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PUCCH resources can be configured to multiplex periodic/semi-persistent CSI. For the CSI report containing two parts, rank1 is assumed to estimate the part 2 size for the PUCCH resource set and dedicated resource determination, given that gNB has no idea about the actual rank until decoding part 1 successfully. However, due to the limited size of PUCCH resource, not all the CSI reports can be carried on a PUCCH and a set of part 2 reports would be omitted. This paper is going to clarify that which rank, is applied for CSI part 2 omission and granularity of CSI dropping, per report or per subband of a report.
[bookmark: _Ref129681832]Discussion 
The rank used for CSI part 2 omission
This issue was discussed in RAN1 #107-e, but no conclusion reached in the end (corresponding summary can be found in [1]). In the subclasue 9.2.5 of TS38.213 (highlighted in yellow in Appendix A), rank1 is specified to determine the number of PRB for a PUCCH resource or a number of Part 2 CSI reports. The subclasue 9.2.5.2 (highlighted in green in Appendix B) also defines that the number of Part 2 CSI reports UE transmitting on a PUCCH is derived based on the max code rate of the PUCCH, which is given by high layer parameter maxCodeRate [2]. When the payload size of all Part 2 CSI reports is beyond the size determined based on the max code rate, a set of Part 2 reports would be omitted until the max code rate requirement is satisfied. However, it is not clear which rank is applied to the CSI omission, rank1 or the actual rank. At the same time, when the payload size of all Part 2 CSI reports is smaller than the size determined based on the max code rate, a procedure to determine the minimum number of PRBs of the PUCCH is also specified in clause 9.2.5.2 (highlighted in cyan in Appendix B). However, which rank is used to calculate this min PRB number is not crystal clear as well.
For the two questions listed above, if the actual rank is used, UE would decide the number of CSI report and minimum number of PRBs for a PUCCH resource based on the actual payload size of each CSI part 2 report. When the actual payload size of a Part 2 report is larger than the size derived assuming rank 1, the max code rate of the PUCCH can be guaranteed. Whereas, when the actual size of a Part 2 CSI report is smaller than that derived according to rank 1, the min number of PRB will less than the PRB number derived assuming rank1. Hence, from the gNB size, it does not know what the actual rank is and does not know the min PRB transmitted by UE in the end either, a blind decoding may be needed for gNB.
If the rank 1 is applied, gNB can acquire the minimum number of PRB accurately based on the rank 1 assumption, no matter the actual payload size of a CSI part 2 report is larger or smaller than the one decided based on rank1. However, for the number of part 2 CSI report determination, when the actual size of a Part 2 CSI report is larger than the size achieved assuming rank 1, the code rate of the PUCCH UE transmitted in the end would be larger than the max code rate.
Considering using actual rank may cause the ambiguity on the PRB number between UE and gNB and undesirable blind decoding in gNB, using rank1 to determine the Part 2 CSI report omission and the minimum number of PUCCH determination seems a more reasonable way although the code rate of the determined PUCCH could be larger than the max.
Proposal 1: Rank1 is applied to the Part 2 CSI omission and minimum number of PUCCH determination specified in subclause 9.2.5.2 of TS 38.213.
· The actual code rate of transmitted PUCCH can be larger than the maximum given by maxCodeRate
Granularity of CSI part 2 omission
Based on the description of subclause 9.2.5.2 in TS 38.213 (highlighted in green in Appendix B), when Part 2 CSI report omission on a PUCCH is performed, the whole part 2 report according to respective priority value(s) is dropped, where the priority value is defined in subclause 5.2.5 of TS 38.214 (cited in Appendix D).
However, the granularity of CSI part 2 omission on a PUCCH is specified in another way in subclause 5.2.4 of TS 38.214. As specified (highlighted in red in Appendix C), Part 2 CSI report is dropped according to the priority order shown in Table 5.2.3-1 (cited in Appendix E), where the CSI report is ordered based on the subbands. For example, the priority 1 corresponds to the Part 2 subband CSI of even subbands for CSI report 1, and Priority 2 corresponds to the Part 2 subband CSI of odd subbands for CSI report 1. If part 2 CSI omission is applied, the priority 1, i.e. the even subbands for CSI report 1 is omitted first then to omit the odd subbands of CSI report 1. So the part 2 CSI report is omitted per the subband level specified in TS 38.214.
As per the misalignment between TS38.213 and TS38.214, the principle on the granularity to omit part 2 CSI report should be clarified. Considering Part 1 CSI report can be also omitted per whole report level, a unified design of CSI report omission including part 2 reports on PUCCH is preferred.
Proposal 2: Part 2 CSI report is omitted per report level according to respective priority values specified in subclause 5.2.5 of TS38.214. 
· Whether to change the spec can be further discussed.
Conclusions
Based on the discussion above, following observation and proposal are provided.
Proposal 1: Rank1 is applied to the Part 2 CSI omission and minimum number of PUCCH determination specified in subclause 9.2.5.2 of TS 38.213.
· The actual code rate of transmitted PUCCH can be larger than the maximum given by maxCodeRate
Proposal 2: Part 2 CSI report is omitted per report level according to respective priority values specified in subclause 5.2.5 of TS38.214. 
· Whether to change the spec can be further discussed.
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Appendix A. TS 38.213, Clause 9.2.5
	If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each of the CSI reports indicates rank 1.



