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1 Introduction
During RAN #68 meeting, Licensed-Assisted Access to Unlicensed Spectrum has been approved as one of Rel-13 features. According to the WID, this WI should only specify the support for DL transmissions in LAA SCells only. This contribution discusses a few different options relating to  CSI reporting for LAA SCells and shares some of our views.
2 Discussion
During RAN1#80bis meeting, 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, UE combines the CSIs corresponding to multiple serving cells in a single report, which is then transmitted using PUSCH. It provides a more accurate and completed CSI for DL transmission on each of the serving cells, which  is beneficial for both data scheduling and configurations of parameters such as MCS. However, the signalling overhead should be considered especially when a large number of LAA SCell are configured (assuming that eCA is supported). Furthermore, the CCA behaviours of these LAA SCells may not be aligned, so discrepancy among them is a potential issue. This is also worth noting that  the coverage of the aperiodic CSI report may be impacted when the number of supported DL carriers is increased.

When periodic CSI reporting is considered in the LAA, the major concern is whether the periodic CSI is useful since the radio resource of an LAA SCell is not always available for LAA service. Therefore, the periodic CSI report might be wasted especially when the channel is busy. However, as compared to aperiodic CSI reporting, an advantage of periodic CSI reporting is the preconfigured UL resource, which allows the UE to periodically report CSI without additional control signal overhead. In addition, if eNB can acquire the basic CSI via periodic CSI reports regardless whether eNB has data to transmit or not, a more proper scheduling decision can be made at the beginning of the DL burst once the channel becomes available. Moreover, for the purpose of SCell deactivation, the link quality information regularly provided by periodic CSI reporting is helpful for the eNB to determine which SCell should be deactivated. 
Based on the discussions above,  this is apparent that both periodic and aperiodic CSI reporting are indispensable due to the benefits they can bring in different respects. Hence, it is reasonable to both periodic and aperiodic CSI reporting in LAA, so the eNB is able to make a more judicious decision on scheduling. 
Proposal 1: Both periodic and aperiodic CSI report should be supported in LAA
2.1 Aperiodic CSI reporting
If aperiodic CSI reporting is applied in a LAA system, the LBT procedure will affect the CSI measurement and reporting. For example, when multiple aperiodic CSI reports for multiple LAA SCells are triggered simultaneously using the same CSI request signalling, and the eNB is not aware of the LBT state of all the LAA SCells at the time of triggering, the UE may have to determine and report the aperiodic CSI for some carriers that are not available DL transmission. In this case, two reporting options can be considered:
Option 1: For a serving cell with no valid reference resource used for CSI measurement, the UE reports CSI according to the latest valid reference resource.
Option 2: For a serving cell with no valid reference resource used for CSI measurement, the UE reports CQI = “out of range” to indicate the invalid CSI report.
Upon receiving the triggering of aperiodic CSI report, the UE has to identify whether there is a valid CSI reference resource in the DL subframes by either explicit L1 signal (e.g., to indicate the start of LAA DL burst) or blind detection of RS. However, it may result in  ambiguity on valid CSI reference resource between eNB and UE. For example, eNB does transmit valid CRS/CSI-RS but UE misses it, the reported CSI may be inaccurate. In this case, Option 2 could be a good solution to indicate the missed CSI measurement as well as obsolete information. As for the validity of the reference resource, it could be decided by determining whether the interval between the latest valid CSI reference resource and the subframe configured for the report is larger than a predefined value. However, the issue of UCI overhead wastage should be considered.
Proposal 2: For a serving cell with no valid reference resource used for CSI measurement, the UE reports CQI = “out of range” to indicate the invalid aperiodic CSI report.
2.2 Periodic CSI reporting
Similar to aperiodic CSI reporting,  the latest valid CSI reference resource may also not able to reflect the real channel status in a periodic CSI feedback instance. In such cases, there are three options on the reporting behaviour:
Option 1: The UE reports periodic CSI for LAA SCell anyway: 
Same as current specification, CSI is derived based on the measurements performed in the latest valid reference resource. The drawback of this option is that the information may be out of date as RS transmissions might be prevented due to LBT. In addition, this scheme does not reflect the situations when UE miss the RS resource. Therefore, the information may not be useful when the time gap between the latest valid CSI reference resource and the reporting instance is large.

Option 2: The UE omits periodic CSI reporting when there is no valid CSI reference resource within a time period: 
The time period to determine the validity of CSI reference resource could be a predefined value. This scheme is advantageous in terms of UE’s power saving as it is not required to feedback CSI if this is out of date. Accordingly, since the eNodeB knows the RS transmission behaviour  due to LBT, CSI reporting from  UE side is anticipatable. However, this scheme may have impacts on the multiplexing of UCI (e.g., with HARQ-ACK and/or another CSI report) and may introduce complexity at both UE and eNB sides.
Option 3: The UE reports invalid CSI when there is no valid CSI reference resource within a time period:
In this option, UE reports simply invalid CSI when no valid CSI reference resource is available in a predetermined time period. The invalid CSI could be predetermined values (e.g., CQI=”out of range” and RI=1). Apparently UE’s power consumption is a major drawback with this option due to unnecessary UL transmission. Nevertheless, the eNB can ignore the CSI reports for the time instances where RS transmission is not available.
From our point of views, Option 3 is more appropriate for periodic CSI reporting due to the minimal specification impacts.
Proposal 3: For the case of periodic CSI report, invalid CSI (e.g., CQI=”out of range” and RI=1) is reported when there is no valid CSI reference resource within a time period. 
3 Conclusion

Based on our discussions, we have the following proposals:

Proposal 1: Both periodic and aperiodic CSI report should be supported in LAA
Proposal 2: For a serving cell with no valid reference resource used for CSI measurement, the UE reports CQI = “out of range” to indicate the invalid aperiodic CSI report.
Proposal 3: For the case of periodic CSI report, invalid CSI (e.g., CQI=”out of range” and RI=1) is reported when there is no valid CSI reference resource within a time period.
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