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1 Introduction
The following has been agreed in RAN1 #92bis for CSI processing time when one or more aperiodic CSI reports are triggered [1]:
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

In this contribution, we further discuss on remaining details on CSI reporting.

2 Remaining Issues
It has been agreed that two minimum required CSI computation times are defined (i.e., Z, Z’) for each subcarrier spacing according to the low latency or high latency CSI to guarantee processing time at a UE receiver when aperiodic CSI reporting is triggered with aperiodic CSI-RS. In this case, the first minimum required CSI computation time (Z) is used based on the gap between PDCCH and the scheduled PUSCH and the second minimum required CSI computation time (Z’) is used based on the gap between the latest aperiodic CSI-RS and the scheduled PUSCH. A UE reports a valid CSI only when both conditions are met. Since the aperiodic CSI-RS is always transmitted later the associated PDCCH, the first condition is required for the case the aperiodic CSI-RS is transmitted before a UE finishes its PDCCH decoding.  
When a UE is triggered to report A-CSI based on periodic or semi-persistent CSI-RS, the first condition may not be required since a UE already has channel measurement in its buffer from the latest periodic or semi-persistent CSI-RS received. This could be one of the benefit to use periodic or semi-persistent CSI-RS with aperiodic CSI reporting. Therefore, the second condition based on Z’ may not be used when a UE is triggered A-CSI with a periodic or a semi-persistent CSI-RS
Proposal 1: the condition for Z’ may not be used when a UE is triggered A-CSI with a periodic or a semi-persistent CSI-RS.
The minimum required CSI computation time should be guaranteed for beam reporting as well. In general, L1-RSRP requires much less CSI computation time but if a UE need to measure a large number of beams, it still requires significant amount of time. The same table can be used for beam reporting, but the low latency and high latency CSI can be determined based on the number of beams to be measured.
Proposal 2: the CSI computation table is reused for beam reporting as well with high and low latency CSI based on the number of beams to be measured.
The low latency CSI only supports wideband CSI reporting based on Type I CSI and up to 4 antenna ports, thus reducing CSI computation complexing significantly. Note that subband CSI computation requires much higher computational complexity than a wideband CSI reporting as the same CSI computation process should be perform per subband. Therefore, (Z, Z’) values should be different for low latency CSI and high latency CSI.
Proposal 3: (Z, Z’) values should be different for low latency CSI and high latency CSI.
In the last RAN1 meeting, it has been agreed that 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. It makes sense that a UE send PUSCH without updated CSI information when CSI and UL-SCH are multiplexed and the UE has not enough time to calculate the triggered CSI reports to avoid ambiguity of resource mapping for PUSCH transmission. However, if it is UCI on PUSCH without UL-SCH, it would be much better that the UE drops the UL transmission in order to avoid unneccesary power consumption as well as interference to another UEs. Therefore, it should be allowed to ignore scheduling DCI whenever the PUSCH scheduling offset is smaller than (Z, Z’) values irrespective of the CSI processing capability type when UCI only on PUSCH without UL-SCH.

Proposal 4: UE may ignore a DCI scheduling whenever the PUSCH scheduling offset is smaller than (Z, Z’) values irrespective of the CSI processing capability type in the case of UCI only on PUSCH without UL-SCH.

3 Conclusion

We discuss remaining open issues with regards to CSI reporting. Based on discussions, we propose the following:
Proposal 1: the condition for Z’ may not be used when a UE is triggered A-CSI corresponding to a periodic or a semi-persistent CSI-RS.

Proposal 2: the CSI computation table is reused for beam reporting as well with high and low latency CSI based on the number of beams to be measured.
Proposal 3: (Z, Z’) values should be different for low latency CSI and high latency CSI.

Proposal 4: UE may ignore a DCI scheduling whenever the PUSCH scheduling offset is smaller than (Z, Z’) values irrespective of the CSI processing capability type in the case of UCI only on PUSCH without UL-SCH.
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