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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 CSI measurement and feedback are provided based on agreements above.
2 Discussion
Discussion on what TM in LAA is supported is associated with what reference signals are used for channel measurement and interference measurement. For TM 9, non-zero power (NZP) CSI-RS can be used for channel measurement, but interference measurement is based on CRS, while CRS is used for both channel measurement and interference measurement in TM1-8. Especially in TM10, CSI-IM configured by ZP CSI-RS resources with 4 ports is used for interference measurement that has been specified in Rel-11, in addition to channel measurement by NZP CSI-RS. It seems that there is no harm to support both CRS based CSI measurement and CSI-RS based CSI measurement for LAA as in LTE. Thus, we think both CSI measurement schemes can be also supported in LAA.
Proposal 1: Both CRS and CSI-RS based CSI measurement can be supported in LAA.
2.1 CSI reference resource for LAA

As discussed in RAN1#80bis, for the purpose of CSI measurement relative to LAA, the eNB has to indicate UEs of the RS occasions within channel occupancy time. Then, how to indicate UEs of it need to be discussed.
One option is that the presence of NZP CSI-RS and CSI-IM in a subframe can be indicated by initial signal (or common signal in PCell) and RRC configuration. Firstly, after eNB accesses idle channel and transmits initial signal to the UEs in a cell, the UEs can recognize a whole channel occupancy time according to the time initial signal is detected and maximum channel occupancy time. Within a whole channel occupancy time, eNB can indicate UEs of the presence of NZP-CSI and CSI-IM by RRC configuration. Another option is that eNB can indicate the CSI-RS/CSI-IM occasions by sending an indication in UL grant and using RRC configuration. The RRC configuration can consist of how many time CSI-RS/CSI-IM occasions occur. The CSI-RS/CSI-IM occasions can be finally determined based the subframe where (E)PDCCH with UL grant is received and RRC configuration. eNB can appropriately inform UEs of CSI-RS/CSI-IM occasions by using those signalling for CSI measurement. Both options can be helpful to reduce a large number of UL grants to indicate the existence of CSI-RS/CSI-IM compared to the case where only UL grant is used to indicate one CSI-RS/CSI-IM subframe.
Proposal 2: It can be considered to use common signalling or UL grant with RRC configuration to indicate the CSI-RS/CSI-IM occasions. The detailed design for the signalling and configuration could be FFS.
Considering current CSI-RS/CSI-IM periodicity (i.e. minimum 5ms) and maximum channel occupancy time in Japan (i.e. 4ms), shorter periodicity for CSI-RS/CSI-IM can be preferred, in order to provide sufficient number of CSI-RS/CSI-IM occasions. Since eNB can control the number of CSI-RS/CSI-IM occasions within channel occupancy time, the overhead of CSI-RS/CSI-IM occasions may not be problem. 

Proposal 3: Shorter periodicity for CSI-RM/CSI-IM can be considered.

For partial subframe in LAA, it can be considered whether CSI-RS/CSI-IM occasion can be valid in partial subframe if it is configured or indicated. Especially when common signaling is provided to UEs after immediately occupying channel by eNB, UEs would not miss any chance of the CSI-RS/CSI-IM occasion.  However, depending on how many OFDM symbols are used for PDSCH or DRS in partial subframe, the CSI-RS/CSI-IM occasion may not be used for CSI measurement even if there is no problem to know the CSI-RS/CSI-IM occasion for example by using initial signaling at UE side. Thus, it can be discussed what conditions in partial subframe UE can measure CSI for LAA SCell by using CSI-RS/CSI-IM. In this case, scheduling mode of the UE has to be considered with signaling method on how to address CSI-RS/CSI-IM occasion in partial subframe if configured or indicated by eNB.
Proposal 4: It can be discussed that if the CSI-RS/CSI-IM occasion is signalled or indicated within a partial subframe to UEs by eNB, what UE behaviours needs to be performed for CSI measurement.
2.2 CSI report

