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1 Introduction
During RAN1# 81 meeting, the following agreements on CSI measurements and reporting for LAA were approved:
Agreements:

· 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

In this contribution, we discuss the transmission of periodic and aperiodic CSI-RS for LAA on unlicensed carriers, as well as whether CSI can be reported on the unlicensed carriers.
2 CSI Measurements
For option 1-A, the potential subframes for CSI-RS and CSI-IM may be occurring periodically from UE perspective, which means the configuration of CSI-RS and CSI-IM is periodical but the actual transmission of CSI-RS is subject to LBT at the eNB side. Since Rel-10, the CSI–RS is supported by 3GPP to derive the CSI by a UE, with the periodicity configured by higher layers among the values of {5, 10, 20, 40, and 80} ms. Furthermore, a discovery signal was supported in Rel-12 for small cell on/off purpose. The periodicity of a Rel-12 DRS can be {40, 80, 160}ms. It has been agreed that a discovery signal is also needed for the LAA unlicensed carrier.  The LAA discovery signal shall serve the purpose of UE’s RRM measurement and at least coarse time/frequency synchronization. Furthermore, it has been discussed that supporting NZP CSI-RS and CSI-IM in the LAA DRS can allow more opportunities for NZP CSI-RS and CSI-IM transmission. Given that the eNB may not be able to transmit at the configured time instance for DRS or NZP CSI-RS, the UE would need to blind detect the presence and absence of DRS or NZP CSI-RS. In order to perform RRM measurement and time/frequency synchronization, the UE would at least need to detect the presence and absence of the DRS, e.g. based on the detection of PSS/SSS. The presence and absence of the NZP CSI-RS and CSI-IM can be derived based on the detection of the PSS/SSS, if the NZP CSI-RS and CSI-IM is always included in the LAA DRS. On the other hand, if NZP-CSI is configured to be transmitted periodically (by UE assumption) outside of LAA DRS, the UE would need to blind detect the presence/absence of the NZP CSI-RS, e.g. directly using the NZP CSI-RS RE. It is noted that the presence/absence detection using the PSS/SSS is expected to be more reliable than using the NZP CSI-RS, especially if PSS/SSS is repeated in the LAA DRS.   

Therefore, it would be beneficial to include NZP CSI-RS and CSI-IM in the LAA DRS. With the minimum Rel-12 DRS periodicity of 40ms, it is also possible to consider allow LAA DRS to be transmitted more frequently. Further evaluation is needed to determine the proper LAA DRS periodicity, e.g. considering aspects such as time/frequency synchronization performance on the LAA SCell, overhead of the LAA DRS, and impact on link adaptation performance.  
Proposal 1: It is allowed that NZP CSI-RS and CSI-IM are present in the LAA DRS. It is FFS whether NZP CSI-RS and CSI-IM can be configured to periodically appear outside of  the LAA DRS.
For option 1-B, the potential subframes may be occurring aperiodically from UE perspective. The presence of the aperiodic NZP CSI-RS and CSI-IM in a subframe needs to be indicated to UE. One possibility of such indication is to use a common signal that can be received by all UEs. However, due to the DRX operation, it is not possible for all UEs to detect the common indication in all subframes, unless the UE monitors such indication in all subframes. Another possibility of such indication is to include it in the DL and UL grants. UEs receiving the DL and UL in the subframe then know the presence of aperiodic NZP CSI-RS and CSI-IM in the subframe. However, the UE specific indication can only allow the UEs with DL/UL grant scheduled in the subframe to utilize the aperiodic CSI-RS. 

Proposal 2: Further consider the support of aperiodic NZP CSI-RS and CSI-IM for LAA. 
3 CSI Reporting:
It is observed from 2A and 2B that at least aperiodic CSI shall be reported for an LAA SCell. Then the question is whether periodic CSI needs to be supported for an LAA SCell or not. From UE complexity perspective, supporting periodic CSI for the LAA SCell is not a big issue as the UEs already supports periodic CSI for the licensed carrier. However, the UE behavior of periodic CSI reporting of an LAA SCell may require some changes on specification due to the fact that the reference signals may not always be there due to eNB’s LBT, e.g. the definition of CSI reference resource. On the other hand, it is noted that whether a UE shall report periodic CSI for the LAA SCell is completely under the eNB control. If the eNB does not want periodic CSI report on the LAA SCell from the UE, the eNB may choose not to enable that feature. 
Proposal 3: Periodic CSI reporting is supported for an LAA Scell, unless significant amount of specification effort is required.
For aperiodic reporting options 3-A and 3-B, supporting both of them does not increase the UE implementation complexity . It is completely under eNB control on which carrier the aperiodic CSI is transmitted. If the eNB concerns on the reliability of aperiodic CSI reporting on the unlicensed carrier, the eNB may opt to trigger aperiodic CSI reporting of the LAA SCell which is carried on PUSCH transmitted in the licensed carrier. On the other hand, supporting aperiodic CSI reporting on PUSCH transmitted in the LAA SCell provides more flexibility to the eNB. 
Proposal 4: For aperiodic CSI reporting, option 3-A is supported.
4 Conclusion

In this contribution, we consider CSI measurements and reporting and make the following proposal:
Proposal 1: It is allowed that NZP CSI-RS and CSI-IM are present in the LAA DRS. It is FFS whether NZP CSI-RS and CSI-IM can be configured to periodically appear outside of  the LAA DRS.
Proposal 2: Further consider the support of a periodic NZP CSI-RS and CSI-IM for LAA. 
Proposal 3: Periodic CSI reporting is supported for an LAA Scell, unless significant amount of specification effort is required.

Proposal 4: For aperiodic CSI reporting, option 3-A is supported.
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