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1. Introduction
In previous RAN2 meeting, one company proposed to introduce CSI-RS capability coordination between MN and SN in NR-DC. However, the discussion was postponed due to no consensus on the details. 
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· Aim to have agreeable CRs from this meeting, but postpone another Q for checking. 
· Topic of resource coordination for NR-DC is postponed. Expect to converge and decide at next meeting. The following capabilities are on the table for discussion (maybe more will be found)
- BandNR capabilities activeConfiguredGrant-r16, csi-RS-IM-ReceptionForFeedback, maxNumberCSI-RS-BFD, maxNumberCSI-RS-SSB-CBD, maxNumberSSB-BFD, sps-r16, beamManagementSSB-CSI-RS and csi-RS
- CA-ParametersNR capabilities csi-RS-IM-ReceptionForFeedbackPerBandComb, simultaneousCSI-ReportsAllCC and simultaneousSRS-AssocCSI-RS-AllCC:


In this contribution, we discuss this issue and provide our views. 
2. Discussion
Based on current specification, in NR-DC, RAN2 already introduced UE capability coordination mechanism between MN and SN, and in inter-node RRC messages (INM), the MN and the SN can coordinate BC capabilities, maximum measured frequencies, maximum measured identities. 
In last RAN2 meeting, for the coordination of CSI-RS related capabilities, many capabilities were proposed by companies, in our understanding, because MN does not know which functionality is enabled in SCG, so the MN/SN coordination should be done by best effort. From network perspective, over-specified MN/SN coordination may bring more pain instead of benefit. 
Observation 1	In NR-DC, MN does not know whether a specific function is enabled by SN or not, so over-specified MN/SN coordination should be avoided.
To facilitate the discussion, we have categorized the UE capabilities into 5 types:
Type 1: Capability with a single value across MCG and SCG;
Type 1 capability means the UE will report a single value to the network, this value indicates the maximum capability of configured resources across all CCs. 
The relevant capabilities are shown in below table, the definition of the capabilities (cited from TS 38.306) are also provided:
	Capability name
	Definition

	maxNumberResAcrossCC-AcrossFR-r16
	indicates maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs across all frequency ranges for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification.


For maxNumberResAcrossCC-AcrossFR-r16, MN/SN coordination can be helpful because in NR-DC, anyway, both MN and SN will at least enable RLM and L1-RSRP measurements. During SN addition/modification, the MN can indicate a restriction value the SN, used to indicate the maximum number of SSB/CSI-RS/CSI-IM resources that can be configured in SCG. 
Proposal 1	MN/SN coordination can be supported for per-UE capability maxNumberResAcrossCC-AcrossFR-r16, i.e. the MN can indicate a restriction value to the SN via INM.
Type 2: Capability with two separate values for FR1 and FR2 across MCG and SCG;
Type 2 capability means the UE can report two values to the network, with FR1/FR2 differentiation. The FR1 value indicates the maximum number of configured resources in FR1 serving cells across MCG and SCG. The FR2 value indicates the maximum number configured resources in FR2 serving cells across MCG and SCG. Based on the signalling design, such capability will be reported per-band. 
The related capabilities are listed in below table, the definition of the capabilities cited from TS 38.306 are also provided:
	Capability name
	Definition

	activeConfiguredGrant-r16
> maxNumberConfigsAllCC-r16
	indicates the maximum number of configured/active configured grant configurations across all serving cells in a MAC entity, and across MCG and SCG in case of NR-DC.

NOTE:
-	For all the reported bands in FR1, a same X1 value is reported for maxNumberConfigsAllCC-r16. For all the reported bands in FR2, a same X2 value is reported for maxNumberConfigsAllCC-r16.
-	The total number of configured/active configured grant configurations across all serving cells in FR1 is no greater than X1.
-	The total number of configured/active configured grant configurations across all serving cells in FR2 is no greater than X2.
-	If the CA have some serving cell(s) in FR1 and some serving cell(s) in FR2, the total number of configured/active configured grant configurations across all serving cells is no greater than max(X1, X2).

	sps-r16
> maxNumberCSI-RS-Resource-r16
	indicates the maximum number of active SPS configurations across all serving cells in a MAC entity, and across MCG and SCG in case of NR-DC.
The UE can include this feature only if the UE indicates support of downlinkSPS.

