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Introduction
In RAN1#98bis, the remaining details of the enhanced Type II codebook along with the associated CBSR and UCI omission mechanisms. In this contribution, we present our view on some of the UE capability related issues.
Discussion on UE capability and other remaining issues
In this section, we discuss some open issues regarding UE capability. The following basic agreement on UE capability was reached in RAN1#98bis:
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.   

Existing CSI capabilities
As the CSI reporting capabilities are a bit “messy”, we summarize our understanding of the Rel-15 CSI capabilities below:
· [bookmark: _Hlk24020666]The maximum number of simultaneous CSI reports [simultaneousCSI-ReportsAllCC] (i.e. number of CPUs) and simultaneous NZP CSI-RS ports/resources [totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC / maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC] are reported per band combination [CA-ParametersNR]
· In addition, the maximum number of simultaneous CSI reports in a CC [simultaneousCSI-ReportsPerCC] and simultaneous NZP CSI-RS ports/resources in a CC [maxNumberSimultaneousNZP-CSI-RS-PerCC] is reported per band [MIMO-ParametersPerBand]
· “Simultaneous” here means:
· For CSI reports:
· Simultaneously occupying CPUs
· For CSI-RS:
· “Simultaneously active”
· For periodic resource: A configured resource is active until RRC release
· For semi-persistent resource: An activated resource is active until MAC CE deactivation
· For aperiodic resource: A triggered resource is active until PUSCH transmission
· The maximum number of configured CSI Report Settings per BWP for beam and CSI report respectively [CSI-ReportFramework] and the maximum number of configured CSI-RS/IM ports/resources [CSI-RS-IM-ReceptionForFeedback] are reported per band [MIMO-ParametersPerBand]
· If the band is within an FR1-FR2 band combination, this signaling can be overridden with another signaling [Phy-ParametersFRX-Diff]
· The supported codebooks [CodebookParameters]are signaled per band [MIMO-ParametersPerBand]. For each codebook Type (i.e. Type I SP, Type I MP, Type II, Type II port selection), a list (i.e. multiple) of triplets (maxNumberTxPortsPerResource, maxNumberResourcesPerBand, totalNumberTxPortsPerBand) is signaled:
· maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource
· maxNumberResourcesPerBand indicates the maximum number of resources across all CCs within a band simultaneously
· totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs within a band simultaneously
· “Simultaneous” here follows the definition of “Simultaneously active” for the CSI-RS

In addition, there is discussion on introducing additional per band combination signaling of CodebookParameters.

Number of configured CSI Report Settings
One issue with the Rel-15 capability signalling is that the maximum number of configured CSI Report Settings per BWP a UE can indicate as its capability is rather limited, it is capped at four CSI Report Settings per time-domain behaviour. In practical deployment, it is beneficial for the gNB to dynamically vary the CSI granularity (and thus the payload) depending on the UL UCI coverage. For instance, a UE on the cell edge may only have UL coverage to reliably transmit a Type I WB PMI/CQI report whereas a cell-center UE can afford to transmit a Type II report with . For instance, the gNB could dynamically switch between following codebook configurations depending on the UE’s UL coverage:
1. Type I WB CQI / WB PMI
2. Type I SB CQI / WB PMI
3. Type I SB CQI / SB PMI
4. Type II  .
5. Type II  
6. Type II  
7. Type II  
However, since the UE can report at most 4 configured CSI Report Settings as its capability, the gNB needs to RRC reconfigure the UE as it moves within the cell. This is clearly not desirable.
[bookmark: _Toc16769207][bookmark: _Toc24122769]For Rel-16 CSI capability, increase the maximum number of configured aperiodic CSI Report Settings a UE can report to 8
Support of R=2
In RAN1#95AH, the following was agreed regarding the value of R:
Agreement
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
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint

How to handle the capability signaling for R was discussed in offline email discussion, and the following offline agreement was reached based on companies’ views:

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
From both a performance and overhead perspective, R=2 is superior to R=1, which can be observed in Figure 1 where the average UPT gain of the enhanced Type II codebook for the 8 possible parameter combinations are plotted against the rank-2 overhead for R={1,2}. The scenario is 100MHZ BW using the smaller 16 PRB CQI subband size. For the relevant configurations, R=2 gives a substantial increase in the achievable UPT gain over Rel-15 Type II. Additionally, R=2 also perhaps a bit counter-intuitively results in lower overhead than R=1. This is due to that the two-step FD-basis indication is used for R=2.

