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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]
In this contribution, we share our views on PUCCH transmission on LAA carrier. 
2 Channel access for UCI transmission
Based on the analysis in [1], separated LBT should be performed by the scheduled UE before the transmission of any UL channel. For PUSCH transmission, if the LBT result is the channel is busy, PUSCH is proposed to be dropped to avoid the resource collision and resource reservation [1]. However, the same mechanism may be not appropriate for UCI transmission on eLAA SCell.
1) SR
For Rel-13 CA, SR on SCell is supported. If PUCCH is supported on eLAA SCell, SR should be transmitted on eLAA SCell.

Since periodic PUCCH resource is configured by the eNB for SR, the UE may transmit positive SR on any configured subframe. If an UE can transmit SR on PUCCH without LBT, to avoid the interference to the DL transmission of the eNB in the serving cell, DL transmission in the serving cell is limited. As shown in Figure 1, the subframes configured for SR transmission cannot be used for DL transmission. Therefore, a larger DL burst will be divided into multiple small DL bursts, and more LBT procedures are needed for DL transmission.
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Figure 1: A larger DL burst is divided into multiple small DL bursts
In order to guarantee the efficiency of DL transmission, LBT procedure is needed before SR transmission on PUCCH. If the channel is busy, the UE should transmit SR later.
Proposal 1: LBT procedure is needed before SR transmission on PUCCH. If the channel is busy, SR should be transmitted later.
2) P-CSI

The transmission mechanism of P-CSI is very similar to that of SR. Therefore, the above problem should also be solved for P-CSI transmission on PUCCH. However, since P-CSI is updated at each reporting occasion, if the channel is busy, P-CSI should be dropped.
Proposal 2: LBT procedure is needed before P-CSI transmission on PUCCH. If the channel is busy, P-CSI should be dropped.
3) HARQ-ACK

HARQ-ACK is transmitted following with PDSCH. The problem of HARQ-ACK transmission is different from SR and P-CSI. If LBT is supported for HARQ-ACK transmission and the channel is sensed as busy, two options can be considered for HARQ-ACK transmission:

· Option 1: HARQ-ACK is dropped.

When HARQ-ACK is dropped by a UE, the PDSCHs in the DL burst should be retransmitted. The loss of DL transmission efficiency will be severe. Therefore, option 1 is not proposed for HARQ-ACK transmission on eLAA carrier.
· Option 2: HARQ-ACK is transmitted later.

UEs transmit HARQ-ACKs when the channel sensing result is the channel is idle. Since the LBT results of different UEs in the serving cell may be different, as shown in Figure 2, different UEs will transmit HARQ-ACKs corresponding to the same DL burst on different subframes, as shown in Figure 3. 
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Figure 2: LBT results of different UEs in the serving cell
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Figure 3: Different UEs transmit HARQ-ACKs corresponding to the same DL burst on different subframes
For this option, the following issues should be solved:
· Complicated HARQ timing.
The transmission timing of HARQ-ACK corresponding to one DL burst for each UE is uncertain to the eNB. The eNB should maintain the HARQ-timing per UE. Furthermore, the latency of HARQ-ACK feedback may be very long for some UEs.
· Dedicated PUCCH resource allocation.

If a PUCCH resource is allocated to UE A to transmit HARQ-ACKs corresponding to DL burst A, the PUCCH resource cannot be reused for PUCCH or PUSCH transmission until the eNB received the feedback corresponding to DL burst A from UE A. Otherwise, resource collision may occur.

On the other hand, if the HARQ-ACKs corresponding to DL burst A for UE A is missed by the eNB, the dedicated PUCCH resource allocated to UE A will be wasted.

· Limitation on DL scheduling
If the maximum DL HARQ processes for UE 1 are scheduled in DL burst A, UE 1 will be limited to be scheduled in the following DL bursts until HARQ-ACKs corresponding to DL burst A for UE 1 are received by the eNB.
· Increased probability of channel collision
All of the UEs which have HARQ-ACKs to be transmitted will sense the channel together with the eNB in the serving cell. Therefore, the success of channel access for UEs and the eNB will be lower and the probability of channel collision will be increased.
Considering the above issues to be solved, option 2 is also not proposed for HARQ-ACK transmission on eLAA carrier. Therefore, we propose that HARQ-ACKs corresponding to a DL burst should be transmitted on a subframe with a fixed HARQ timing, which is described in detail in [2].
Proposal 3: HARQ-ACKs corresponding to a DL burst should be transmitted on the subframe with a fixed HARQ timing.
3 Conclusions
In this contribution, we show our views on PUCCH transmission on eLAA carrier with following proposals:
Proposal 1: LBT procedure is needed before SR transmission on PUCCH. If the channel is busy, SR should be transmitted in latter.
Proposal 2: LBT procedure is needed before P-CSI transmission on PUCCH. If the channel is busy, P-CSI should be dropped.
Proposal 3: HARQ-ACKs corresponding to a DL burst should be transmitted on the subframe with a fixed HARQ timing.
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