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1. INTRODUCTION
[bookmark: _Hlk521410680]Based on RAN1#98b agreements and the offline discussions, in this contribution we discuss the remaining concepts in the Rel.16 MU-CSI, including 
1. Codebook subset restriction (CBSR),
2. UE capability.

2. DISCUSSION 
2.1. CBSR
In WG1 Meeting #98b, RAN1 further discussed the solutions for CBSR [1]. As a result, two alternatives were agreed to be included in Rel.16 specifications, namely: Alt0 and Alt3A. Based on the UE capability, Alt0 will be supported as mandatory and Alt3A as optional. Moreover, during the email discussions on RRC parameters, it was agreed that no extra RRC parameter will be configured in a UE for selecting among the two alternative options. In this contribution, we provide our views on remaining details related to implementation of the CBSR for Rel.16.
	[bookmark: _Hlk16498632]
On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR

Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”





Background
Codebook subset restriction is employed to avoid download beamforming toward directions that would cause interference in the adjacent cells. It was originally implemented by excluding certain beams from being selected for constructing W1, which was reported by a one-to-one bitmap. The single beam restriction is not sufficient for the Rel.15 Type II CSI, considering that the transmission can still be formed toward the restricted direction through the linear combination of the L>1 non-restricted adjacent beams. Hence, in CBSR Type II Rel.15, the restriction is applied by addressing up to four beam groups of size . The restriction is applied on the maximum allowable WB and subsequently SB amplitude coefficients for the restricted beams selected from .
In Rel-16 Type II, the reported coefficients are the frequency domain transform of the sub-band information and do not directly present a beam. So, applying the amplitude restriction on the reported coefficients can cause distortion in the beamforming, which may not achieve the desired CBSR.

Schemes for CBSR
In the last meeting, two alternatives were agreed to be supported for the CBSR, namely Alt0 and Alt3B. 

Alt 0: In Alt 0, the hard restriction is applied on up to the four beam groups, where the restricted beam will be totally excluded from being selected or reported in PMI. This is implemented by selecting the restriction only from  and skipping the downscaling amplitude restricting options. It is agreed that for the UE which is capable of Rel.16 Type II codebook, supporting Alt 0 is mandatory.

Alt 3A: In Alt 3A, the total radiated power on the restricted beam direction is considered as the restriction metric. The restricting value is selected for up to four beam groups and from . In Rel.16, supporting the Alt 3A is going to be optional and based on the UE capability.

During the email discussion on RRC parameters, it was pointed out that there is no reference in the specifications describing the UE capability in applying the CBSR and the available options for the mandatory or optional selections. We agree that the specifications should include a description identifying the UE capability options.

Proposal 1: Support adding some description in TS38.214 specification to identify the UE capability options in addressing the CBSR in Rel.15 and Rel.16.

Also, during the email discussion on RRC parameters, it was agreed that no extra RRC parameter is going to be added to indicate either options to UE. So, the existing UE capability parameters should be used to signal UE capability in supporting the Alt3A. 

[bookmark: _Hlk16519547]Proposal 2: Support using the UE capability parameter “amplitudeSubsetRestriction” for the UE signalling its capability for Alt3A. Not reporting the “amplitudeSubsetRestriction” indicates that UE applies only the hard restriction {0,1}.

2.2. UE Capability
In WG1 Meeting #98b, RAN1 discussed proposed solutions for UE capability [1]. The remaining issues were further discussed in offline email discussions. The following agreements were made to be discussed further.
	
On UE capability issues, for a UE capable of Rel.16 Type II codebook, agree on the following:
· Mandatory support for L=2, 4 
· Supported without additional UE capability signaling
· Mandatory support for maximum rank of 1 and 2
· FFS whether the support for maximum rank 3 and 4 is mandatory or not 
· Supported without additional UE capability signaling
· Separate UE capabilities for the “regular” Rel.16 Type II and Rel.16 Type II port selection codebooks
Note: for discussion purposes:
· “Mandatory” implies that the (sub-)feature is always supported when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered basic. Rel.16 Type II codebook is a UE optional feature.
· “Optional” implies that a separate UE (sub-)capability is needed (hence not necessarily supported) even when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered advanced.   

On UE capability related to the number PMI subbands, in RAN1#99, down select between these two alternatives:
· Alt2. Mandatory for N3<=19, optional for N3>19
· Alt3. Mandatory for R=1, optional for R=2

On UE capability for concurrent codebook configuration, in RAN1#99, further discuss and identify alternatives (including not having such UE capability) for down selection in UE feature session.




UE Capability for PMI Sub-bands
As part of enhancements for Rel.16, higher PMI granularity was supported. The following agreement in RAN1 NR-AH 1901 affirms PMI enhancements with FD compression ‎[2],

	
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2




Therefore, the CSI granularity can be potentially increased by twofold. However, as  increases, the processing and computational requirements will be also growing. To reflect UE capability, in RAN1 #98b, two options based on  and  were considered for down-selection between “Alt2” and “Alt3”, respectively.

A Rel-16 UE will have a similar capability as a Rel-15 UE in support of up to a CSI granularity of N3=19, and it is expected that support of R=1,2 would not result in any complication from UE processing perspective. Therefore, for N3<19 both R=1,2 can be assumed to be supported by all Rel-16 UEs. However, in the case of N3>19 and R=2, the processing requirement is significantly higher and it may be supported only by some UEs. Therefore, we believe that the value of  should be the criterion for UE capability indication. 

Proposal 3: Support using the N3 (Alt2) as the metric to indicate the UE capability for PMI subbands.



3. CONCLUSION
In this contribution, we provide our perspectives on remaining issues in Rel-16 CSI. Based on the discussion, following proposals are made:

Proposal 1: Support adding some description in TS38.214 specification to identify the UE capability options in addressing the CBSR in Rel.15 and Rel.16.

Proposal 2: Support using the UE capability parameter “amplitudeSubsetRestriction” for the UE signalling its capability for Alt3A. Not reporting the “amplitudeSubsetRestriction” indicates that UE applies only the hard restriction {0,1}.
[bookmark: _GoBack]
Proposal 3: Support using the N3 (Alt2) as the metric to indicate the UE capability for PMI subbands.
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