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1 Introduction
In RAN1 NR AH #2, the following has been additionally agreed for CSI reporting [1]:
Agreements:

· For aperiodic CSI-RS triggering offset X, X is fixed to zero. 

· For aperiodic CSI reporting on PUSCH, Y is indicated by DCI.

· DCI to be used for indicating the timing for PUSCH is also used to indicate Y.

· This applies to both UCI only and UCI+Data PUSCH

· The set of values is configured by higher layer

· The candidate set of values of Y is selected according to restricted conditions inferred from configuration of CSI related settings.

· The condition include at least;

· CSI parameter

· Number of CSI-RS antenna ports if PMI is included

· CSI-RS location

· Frequency granularity of CSI

· FFS: number of simultaneous CSI calculations

· FFS on mechanisms to relax CSI report timing according to number of simultaneous CSI calculations

· FFS different or same candidate Y value for the cases of UCI multiplexed with data and UCI only 

In addition, other details of CSI reporting have been agreed with a WF [2] in RAN1 NR AH#3. However, there are still open issues need to be addressed in this release including:

· Remaining details of UCI transmission

· Flexible CSI reporting timing and its associated restrict condition

· Hybrid CSI reporting
In this contribution, we further discuss on remaining details on CSI reporting.

2 Flexible CSI reporting timing
It has been agreed that aperiodic CSI reporting timing (Y) can be dynamically indicated in the associated DCI which is used for aperiodic CSI reporting triggering. Also, it has been agreed that the set of Y values can be configured by higher layer signaling, where each Y values could have a restricted set of CSI reporting configuration. For example, when a UE is triggered to report aperiodic CSI in a subframe n, the UE needs to report the triggered CSI reporting at a subframe n+Y. If Y is a small value (e.g., 1), CSI parameters with up to 2 antenna ports and wideband reporting may be only allowed. These restricted conditions based on Y value relaxes UE implementation as allowed processing time gets increased when a higher complexity CSI reporting is triggered. In addition, reduced CSI reporting timing provides performance benefit due to lower feedback delay. 
As for the restrict condition, CSI parameter, number of CSI-RS antenna ports, CSI-RS location, as well as frequency granularity of CSI have been included. Additionally, the number of RI values or maximum RI value can be also restricted based on the reporting timing as it also requires significant amount of processing time as since a UE may need to compute PMI and CQI in each rank value. The maximum RI can be naturally restricted by the number of CSI-RS antenna ports but still beneficial to have maximum RI value restriction when the number of CSI-RS ports is relatively large.

Proposal 1: maximum RI value can be restricted when Y value is relatively small (e.g., Y=0 or 1).

The CSI-RS location has been agreed as a restrict condition as it is related to the actual processing time allowed for a UE. For example, when Y=0, the actual CSI processing time allowed (∆P) is based on the CSI-RS location and the first symbol of the uplink channel for the aperiodic CSI reporting when timing advance is not taken into account. The figure 1 shows an example of ∆P with aperiodic CSI-RS location and uplink channel location for aperiodic CSI reporting with timing advance (TA) value.
Since the actual CSI processing time allowed (∆P) is not purely based on CSI-RS location but starting symbol of associated uplink channel and timing advance (TA) value, the CSI-RS location should be taken into account as a part of actual CSI processing time allowed. Therefore, the restrict condition should include CSI-RS location, the first symbol of associated uplink channel location, and timing advance value. If the CSI processing time allowed is less than a threshold, dropping of the triggered CSI reporting should be allowed. Alternatively, partial CSI reporting can be supported.
Proposal 2: actual CSI processing time (∆P) considering CSI-RS location, the location of the first symbol of the associated uplink channel, and TA value is used as a restrict condition.
Proposal 3: if actual CSI processing time (∆P) is less than a threshold, dropping of the triggered CSI reporting is allowed by specification.
In a self-contained subframe structure, at least for a certain type of CSI which is already available or requires few OFDM symbols for precessing, the CSI reporting trigger and corresponding CSI reporting can be occurred in the same slot (i.e., Y=0) which allows minimum CSI reporting delay and faster link adaptation. Therfore Y=0 is supported in the set of Y values at least for a certain type of CSI reporting (e.g., wideband CQI with one port CSI-RS) 
Proposal 4: Y=0 is supported in the set of Y values.
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Figure 5. An example of allowed CSI processing time (∆P) considering CSI-RS location, reporting timing (Y), and timing advance value.
Although the flexible CSI reporting timing has been agreed for CSI acquisition, it would be beneficial to commonly support for both CSI acquisition and beam management purposes. For beam management, the number of beams to measure can be limited based on the CSI reporting timing.

