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1. Introduction
RAN1 discussed the potential issues on “under-reporting” CSI-RS capabilities, in recent meetings. An LS from RAN1 is supposed to be available until the beginning of this meeting [1]. There are CR proposals related to the upcoming LS [3, 4]. This paper attempts to navigate the under-reporting issue that RAN1 is facing, and propose an alternative approach tailored to iron out the issue at minimum signalling change.
2. Discussion
2.1. Recap of the existing structure of CSI-RS capabilities
The field of codebookParameters is reported per frequency band (in MIMO-ParametersPerBand). Inside the CodebookParameters, the list of SupportedCSI-RS-Resource is reported for each codebook type, type I single/multi-panel, type II, type II port selection (i.e. feature group index 2-36, 2-40, 2-41 and 2-43 as described in TR 38.822). The SupportedCSI-RS-Resource is comprised of the following triplet:
1)	maxNumberTxPortsPerResource {2, 4, 8, 12, 16, 24 and 32 Tx ports per CSI-RS resource};
2)	maxNumberResourcesPerBand {1 to 64 CSI-RS resources per band};
3)	totalNumberTxPortsPerBand {2 to 256 Tx ports per band}.
In addition to the single band operation, this per-band capabilities are used when the UE is configured with CA. For instance, when the UE supports 8 CSI-RS resources for Band A and Band B, respectively, for the band combination of Band A + Band B, 16 CSI-RS resources can be supported across all CCs for this band combination. On the other hand, the UE may not support CSI-RS resources for each band as indicated, in case of CA. For the above example, the UE can only support 8 CSI-RS resources across all CCs for Band A + Band B. To address this scenario, another capability signalling is defined per band combination level (i.e. in CA-ParametersNR), as shown below:
A)	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC {1 to 64 (NZP-)CSI-RS resources across all CCs};
B)	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC {2 to 256 Tx ports across all CCs}.
A) is defined to limit the total number of 2) on band combination level, whilst B) is defined to limit the total number of 3) on band combination level. For the above example, the UE reports 8 CSI-RS resources via A). With these per band and per band combination signalling, CSI-RS resources supported for each band can be derived within the total limit on band combination level. For instance, 6 CSI-RS resources for Band A and 2 CSI-RS resources for Band B, etc.
In addition, there is another feature associated with these CSI-RS capabilities, CSI-RS and CSI-IM reception for CSI feedback (index 2-33 in TR 38.822). The capability signalling for this feature is structured as follows:
-	Per band signalling (i.e. MIMO-ParametersPerBand):
a)	maxConfigNumberNZP-CSI-RS-PerCC;
b)	maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC;
c)	maxConfigNumberCSI-IM-PerCC;
d)	maxNumberSimultaneousNZP-CSI-RS-PerCC;
e)	totalNumberPortsSimultaneousNZP-CSI-RS-PerCC;
-	Per UE signalling with FR1/FR2 differentiation (for FR1 + FR2 band combination):
Same as the per band signalling;
-	Per band combination signalling:
f)	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC;
g)	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
In fact, f) and g) are the same as A) and B, respectively. In other words, these two parameters are common to several feature groups, i.e. type I single/multi-panel, type II, type II port selection and CSI-RS/CSI-IM reception for CSI feedback.
2.2. Summary of the “under-reporting” issue
With regards to the per band combination capability A) and B), i.e. the maximum number of simultaneous CSI-RS resources in active BWPs across all CCs and the total number of CSI-RS ports in simultaneous CSI-RS resources in active BWPs across all CCs, these values indicate “simultaneous” resources supported by the UE. Although the latest TS 38.306 and TR 38.822 do not describe what “simultaneous” means, according to the RAN1 LS [1], a hint can be found in section 5.2.1.6 of TS38.214. The corresponding part is excerpted below:
-	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources than reported as capability.
It could be understood that the term of simultaneous means the active resources within the same slot. According to the RAN1 input [1], when the CSI processing capability is shared amongst bands in the band combination, it is likely that the UE cannot support CSI-RS resources for each band as indicated by the per band signalling. The UE results in reporting the conservative value, as explained in sub-clause 2.1 (8 CSI-RS resources in total for Band A + Band B, even though each band supports up to 8 CSI-RS resources). If CSI-RS resource were processed in the TDM manner, the UE could support the higher value than the one supported simultaneously. This is what RAN1 discovered recently and thought as concerned, which has never been discussed before.