NOTE:
-	For all the reported bands in FR1, a same X1 value is reported for maxNumberConfigsAllCC-r16. For all the reported bands in FR2, a same X2 value is reported for maxNumberConfigsAllCC-r16.
-	The total number of active SPS configurations across all serving cells in FR1 is no greater than X1.
-	The total number of active SPS configurations across all serving cells in FR2 is no greater than X2.
-	If the CA have some serving cell(s) in FR1 and some serving cell(s) in FR2, the total number of active SPS configurations across all serving cells is no greater than max(X1, X2).

	beamManagementSSB-CSI-RS
> maxNumberCSI-RS-Resource
	indicates maximum total number of configured NZP-CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] across all serving cells (see NOTE). It is mandated to report at least n8 for FR1.

NOTE:	If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.

	beamManagementSSB-CSI-RS
>maxNumberAperiodicCSI-RS-Resource
	indicates maximum number of configured aperiodic CSI-RS resources across all serving cells (see NOTE). For FR1 and FR2, the UE is mandated to report at least n4.

NOTE:	If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.

	csi-RS-ForTracking
 >maxConfiguredResourceSetsAllCC
	indicates the maximum number of TRS resource sets configured to UE across CCs. If the UE includes the field in an FR1 band, it shall set the same value in all FR1 bands. If the UE includes the field in an FR2 band, it shall set the same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells. The UE is mandated to report at least 16 for FR1 and 32 for FR2.

	maxNumberCSI-RS-BFD
	Indicates maximal number of CSI-RS resources across all CCs, and across MCG and SCG in case of NR-DC, for UE to monitor PDCCH quality. In this release, the maximum value that can be signalled is 16. If the UE includes the field in an FR1 band, it shall set the same value in all FR1 bands. If the UE includes the field in an FR2 band, it shall set the same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells. It is mandatory with capability signalling for FR2 and optional for FR1.

	maxNumberCSI-RS-SSB-CBD
	Defines maximal number of different CSI-RS [and/or SSB] resources across all CCs, and across MCG and SCG in case of NR-DC, for new beam identifications. In this release, the maximum value that can be signalled is 128. If the UE includes the field in an FR1 band, it shall set the same value in all FR1 bands. If the UE includes the field in an FR2 band, it shall set the same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells. It is mandatory with capability signalling for FR2 and optional for FR1. The UE is mandated to report at least 32 for FR2.

	maxNumberSSB-BFD
	Defines maximal number of different SSBs across all CCs, and across MCG and SCG in case of NR-DC, for UE to monitor PDCCH quality. In this release, the maximum value that can be signalled is 16. If the UE includes the field in an FR1 band, it shall set the same value in all FR1 bands. If the UE includes the field in an FR2 band, it shall set the same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells. It is mandatory with capability signalling for FR2 and optional for FR1.