Proposal 5: flexible CSI reporting timing with configurable Y values is supported for beam management as well
3 Hybrid CSI reporting

It has been agreed to support a hybrid CSI reporting scheme for NR in which a long-term CSI reporting based on a non-precoded CSI-RS and a short-term CSI reporting based on a precoded CSI-RS are supported to reduce CSI reporting overhead as well as CSI-RS overhead by exploiting antenna virtualization techniques. Note that it has been evaluated and observed that hybrid CSI reporting scheme provides meaningful performance benefits with lower signaling overhead.
In NR, the hybrid CSI reporting can be supported implicitly by configuring a separate CSI reporting setting for a long-term and a short-term CSI reportings since a UE can be configured with multiple CSI reporting settings and each CSI reporting setting could be associated with a different resource setting. However, independent configuration of long-term and short-term CSI reporting settings with its associated resource settings and linkages require higher signaling overhead which is unnecessary. Given that NR supports a lot of configurations including reference signals (e.g., DM-RS, CSI-RS, etc.) and CSI reporting, the efforts reducing the signaling overhead seems important.
To minimize the signaling overhead to support hybrid CSI reporting, a long-term and a short-term CSI reporting can be jointly configured as a single CSI reporting setting, where the timing relationship between the long-term CSI reporting and the short-term CSI reporting can be configurated rather than configuring the reporting timing individually. In addition, the associated resource setting could include a resource set with two different resources in which a resource could be a non-precoded CSI-RS and another resource could be a precoded CSI-RS and their timing relationship can be also configured.
Proposal 6: a single CSI reporting setting supports a long-term and a short-term CSI reporting and its timing relationship.
Proposal 7: a single resource setting supports a long-term non-precoded CSI-RS and a short-term precoded CSI-RS with their timing relationship.
4 Aperiodic CSI-RS triggering

A set of CSI-RS resources are configured via a higher layer signaling and one of the configured CSI-RS resource can be indicated in a DCI to indicate which CSI-RS resource to use for the measurement. Since RRC reconfiguration has a delay, intermediate step to configure a subset of CSI-RS resources using MAC-CE has been used in LTE. Using MAC-CE can also reduce the signaling overhead of CSI-RS resource indication in the associated DCI as a subset of the CSI-RS resources may be activated.
However, the benefit of using MAC-CE additionally to activate/deactivate a subset of CSI-RS resources seems to be unclear since MAC-CE itself should also be considered as an additional overhead as it is transmitted via a PDSCH and its associated PDCCH. Therefore, as the MAC-CE is used more frequently to provide a CSI-RS resource pool configuration flexibility, the signaling overhead gets increased which may be more significant that just adding more bits in DCI. Therefore, using RRC only for CSI-RS resource pool configuration should be considered as a default operation and further study the benefit of additional use of MAC-CE.
Proposal 8: use RRC only for CSI-RS resource pool configuration for aperiodic CSI-RS triggering.
5 Conclusion

We discuss remaining open issues with regards to CSI framework. Based on discussions, we propose the following:
Proposal 1: maximum RI value can be restricted when Y value is relatively small (e.g., Y=0 or 1).

Proposal 2: actual CSI processing time (∆P) considering CSI-RS location, the location of the first symbol of the associated uplink channel, and TA value is used as a restrict condition.
Proposal 3: if actual CSI processing time (∆P) is less than a threshold, dropping of the triggered CSI reporting is allowed by specification.
Proposal 4: Y=0 is supported in the set of Y values.

Proposal 5: flexible CSI reporting timing with configurable Y values is supported for beam management as well
Proposal 6: a single CSI reporting setting supports a long-term and a short-term CSI reporting and its timing relationship.
Proposal 7: a single resource setting supports a long-term non-precoded CSI-RS and a short-term precoded CSI-RS with their timing relationship.
Proposal 8: use RRC only for CSI-RS resource pool configuration for aperiodic CSI-RS triggering.
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