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Introduction
In RAN1#86, an LS was received from RAN4 (R1-167928) about CSI measurement ambiguity in LAA. In this document, we discuss solutions to the questions posed by RAN4 and some modifications to the RAN1 specifications to clarify the CSI reporting behaviour. 
2 
Issue 1: Max number of processes to be updated

Issue 1: According to RAN1 specification TS 36.213 section 7.2.1 in Rel-13, if a UE receives aperiodic CSI report request triggering Ny CSI reports in a subframe, the UE is required to update CSI for Ny CSI processes from the CSI processes corresponding to all the triggered CSI reports. Ny is given by maxNumberUpdatedCSI-Proc-r13. 

In LAA with periodic CSI reporting configuration, when periodic CSI report is triggered in LAA carriers and Ny aperiodic CSI reports are triggered in licensed carriers with different report timing, the UE could be required to update more than Ny CSIs in certain subframe since CSI measurement subframe both LAA and licensed carriers could be overlapped in the subframe cause by LAA periodic CSI measurement behavior. The same issue also arises in case of cross-carrier aperiodic CSI reporting. For this case, a UE may not guarantee valid CSI reporting for some CSI processes.

The following statements from TS 36.213 Section 7 are relevant for this issue. 
In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the aperiodic CSI report in that subframe

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.
If a UE is configured with multiple cell groups, and if the UE receives multiple aperiodic CSI report requests in a subframe for different cell groups triggering more than one CSI report, the UE is not required to update CSI for more than 5 CSI processes from the CSI processes corresponding to all the triggered CSI reports.

If a UE is configured with a PUCCH-SCell, and if the UE receives multiple aperiodic CSI report requests in a subframe for both the primary PUCCH group and the secondary PUCCH group triggering more than one CSI report, the UE is not required to update CSI for more than 5 CSI processes from the CSI processes corresponding to all the triggered CSI reports, in case the total number of serving cells in the primary and secondary PUCCH group is no more than 5. If a UE is configured with more than 5 serving cells, and if the UE receives aperiodic CSI report request in a subframe triggering more than 
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CSI reports, the UE is not required to update CSI for more than 
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 CSI processes from the CSI processes corresponding to all the triggered CSI reports, where the value of 
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is given by maxNumberUpdatedCSI-Proc-r13.
Based on the current RAN1 specification for Rel-13, in a purely CA configuration of serving cells, it is reasonably expected that eNB will not trigger more CSI processes than the UE can process simultaneously as the eNB can fully control the behavior on all the serving cells. However, in a dual connectivity setting, it is possible that the eNB triggers more CSI processes than is the UE capability due to the communication and coordination delay between the eNBs in the MCG and SCG. 
In general, there are two steps before a CSI report can be generated. 

Step 1: Channel and interference measurements are updated

Step 2: The CSI report is computed from the latest channel and interference measurements.

For periodic CSI reporting for LAA serving cells, both channel and interference measurements have to be updated all the time so that the UE can compute the CSI report based on the last valid measurements. While this may somewhat increase UE processing for LAA SCells, it is our understanding that majority of the UE complexity of CSI reporting is in Step 2 where the UE generates the CSI report. In essence, the UE capability for CSI processing is then tied to the maximum number of CSI reports (as in Step 2) that can be generated for reporting in a subframe and is independent of the number of serving cells (including LAA SCells) performing Step 1 at that time. It is also reasonable to believe that the UE actually performs Step 2 for reporting only a few ms (say 4ms) before the CSI reporting instance. Hence, we note that there is no difference in the CSI reporting behavior of LAA compared to licensed carriers aggregated under the CA or dual connectivity framework. 
Observation 1: Updating channel and interference measurements on an activated serving cell is not considered as a bottleneck for the UE’s CSI processing capability.

Observation 2: A UE is reasonably expected to compute CSI (as in Step 2) only a few ms (4ms for example) before the actual transmission of the CSI report. 
Observation 3: With the understanding in observations 1 and 2, there is no difference in the CSI reporting behavior of LAA SCells compared to licensed serving cells aggregated similarly under the CA or dual connectivity framework. 

Proposal

1. It is clarified to RAN4 that channel and interference measurement behavior for the purpose of CSI reporting in LAA SCells does not change the CSI reporting behavior compared to a similar configuration of licensed serving cells.
Next, RAN4 asks the question of a valid reference subframe for aperiodic CSI reporting. We discuss this question as part of Issue 2 in Section 3 of this document.
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Issue 2: Reference subframe for aperiodic reporting
Issue 2: RAN4 would like to know if RAN1 can clarify whether following sentence could be applied in LAA CSI reporting case or not. 

“For a non-BL/CE UE, if there is no valid downlink or no valid special subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.” (in RAN1 specification TS 36.213 for CSI reporting)

Without clarification for this sentence, RAN4 is not clear about UE behavior when cross carrier aperiodic CSI reporting is triggered in subframe n and the subframe is not valid subframe.
The follows options are identified for aperiodic CSI reporting in Rel-13 LAA when the UL grant for aperiodic CSI reporting is sent on the licensed serving cell. This is also applicable to Rel-14 eLAA scenarios where the UL is cross-carrier scheduled. 
1. As in periodic CSI reporting, the UE reports based on the last available channel and interference estimates available at the UE.

2. The UE always assumes that the corresponding subframe on the LAA SCell is valid (without checking for CRS or PDCCH) and computes the CSI.
3. The UE checks (using CRS detection or PDCCH monitoring) if the subframe corresponding to the unlicensed SCell is a valid subframe. If the triggering subframe is detected to be valid, the UE reports the CSI based on the triggering subframe and if not valid then it is up to the UE what to report (OOR for example, but not mandated to report OOR).

Our preferred choice is based on the following considerations. The eNB, at least for aperiodic triggering, should not trigger a CSI report for a subframe in which it has not transmitted. Due to eNB processing timelines, this implies that the eNB may not be able to trigger CSI reports in the very first subframe it transmitted on LAA SCells in a new channel occupancy. However, it would be possible at the eNB to trigger a CSI report in the second or the third subframe of a channel occupancy. This does not impact performance in any meaningful manner as the eNB would be able to use this report only for the next channel occupancy it initiates. In addition, the eNB can further post-process the report and discard it if it believes that the report is an outlier. 
Thus, we propose the following behaviour for aperiodic CSI reporting for LAA SCells

1. For aperiodic CSI reporting for LAA SCells, UE checks if the subframe on the LAA SCell in which the trigger was sent on the non-LAA SCell is a valid subframe. If a valid subframe is detected, then the UE follows Rel-12 behavior and if the reference subframe is not detected to be valid, then it is up to the UE what to report (OOR for example, but not mandated to report OOR). 
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Conclusions

In this document, we discussed some potential responses to the questions posed in the RAN4 LS. In specific, we propose that
1. It is clarified to RAN4 that channel and interference measurement behavior for the purpose of CSI reporting in LAA SCells does not change the CSI reporting behavior compared to a similar configuration of licensed serving cells.
2. For aperiodic CSI reporting for LAA SCells, UE checks if the subframe on the LAA SCell in which the trigger was sent on the non-LAA SCell is a valid subframe. If a valid subframe is detected, then the UE follows Rel-12 behavior and if the reference subframe is not detected to be valid, then it is up to the UE what to report (OOR for example, but not mandated to report OOR).
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