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Introduction
In RAN1 #100 and RAN1 #100bis e-meeting, the following 2 clarifications were agreed [1] [2]
1. For Rel-16 Type-II CSI reporting, a UE is not expected to be configured with pmi-FormatIndicator.
2. When BWP size is less than 24 PRB, among 6 MIMO Type I or Type II codebook types, UE is only required to support Rel-15 Type I codebook and UE is only required to report wideband PMI and CQI.
As results, it was also identified that when the number of CSI subbands configured in csi-ReportingBand is too small, for Rel-16 Type II CSI codebook, the compression may cause the CSI reporting to be invalid, or perform very badly. Rel-16 Type II CSI was introduced mainly to reduce the CSI overhead, where the CSI overhead is large when the number of subbands is large. In this contribution, we provide some discussion on some remaining issues on Type II CSI enhancement, in terms of the PMI subband configuration.
Rel-16 Type II CSI PMI subband configuration 
The main overhead of Rel-16 Type II CSI reporting is controlled by the maximum number of non-zero coefficients, i.e.  which, based on the number of CSI subbands configured, is essentially controlled by the (1) number of spatial basis,  (2) parameter what controls number of frequency basis and (3)  as the following
· The number of CSI subband,  which can be between 1 and 19
· The number of PMI subband,  where R=1,2 is configured by NW
· The number of spatial basis 
· The number of selected frequency basis depending on parameter : 
· The maximum number of non-zero coefficient 
· Each layer cannot report more than  non-zero coefficient 
· The total number of non-zero coefficient cannot exceed 
Eight parameter settings are defined in 38.214 and can be configured to the UE as the following. In general, the first parameter setting provide the least reporting overhead and achieves the maximum compression. However, when the number of CSI subbands configured in csi-ReportingBand is too small,  may not be large enough to allow UE to report a valid CSI. We will discuss the minimum number of CSI subbands in the next section
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Rel-16 Type II CSI minimum number of CSI subbands
For each layer, up to RI=1/2/3/4, for the CSI reporting to be valid, UE needs to report at least 2 non-zero coefficient, one for each polarization, Therefore, we have the following restrictions on 
· Minimum  is 2 when RI=1 or 2 
· Minimum  is 3 when RI=3
· Minimum  is 4 when RI=4
Based on the above requirement, the following table summarizes the minimum number of CSI subbands for each parameter setting in order for CSI report to be valid, where the number of CSI subbands is defined as the number of 1’s in csi-ReportingBand
Table 1 Minimum number of CSI subbands for Rel-16 Type II CSI reporting
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	1
	2
	¼ 
	1/8 
	¼ 
	5
	9
	13

	2
	2
	¼ 
	1/8
	½ 
	1
	5
	5

	3
	4
	¼ 
	1/8
	¼ 
	1
	5
	5

	4
	4
	¼ 
	1/8
	½ 
	1
	1
	1

	5
	4
	¼ 
	¼ 
	¾
	1
	1
	1

	6
	4
	½ 
	¼ 
	½ 
	1
	1
	1

	7
	6
	¼ 
	- 
	½ 
	1
	
	

	8
	6
	¼ 
	-
	¾ 
	1
	
	



As results, we have the following proposal
Proposal 1: For Rel-16 Type II CSI reporting, the minimum number of CSI subbands can be summarized as the following, where the number of CSI subbands is defined as the number of 1’s in csi-ReportingBand.
· For parameter setting 1
· To support up to rank 2 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 9
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 13
· For parameter setting 2
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 5
· For parameter setting 3
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 5
The following TP is proposed for 38.214
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<unchanged part omitted>

[bookmark: _Hlk497986691]-	The UE shall report the RI value  according to the configured higher layer parameter typeII-RI-Restriction-r16. The UE shall not report .
-	The UE is not expected to be configured with the number of CSI subbands less than the minimum number of subbands as the following, where the number of CSI subbands is the number of 1’s in csi-ReportingBand.
· When paramCombination-r16 = 1, the minimum number of CSI subbands is 5 for up to rank 2 CSI reporting, and 9 for rank 3 CSI reporting, and 13 for rank 4 CSI reporting
· When paramCombination-r16 = 2, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
· When paramCombination-r16 = 3, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
<unchanged part omitted>
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-	The UE shall report the RI value  according to the configured higher layer parameter typeII-PortSelectionRI-Restriction-r16. The UE shall not report .
-	The values of  is configured as in Clause 5.2.2.2.5.
-	The UE is not expected to be configured with the number of CSI subbands less than the minimum number of subbands as the following, where the number of CSI subbands is the number of 1’s in csi-ReportingBand.
· When paramCombination-r16 = 1, the minimum number of CSI subbands is 5 for up to rank 2 CSI reporting, and 9 for rank 3 CSI reporting, and 13 for rank 4 CSI reporting
· When paramCombination-r16 = 2, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
· When paramCombination-r16 = 3, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting



Conclusion
In this contribution, we discussed one issue for Rel-16 Type II CSI enhancement regarding the minimum number of CSI subbands that can be configured. The goal is to ensure that UE can report at least 2 non-zero coefficient for each layer, one for each polarization. Based on the discussion, we provide our views on the Rel-16 eMIMO MU CSI related feature list and the following proposal
Proposal 1: For Rel-16 Type II CSI reporting, the minimum number of CSI subbands can be summarized as the following, where the number of CSI subbands is defined as the number of 1’s in csi-ReportingBand.
· For parameter setting 1
· To support up to rank 2 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 9
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 13
· For parameter setting 2
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 5
· For parameter setting 3
· To support up to rank 3 CSI reporting, the minimum number of CSI subbands is 5
· To support up to rank 4 CSI reporting, the minimum number of CSI subbands is 5
The following TP is proposed for 38.214
	5.2.2.2.5	Enhanced Type II Codebook
<unchanged part omitted>

-	The UE shall report the RI value  according to the configured higher layer parameter typeII-RI-Restriction-r16. The UE shall not report .
-	The UE is not expected to be configured with the number of CSI subbands less than the minimum number of subbands as the following, where the number of CSI subbands is the number of 1’s in csi-ReportingBand.
· When paramCombination-r16 = 1, the minimum number of CSI subbands is 5 for up to rank 2 CSI reporting, and 9 for rank 3 CSI reporting, and 13 for rank 4 CSI reporting
· When paramCombination-r16 = 2, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
· When paramCombination-r16 = 3, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
<unchanged part omitted>
5.2.2.2.6	Enhanced Type II Port Selection Codebook
<unchanged part omitted>

-	The UE shall report the RI value  according to the configured higher layer parameter typeII-PortSelectionRI-Restriction-r16. The UE shall not report .
-	The values of  is configured as in Clause 5.2.2.2.5.
-	The UE is not expected to be configured with the number of CSI subbands less than the minimum number of subbands as the following, where the number of CSI subbands is the number of 1’s in csi-ReportingBand.
· When paramCombination-r16 = 1, the minimum number of CSI subbands is 5 for up to rank 2 CSI reporting, and 9 for rank 3 CSI reporting, and 13 for rank 4 CSI reporting
· When paramCombination-r16 = 2, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
· When paramCombination-r16 = 3, the minimum number of CSI subbands is 5 for rank 3 and rank 4 CSI reporting
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Table 5.2.2.2.5-1: Codebook parameter configurations for L, g and p,,
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