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1 Introduction
In RAN1#92bis, we reached the following agreements related to timing requirement for CSI reporting:

Agreement 
For CSI latency requirement when an A-CSI trigger state triggers multiple CSI reports, up to X CSI reports are assumed to be calculated in a given time period. 

· FFS: A UE is not expected to update a CSI report if the PUSCH scheduling offset does not give enough CSI calculation time according to the Z’ values for that report
· UE ignores a DCI scheduling a PUSCH with scheduling offset smaller than the any of the Z values in different reports

· FFS: Details in case A-CSI is triggered for different numerologies

· Value of X depends on UE capability and takes into account all the CCs

· The above applies for the case of CSI only transmission
Agreement:
· For PUSCH-based SP-CSI reporting triggered by DCI, the timing offset of the initial report after the trigger should meet the PUSCH preparation procedure time (Z) for A-CSI reporting

Agreement:

· A UE capable of X simultaneous CSI calculations (according to capability 2-35) is said to have X CSI processing units. For aperiodic CSI report using AP CSI-RS (with a single CSI-RS resource in the resource set for channel measurement). 

· the CSI processing unit remains occupied from the first OFDM symbol after the PDCCH trigger until the last OFDM symbol of the PUSCH carrying the CSI report
· If N AP CSI reports (each with a single CSI-RS resource in the resource set for channel measurement) are triggered in a slot, but the UE only has M un-occupied CSI processing units, UE is only required to update M of the N CSI reports 

· FFS if a rule is needed which CSI reports are required to be update or if it’s up to the UE

· FFS if a CSI report linked with Ks > 1 CSI-RS resources for channel measurement occupies Ks CSI processing units or one CSI processing units

Agreement
· Introduce a new UE capability on support of either “Type A CSI processing capability” or “Type B CSI processing capability” with regard to the number of simultaneous CSI calculations X
· For CSI latency requirement when an A-CSI trigger state triggers N CSI reports (where each report n is associated with (Zn, Z’n)) and have M un-occupied CSI processing units: 

· For Type A CSI processing capability:

· A UE is not expected to update any of the triggered CSI reports if the time gap between the first symbol of PUSCH and the last symbol of the associated ap-CSI-RS / ap-CSI-IM does not give enough CSI calculation time according to 
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· FFS how to index the M reports in this case to form
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· UE may ignore a DCI scheduling a PUSCH with scheduling offset smaller than 
 
· This applied to CSI only case, FFS for CSI+UL-SCH case

· For Type B CSI processing capability:

· A UE is not expected to update a CSI report if the PUSCH scheduling offset does not give enough CSI calculation time according to the Z’ values for that report

· UE may ignore a DCI scheduling a PUSCH with scheduling offset smaller than the any of the Z values in different reports

· This applied to CSI only case, FFS for CSI+UL-SCH case

· CSI reports based on P / SP CSI-RS are assigned to CSI processing units as follows:
· Type A:

· For P / SP CSI reports, the CSI processing unit is occupied from the first symbol of the CSI reference resource of the P / SP report until the first symbol of the physical channel carrying the report
· For A CSI reports, the CSI processing unit is occupied from the first symbol after the PDCCH triggering the report until the [first or last] symbol of the PUSCH carrying the report
· Type B:
· A periodic or aperiodic CSI reporting setting associated with P/SP CSI-RS is assigned one (or Ks) CSI processing unit and always occupy them 

· An activated SP-CSI report setting is assigned one (or Ks) CSI processing unit and occupies them until deactivated

· Once the SP-CSI report is deactivated, the CSI processing unit can be used for other CSI report

· Note: Type A assumes serial CSI processing implementation while Type B assume parallel CSI processing implementation. Note that this will not be captured in specification.