Likewise, the feature of CSI-RS/CSI-IM reception for CSI feedback (index 2-33) has the same issue, since some of the parameters are defined as per band combination, as explained in sub-clause 2.1.
2.3. Potential solutions
To address the concern identified by RAN1, one approach is to signal the triplet, i.e. 1), 2) and 3) per band per band combination, as recommended in the RAN1 LS [1]. In fact, the RAN1 recommendation was the old structure implemented until the September/2018 version (v15.3.0). As the consequence of extensive discussion between RAN1 and RAN2, the signalling structure was modified from the December/2018 version (v15.4.0), which achieves the reasonable balance between flexibility and signalling overhead. It is questionable if the signalling structure should be reverted at this late stage for Rel-15. It is also noted that the RAN1 LS mentions that how to address the issue is up to RAN2.
Alternatively, to address their concern at minimum, another capability signalling to limit the total number of A) and B) can be introduced for the TDM case, i.e. CSI-RS resource is processed in different slots. One could argue whether the additional capability signalling is introduced per band combination or per UE, given that the total processing capacity is anyway the same for all band combinations. 
There is one more parameter in the SupportedCSI-RS-Resource, which is maxNumberTxPortsPerResource, i.e. the maximum number of Tx ports per CSI-RS resource. As given by the definition, this parameter is defined per CSI-RS resource and does not have the per-band nature. If this parameter were also defined per band combination level, it would mean that Max number of Tx ports per resource is the same across all CCs in the band combination. Thus, it results in reducing the flexibility that different bands allow different Tx ports per resource. Given that the total number or Tx ports across all CCs can be capped by B), another cap for Tx ports seems not necessary.
As such, the followings are proposed:
Proposal 1:	Another capability signalling is introduced to limit the following values, in case of TDM resource allocation.
-	Max number of NZP-CSI-RS resources in active BWPs across all CCs;
-	Total number of CSI-RS ports in active BWPs across all CCs.
Proposal 1a:		Discuss whether these capabilities are defined per band combination or per UE.
Together with this extension, it is better to clarify the meaning of the existing per-band combination signalling, as explained above. The following is also proposed:
Proposal 2:	Clarify the meaning of “simultaneous” for the existing per-band combination capabilities as follows:
-	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC.
It is noted that these proposals can iron out the issue on the feature of 2-33, as mentioned in the RAN1 LS.
With regards to the target release, as explained in sub-clause 2.2, it is regarded as new scenario and finding. Due to the fact that the under-reporting itself does not break how system works, it is not an essential correction, but rather optimisation to be considered for open releases. Therefore, the following is proposed:
Proposal 3:	The additional capability signalling is introduced from Rel-16.
3. Summary and proposal
This paper navigates the under-reporting issue on CSI-RS capabilities. In summary, the followings were proposed:
Proposal 1:	Another capability signalling is introduced to limit the following values, in case of TDM resource allocation.
-	Max number of NZP-CSI-RS resources in active BWPs across all CCs;
-	Total number of CSI-RS ports in active BWPs across all CCs.
Proposal 1a:		Discuss whether these capabilities are defined per band combination or per UE.
Proposal 2:	Clarify the meaning of “simultaneous” for the existing per-band combination capabilities as follows:
-	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC.
Proposal 3:	The additional capability signalling is introduced from Rel-16.
The example of changes to 38.331/306 is provided in the Annex section.
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Annex A:
Example of changes
A.1	Changes to TS38.331
This example assumes that the additional signalling is introduced per band combination. Only the key changes to CA-PrametersNR are shown below. The other required changes are omitted.

