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Introduction
In Rel-16, eType-II codebook and eType-II port selection codebook have been introduced to provide better performance-overhead trade-off over Rel-15 Type II codebooks. The specifications for the eType-II CSI introduction has been approved by RAN#86. In this contribution, we discuss the remaining issues on eType-II CSI. 
Small K0 values 
In current eType II and eType II port selection codebook,  is determined based on RRC configuration of codebook parameters. The number of non-zero coefficients per layer is no larger than , and , which is the total number of non-zero coefficients across all layers, is no larger than . Further, the bit width of coefficient phases and amplitudes for each rank is shown in the following table.
Table I Bit width of coefficient phases and amplitudes for each rank
	Rank
	Bit width of amplitudes
	Bit width of phases

	1
	
	

	2
	
	

	3
	
	

	4
	
	


In some configurations,  can be as small as 1. There are some discussion on the potential “error cases” caused by small  values. Specifically, if , , the bit width of rank 3 or 4 is negative.
However, this case will not happen at all. For rank 3 and 4, there are at least three or four non-zero coefficients. Hence if , rank cannot be 3 or 4. The bit width is never negative.
Another argument to support restricting small  values is the concern on performance due to the small number of coefficients. However, it is a gNB implementation issue. If the performance loss of small  values is beyond gNB’s tolerance, gNB will not configure a small N3, , L or p value to cause small .
Based on the above, we have the following proposal.
Proposal 1: No need to have explicit restriction in the specification on K0 values.
Remaining issues on UE features
Number of PMI subbands
We have the following agreement in RAN1#99.
Agreement
On the # of PMI subbands: 
· Mandatory support for R=1
· Optional support for N3>19
FFS: whether it is mandatory or optional for R=2 and N3<=19
· To be discussed during the Rel-16 UE capabilitity discussions
Following the above agreement, the decision is to choose from the following two alternatives. 
· Alt 1: R=2 and N3<=19 is mandatory if eType-II codebook is supported
· Alt 2: R=2 and N3<=19 is optional if eType-II codebook is supported
The selection between the above two alternatives is also related to the detailed parameter for this component. 
· If Alt 1 is selected, it implies that N3<=19 is mandatory regardless of R, and N3>19 is optional. Then the UE capability parameter should be N3. 
· Otherwise, R=1 is mandatory, whereas R=2 is optional. Then the UE capability parameter should be R.
The UE complexity on supporting large number of N3 is caused by the hardware (e.g., computation complexity and buffering) limits. 
· Since Rel-15 sub-band reporting has already required 19 sub-bands, supporting N3 <= 19 now should have no extra UE complexity compared with what we already have for Rel-15 commercial UEs. Furthermore, for N3<=19, NW can still realize the performance gain from R=2 for CQI sub-band number < 10. Especially for large CQI sub-band size cases(e.g. 16 and 32), which may not need to configure more than 10 CQI sub-bands, allowing R=2 configuration will significantly improve compression efficiency. Hence to make N3<=19 mandatory will make the best utilization of current UE hardware resource limits and allow more NW flexibility for small CQI sub-band number.
· For N3>19, we can depend on UE capability signaling to further realize the performance gain of R=2 for large bandwidth in future. 
Considering the above, we think Alt 1 is a better trade-off between UE complexity and NW performance than Alt 2. In addition, in the Rel-16 Type II CSI framework, one-step FD indicator is used for N3<=19, and two-step FD indicator is used for N3>19. Hence Alt 1 can avoid mandatory UEs implement two different schemes and align with the general design principle for eType-II CSI. 
Therefore, UE signals the maximum N3 value for this component. This value shall be larger than 19. It also makes sense to have this signaling jointly reported with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band. All these parameter are related to the hardware resource UE needs to prepare for computing eType II or eType II port selection CSI.
Proposal 2: On the number of PMI subbands, UE signals the maximum N3 value, which shall be larger than 19. Support to report it jointly with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band.
Supported codebook parameter combinations
It has agreed previously that for regular eType II, codebook parameter combinations 1-6 are basic components, and codebook parameter combination 7-8 is optional. It is not reflected in the current UE feature list.
Supported ranks
In current UE feature list, there is a basic component for eType II and eType II PS called rank restriction. We believe it is a mistake to have it here. What should be here is the support of rank 1 and 2, since we have agreed that rank 1 and 2 are basic, and rank 3 and 4 are optional.
Maximum number of AP CSI settings
[bookmark: _GoBack]It has been agreed that the maximum number of AP CSI settings for one BWP is increased from 4 to 8. It is not related to either eType II or eType II port selection. Hence we suggest to add one more FG 16-3c to indicate the support of maximum 8 AP CSI report settings for one BWP, and it does not reply on the support of eType II or eType II port selection.
The current UE feature list is updated as follows based on the above discussion.
Table II Updated UE feature list for eType II and eType II port selection
	16-3a
	Regular eType-II
	1. Support of codebook parameter combinations 1-6
1. Support of PMI sub-bands with value N3<=19
1. Rank 1 and 2
1. UCI omission
	TBD

	16-3a-1
	CSI-RS and number of PMI subbands for eType-II
	For regular eType-II: 
A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources across all CCs simultaneously, total # of Tx ports across all CCs simultaneously, Max # of PMI subbands N3}, where N3>=19 

	16-3a, TBD

	16-3a-2
	Rank for eType-II
	Support of rank 3,4 for regular eType-II
	16-3a, TBD

	16-3a-3
	CBSR for eType-II
	Support of CBSR for eType II
	16-3a, TBD

	16-3a-4
	Codebook parameter combination 7-8 for eType II
	Support of codebook parameter combinations 7-8
	16-3a, TBD

	16-3b
	Port selection eType-II
	1. 6 parameter combinations (combos with L=6 don’t apply) 
1. Support of PMI sub-bands with value N3<=19
1. Rank 1 and 2
1. UCI omission

	TBD

	16-3b-1
	CSI-RS and number of PMI subbands for port selection eType-II
	For port selection eType-II: 
A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources across all CCs simultaneously, total # of Tx ports across all CCs simultaneously, Max # of PMI subbands N3}, where N3>=19

	16-3b, TBD

	16-3b-2
	Rank for port selection eType-II
	Support of rank 3,4 for port selection eType-II
	16-3b, TBD

	16-3c
	Number of AP-CSI report settings per BWP 
	Support up to 8 configured aperiodic CSI report setting per BWP 

	TBD


Proposal 3: Update the UE feature list for eType II and eType II port selection as in Table II.
Conclusion
In this contribution, we discuss one remaining issue of eType II and eType II port selection CSI. The following proposal is given.
Proposal 1: No need to have explicit restriction in the specification on K0 values.
Proposal 2: On the number of PMI subbands, UE signals the maximum N3 value, which shall be larger than 19. Support to report it jointly with the maximum number of CSI-RS ports per resource, the maximum number of active CSI-RS resources per band and the maximum number of active CSI-RS ports per band.
Proposal 3: Update the UE feature list for eType II and eType II port selection as in Table II.
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