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Introduction
In RAN#86bis the following agreement was made with respect to CSI-RS and CSI reporting, and CSI framework for in NR [1]:
Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement
· NR supports aperiodic transmission of CSI-RS
· For CSI-RS transmission, NR supports at least one of following:
· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission
· Periodic CSI-RS can be configured by higher layer
· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS
· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS
· NR supports aperiodic CSI reporting
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least
· Aperiodic CSI reporting with aperiodic CSI-RS 
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS
· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.
· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.
· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS transmission and CSI-RS
· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting
· Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.
Agreements:
· CSI-related settings consisting of:
· CSI reporting settings
· CSI parameter can be independently configured, e.g. time and/or frequency granularity, FFS: ON/OFF
· FFS: Details of configurability
· Definition of CSI parameters (e.g., CQI, PMI, RI) is FFS
· RS (at least for CSI measurement) settings, e.g. CSI-RS (CSI-IM as a special case)
· FFS: Other RS for CSI measurement
· CSI measurement settings 
· To configure which RS setting is used for a particular CSI reporting setting
· Study the case where a UE can be configured with:
· N CSI reporting settings
· M RS (for CSI measurement) settings
· CSI measurement setting configures mapping/linkage between N CSI reporting and M RS settings

 In this contribution discuss in more details regarding aperiodic CSI-RS and CSI feedback, and periodic/semi-persistent CSI-RS and CSI feedback. 

Discussion
CSI Process ID
During RAN1 #86bis, following combinations are agreed to support in NR.
Table 1 Supported Combination of CSI-RS transmission and CSI Reporting
	
	Periodic/SPS
CSI reporting
	Aperiodic CSI reporting

	Periodic/SPS CSI-RS
	O
	O

	Aperiodic CSI-RS
	X
	O



It was also agreed that NR should allow independent control of CSI-RS indication and CSI reporting indication timings to support combinations above more flexibly. In addition, there are multiple use cases where multiple CSI-RS resources and CSI reports are assigned to a single UE, e.g. dynamic switching between different MIMO transmission schemes, DPS, etc. In this case, mapping/linkage between CSI-RS resources and CSI reports should be known to UE. 
Furthermore, each CSI parameters are independently configured via higher layer signaling for each CSI-RS resource and CSI report. To this end, we propose a CSI configuration, identified by CSI process ID, consists of three sub-configurations, i.e. CSI process sub-configuration, CSI-RS sub-configuration, CSI report sub-configuration. 
Followings are example parameters belongs to each sub-configuration setup. 
· CSI process sub-configuration:  number of port, measurement hypothesis, measurement restriction, power offset for CSI calculation, etc
· CSI-RS sub-configuration (Allocation/Deallocation): CSI-RS offset, frequency and time measurement set (e.g. PRBs/subbands, time periodicity), QCL (e.g. spatial QCL [3], i.e. receiver beamforming assumption), etc
· CSI report sub-configuration (Allocation/Deallocation): CSI report offset, frequency and time CSI report resource (e.g. resource index, PUCCH with short or long duration, time periodicity), etc
Overall procedure is illustrated in below figure. 


Figure 1 Example of CSI Process ID, CSI-RS, and CSI Report Configurations

In the above example, two CSI Process ID are set to a UE, i.e. CSI ID=0 and CSI ID=1. 

Proposal 1. CSI configuration consists of three sub configurations, CSI process sub-configuration, CSI-RS sub-configuration, and CSI report sub-configuration 
· Each CSI sub-configuration is identified by CSI process ID
· FFS- further optimization by merging sub-configurations

[bookmark: _Ref465681620]Aperiodic and Periodic Report
In order to minimize overlap between different mechanisms, we propose that the periodic measurement and report is used for maintaining link while the aperiodic measurement and report is used for accurate CSI acquisition and updating outdated CSI report as main use cases. In this case, we can further assume that periodic report with NR PUCCH with small number of port while aperiodic report with dynamically assigned NR PUSCH with large number of port.
To support reliable activation/deactivation for periodic/SPS CSI-RS, we propose to use higher layer signaling where reception of the activation/deactivation is confirmed by ACK. For low duty cycle periodic/SPS, it seems no need of dynamic activation/deactivation. However, if there is a case where dynamic deallocation of CSI-RS is needed, then it can be done by DCI. Since it uses DCI, successful decoding of DCI may not be available at gNB. Still, even if UE performs wrong measurement due to the DCI error, gNB can discard the measurement if measurement restriction has been enabled. (No averaging)
Similarly, for periodic/SPS CSI report, we propose that feedback resource allocation and deallocation is configured by higher layer signaling. Unlike CSI-RS dynamic deallocation case where the impact of erroneous DCI can be handled by gNB, erroneous DCI in dynamic deallocation of CSI report (uplink transmission) causes collision. Thus, gNB should be responsible if it has configured a periodic report. Since we assume periodic/SPS CSI report is used with low duty cycle, we propose that UE assumes that UL report resource (e.g. NR PUCCH) is always available during activation window. And no further optimization is developed such as dynamic deallocation using DCI.
Proposal 2.
· NR should support the aperiodic CSI-RS transmissions scheduled by physical layer control signaling
· NR should support the periodic CSI-RS transmissions scheduled by high layer signaling
· Dynamic de-allocation of CSI-RS should be considered for PDSCH transmission
Proposal 3.
· NR should support the aperiodic CSI transmissions scheduled by physical layer control signaling
· NR should support the periodic CSI transmissions scheduled by high layer signaling 

Proposal 4.
· Assume following table as a working assumption of CSI report, 
	
	Periodic/SPS CSI-RS/CSI Report
	Aperiodic CSI-RS/CSI Report

	Main Purpose
	Maintaining Link
	Accurate CSI (Spectral Efficiency)
Or CSI update

	Measurement and Report Timing
	> X ms, X is TBD
	As needed

	Number of port
	Up to Y, Y is TBD
	Up to 32, larger number FFS

	Report Channel
	NR PUCCH
	NR PUSCH


· X can be 100, and Y can be 4

Summary 
In this contribution, we discussed NR CSI configuration, particularly we proposed

Proposal 1. CSI configuration consists of three sub configurations, CSI process sub-configuration, CSI-RS sub-configuration, and CSI report sub-configuration 
· Each CSI sub-configuration is identified by CSI process ID
· FFS- further optimization by merging sub-configurations

Proposal 2.
· NR should support the aperiodic CSI-RS transmissions scheduled by physical layer control signaling
· NR should support the periodic CSI-RS transmissions scheduled by high layer signaling
· Dynamic de-allocation of CSI-RS should be considered for PDSCH transmission
Proposal 3.
· NR should support the aperiodic CSI transmissions scheduled by physical layer control signaling
· NR should support the periodic CSI transmissions scheduled by high layer signaling 

Proposal 4.
· Assume following table as a working assumption of CSI report, 
	
	Periodic/SPS CSI-RS/CSI Report
	Aperiodic CSI-RS/CSI Report

	Main Purpose
	Maintaining Link
	Accurate CSI (Spectral Efficiency)
Or CSI update

	Measurement and Report Timing
	> X ms, X is TBD
	As needed

	Number of port
	Up to Y, Y is TBD
	Up to 32, larger number FFS
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	NR PUCCH
	NR PUSCH


· X can be 100, and Y can be 4
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