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1 Introduction
In RAN1#84bis meeting, UCI transmission on an LAA SCell was discussed and the agreements were given as follow [1]:
Agreement:
· PUCCH on LAA SCell is not introduced in eLAA within the current scope of the work item

· The introduction of PUCCH at a later stage in Rel-14 is not precluded

Agreement:

· Simultaneous L-cell PUCCH and LAA SCell PUSCH transmission is supported by the UE

· Note: Not configuring this would impact PUSCH transmission opportunities on the LAA SCell

· Note: whether this feature is optional or mandatory is a separate discussion

· Note: this does not necessarily imply that a UE needs support simultaneous PUCCH and PUSCH within one band or adjacent bands
Agreement:
· Transmission of aperiodic CSI on an LAA SCell is supported at least for aperiodic CSI for an unlicensed carrier

· Both aperiodic CSI only (without UL-SCH) and aperiodic CSI with UL-SCH are supported

· FFS the conditions for aperiodic CSI only on an LAA SCell

· Transmission of periodic CSI on an LAA SCell is not supported within the current scope of the eLAA work item

· The introduction of periodic CSI on an LAA SCell at a later stage in Rel-14 is not precluded
Working assumptions:
· eLAA supports transmission of UCI including at least HARQ-ACK on PUSCH within a “UCI cell group” consisting of only LAA SCells at least for self-scheduling

· No PUCCH on any SCell in the UCG

· This cell group is not referring to a PUCCH cell group

· FFS: Timing relationship between DL transmissions and HARQ-ACK

· FFS: Whether the UCI cell group can also include an SCell in the licensed band

· All HARQ-ACKs for SCells within the UCI cell group are always carried on PUSCH on one or more SCells within the UCI cell group when the UCI cell group is configured
In this contribution, we show our views on UCI transmission for Rel-14 eLAA. 
2 Discussion
For UCI transmission on LAA SCell, at least the following issues should be resolved:

Timing relationship between DL transmissions and HARQ-ACK
There could be different ways to determine the HARQ-ACK timing, which includes the implicit predetermined timing or flexible timing. 
· Option 1: HARQ-ACK which fulfills the 4ms latency is transmitted in a scheduled PUSCH with possibility of deferring when LBT fails

To avoid the misunderstanding on the codebook between eNB and UE, HARQ-ACK should be feedback in every scheduled PUSCH subframe. The HARQ timing is flexible and HARQ-ACK can be deferred to the next PUSCH when LBT fails. 
· Option 2: HARQ-ACK feedback is explicitly triggered by eNB in UL grant
Flexible HARQ timing is supported by eNB indicating whether HARQ-ACK is transmitted in a PUSCH subframe in UL grant. The explicit triggering bit can also be used to dynamically switch the carrier for HARQ-ACK transmission within UCG in different subframes, such that the reliability of HARQ-ACK transmission can be improved. 
· Option 3: HARQ-ACK feedback follows the existing timing

If PUSCH is not scheduled or LBT fails for a HARQ-ACK transmission subframe, HARQ-ACK transmission can be switched to the licensed carrier (if it is agreed to have licensed carrier included) in the UCG, otherwise, HARQ-ACK transmission is dropped. Given the fully flexible UL/DL subframe allocation in FS3, the existing HARQ timing which is defined based on FS1 can hardly be retained, unless eNB allocate an UL subframe at any time when a HARQ-ACK feedback is expected. Otherwise, if the expected HARQ-ACK feedback subframe is allocated as a DL subframe, the HARQ-ACK shall be dropped. Therefore, following the existing FS1 timing to support HARQ-ACK transmission on FS3 carrier will either result in inefficient DL/UL subframe configuration according to the traffic demand, or HARQ-ACK dropping. 
Comparing the three options given above, the maximum flexibility of HARQ-ACK transmission is provided by option 2 with single bit indication in UL grant. Hence, option 2 is more preferred. 

Proposal 1: HARQ-ACK feedback on LAA Scell is explicitly triggered by eNB in UL grant.

HARQ-ACK codebook size
As in Rel-13, either fixed or dynamic HARQ-ACK codebook size can be considered in Rel-14 eLAA. 
· Option 1: Fixed HARQ-ACK codebook size

With fixed HARQ-ACK codebook size, there is no ambiguous understanding between eNB and UE. For example, UE could feedback HARQ-ACKs for all HARQ-ACK processes even if no PDSCH is scheduled in some of the HARQ processes. The number of maximum HARQ process is defined as the number of HARQ-ACK feedback bits per carrier and the sequence of HARQ-ACK feedback bits for one carrier is sorted according to the HARQ process number. The drawback of this option is the increased overhead in PUSCH. However, considering the PUSCH on U-SCell contains at least 10PRBs, the redundant HARQ-ACK feedback bits will not be a big issue.
· Option 2: Dynamic HARQ-ACK codebook size

