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1 Introduction
In RAN1#80bis, the following agreement on CSI measurement and feedback was reached [1].
Agreements:
Below is a list of design options for CSI measurements, CSI reporting, and transmission schemes for LAA, for the case that LAA supports the transmission of CRS and/or CSI-RS and/or CSI-IM.

· For the purpose of CSI measurement, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9)

· NZP CSI-RS transmission may be subject to LBT

· The presence of NZP CSI-RS and CSI-IM in a subframe is indicated implicitly or explicitly
· Note: indication may or may not involve signaling
· Potential subframes for NZP CSI-RS and CSI-IM:

· Opt 1-A: The potential subframes may be occurring periodically from UE perspective

· Opt 1-B: The potential subframes may be occurring aperiodically from UE perspective

· Opt 1-C: a combination of opt 1-A and opt 1-B
· Note: same or different options for NZP CSI-RS and CSI-IM is not precluded
· For the purpose of CSI measurement, if LAA supports CSI measurements on CRS

· CRS transmission may be subject to LBT

· The presence of CRS in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling
· The following CSI reporting options have been identified

· Opt 2-A: Support for both aperiodic and periodic CSI reporting for an LAA Scell

· Opt 2-B: Support only for aperiodic CSI reporting for an LAA SCell
· For aperiodic CSI reporting:
· Opt 3-A: Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell
· Opt 3-B: Aperiodic CSI can only be reported on PUSCH on a carrier in licensed spectrum
· The following options for supported transmission schemes have been identified

· Opt 4-A: DMRS-based demodulation and CRS-based demodulation for PDSCH
· Opt 4-B: Only DMRS-based demodulation for PDSCH
· Further down selection of the supported transmission schemes is possible for the options above
In this contribution, further considerations and proposals on UCI reporting for LAA are provided based on agreements above.
2 Discussion
2.1 UCI multiplexing for LAA
Currently as specified in [2], depending on simultaneous PUSCH and PUCCH configuration if UE is configured more than one serving cell, UCI can be multiplexed on either PUSCH, or PUCCH and PUSCH. Followings are UCI multiplexing scheme in Rel-12 CA
· If the UE is not configured for simultaneous PUSCH and PUCCH transmission, then in subframe [image: image1.wmf]n


· If the UCI consists of A-CSI or A-CSI and HARQ-ACK, the UCI is transmitted on PUSCH of serving cell which is triggered by A-CSI request.
· If the UCI consists of P-CSI and/or HARQ-ACK, the UCI is transmitted on PUSCH of PCell (if scheduled) or PUSCH of the SCell with smallest SCellIndex (if there is no PUSCH on PCell but, PUSCH on at least one SCell)

· If the UE is configured for simultaneous PUSCH and PUCCH transmission, then in subframe [image: image2.wmf]n


· If the UCI consists of A-CSI or A-CSI and HARQ-ACK(SR), the A-CSI is transmitted on PUSCH of serving cell which is triggered by A-CSI request and HARQ-ACK(SR) is transmitted on PUCCH.

· If the UCI consists of P-CSI and/or HARQ-ACK, the P-CSI is transmitted on PUSCH of PCell (if there is PUSCH on PCell) or PUSCH of the SCell with smallest SCellIndex (if there is no PUSCH on PCell but, PUSCH on at least one SCell) and the HARQ-ACK is transmitted on PUCCH.

For UCI multiplexing in LAA, if LAA supports both DL and UL transmission, in addition to DL only transmission, UCI corresponding to DL serving cells in licensed carrier or unlicensed carrier can be multiplexed on PUSCH in unlicensed carrier according to Rel-12 CA rule. 
As discussed in our companion contribution [3], it can be beneficial to off-load data and control information of LAA UEs to a LAA SCell as much as possible to avoid the impacts of legacy UEs which are using the physical resource of the licensed carrier especially if a few licensed carrier with large amount of LAA SCells. 
In case LAA UE needs to perform the LBT for UL transmission after eNB schedules PUSCH, the UE may not be possible to transmit it if (E)CCA does not succeed. In this case, if the PUSCH is scheduled with CSI request in UL grant and additionally there is HARQ-ACK reporting in same subframe, all UCIs within the PUSCH transmission may not also be able to transmit it due to (E)CCA fails. This situation is depending on which node performs (E)CCA for PUSCH because if eNB do (E)CCA for UE PUSCH transmission, there may be not that issue. However, considering current EU regulation, it may be likely that the transmit node (e.g. UE) shall perform (E)CCA to get the channel. Thus, in following discussion, we would like to focus the case where LBT for UL is required at UE side 
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Figure 1: UCI multiplexing problem in unlicensed carrier
As a example, Figure 1 shows that there can be potential problem of PUSCH with UCI dropping due to (E)CCA fail in case UE is scheduled for PUSCH with A-CSI and there are PDSCH that shall report HARQ-ACK in same subframe. If the A-CSI triggering associated with large number of serving cells or CSI processes is requested by eNB, the UE may not provide sufficient channel measurement to eNB if the channel is busy. To solve this problem, there can be two options. One is if there are additional PUSCH scheduling in other serving cells on top of selected serving cell for PUSCH with UCI piggyback based on CA rule, one serving cell among other serving cells can piggyback the UCI instead of the selected serving cell. It can be observed that it will result in higher UE complexity especially if UL LBT is still performing to transmit PUSCH after receiving UL grant. Another option is PUSCH in licensed carrier can only carry UCI by eNB scheduling.
Proposal 1: It should be discussed on how to transmit the UCI if PUSCH with UCI is transmitted in LAA SCell, but (E)CCA is not succeed.
3 Conclusion

In this contribution, we discussed potential solutions for UCI multiplexing in LAA. The above discussion is summarized with the following proposal: 
Proposal 1: It should be discussed on how to transmit the UCI if PUSCH with UCI is transmitted in LAA SCell, but (E)CCA is not succeed.
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