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1 Introduction
In RAN1 #88bis and #89, the following agreements were reached for CSI framework in NR [1]:
Agreements:
· At least the following additional information should be supported:

· Information related to resource power for channel measurement resource

· Zero power is NOT allowed

· FFS: Information related to resource power for interference measurement resource

· Zero power is allowed.

· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)

· Note: Focus of the bullets above doesn’t apply for resource for rate matching.

· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.

· Including whether CRI is needed for type II CSI

· Detailed design to turn off some of the CSI parameters.

Agreements:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 

· Option 2: use RRC + DCI
Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition

· Aspects specifically related to beam management into the merged framework to be incorporated

· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)

Agreements:

1. RAN1 supports aperiodic CSI report on PUSCH, including two cases: 

a. Case-1: CSI reports multiplexing with uplink data in PUSCH

b. Case-2: CSI reports only in PUSCH (no uplink data)

c. Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
2. FFS: aperiodic CSI report on PUCCH

In this contribution, we discuss on remaining details on CSI framework.

2 Discussion
CSI reporting timing for aperiodic CSI
In the previous RAN1 meeting, it has been agreed to support an aperiodic CSI reporting on PUSCH which allows a large CSI feedback overhead so that a gNB may acquire a fine CSI for better MIMO operation. Since the aperiodic CSI is reported only when it is triggered by gNB, the resource utilization can be optimized by gNB scheduler.
In LTE, the aperiodic CSI reporting timing was fixed as the PUSCH transmission timing was fixed as well. For example, when an eNB send an uplink grant in a subframe #n, the eNB can trigger aperiodic CSI reporting at the same time. Therefore, a UE needs to send the triggered aperiodic CSI in a subframe #n+4 together with or without PUSCH. However, based on agreements to support dynamic indication of PUSCH transmission timing in RAN1 NR-Adhoc#1 meeting, the PUSCH transmission timing is not fixed for NR. Therefore, it is straightforward to support the dynamic indication of the aperiodic CSI reporting timing so that the triggered aperiodic CSI can be multiplexed with an uplink data.
Although that dynamic indication of the aperiodic CSI reporting is supported, it does not necessarily mean that an independent signaling of aperiodic CSI reporting timing needs to be supported. The aperiodic CSI reporting timing can be tied with the PUSCH transmission timing which is indicated in the associated uplink grant. 
Proposal 1: a dynamic indication of aperiodic CSI reporting timing in DCI is supported

Hybrid CSI reporting
In NR, it has been agreed that CSI reporting settings can be flexibly configured with resource settings and linkage between the CSI reporting settings and resource settings. Also, the support of hybrid CSI reports has been agreed as it has shown performance benefits with lower signaling overhead.

The hybrid CSI reporting can be supported with at least two CSI reporting settings with a long-term CSI reporting based on a non-precoded CSI-RS for antenna virtualization and a short-term CSI reporting based on beam-formed CSI-RS for data transmission. However, since it requires independent configurations, signaling overhead can be increased unnecessarily.
In order to reduce the signaling overhead, a single CSI reporting setting can be linked with at least two resource settings and the reporting cycle of each CSI parameter can be configured with a timing relationship; for example, the reporting cycle of a PMI for a non-precoded CSI-RS can be integer multiples of the reporting cycle of a PMI for a precoded CSI-RS.

Proposal 2: a single CSI reporting setting should support a hybrid CSI reporting.
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 3: use RRC only for CSI-RS resource pool configuration for aperiodic CSI-RS triggering

Wideband CQI + delta subband CQI
In LTE, subband CQIs has been supported based on delta offset from a wideband CQI, where the wideband CQI provides a robustness for the link adaptation as a network can rely on the wideband CQI if the subband CQI is inaccurate. Note that the wideband CQI is more reliable as it averages the channel over wider bandwidth. In addition, the signaling overhead can be reduced as the subband CQI is reported based on the offset from the wideband CQI.
Therefore, when subband CQIs are configured in a CSI reporting setting, it should be based on the delta CQIs from a wideband CQI and a UE reports both a wideband CQI and delta subband CQIs.

Proposal 4: subband CQIs should be supported based on delta CQI from a wideband CQI as in LTE
3 Conclusion

We discuss remaining open issues with regards to CSI framework. Based on discussions, we propose the following:
Proposal 1: a dynamic indication of aperiodic CSI reporting timing in DCI is supported

Proposal 2: a single CSI reporting setting should support a hybrid CSI reporting.
Proposal 3: use RRC only for CSI-RS resource pool configuration for aperiodic CSI-RS triggering

Proposal 4: subband CQIs should be supported based on delta CQI from a wideband CQI as in LTE
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