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1 Introduction
In RAN#70, a new work item on enhanced LAA was approved with following objectives:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]
The channel access procedures for UCI transmission on eLAA carrier are discussed in [1], and we propose that HARQ-ACKs corresponding to a DL burst should be transmitted on the subframe with a fixed HARQ timing. In this contribution, we discuss the details of HARQ-ACK transmission on LAA carrier. 
2 HARQ-ACK transmission

For legacy LTE, 4ms latency for HARQ-ACK feedback is specified. If the same latency is kept for Rel-14 eLAA, the following methods to determine the HARQ-ACK timing for eLAA should be considered:
· Method 1: The subframe n+4 is used for HARQ-ACK transmission corresponding to the DL burst, where the subframe n is the last DL subframe in the DL burst.

As shown in Figure 1, for this method, all of the subframes in DL burst have corresponding HARQ-ACKs. However, because of the 3ms gap between DL burst and HARQ-ACK, the probability that the channel is occupied by other UEs or eNBs is very high, and the performance of HARQ-ACK may not be reliable. 
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Figure 1: Method 1 for HARQ-ACK transmission
· Method 2: The subframe following the DL burst is used for HARQ-ACK transmission corresponding to the DL burst.

As shown in Figure 2, the subframe following the DL burst is used for HARQ-ACK transmission corresponding to the DL burst. The maximum length of the DL burst and the UL subframe for HARQ-ACK transmission can be limited to 10ms. The disadvantage of this method is that the last 3 DL subframes in DL burst have no HARQ-ACK feedback. Therefore, this method is not applicable for the case that the maximum continuous transmission time is 4ms.
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Figure 2: Method 2 for HARQ-ACK transmission
· Method 3: The subframe(s) following a DL burst can be used for HARQ-ACK transmission corresponding to the previous DL burst(s).
The maximum length of the DL burst and the UL subframe(s) for HARQ-ACK transmission can be limited to 10ms (or 4ms). The HARQ timing can be specified or dynamically configured by the eNB. However, to keep the same understanding on the corresponding DL burst for a UL subframe between the eNB and UEs, DL burst index should be indicated by the eNB in the DL burst.
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Figure 3: Method 3 for HARQ-ACK transmission
The detection performances of method 2 and 3 are higher than method 1, since the probabilities of channel collision of method 2 and 3 are lower. Comparing to method 2, the advantage of method 3 is that all of the DL subframes have corresponding HARQ-ACK feedback. Therefore, we propose that method 3 should be considered for HARQ-ACK transmission on eLAA carrier.

Proposal 1: The subframe(s) following a DL burst can be used for HARQ-ACK transmission corresponding to the previous DL burst(s).
3 Conclusions
In this contribution, we show our views on PUCCH transmission on eLAA carrier with following proposals:
Proposal 1: The subframe(s) following a DL burst can be used for HARQ-ACK transmission corresponding to the early DL burst(s).
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