
3GPP TSG RAN WG1 Meeting #90                                    
R1-1714139
Prague, Czech Republic, August 21 – 25, 2017
Agenda Item:
6.1.2.2.1
Source:
InterDigital, Inc.
Title:
On CSI framework for NR
Document for:
Discussion and Decision
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)

In RAN1 NR Adhoc #2, the following has been additionally agreed for CSI framework
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 this contribution, we discuss on remaining details on CSI framework.

2 Discussion
Flexible CSI reporting timing for aperiodic CSI
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 based on the restricted conditions. 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. One of the main benefit of the dynamic indication of Y values rather than using a fixed Y value could be reducing the CSI reporting delay as the worst case should be considered if the fixed Y value is used (e.g., Y=4).

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., L1-RSRP) 
Proposal 1: Y=0 is supported in the set of Y values.
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Figure 1. An example of allowed CSI processing time considering reporting timing (Y) and timing advance.
A restricted condition for CSI reporting is used according to the CSI reporting timing (Y) value since the allowed processing time is dependent on the indicated Y value. Hence, a CSI reporting which requires longer processing time than allowed needs to be limited.
The allowed processing time is not simply determined based on the Y value indicated as there are other parameters which determines the actual allowed processing time such as the transmission timing of the associated CSI-RS transmitted and timing advance value as shown in the Figure 1. When the CSI reporting timing is relatively small (e.g., Y=0 or 1), it becomes more important that the actual allowed processing time is used to determine the restricted condition for CSI reporting.
Proposal 2: restriction condition for CSI reporting should be based on actual processing time available not based on Y value only.

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 3: 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 4: 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 5: 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: Y=0 is supported in the set of Y values.

Proposal 2: restriction condition for CSI reporting should be based on actual processing time available not based on Y value only.

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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