Agreement:
· For Type A CSI processing capability, a UE is not expected to update P/SP CSI reports if the number of CSI processing units occupied by P/SP CSI reports exceeds the number of simultaneous CSI calculations X according to the UE capability
Agreement
· When a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement is triggered

· For Type A CSI processing capability:

· The CSI report occupies a single CSI processing unit and the latency requirement is calculated based on (Zn, Z’n) according to the High latency CSI class 

· For Type B CSI processing capability, downselect between the following in RAN1#93:

· Alt1: The CSI report occupies a single CSI processing unit and the latency requirement is calculated based on (Zn, Z’n) according to the High latency CSI class 

· Alt2: The CSI report occupies Ks CSI processing units and the latency requirement for each unit is calculated based on (Zn, Z’n) according to the High latency CSI class  

· Companies are encouraged to provide their preference on either of the above alternatives and relevant (Zn, Z’n) values

· Note: If more than one CSI-RS resource for CM is configured for a CSI report, the report belongs to the High Latency CSI class

· Assuming Type A CSI processing capability or Type B if Alt 1 above is agreed:

· If a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement 

· For Ks=2, at most 16 CSI-RS ports per CSI-RS resource can be configured

· For 8>=Ks>2, at most 8 CSI-RS ports per CSI-RS resource can be configured
In this contribution we provide our views on the listed FFS and discuss some other potential issues, including
1) CSI timing requirement for high-latency type;
2) A-CSI triggered for different numerologies;
3) CSI reporting when the number of CSI processing units or processing time is not sufficient;
4) CSI reporting after BWP changes.
2 A-CSI triggered feedback timing requirement
One remaining issue is how to define CSI capability for CSI report with CRI for Type B CSI processing capability. We suggest to treat such a CSI report as Ks CSI reports to be processed in parallel. A UE is not expected to update the report with CRI if the number of un-occupied CSI processing units is less than Ks.
Proposal 1: For Type B CSI processing capability, a CSI report associated with Ks channel measurement resources occupies Ks CSI processing units. A UE is not expected to update the report with CRI if the number of un-occupied CSI processing units is less than Ks. 

Our evaluation results on CSI timing requirement for high-latency type are shown in the following tables. We have the following assumptions:

1)  Bandwidth size is 50/100/200/400 MHz for 15/30/60/120 kHz, respectively.
2)  Type B CSI processing capability
3)  The CSI report with CRI reporting occupies Ks CSI processing units 
	High latency
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	CSI only
	Symbols
	(23, 22)
	(44, 42)
	(67, 63)
	(73, 66)

	CSI + UL-SCH
	Symbols
	(25, 24)
	(48, 46)
	(77, 73)
	(94, 87)


Table 1. CSI calculation time (Z, Z’) for normal UE

Proposal 2: Adopt the values in Table 1 as mandatory requirements for high-latency type CSI reports.

RAN1#92 agreed to consider introducing requirements of CSI calculation time for advanced UE, if the corresponding (Z, Z’) values can be agreed. However, considering the progress of Rel-15, we do not see the chance to agree on the time requirements; the target scenario and the benefit of advanced UEs are not clear so far. 

Proposal 3: Advanced UE is not supported for CSI calculation in Rel-15.
3 A-CSI triggered for different numerologies

A trigger state can be associated with reports on multiple CCs. When numerology are different between PDCCH and the transmission of CSI-RS resources, how to apply the agreed timing constraints is not completely clear yet. The agreed (Z, Z’) values are defined in the unit of symbol and they depend on PDCCH decoding, CSIRS reception, and CSI processing for a given numerology. Thus it is intuitive to directly apply the agreed (Z, Z’) values when the numerologies for PDCCH and CSIRS are different. Another issue is that extra buffer size is expected if the PDCCH is with a smaller numerology (e.g., 15kHz) than that for the CSI-RS resources transmission (e.g., 60kHz). A UE has to buffer more received signal for the carrier with larger SCS. For example, assuming that a UE needs x symbols with 15kHz SCS to finish PDCCH decoding, then at least 4x symbols with 60kHz SCS have to be buffered for possible presence of aperiodic CSIRS resources. Based on the consideration above and the tight schedule of NR to complete all remaining issues for CSI reporting, we have the following proposal:
Proposal 4: Consider the following alternatives for A-CSI triggering states:
Alt 1. In Rel-15, the CSI-RS resources associated with each CSI triggering state have the same subcarrier spacing configuration as that for PDCCH. 
Alt 2. It is an optional feature allowing CSI-RS resources associated with a CSI triggering state have subcarrier spacing configuration different from that for PDCCH in Rel-15. 
4 CSI reporting when the number of CSI processing units or processing time is not sufficient

