal3: “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” should be agreed.  
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