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1. Introduction
	At the previous RAN1 meetings the significant progress in design of NR CSI reporting was made. However, there are some open issues left, for example details of codebook subset restriction, CQI calculation for partial CSI omitting, handling of bandwidth part switching, etc. 
	In this contribution remaining issues on CSI reporting are discussed. 
2. Discussion
2.1. Codebook subset restriction for Rank 3-4 P ≥ 16
	The design of codebook subset restriction feature have been agreed for almost all the codebook configurations supported in NR, expect the case of rank 3-4 codebooks with more than 16 ports at the BS. At the last RAN1 meeting this case was covered by the following agreement [1].
	Agreement:
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
Use single bitfield to determine restricted  depending on restricted 
 is restricted if at least one of  is restricted
FFS: Introduction of inter-group co-phasing restriction


The design of rank 3-4 codebooks with more than 16 ports at the BS is different from the rank 1-2 and 5-8 codebooks, the details and particular features of codebook structure are discussed in our companion contribution [2]. The beamforming radiation patterns for the beamforming vectors vl,m from rank 1-2, 5-8 codebooks and beamforming vectors bl,m,p from rank 3-4 codebooks are represented in the figure below. 
[image: ]
Figure 1: Beam patterns for different beamforming vectors 

	As it can be observed from the above figure, the most part of the power for beamforming vectors from rank 3-4 codebooks is localized in the range of angles covered by three beamforming vectors from the rank 1-2, 5-8 codebooks. Considering the beamforming patterns and the fact that the pair of beamforming vectors bl,m,p and bl,m,p+4 are included in single precoding matrix for rank 3-4 codebooks, there is no need to support inter-group co-phasing restriction. 
Proposal 1: Inter-group co-phasing restriction is not supported for Type I SP rank 3-4 codebooks for 16, 24, and 32 ports.

2.2. CQI calculation for the case of partial CSI reporting on PUSCH
	At the previous RAN1 meeting the CSI omitting rules for PUSCH based reporting were agreed. The rules assume that the second PMI (i2) can be omitted for specific subbands. Considering that subband CQI for the first codeword is contained in the first CSI part and cannot be omitted, RAN1 should specify how to calculate CQI for whose subbands for which second PMI is not reported. At the last meeting the following alternatives were proposed:
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
First, the agreed CSI omitting rules allows the case of subband PMI omitting for all the subbands, in this case it is not clear which PMI to assume for CQI calculation for Alt. 2. Second, the Alt. 2 assumes that CSI calculation procedure depends not only on the higher layer configuration parameters, but also on the container size allocated for CSI reporting. Such dependency of CSI calculation on dynamically changed parameters is not desirable from the implementation point of view and increases UE complexity. Furthermore, the performance benefits of Alt. 1 over Alt. 2 are not clear and Alt. 1 have several drawbacks on UE implementation complexity we propose to support Alt. 2.
Proposal 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband in case of partial CSI omitting for PUSCH-based CSI reporting.
2.3. Handling of bandwidth part switching
	It was agreed that NR UE can be configured with two bandwidth parts (BWP) by higher layer signaling, active BWP can be dynamically switched via DCI. It is worth noting that CSI measurements outside the active BWP is not desirable due to high UE complexity. Considering this possibility of dynamic switching between BWPs there can be ambiguity for which exact BWP CSI shall be reported if it occurs in the middle of a BWP switch. Such ambiguity can be easily resolved by clarifying that BWP for which CSI is reported is determined by the active BWP in the time location of the CSI reference resource.
Proposal 3: BWP for which CSI is reported is determined by the active BWP in the time location of the CSI reference resource.
2.4. Subband size and CSI reporting periodicity
	At the previous RAN1 meeting the following agreements were made regarding supported values of subband size and reporting periodicities. 
	Agreement:
NR at least supports the following periodicities for P/SP CSI reporting 
{5, 10, 20, 40, 80, 160, 320} slots
Details on restriction on periodicity as a function of subcarrier spacing is to be concluded in RAN1#91 (including whether or not to support) 


	The CSI reporting periodicities are defined in the number of slots, considering that slot duration is scaled down with subcarrier spacing, time between CSI reporting instances can be not enough to update CSI for higher subcarrier spacing values. One possible way of resolving this issue is to introduce the restriction on CSI reporting periodicity as a function of subcarrier spacing. Such approach doesn’t consider that advanced UEs require less time for the CSI calculation and hence can support lower CSI reporting periodicities. Considering the above statement the better way to handle CSI periodicity issue is to introduce UE capability signaling on minimum time required between CSI reports to update CSI. 
Proposal 3: Restriction on CSI reporting periodicity as a function of subcarrier spacing is not supported 
· Introduce UE capability signaling for the minimum time required to update CSI to assist selection of CSI reporting periodicity
2.5. Remaining issues on CSI collision handling
	The priority rules for different CSI reporting periodicities were agreed at the previous RAN1 meeting, except priority between P-CSI and SP-CSI. Considering the agreed values of CSI reporting periodicity the collision of SP-CSI and P-CSI can be easily avoided by configuring the starting reporting slot of SP-CSI in such way that there wouldn’t be collision with P-CSI. We don’t see any use case to configure overlapped resources for SP-CSI and P-CSI reporting. Considering the above there is no need to specify any priority rule between P-CSI and SP-CSI.
Proposal 4: Priority rule between P-CSI and SP-CSI reporting is not specified.
3. Conclusion
	In this contribution the following proposals and observations were made.
· Proposal 1: Inter-group co-phasing restriction is not supported for Type I SP rank 3-4 codebooks for 16, 24, and 32 ports.
· Proposal 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband in case of partial CSI omitting for PUSCH-based CSI reporting.
· Proposal 3: Restriction on CSI reporting periodicity as a function of subcarrier spacing is not supported 
· Introduce UE capability signaling for the minimum time required to update CSI to assist selection of CSI reporting periodicity
· Proposal 4: Priority rule between P-CSI and SP-CSI reporting is not specified.
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