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1 Introduction
This contribution provides our views on some remaining CSI reporting details. We focus on the following topics:

1) CSI timing requirement and UE’s capability for CSI reporting;

2) Precoder selection for CQI calculation in TS 2.
2 CSI feedback timing requirement and UE’s CSI capability
Until RAN1#90, the following agreements related to CSI report were reached:

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 [1], the following agreements were reached:
· Candidates of CSI calculation time Z are defined in Table I.

· Z is defined as the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, plus CSI calculation by assuming CSI only PUSCH (no HARQ ACK/NACK) for a given numerology and CSI complexity 

· Note: the required time for channel estimation refers to the time gap from the last symbol of CSI-RS to the timeline that UE finishes its channel estimation processing

· For low complexity CSI, one Z value for a given numerology is defined in Table I.

· FFS: the definition of Low complexity CSI (e.g. WB CSI derived from maximum 2 ports CSIRS with Type I codebook or WB CQI derived from maximum 8 ports CSIRS without PMI)

· For high complexity CSI, one Z value (FFS multiple values) for a given numerology is defined in Table I.

· FFS: how many and how to define High complexity CSI

	CSI complexity
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Low complexity CSI
	Symbols
	Z1,1
	Z1,2
	Z1,3
	Z1,4

	High complexity CSI 1
	Symbols
	Z2,1
	Z2,2
	Z2,3
	Z2,4

	
	
	
	
	
	

	High complexity CSI  N
	Symbols
	ZN+1,1
	ZN+1,-2
	ZN+1,3
	ZN+1,4


Table I

· When A-CSI reporting on CSI only PUSCH is triggered in slot n, 

· UE is not required to update the CSI for the A-CSI report in the following cases:

· Cases are FFS, e.g.

· if M-L-N < Z for the given CSI complexity and numerology

· if AP CSI-RS resource is transmitted in slot n and M-O-N  < Z for the given CSI complexity and numerology

· Note.

· L=the last symbol of PDCCH in slot n 

· M=the starting symbol of the PUSCH

· N= the TA value in unit of symbols (e.g., TA=1.4 symbol)

· O= the later symbol between the last symbol of AP CSI-RS resource for CMR and the last symbol of AP CSI-RS resource for IMR

· FFS: Time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid

· FFS: how to relax CSI calculation when multiple A-CSI reportings are triggered at the same time.

· PUSCH timing offset for A-CSI reporting is determined as follows:

· When PUSCH is scheduled only for a single A-CSI reporting, the DCI field for PUSCH timing offset is defined from Y in the reporting setting

· When PUSCH is scheduled only for multiple A-CSI reportings, the DCI field for PUSCH timing offset is defined from maximum values among multiple Y in the reporting settings

· E.g. Y  in reporting setting 1 = {1, 2, 3, 6} and Y  in reporting setting 2= {2, 3, 4, 5}, then Y becomes {2, 3, 4, 6}

· Note: Depending on UE capability, CSI relaxation may be applied.

· FFS: PUSCH timing offset when PUSCH is scheduled for A-CSI reporting and UL data
We suggest to agree that time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid, to simplify the determination of Zi,j, since right now CSI-RS reference resource may occur in any symbol in a slot. 
Proposal 1: Time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid. 
Following the agreements above, there are at least two types of CSI in terms of complexity. 

The contribution [2] had proposed to define Tc seconds as UE’s computation interval for CSI reporting. Based on the concept of Tc, it was proposed to further define that CSI reporting capability units the UE can support is a UE capability. For each unit, a UE is able to update CSI for as early as Tc seconds after the time to which the CSI triggers. The number of CSI reporting capability units the UE can support is a UE capability for CSI computation. However, since RAN1 had agreed to have more than one complexity-type for CSI, the definition of Tc and UE’s capability should be capable to handle the cases with multiple CSI reports with multiple complexity-types.
In this contribution we provide one approach to characterize UE’s CSI reporting capability. Each UE reports its CSI capability as a number of tokens, denoted by Xsum. Given a setting of SCS#j, each complexity-type#i is associated with a cost value in terms of tokens, Xi,j , and Xi,j is reported by each UE. After receiving a new CSI trigger, a UE may update ‘selected’ reports associated with a new CSI trigger if the sum of costs for all reports committed by the UE (“committed”= “calculated” instead of padded with an obsolete report), including selected reports associated with this new trigger and past triggered reports under calculation if any, is no greater than its CSI capability. A simple way to select a subset of reports from those indicated by the new trigger could be based on the position of the reports associated with the trigger, i.e. report 1 > report 2 > … > last report.
Proposal 2: The number of CSI reporting capability units is reported by Xsum. UE also reports computation cost in terms of the capability unit, Xi,j, for each combination of complexity-type#i and SCS#j.
Following the agreed definition of CSI calculation time Z, which depends on complexity type and SCS, and that a CSI trigger may be associated with one or multiple CSI reports, the Tc seconds could be a function of calculation time of all triggered reports. For a CSI trigger associated with a single CSI report, it is natural to set Tc = Zi,j, which is defined in Table 1. However, it is not feasible to define various Tc values for all possible combination of multiple CSI reports with either the same or different complexity-types. Instead, it would be easier to define the Tc value by treating CSI calculation time of all committed CSI report as that of the most time-consuming report. Then given a Y value, which is included in DCI and indicates which slot a UE should feedback CSI reports, a UE would not update CSI reports if the slot indicated by Y is within the Tc interval. 
Proposal 3: UE’s computation interval for CSI reporting, Tc, is assigned by the largest Zi,j value among committed reports for calculation. The Tc interval starts from the end of the last symbol of the CORESET where the newest accepted CSI-triggering DCI resides.

