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1 Introduction
This contribution provides our views on CSI feedback timing requirement and remaining CSI details related to UCI segmentation and two-part based CSI reports, including encoding rules for CSI part 1 and multiple CSI reports. 
2 CSI feedback timing requirement
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 

Although not agreed, it had been proposed that for aperiodic CSI reporting on PUSCH, the possible time offset values Y are the same as PUSCH scheduling offset determined in Scheduling & HARQ AI [1]. In Scheduling & HARQ AI, UE processing time is under discussion. Instead of defining many sets of conditions for each Y value, we think the framework developed in the discussion for UE processing time can be reused. If restricted conditions for a ‘simple’ aperiodic CSI reporting are properly specified, it is feasible to directly follow this UE processing time requirement as a guideline for network to determine a suitable Y value, while the computation cost of the simple CSI calculation is insignificant. We suggest to define following conditions for the ‘simple CSI’:

· Wideband reporting

· Number of CSI-RS ports for measurement is no greater than 2
· The location of CSI-RS is no later than symbol#6 

As presented in our companion contribution [2], we suggest the following values for N2 (note that the unit of N2 is symbol instead of slot): 
Table 1. UE Processing Time

	N2
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Unit: symbols
	11
	19
	35
	45


The operation of multiple component carriers is already considered here. For other kinds of CSI reporting, we suggest RAN1 to similarly agree a set of values to support the operation of dynamically indicating Y. 

In summary, we propose the following table for CSI timing requirement for both non-CA and CA cases, under the assumption with 4Rx:

Table 2. UE processing time for ACSI reporting

	Configuration
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Simple ACSI
	Symbols
	11
	19
	35
	45

	Non-simple ACSI
	Symbols
	20
	24
	44
	52


Proposal 1: For 4Rx, NR adopts Table 2 as baseline for timing requirement for CSI reporting.
· Simple CSI is defined by the following conditions:

· Wideband reporting

· Number of CSI-RS ports for measurement is no greater than 2
· The location of CSI-RS is no later than symbol#6 
· FFS: other sets of conditions to be classified as ‘simple CSI’.
Proposal 2: Network should signal a proper Y value by taking the CSI processing time into account.

3 UCI segmentation

In RAN1-90bis, the following agreements were reached:

MIMO session

Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  

· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture

· N is the number of CSI reports in one slot

· The CSI report numbers correspond to the order in the CSI report configuration
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Channel coding session
Agreement: 

· UCI segmentation into two segments with equal segment sizes (with a single zero-padding bit inserted at the beginning of the first segment if needed) is used for certain ranges of K (before segmentation) and R, e.g. K>= threshold (e.g. 352) and R<= threshold (e.g. 0.4)

· exact values FFS until RAN1#91

· CRC appended to the first segment is calculated based on the first segment only

· CRC appended to the second segment uses the same polynomial as for the first segment, and is calculated based on the second segment only

The agreed omission rules for UCI format design are expected to be applied if a UE realizes that its allocated resource elements are not enough to carry all CSI components to be reported.
As had been considered when RAN1 defined the omission rules, PUSCH-based CSI feedback for multiple CSI reports is a use-case that should be investigated for UCI format design. It could happen for a network with multi-TRP or MU-MIMO where multiple CSI reports are requested, or the case with multiple component carriers.  
However, considering the large payload size for Type II CSI feedback, multiple CSI reports, and the largest codeword size of Polar code is 1024, UCI segmentation with at most two segments seems not enough. The channel coding gain may degrade if the payload size for each segment is still larger than an upper limit used to guarantee the performance of Polar encoding. A high code-rate Polar code has to be used if we do not have such an upper limit; this limit may be determined in channel coding AI. Without increasing the number of segments, one possible way is to reuse the agreed omission rules to reduce the payload size. Thus we propose:

Proposal 3: Under the constraint that the total number of segments for UCI is 2, apply omission rules to obtain segment size no larger than a pre-defined threshold. This threshold is to be decided in channel coding AI.
4 Encoding for two-part based CSI report
In RAN1-AH-03, the following agreements related to Type II CSI feedback were achieved: 

· For Type II, 

· CSI parameters of a Type II CSI report are not multiplexed across multiple PUSCH transmissions

· Use a two-part scheme with

· Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer

· Fixed payload size used for part 1; part 2 contains remaining CSI

· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1

· Separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority

· Part 1 (used to identify the number of information bits in part 2) has higher priority

· Part 1 is first included in a transmission in their entirety before part 2

· Information bits and/or channel coded bits of part 2 can only be partially transmitted

· Omit CSI parameters corresponding to at least one subbands for part 2
In RAN1-90bis:

Agreement:
Support the following encoding for first part of Type II report
· Separate fields: Each field is encoded separately

4.1 Encode ordering in CSI part 1

In this section we investigate the encoding for CSI part 1. In our view, RI is relatively important compared to the rest components in part 1. As had been mentioned by other companies, this RI information is helpful for future resource allocation of UCI and/or UL data, even if the rest information is not correctly decoded. Since it was already agreed to have no joint indication for more than one field in the first part of Type II report, considering the importance of RI, bit ordering for channel encoding should be properly considered to better protect the RI bits. As also pointed out in [3], the first few information bits exhibit lower bit-error rate. Thus we propose:

Proposal 4: Information bits carrying RI should be at most reliable input bits for Polar/RM encoding for CSI part 1.  
4.2 Encoding of multiple CSI reports

Another issue we would like to address is the joint encoding rule when multiple CSI reports are aggregated together for reporting on PUSCH. The following agreements were made in RAN1-90bis:

Agreement:
· For L1-RSRP and/or beam resource indicators (e.g. CRI or SSB index) reporting for beam management, support the following UL channels: 

· Short/long PUCCH

· PUSCH

· Support the following reporting types for beam mgmt. on the above channels

· For Periodic, support long PUCCH and short PUCCH

· Semi-persistent – support all channels

· Aperiodic – support PUSCH and short PUCCH

For PUSCH-based CSI feedback for multiple CSI reports, if one report is for beam management and another one is for CSI acquisition, encoding rules should be specified to form an aggregated report. Since the payload size for (L1-RSRP, CRI) report is a constant, treating it as part of CSI part 1 seems quite natural. 

Proposal 5: If CSI report for beam management is multiplexed with Type I/Type II CSI report on PUSCH, the information of L1-RSRP and/or beam resource indicators is included in CSI part 1.  
5 Conclusion

This contribution provides our views on CSI feedback timing requirement and remaining CSI details related to UCI segmentation and two-part based CSI reports, including encoding rules for CSI part 1 and multiple CSI reports. We have the following proposals:

Proposal 1: For 4Rx, NR adopts Table 2 as baseline for timing requirement for CSI reporting.

· Simple CSI is defined by the following conditions:

· Wideband reporting

· Number of CSI-RS ports for measurement is no greater than 2
· The location of CSI-RS is no later than symbol#6 
· FFS: other sets of conditions to be classified as ‘simple CSI’.

Proposal 2: Network should signal a proper Y value by taking the CSI processing time into account.

Proposal 3: Under the constraint that the total number of segments for UCI is 2, apply omission rules to obtain segment size no larger than a pre-defined threshold. This threshold is supposed to be decided in channel coding AI.
Proposal 4: Information bits carrying RI should be at most reliable input bits for Polar/RM encoding for CSI part 1.  
Proposal 5: If CSI report for beam management is multiplexed with Type I/Type II CSI report on PUSCH, the information of L1-RSRP and/or beam resource indicators is included in CSI part 1.  
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