In the dynamic HARQ-ACK codebook size option, C-DAI and T-DAI are used to keep the same understanding on the codebook size between eNB and UE. However, this method works only when the feedback timing is predetermined. In a flexible HARQ timing design, eNB cannot indicate C-DAI or T-DAI without knowing the feedback window.
Proposal 2: Fixed HARQ-ACK codebook size is supported, which is determined based on the number of configured component carrier and HARQ processes.
HARQ-ACK transmission method on LAA SCell
Regarding the HARQ-ACK transmission with PUSCH, following options can be considered. 
· Option 1: HARQ-ACK punctures PUSCH

This is the existing behavior where HARQ-ACK bits puncture PUSCH around DMRS symbols. In eLAA, due to the interlaced PUSCH resource allocate and the proposed fixed HARQ-ACK codebook size, multiple interlaces may be required when large HARQ-ACK codebook size is determined, which will decrease the UL resource efficiency.
· Option 2: HARQ-ACK rate matches PUSCH or HARQ-ACK only on PUSCH

This is the same as existing method to multiplex CSI in the PUSCH. Compared with option 1, less PUSCH interlace resources is required.
Proposal 3: HARQ-ACK multiplexing with PUSCH is supported on LAA SCell, following the existing multiplexing method between CSI and PUSCH. 
Whether simultaneous transmission of HARQ-ACKs on more than one SCell
If simultaneous transmission of HARQ-ACKs on more than one U-SCell is supported, there is more HARQ-ACK transmission opportunity since the probability of LBT failing in multiple U-SCell is lower than LBT failing in only one carrier. However, repeated transmissions will largely decrease the spectrum efficiency especially when the resource used for HARQ-ACK transmission is large.

If simultaneous transmission of HARQ-ACKs on more than one U-SCell is not supported, HARQ-ACK can only be transmitted in one configured HARQ-ACK transmission carrier or a carrier for HARQ-ACK transmission indicated by eNB in UL grant.
If the explicit indication on UL grant for HARQ-ACK feedback triggering is supported, then whether to schedule the HARQ-ACK transmission simultaneously on multiple PUSCH carrier can be left to eNB implementation, which gives the eNB the maximum flexibility to tradeoff between UCI robustness and resource overhead. 
Proposal 4: eNB uses the explicit HARQ-ACK triggering information in UL grant to schedule the PUSCH carrier used for HARQ-ACK transmission. 
HARQ-ACK transmission switching between U-SCell and L-SCell
If L-SCell can be included in UCG, whether supporting UCI HARQ-ACK switching between U-SCell and L-SCell should be further considered. The intention of such switching is to avoid the HARQ-ACK dropping due to UL LBT while retain the existing implicit HARQ-ACK timing. 
From the previous discussion, it is proposed that HARQ-ACK rate matches PUSCH on LAA Scell, similarly to the existing CSI transmission in a PUSCH. Therefore, if the HARQ-ACK carrier switching is to be supported according to LBT result, two versions of the PUSCH (PUSCH with HARQ-ACK or PUSCH only ) on LAA Scell needs to be prepared by the UE such that UE can transmit the correct version immediately after the LBT result. Meanwhile, the UE does not needs to prepare two versions of PUSCH on the licensed carrier to which the HARQ-ACK transmission may be switched to, since on the licensed carrier the HARQ-ACK is transmitted by puncturing the PUSCH REs around the DMRS symbols. The HARQ-ACK transmission happens from the  SC-FDMA symbol #3 so that UE could have enough processing time to do or cancel the puncturing after knowing the LBT results. 
Observation 1: Two versions of PUSCH on LAA Scell, i.e. PUSCH with and without HARQ-ACK multiplexing should be prepared if dynamic HARQ-ACK carrier switching between unlicensed carrier and licensed carrier is to be supported within a UCG. 
3 Conclusion
In this contribution, we discuss the issues for UCI transmission on LAA SCell. Some proposals are given below:
Proposal 1: HARQ-ACK feedback on LAA Scell is explicitly triggered by eNB in UL grant.

Proposal 2: Fixed HARQ-ACK codebook size is supported, which is determined based on the number of configured component carrier and HARQ processes.
Proposal 3: HARQ-ACK multiplexing with PUSCH is supported on LAA SCell, following the existing multiplexing method between CSI and PUSCH.

Proposal 4: eNB uses the explicit HARQ-ACK triggering information in UL grant to schedule the PUSCH carrier used for HARQ-ACK transmission. 
Observation 1: Two versions of PUSCH on LAA Scell, i.e. PUSCH with and without HARQ-ACK multiplexing should be prepared if dynamic HARQ-ACK carrier switching between unlicensed carrier and licensed carrier is to be supported within a UCG.
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