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1 Introduction
A LS is received from RAN1 on UE capabilities of FG2-36/2-40/2-41/2-43 in [1], it is acknowledged that the per-band signaling of codebookParameters in current TS 38.306 may lead to the issue of under-reporting of CSI capabilities in the inter-band CA case. To solve the above issue, RAN1 has agreed to recommend to introduce new per-band capability signaling and per-BC capability signaling for supportedCSI-RS-ResourceList in the field of codebookParameters.
In this contribution, we will discuss on the under-reporting CSI-RS capabilities.
2 Discussion
2.1 Issue of the signaling of supportedCSI-RS-ResourceList
According to current spec of TS 38.306, UE can report codebookParameters to indicate the codebooks and the corresponding list of supported CSI-RS resources i.e., supportedCSI-RS-ResourceList, and Comp.1 in FG2-36/2-40/2-41/2-43. The list of supported CSI-RS resources consists of {maxNumberTxPortsPerResource, maxNumberResourcesPerBand, totalNumberTxPortsPerBand}, where maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a CSI-RS resource simultaneously, maxNumberResourcesPerBand indicates the maximum number of CSI-RS resources across all CCs simultaneously, and totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs simultaneously. 

The list of supported CSI-RS resources are changed to be band-specific in the current spec of TS 38.306, even the reporting type of the corresponding parameters is still “Type 3” , which means per band in the band combination or per band combination. This change will induce the additional resource requirements to UE who is operating in inter-CA. 

Consider a UE can support list of CSI-RS resources:

Band A: {16, 1, 16}, {8, 2, 12};

Band B: {16, 1, 16}, {8, 2, 12}.

When the UE is operating on Band A + B, it is required to support: {16, 2, 32} and {8, 4, 24}. The requirements on the UE capabilities are even higher when more bands are involved. Actually, in the implementation, the capabilities are shared among the CSI computations in the different bands. It implies that only one common hardware with certain budget in one UE is used for CSI computation on the all bands. No dedicated resource is used for CSI computation in each band. Therefore the above UE can support list of CSI-RS resource under Band A+B:

Band A + B: {16, 1, 16}, {8, 2, 12};

In practice we care the “total” capabilities in all Bands much more than that in a particular band. It is RAN1’s intention of the capabilities of codebookParameters in Band Combination [3]. 
In case that the CSI-RS resources associated to CSI reporting are triggered or configured are outside of UE real capability in inter-band CA, the UE will generally prefer to report small values of supportedCSI-RS-ResourceList, which is down-scaled by the number of supported bands. Again let’s use the above example. To fit in its capability envelope, the UE will report: 

Band A: {4, 1, 4};

Band B: {4, 1, 4}.
In this context, CSI reporting based on 16-port CSI-RS resource is no longer scheduled by NW, even when this UE is operated in the single-band mode and it can support CSI reporting based on 16-port CSI-RS resource. The above mismatching between the reported and actual UE capability will be worse under more supported bands.

Observation 1: The list of supported CSI-RS resources in codebookParameters in the per-band manner may lead to: the mismatching between the reported and actual capabilities on CSI computation in inter-band CA.

2.2 Solution for under-reporting CSI-RS capabilities
Based on the RAN1 LS, RAN1 has agreed to recommend to introduce new per-band capability signaling and per-BC capability signaling for supportedCSI-RS-ResourceList in the field of codebookParameters.
For new per-BC capability signaling, the intention is to address the issue of the conservative value for per-band level CSI-RS capabilities reporting. The CSI-RS capabilities for an certain BC can be restricted by the new per-BC signaling. To be noted, for the new per-BC capability signaling, a sequence of supported CSI-RS resources can be reported, e.g. at most 7 sets of SupportedCSI-RS-ResourcePerBC. It is difficult to use one total CSI-RS resources value and one total Tx ports value to indicate, e.g. UE supports SupportedCSI-RS-ResourcePerBC {16, 1, 16}, {8, 2, 12}, it is not clear how to set the values, e.g. the candidate reported values can be {2, 16}, or {1, 16} or {2, 12}?
BandCombination-v1xxx ::=           SEQUENCE {

    codebookParametersPerBC             SEQUENCE {

        type1-SinglePanelSupportedCSI-RS-ResourceList      SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-ResourcePerBC,
        type1-MultiPanelSupportedCSI-RS-ResourceList       SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-ResourcePerBC  OPTIONAL,

        type2-SupportedCSI-RS-ResourceList                   SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-ResourcePerBC  OPTIONAL,

        type2-PortSelectionSupportedCSI-RS-ResourceList    SEQUENCE (SIZE (1.. maxNrofCSI-RS-Resources)) OF SupportedCSI-RS-ResourcePerBC  OPTIONAL                 
    }                                                                                                               OPTIONAL
}

For new per-band capability signaling, the motivation of introducing this new signaling is to ensure backward compatibility. The old network still need to restrict the configuration based on this legacy per-band signaling so the old per-band signaling should be set to conservative values. For the new per-band signaling, since the per-BC restriction is introduced, higher value can be set for the new per-band signaling, the new network can understand the new added signaling and ignore the old signaling.
Proposal 1: Introduce new per-band capability signaling and per-BC capability signaling for supportedCSI-RS-ResourceList in the field of codebookParameters.
The corresponding CRs are provided in [2] and [3].

3 Conclusions
The paper discussed on under-reporting CSI-RS capabilities and made the following observation and proposal: 
Observation 1: The list of supported CSI-RS resources in codebookParameters in the per-band manner may lead to: the mismatching between the reported and actual capabilities on CSI computation in inter-band CA.
Proposal 1: Introduce new per-band capability signaling and per-BC capability signaling for supportedCSI-RS-ResourceList in the field of codebookParameters.
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