[bookmark: _Toc20426150]–	CA-ParametersNR
The IE CA-ParametersNR contains carrier aggregation related capabilities that are defined per band combination.
CA-ParametersNR information element
-- ASN1START
-- TAG-CA-PARAMETERSNR-START

CA-ParametersNR ::=                 SEQUENCE {
    dummy                                         ENUMERATED {supported}      OPTIONAL,
    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,
    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,
    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,
    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,
    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,
    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,
    ...
}

CA-ParametersNR-v1540 ::=           SEQUENCE {
    simultaneousSRS-AssocCSI-RS-AllCC                       INTEGER (5..32)         OPTIONAL,
    csi-RS-IM-ReceptionForFeedbackPerBandComb               SEQUENCE {
        maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC            INTEGER (1..64)         OPTIONAL,
        totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC     INTEGER (2..256)        OPTIONAL
    }                                                                               OPTIONAL,
    simultaneousCSI-ReportsAllCC                            INTEGER (5..32)         OPTIONAL,
    dualPA-Architecture                                     ENUMERATED {supported}  OPTIONAL
}

CA-ParametersNR-v1550 ::=           SEQUENCE {
[bookmark: _Hlk2994945]    dummy                               ENUMERATED {supported}      OPTIONAL
}

CA-ParametersNR-v1560 ::=           SEQUENCE {
    diffNumerologyWithinPUCCH-GroupLargerSCS      ENUMERATED {supported}            OPTIONAL
}
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CA-ParametersNR-v16xy ::=           SEQUENCE {
    csi-RS-IM-ReceptionForFeedbackPerBandComb-v16xy               SEQUENCE {
        maxNumberDiffSlotNZP-CSI-RS-ActBWP-AllCC-r16            INTEGER (1..64)         OPTIONAL,
        totalNumberPortsDiffSlotNZP-CSI-RS-ActBWP-AllCC-r16     INTEGER (2..256)        OPTIONAL
    }                                                                               OPTIONAL,
}

-- TAG-CA-PARAMETERSNR-STOP
-- ASN1STOP

	CA-ParametersNR field description

	maxNumberDiffSlotNZP-CSI-RS-ActBWP-AllCC
Limits the total number of NZP-CSI-RS resources in different slots that the NW may configure across all CCs (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC.

	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC
Limits the total number of NZP-CSI-RS resources in the same slot that the NW may configure across all CCs (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC.

	simultaneousCSI-ReportsAllCC
This parameter may further limit simultaneousCSI-ReportsPerCC in MIMO-ParametersPerBand and Phy-ParametersFRX-Diff for each band in a given band combination.

	simultaneousSRS-AssocCSI-RS-AllCC
This parameter may further limit simultaneousSRS-AssocCSI-RS-PerCC in MIMO-ParametersPerBand and Phy-ParametersFRX-Diff for each band in a given band combination.

	totalNumberPortsDiffSlotNZP-CSI-RS-ActBWP-AllCC
Limits the total number of ports in different slots that the NW may configure across all NZP-CSI-RS resources across all CCs (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.

	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
Limits the total number of ports in the same slot that the NW may configure across all NZP-CSI-RS resources across all CCs (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.



A.2	Changes to TS 38.306
Likewise 38.331, this example assumes that the additional signalling is introduced per band combination.
[bookmark: _Toc12750896]4.2.7.4	CA-ParametersNR
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	csi-RS-IM-ReceptionForFeedbackPerBandComb, csi-RS-IM-ReceptionForFeedbackPerBandComb-v16xy
Indicates support of CSI-RS and CSI-IM reception for CSI feedback. This capability signalling comprises the following parameters:
-	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the maximum number of simultaneous CSI-RS resources in active BWPs across all CCs in the same slot, and across MCG and SCG in case of NR-DC. This parameter limits the total number of NZP-CSI-RS resources that the NW may configure across all CCs, and across MCG and SCG in case of NR-DC (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources in active BWPs across all CCs in the same slot, and across MCG and SCG in case of NR-DC. This parameter limits the total number of ports that the NW may configure across all NZP-CSI-RS resources across all CCs, and across MCG and SCG in case of NR-DC (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.
-	maxNumberDiffSlotNZP-CSI-RS-ActBWP-AllCC indicates the maximum number of simultaneous CSI-RS resources in active BWPs across all CCs in different slots, and across MCG and SCG in case of NR-DC. This parameter limits the total number of NZP-CSI-RS resources that the NW may configure across all CCs, and across MCG and SCG in case of NR-DC (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC;
-	totalNumberPortsDiffSlotNZP-CSI-RS-ActBWP-AllCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources in active BWPs across all CCs in different slots, and across MCG and SCG in case of NR-DC. This parameter limits the total number of ports that the NW may configure across all NZP-CSI-RS resources across all CCs, and across MCG and SCG in case of NR-DC (irrespective of the associated codebook type). The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.
	BC
	Yes
	No
	No
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