After receiving a new CSI trigger, a UE may update ‘selected’ reports associated with a new CSI trigger if the total number of 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 5: If there are M uncoupled CSI processing units, select a subset of reports from those indicated by the new trigger could be based on the IDs of the reports associated with the trigger. Each report may cost one or multiple CSI processing units, depends on its reportQuantity configured by high-layer. 
5 CSI reporting after BWP change

It has been agreed that an active semi-persistent CSI reporting is suspended if active BWP is changed to another BWP other than the BWP associated with the semi-persistent CSI reporting. On the other hand, the minimum processing time between the CSI reference resources and the CSI reporting is either defined or under discussion in various cases. However, the change of active BWP may cause CSI reporting before the valid CSI resources have been received as illustrated in Figure 1 or at least they are very outdated. In this example, following the latest 38.214, the value of nCQI_ref is the smallest value greater than or equal to [image: image8.png]4 - 2min (upr-HuL)



, such that it corresponds to a valid downlink slot. As a result, the CSI reference resource for the first CSI report on BWP#1 after the active BWP is switched back from BWP#2 to BWP#1 is likely outdated. 
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Figure 1. Reporting example when active BWP is changed. 
There was an agreement made in RAN1 #91 defining that the reporting is not performed unless there was a CSI reference resources earlier than n - nCQI,ref: 

Agreement 

A periodic or semi-persistent CSI report, associated with a DL BWP, scheduled for reporting in slot n is reported only if the associated DL BWP was the active DL BWP in the time location of the CSI reference resource (slot [image: image11.png]Ncor,REF — N — NCQILREF,of fset



) for the CSI report

This agreement handles a case where e.g. BWP is changed once. The current specification defines the minimum limit of nCQI_ref but does not very clearly define any maximum value on that. It is unclear if the UE should use the very old CSI reference resources when BWP is changing back and forth. Thus we purpose to clearly state in the specification that in general the reporting is not performed in cases where the latest received CSI reference resources are very old. Note that there are also other cases where similar situation occurs such as DRX etc.

One option to handle the issue would be to define that after the report (re)configuration, activation, BWP change, DRX or recovery from SP-CSI suspension, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first report transmission and drops the reports otherwise.

Proposal 6: Define that after the CSI report (re)configuration, activation, BWP change, DRX or recovery from SP-CSI suspension, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first CSI report transmission and drops the reports otherwise. 
6 Conclusion

This contribution provides our views on remaining details for 
1) CSI timing requirement for high-latency type;

2) A-CSI triggered for different numerologies;

3) CSI reporting when the number of CSI processing units or processing time is not sufficient;

4) CSI reporting after BWP changes.
We have the following proposals:
Proposal 1: For Type B CSI processing capability, a CSI report associated with Ks channel measurement resources occupies Ks CSI processing units. A UE is not expected to update the report with CRI if the number of un-occupied CSI processing units is less than Ks.
Proposal 2: Adopt the values in Table 1 as mandatory requirements for high-latency type CSI reports.

Proposal 3: Advanced UE is not supported for CSI calculation in Rel-15.
Proposal 4: Consider the following alternatives for A-CSI triggering states:

Alt 1. In Rel-15, the CSI-RS resources associated with each CSI triggering state have the same subcarrier spacing configuration as that for PDCCH. 
Alt 2. It is an optional feature allowing CSI-RS resources associated with a CSI triggering state have subcarrier spacing configuration different from that for PDCCH in Rel-15. 
Proposal 5: If there are M uncoupled CSI processing units, select a subset of reports from those indicated by the new trigger could be based on the IDs of the reports associated with the trigger. Each report may cost one or multiple CSI processing units, depends on its reportQuantity configured by high-layer. 

Proposal 6: Define that after the CSI report (re)configuration, activation, BWP change, DRX or recovery from SP-CSI suspension, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first CSI report transmission and drops the reports otherwise.
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