Due to LBT, it has been argued by some companies that periodic CSI reporting are not supported in LAA SCell, but aperiodic CSI reporting shall be supported for channel measurement. However, in our perspective it is still not clear why periodic CSI reporting shall be precluded in LAA SCell because we think there may be some cases where aperiodic CSI triggering and/or reporting may be very difficult due to busy channel in unlicensed carrier or heavy congestion in control resources (e.g. (E)PDCCH) especially when cross-carrier scheduling is configured by licensed carrier with larger amount of unlicensed carriers. Also, if eNB can get the basic channel status of the UEs by using periodic CSI reporting regardless whether eNB has data to transmit, the eNB can make at least robust scheduling decision once it immediately gets the channel at very first subframe like partial subframe. So, periodic CSI reporting in LAA SCell for eNB can be useful for better scheduling decision in any cases, in addition to aperiodic CSI reporting.
Proposal 5: Both periodic and aperiodic CSI reporting should be supported in LAA as in LTE.
One thing that needs to be discussed is whether periodic CSI and aperiodic CSI reporting are transmitted on PUSCH in unlicensed channel. When considering current CSI multiplexing scheme in Rel-12, P-CSI, A-CSI and HARQ-ACK can be differently multiplexed with different LTE UL channel. Therefore, there can be potentially missing problem of UCI on PUSCH if UL LBT is failed to transmit PUSCH but, there is UL scheduling in that subframe before by eNB. To solve this problem, the UCI multiplexing with PUSCH can be limited to only licensed carrier. However, it can be concerned that large amount of UCI for LAA SCells are concentrated on the licensed carrier and thus, its control overhead on the licensed carrier will be significantly increased especially when there is a significant amount of unlicensed carrier aggregated by the LAA UEs. It is easily expected that legacy UEs will have performance degradations due to LAA UEs. Basically, since the motivation of using unlicensed carrier is to off-load data/control traffic from licensed carrier to unlicensed carrier as much as possible, it seems that restricting multiplexing UCI on only licensed carrier is not preferable. Moreover, it will require simultaneous PUCCH (HARQ-ACK in licensed carrier) and PUSCH(data in unlicensed carrier) transmission to all LAA UEs. Thus, to have more flexibility to choose which serving cell UCI can be multiplexed with PUSCH by eNB scheduling decision would be better option.
Proposal 6: Both periodic and aperiodic CSI reporting can be at least multiplexed with PUSCH on either licensed carrier or unlicensed carrier. HARQ-ACK is FFS.

2.3 TM for LAA
One issue for LAA SCell is which TMs need to be supported. It is related to the discussion of CSI/RRM measurement, synchronization, etc., on what reference signals are transmitted for LAA SCell. If CRS based TM is not supported in LAA, it is only available DMRS-based PDSCH transmission for demodulation and CSI-RS/DRS for CSI and/or RRM measurement. Since Rel-8 in LTE, CRS has provided good reference and robust operation especially for synchronization and measurement. Considering uncertainty of channel occupancy, UE blind search using CRS in a LAA SCell may be also one of safeties to recognize whether eNB has occupied the LAA SCell and bring 
The presence of CRS on top of demodulation purpose can be helpful for other functionalities such as RRM/CSI measurement, fine synchronization, UE blind detection and so on. Therefore, it seems be natural and reasonable to support both CRS based TM and CSI-RS based TM.
Proposal 7: In LAA, both CRS based and CSI-RS based TM can be supported.
3 Conclusion

In this contribution, we discussed CSI measurement and report and TM in LAA. The above discussion is summarized with the following proposals:
Proposal 1: Both CRS and CSI-RS based CSI measurement can be supported in LAA.
Proposal 2: It can be considered to use common signalling or UL grant with RRC configuration to indicate the CSI-RS/CSI-IM occasions. The detailed design for the signalling and configuration could be FFS.
Proposal 3: Shorter periodicity for CSI-RM/CSI-IM can be considered.

Proposal 4: It can be discussed that if the CSI-RS/CSI-IM occasion is signalled or indicated within a partial subframe to UEs by eNB, what UE behaviours needs to be performed for CSI measurement.

Proposal 5: Both periodic and aperiodic CSI reporting should be supported in LAA as in LTE.
Proposal 6: Both periodic and aperiodic CSI reporting can be at least multiplexed with PUSCH on either licensed carrier or unlicensed carrier. HARQ-ACK is FFS.

Proposal 7: In LAA, both CRS based and CSI-RS based TM can be supported.
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