Appendix B. TS 38.213, Clause 9.2.5.2
	If a UE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 
-	the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, from DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and 

-	the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for  UCI bits
and




-	if [image: ], the UE transmits the HARQ-ACK, SR and the  CSI report bits by selecting the minimum number  of PRBs from the  PRBs satisfying  as described in Clauses 9.2.3 and 9.2.5.1
-	else, 

-	if for  Part 2 CSI report priority value(s), it is

 and 

, 










the UE selects the first  Part 2 CSI reports, according to respective priority value(s) [6, TS 38.214], for transmission together with the HARQ-ACK, SR and  Part 1 CSI reports , where  is the number of Part 1 CSI report bits for the  CSI report and  is the number of Part 2 CSI report bits for the  CSI report priority value,  is a number of CRC bits corresponding to , and  is a number of CRC bits corresponding to  









-	else, the UE drops all Part 2 CSI reports and selects  Part 1 CSI report(s), from the  CSI reports in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR information bits where the value of  satisfies  and , where is a number of CRC bits corresponding to  UCI bits, and  is a number of CRC bits corresponding to  UCI bits.


Appendix C. TS 38.214, Clause 5.2.4
	If any of the CSI reports consist of two parts, the UE may omit a portion of Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1. Part 2 CSI is omitted beginning with the lowest priority level until the Part 2 CSI code rate is less or equal to the one configured by higher layer parameter maxCodeRate.



Appendix D. TS 38.214, Clause 5.2.5
	5.2.5	Priority rules for CSI reports
CSI reports are associated with a priority value  where
…



Appendix E. TS 38.214, Table 5.2.3-1
	Table 5.2.3-1: Priority reporting levels for Part 2 CSI
	Priority 0:
For CSI reports 1 to , Group 0 CSI for CSI reports configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Group 1 CSI for CSI report 1, if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 subband CSI of even subbands for CSI report 1, if configured otherwise

	Priority 2:
Group 2 CSI for CSI report 1, if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 subband CSI of odd subbands for CSI report 1, if configured otherwise

	Priority 3:
Group 1 CSI for CSI report 2, if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 subband CSI of even subbands for CSI report 2, if configured otherwise

	Priority 4:
Group 2 CSI for CSI report 2, if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'. Part 2 subband CSI of odd subbands for CSI report 2, if configured otherwise

	⁞

	Priority :
Group 1 CSI for CSI report , if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 subband CSI of even subbands for CSI report , if configured otherwise

	Priority :
Group 2 CSI for CSI report , if configured as 'typeII-r16', 'typeII-PortSelection-r16' or 'typeII-PortSelection-r17'; Part 2 subband CSI of odd subbands for CSI report , if configured otherwise
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