Proposal 4: Given a Y value, which is included in DCI and indicates which slot a UE should feedback CSI reports, a UE is not expected to update CSI reports if the slot indicated by Y is within the Tc interval and may feedback an obsolete report instead. 
Here we provide an example to demonstrate proposals above, and illustrate in Figure 1. Suppose a UE reports its CSI capability by Xsum=8, X1,1(low-complexity-type, SCS=15kHz)=2 and X2,1(high-complexity-type, SCS=15kHz)=4. Also we assume a single CSI report with low-complexity-type had been triggered before by CSI trigger#1 and is under calculation. A new CSI trigger#2 occurs at slot#4 and is associated with two high-complexity reports. This CSI trigger command is accepted, and one of the two high-complexity type reports is committed to be calculated; X1,1+X2,1= 6 < Xsum. Then Tc is updated to Z2,1 because a high-complexity report is involved. 
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Figure 1
The value Z in Table I is defined under the assumption with a single A-CSI report without multiplexing with PUSCH data and without ACK/NACK. We suggest to share the same table no matter whether CSI report is multiplexed with data and/or with ACK/NACK, and also apply the same table for multiple-CSI cases, to simplify overall framework. We expect it is difficult to reach consensus on the relaxation values for each specific case. Although then the decision of Z value should take the worst case into consideration to ensure sufficient computation time for all cases, we do not think some more delay of a few symbols would lead system performance degradation, while the report offset Y is signalled in a unit of slot and the report is aperiodic. So far we also do not see results showing the benefit of distinguishing computation time cost for CSI-only and multiplexing cases. 
Proposal 5: No additional rules to relax Z values for cases with multiple-CSI or cases where data or ACK/NACK is multiplexed together.

3 Reference precoder selection for CQI calculation in TS2
In RAN1#NR-AH3, following agreements were reached [3]:

· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook and CRI/RI
· Note: i1 identifies a combination of variables {i1,1 and i1,2} or {i1,1 , i1,2, and i1,3} in 38.214 section 5.2.1.2
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook, CQI  and CRI/RI, computing CQI assuming PDSCH transmission with Np≥1 precoders, where
· UE can assume that one precoder is randomly selected from the set of Np precoders for each PRG on PDSCH
· The PRG size in CSI feedback is RRC configured
· The set of Np precoders for CQI calculation are indicated by codebook subset restriction
Regarding the CSI feedback containing PMI consisting of only i1, the corresponding CQI should be also derived according to the precoder candidates corresponding to the reported i1 but not just Np precoders indicated from higher layer. 
Proposal 6: The selected precoders for CQI calculation are within the set of precoders indicated by i1 to be reported. 

-------------------------------- Begin of text proposal Section 5.2.1.4 of 38.214 ---------------------------------

When a UE is configured with higher layer parameter CodebookType set to ‘TypeI-SinglePanel’ and PMI-FormatIndicator is configured for single PMI reporting, the UE may be configured with CSIReportQuantity to report:

-
RI/CRI, and a PMI consisting of a single wideband indication (
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 in sub-clause 5.2.2.2.1) for the entire CSI reporting band.

-
or, RI/CRI, CQI, and a PMI consisting of a single wideband indication (
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 in sub-clause 5.2.2.2.1) for the entire CSI reporting band. The CQI is calculated assuming PDSCH transmission with 
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 precoders (corresponding to different 
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 in sub-clause 5.2.2.2.1), where the UE assumes that one precoder is randomly selected from the set of 
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 precoders for each PRG on PDSCH and the selected precoder is one of the precoders corresponding to the i1 to be reported, where the PRG size for CQI calculation is configured by the higher layer parameter PUSCH-bundle-size-for-CSI 
If a UE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and non-zero power CSI-RS resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall report CSI when both CSI-IM and non-zero power CSI-RS resources are configured as periodic, semi-persistent or aperiodic.

-------------------------------- End of text proposal Section 5.2.1.4 of 38.214 -----------------------------------

4 Conclusion

This contribution provides our views on remaining details for 1) CSI timing requirement and UE’s capability for CSI reporting and 2) precoder selection for CQI calculation in TS 2. 
We have the following proposals for CSI report timing and UE capability of CSI reporting:

Proposal 1: Time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid. 

Proposal 2: The number of CSI reporting capability units is reported by Xsum. UE also reports computation cost in terms of the capability unit, Xi,j, for each combination of complexity-type#i and SCS#j.

Proposal 3: UE’s computation interval for CSI reporting, Tc, is assigned by the largest Zi,j value among committed reports for calculation. The Tc interval starts from the end of the last symbol of the CORESET where the newest accepted CSI-triggering DCI resides.

Proposal 4: Given a Y value, which is included in DCI and indicates which slot a UE should feedback CSI reports, a UE is not expected to update CSI reports if the slot indicated by Y is within the Tc interval and may feedback an obsolete report instead. 
Proposal 5: No additional rules to relax Z values for cases with multiple-CSI or cases where data or ACK/NACK is multiplexed together.

We have the following proposal for precoder selection for CQI calculation in TS 2:
Proposal 6: The selected precoders for CQI calculation are within the set of precoders indicated by i1 to be reported. 
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