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1. Introduction
In RAN1#98bis meeting, following agreements were made for Type II CSI enhancements [1].
Agreement
On further details for CSI reporting pertaining to the Rel.16 Type II codebook: 
· SP CSI reporting of Part-1-only CSI on PUCCH format 3 and 4 is not supported
Agreement
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.
Agreement
· On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 

Agreement
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”

Agreement
· On Rel.16 extension for Type II port selection codebook to rank-3 and 4, support extension with simple reuse of Rel.15 W1 matrix (i.e. layer-common W1).

Agreement 
On UCI omission for Rel.16 Type II codebook, the following scheme is supported:
· 
Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· [bookmark: _Hlk22745826][bookmark: _Hlk22745846][bookmark: _Hlk22745893][bookmark: _Hlk22745921]G1 comprising the  highest priority non-zero LC coefficients  and the  highest priority bits of bitmap
· [bookmark: _Hlk22745985]G2 comprising the  lowest priority non-zero LC coefficients  and the  lowest priority bits of bitmap 
· [bookmark: _Hlk22746091]The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 

In this contribution, we capture our views on UE capability signaling related issues to support Rel. 16 Type II CSI codebook.
2. UE capability for Supporting concurrent codebooks
The UE capability signaling for CSI measurements and reporting should consider many aspects. In particular, PMI searching approach for a given codebook type and number of ports, memory size to store CSI, UE complexity for CSI processing considering multiple simultaneous calculations for different codebook types are important. Further, UE capabilities for CSI are defined per component carrier (CC), per band, per frequency range (FR1 or FR2) or per UE [2]. 
4.1. UE Capability for Supporting Multiple Codebook Types in NR Rel. 15  
As defined in [2], Rel. 15 UE can report codebookParameters to indicate the supporting codebooks along with necessary parameters for using the codebook. For instance, as per [2], UE capability of Rel.15 Type II codebook includes following parameters:
· maxNumberTxPortsPerResource: maximum number of Tx ports in a CSI-RS resource simultaneously
· maxNumberResources: maximum number of CSI-RS resources across all CCs simultaneously
· totalNumberTxPorts: total number of Tx ports across all CCs simultaneously
· parameterLx: supported values of L (number of SD beams) for Type II codebooks
· amplitudeScalingType: amplitude scaling type supported by the UE (wideband only or both wideband and sub-band) 
· amplitudeSubsetRestriction: whether amplitude subset restriction is supported for the UE
· maxNumberCSI-RS-PerResourceSet: maximum number of CSI-RS resource in a resource set
Note that, these parameters are for all CC of a band. In NR UE feature list [3], these parameters are captured within FG 2-41. Similarly, for Type I-single panel, Type I-multi panel and Type II-port selection codebooks, feature groups are captured within FG 2-36, 2-40 and 2-43, respectively. 
Note here that, these capabilities are reported for each codebook individually. Since the same processing unit can be reused for PMI calculation with different codebook types, separate UE capability signaling for each codebook type is not enough to represent actual UE capabilities for CSI processing. This in fact is an inherent issue in UE capability reporting for CSI in Rel. 15.
4.2. Requirement for Reporting the Capability of Concurrent Codebooks Types 
As discussed previously, Rel. 15 UE capability reporting frame work does not allow a UE to report its ability to handle multiple codebook types simultaneously. For instance, there is no capability reporting on concurrent handling of Type I and Type II codebooks. As a result, to accommodate a worst case where multiple codebook types are being processed simultaneously, the UE may have to underreport its capability.
Observation 1
· Since Rel. 15 capability reporting framework does not allow capability reporting for concurrent codebooks, UE may have to under report its actual capability in certain situations
After RAN1 meeting #98bis, there was an offline E-mail discussion on how to handle this issue of supporting concurrent codebook types without underreporting UE’s actual capability. During that discussion some companies have pointed out that it is not clear whether there are situations where gNB actually configures both Type I and Type II codebooks simultaneously. However, as per our understanding, gNB can configure Type I CSI and Type II CSI simultaneously to a UE and it can dynamically switch between Type I CSI and Type II CSI, depending on whether gNB wants to configure SU-MIMO or MU-MIMO to that UE. Hence, when signaling its capabilities, UE has to take necessary precautions in order not to allow gNB to trigger an invalid concurrent codebook configuration. As a result, UE tends to underreport its actual capabilities.
In addition, some companies have suggested that this issue needs to be handled in UE feature list discussions. As per our understanding also, it is better to further discuss/study this issue and discuss detailed signaling design in UE features discussion.  However, we believe that it is better to introduce some additional capability signaling to support concurrent codebooks types in order to prevent UE from underreporting its actual capabilities.
Proposal 1
· Further study on possibility of configuring concurrent codebooks by gNB and if necessary, introduce additional capability signaling to support concurrent codebook types (Alt1)
Proposal 2
· It is better to discuss detailed signaling aspects for supporting concurrent codebook types under UE feature discussions
3. UE capability on the number of PMI subbands
After RAN1 meeting #98bis, there was an offline E-mail discussion about UE capability on the number of PMI subbands. Following offline agreement was made as the outcome of that discussion. 
Offline agreement: 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
As commented in the E-mail discussion as well, we understand that there are some performance gains with R=2. However, as pointed out by many companies as well, with the increased UE complexity, it is not quite clear about how much gain we can expect with R=2 (under different conditions). Hence, we prefer Alt 3 which mandates Rel. 16 Type II CSI for R=1.
Proposal 3
· Support R=1 is mandatory and R=2 is optional for Rel. 16 Type II CSI codebook
4. UE behavior for CBSR
After RAN1 meeting #98bis, there was an offline E-mail discussion regarding the UE behavior when UE does not support CBSR with amplitude restriction. Following offline agreement was made as the outcome of the discussion.
Offline agreement: On CBSR:
· In RAN1#99, agree on the additional text (draft CR) for clarifying the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Draft CR proposals to be submitted to Rel.15 MIMO maintenance AI
· The same UE behavior for dealing with Rel.15 Type II CBSR is applied to Rel.16 Type II CBSR when the UE does not support soft amplitude restriction (“Alt3A” in RAN1#98bis)
· Note: The agreement in RAN1#98bis implies that a UE capability on whether the UE supports soft amplitude restriction is introduced
In general, we are fine with the offline agreement. However, regarding the second issue which discusses UE behavior for Rel. 16 Type II CBSR when the UE does not support soft amplitude restriction, we are not very clear about considering the same behavior as in Rel. 15 Type II CBSR especially before finalizing the CR for the first issue. Hence, we think first we should finalize CR and then discuss about UE behavior for Rel. 16 Type II CBSR.
Proposal 4
· It is better to first finalize CR for the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’ and clarify UE behavior for Rel. 16 Type II CBSR afterwards 
Summary
In this contribution, we discuss the remaining issues to be finalized for Rel. 16 Type II CSI. In particular, we have provided our views on UE capability related issues in Rel. 16 Type II CSI codebook.
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