[image: ]
Figure 1: Comparison of R=1 and R=2
[bookmark: _Toc24122767]R=2 results in lower overhead and better performance than R=1
So, from a NW perspective, there is no reason whatsoever to configure R=1. The only motivation to support R=1 is to allow less complicated UE implementation, since R=2 requires 2x more SVD/EVD operations compared to R=1 for the same bandwidth. But the number of SVD/EVD operations and hence the complexity is driven by the number of FD-units , not R itself. Thus, it makes sense to support Alt 2.
[bookmark: _Toc24122770]For UE capability on R, support Alt2. Mandatory for N3<=19, optional for N3>19
Support of high rank codebook
The cost in terms of UL resources consumed for a Type II CSI report can be quite large, and it should therefore give a corresponding boost in DL performance. Typically, the gNB may only trigger a Type II report for a UE when it intends to schedule it with MU-MIMO and otherwise rely on lower payload Type I reports for SU-MIMO. For MU-MIMO, there is little benefit with going above rank-2 for each UE. Therefore, many network implementations may choose not to implement the high-rank Type II codebook, and this should be reflected in the UE capability as well.
[bookmark: _Toc24122771]High-rank Type II codebook is optional UE capability
Supported of mixed codebook
The issue of under-reporting of capability in Rel-15 with concurrent configuration of Type I and Type II codebooks was also discussed in the email discussion, and a number of alternatives to alleviate the problem was presented:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: The capability of concurrent codebooks should be within the capability of each codebook
· For concurrent codebook 1 scheduled with  and codebook 2 scheduled with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II
· Alt3: A complementary UE capability is defined to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE.
First of all, we like to address some comments from companies that concurrent configuration of Type I and Type II codebook is not likely. In our understanding, concurrent configuration of Type I and Type II codebook will always be done. The gNB will configure two separate aperiodic trigger states, one for Type I CSI and one for Type II CSI. When the gNB intends to schedule the UE with SU-MIMO and/or the UE is out of Type II CSI coverage, it will trigger the lower overhead Type I CSI report while otherwise it will trigger Type II CSI. Note that if periodic CSI-RS is used, even if the Type I and Type II CSI reports are not simultaneously calculated, but TDMed, they still capability-wise are counted as concurrently active since the rules follow the CSI-RS occupancy rather than the CPU occupancy. Additionally, if CA is used, the gNB may only use Type II CSI on some carriers and Type I CSI on others, for instance in FDD+TDD CA band combinations. Therefore, in almost all cases there will be concurrent configuration of Type I and Type II CSI, so it is important that the UE is not forced to under-report its capability for this case.
[bookmark: _Toc24122768]Mixed Type I and Type II codebook configuration will almost always happen
Regarding the desired solution for the problem, we are open to discuss further, but Alt 1 seems like a reasonable solution.
[bookmark: _Toc24122772]Support streamlining the capability signalling for mixed Type I and Type II codebook operation
Codebook subset restriction
Additionally, there was some discussion on the email reflector regarding the behaviour when UE does not support CBSR with amplitude restriction, which resulted in the following offline agreement:
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
[bookmark: _Toc24122773]Support the offline agreement on CBSR
Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	R=2 results in lower overhead and better performance than R=1
Observation 2	Mixed Type I and Type II codebook configuration will almost always happen

Based on these observations, we make the following proposals:
Proposal 1	For Rel-16 CSI capability, increase the maximum number of configured aperiodic CSI Report Settings a UE can report to 8
Proposal 2	For UE capability on R, support Alt2. Mandatory for N3<=19, optional for N3>19
Proposal 3	High-rank Type II codebook is optional UE capability
Proposal 4	Support streamlining the capability signalling for mixed Type I and Type II codebook operation
Proposal 5	Support the offline agreement on CBSR
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