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1.	Introduction
In RP-160407, RAN2 started WI on enhanced LAA for LTE having support of UL LAA as an objective.
In RAN1 #84bis, some agreements were made regarding LBT as follows:
· Support UL LBT based on a Cat-4 channel access procedure.
· Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.
· FFS: Conditions and restrictions on when these options are used
In this contribution, we look into the potential impact of LBT on UL HARQ operation.
2.	Discussion
LBT procedure is under discussion in RAN 1 by considering ETSI regulation requirement, IEEE specification, and many other parameters that are related to PHY layer. Therefore, it seems straightforward that LBT procedure is performed and specified in PHY layer. 
The question would be that whether MAC layer should be aware of and/or utilize the LBT result for UL HARQ operation.
Having LBT, the UE may not be able to perform the retransmission on the same cell on which the initial transmission is performed. In Study Item on LAA, it was proposed to perform retransmission on a different cell by moving HARQ process if the cell on which the initial transmission was performed is not available as a result of LBT, i.e., cross-carrier HARQ retransmission. 
For DL, RAN2 was not sure about the gain at the cost of complexity of cross-carrier HARQ retransmission. In addition, it was pointed out that RLC retransmission can be used by the eNB. Therefore, RAN2 concluded that cross-carrier HARQ retransmission is not supported for DL LAA. In TR36.889, it is captured as below:
In terms of the specification impacts and complexity, Alternative 1 is simpler, as it doesn’t incur any new specification impact. Hence, from this point of view, it is worth considering continuing the principle of Rel-11 CA, in which downlink HARQ processes are not moved to another carrier. 
*Alt. 1 is legacy HARQ operation and Alt. 2 is cross-carrier HARQ retransmission
For UL, we see no difference in terms of the complexity in supporting cross-carrier HARQ retransmission compared to DL. Thus, we think the baseline should be not to support cross-carrier HARQ retransmission in UL LAA. 
Proposal 1: In UL LAA, cross-carrier HARQ retransmission is not supported.

However, one may argue that there is difference between UL and DL; In UL, the UE cannot perform RLC retransmission by itself, while in DL, the eNB can perform RLC retransmission by itself. Therefore, UL LBT without supporting cross-carrier HARQ retransmission wouldn’t guarantee similar retransmission opportunities of a MAC PDU. Accordingly, the MAC PDU which is initially transmitted on the U-Cell may not be successfully transmitted. 
If RAN2 considers that we should resolve this issue, it would be reasonable to consider RLC retransmission based on LBT. In terms of complexity, we think it is quite simple because it only needs an indication from PHY layer in order to trigger the RLC retransmission.
Proposal 2: In UL LAA, RLC retransmission based on LBT can be considered in order to retransmit a MAC PDU which cannot be further transmitted on the same cell for initial transmission.

In RAN2 #89bis meeting [RAN2#89bis], it was agreed to support asynchronous for UL HARQ in LAA SCells. At that time, RAN2 considered that some mechanisms may be required to flush UL HARQ buffer for asynchronous HARQ operation, and it was captured in TR36.889.
However, in eMTC, RAN2 discussed asynchronous HARQ operation and found no problem with not flushing the UL HARQ buffer because adaptive retransmission is used. Therefore, it was decided that the UE doesn’t maintain CURRENT_TX_NB. Supporting asynchronous HARQ operation in LAA wouldn’t be different from that in eMTC. Therefore, it seems straightforward not to use CURRENT_TX_NB for asynchronous HARQ operation on L-Cell.
Proposal 3: RAN2 reuses the asynchronous HARQ which has been developed for eMTC, i.e., the UE doesn’t maintain CURRENT_TX_NB and doesn’t flush HARQ buffer for asynchronous HARQ.


3.	Conclusion
In this contribution, we discussed LBT impact on UL HARQ operation, and proposed:
Proposal 1: In UL LAA, cross-carrier HARQ retransmission is not supported.
Proposal 2: In UL LAA, RLC retransmission based on LBT can be considered in order to retransmit a MAC PDU which cannot be further transmitted on the same cell for initial transmission.
Proposal 3: RAN2 reuses the asynchronous HARQ which has been developed for eMTC, i.e., the UE doesn’t maintain CURRENT_TX_NB and doesn’t flush HARQ buffer for asynchronous HARQ.
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