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Introduction
In this paper, we discuss issues regarding Cat.4 LBT and 25us single slot LBT and focuses on handling the overlapping of LBT procedures.   
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Discussion
RAN1 agreed to support Cat.4 LBT and 25us single slot LBT for uplink transmission. However, for Cat.4 LBT, an eNB may not know when a UE finishes a Cat.4 LBT procedure because the channel status detected by the eNB and the UE may be different. Therefore, when a UE is performing Cat.4 LBT, it could happen that another Cat.4 LBT is triggered by another uplink grant. For example, in the Fig. 1, when UE is performing the first Cat.4 LBT, the second Cat.4 LBT is triggered by the second PDCCH. 
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Fig. 1
A possible solution is to support multiple backoff counters per carrier. On downlink, it has been agreed that no more than one backoff counter is used per carrier. We think the same rule should be applied to the uplink because there is no need to have different schemes for an eNB and a UE.
Proposal 1: No more than one backoff counter should be used by a UE per carrier.
In the Fig. 1, when a UE is performing the first Cat.4 LBT, if the second Cat.4 LBT is triggered and has different priority classes from the first Cat.4 LBT, the UE should abort the first Cat.4 LBT and start the second Cat.4 LBT since different priority classes have different defer time and MCOT. 
Proposal 2: When two Cat.4 LBT procedures with different priority classes overlap, the UE aborts the ongoing Cat.4 LBT and starts the other Cat.4 LBT. 

On the other hand, if the two Cat.4 LBTs have the same priority class, we think the UE can continue the first Cat.4 LBT and cancel the second Cat.4 LBT because the current contention size in the first Cat.4 LBT has reflected the congestion level on an unlicensed channel. There is no need to restart the procedure to re-probe the congestion level on the unlicensed channel. 

Proposal 3: When two Cat.4 LBT procedures with the same priority classes overlap, the UE continues the ongoing Cat.4 LBT and cancels the other Cat.4 LBT.

It may be possible that when a UE is performing Cat.4 LBT, a 25us single slot LBT is triggered. We think a UE should be allowed to perform the Cat.4 LBT and 25us single slot LBT in parallel since these two types of LBT serve different purposes. 

From our understanding, Cat.4 LBT is used to grab access to an unlicensed channel. The contention window size in Cat.4 LBT reflects the congesting level on an unlicensed channel. However, 25us single slot LBT is used to share time/frequency resources among UEs. Therefore, we think a UE can perform these two types of LBTs in parallel. 

Proposal 4: Cat.4 LBT and 25us single slot LBT can be performed in parallel.
A LAA SCell can be deactivated by an eNB via a MAC command or by a MAC timer. When a LAA SCell is deactivated, a UE is not allowed to transmit uplink transmission on the LAA SCell. So the UE can abort any ongoing Cat.4 LBT on the LAA SCell. 

Proposal 5: Abort any ongoing Cat.4 LBT if the LAA SCell is deactivated.
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Conclusion

In conclusion, we have the following proposals: 
Proposal 1: No more than one backoff counter is used by a UE per carrier.
Proposal 2: When two Cat.4 LBT procedures with different priority classes overlap, a UE aborts the ongoing Cat. 4 LBT and starts the other Cat.4 LBT. 

Proposal 3: When two Cat.4 LBT procedures with the same priority classes overlap, the UE continues the ongoing Cat.4 LBT and cancels the other Cat.4 LBT.

Proposal 4: Cat.4 LBT and 25us single slot LBT can be performed in parallel.
Proposal 5: Abort any ongoing Cat.4 LBT if the LAA SCell is deactivated.
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