As we can see, for above UE capabilities, the reported value is applicable for all serving cells across MCG and SCG. In addition, with FR1/FR2 differentiation, the UE can report two different values for FR1 and FR2 separately, the two values are applicable to FR1 serving cells and FR2 serving cells respectively, in total, the maximum configured resources cannot exceed max{FR1, FR2}. 
For MN-SN coordination in NR-DC, we tend to agree that coordination for these capabilities is useful when both MN and SN have enabled corresponding functions. However, considering the UE can report different capabilities for FR1 and FR2. We think it is not enough to indicate a single value to the SN. For example, for maxNumberCSI-RS-BFD, the UE reports 8 for FR1 and 16 for FR2. Then for MN-SN coordination, the MN can indicate 4 for FR1 and 8 for FR2 to the SN, and it means:
· SN can configure up to 4 CSI-RS resources for BFD in SCG FR1 serving cells;
· SN can configure up to 8 CSI-RS resources for BFD in SCG FR2 serving cells;
· In total, SN can configure up to max{4, 8} =8 CSI-RS resources for BFD in SCG.
Observation 2	For capabilities that defined with FR1/FR2 differentiation, it is not enough to indicate a single value for MN/SN capability coordination.
Please note that, the separate indications are applicable when the UE is configured with FR1-FR1 or FR2-FR2 NR-DC. If the UE is configured with FR1-FR2 NR-DC, although the MN does not need to split the FR1/FR2 values separately, the network still needs to ensure the number of all configured resources is not larger than max {FR1, FR2}, so it is up to the MN to indicate proper numbers to the SN. For example, the MN knows the UE is configured with FR1-FR2 NR-DC, for capability coordination, the MN can indicate 0 for FR1 and 8 for FR2, so MN can configure up to 8 CSI-RS resources for FR1, and SN can configure up to 8 CSI-RS resources for FR2. 
Proposal 2	MN/SN coordination can be supported for following UE capabilities, i.e. the MN can indicate separate values for FR1 and FR2 to the SN via INM.
· activeConfiguredGrant-r16 -> maxNumberConfigsAllCC-r16
· sps-r16 -> maxNumberCSI-RS-Resource-r16
· beamManagementSSB-CSI-RS -> maxNumberCSI-RS-Resource
· beamManagementSSB-CSI-RS ->maxNumberAperiodicCSI-RS-Resource
· csi-RS-ForTracking ->maxConfiguredResourceSetsAllCC
· maxNumberCSI-RS-BFD
· maxNumberCSI-RS-SSB-CBD
· maxNumberSSB-BFD
Type 3: Capability with separate values for FR1/FR2 across MCG and SCG, and the capability is defined as the maximum number of resources that can be configured in the same slot or simultaneously;
Type 3 UE capability means the UE can report two values to the network, applicable to FR1/FR2 separately, each value indicates the maximum number of resources that can be configured in all FR1 or FR2 serving cells across MCG and SCG, however, different from type 2 capability, the type 3 UE capability restricts the number of CSI-RS resources that configured within one slot or simultaneously. 
The related capabilities are listed in below table, the definition of the capabilities cited from TS 38.306 are also provided:
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	beamManagementSSB-CSI-RS
>maxNumberSSB-CSI-RS-ResourceOneTx
	indicates maximum total number of configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.

NOTE:	If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.

	beamManagementSSB-CSI-RS
>maxNumberSSB-CSI-RS-ResourceTwoTx
	indicates maximum total number of two ports NZP CSI-RS resources that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE).

NOTE:	If the UE sets a value other than n0 in an FR1 band, it shall set that same value in all FR1 bands. If the UE sets a value other than n0 in an FR2 band, it shall set that same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells.


Different from type 2 capability, we think it is very complex to coordinate type 3 capabilities between MN and SN. Take maxNumberSSB-CSI-RS-ResourceOneTx as an example, if the UE reports 8 for FR1, then from MN perspective, as long as the configured NZP CSI-RS resources and SSBs are not located in the same slot, the MN is able to configure more than 8 resources. For MN/SN coordination, we don’t expect the MN to expose the configured slots to the SN and vice versa. On the other hand, there are other aspects may impact the configuration, e.g. DL timing of PCell and PSCell, SCS of PCell and PSCell. 
Some company may argue that MN can indicate a maximum value to the SN, for example 4 for FR1, and SN should ensure the configured NZP CSI-RS resources and SSBs located in the same slot do not exceed 4, so the total number across MCG and SCG won’t exceed 8. But as we mentioned, we think this is too restricted. From network perspective, over precise coordination sometimes brings more harm than benefits. 
Proposal 3	MN/SN coordination is not supported for UE capabilities that defined as maximum number of resources configured in one slot or simultaneously (e.g. maxNumberSSB-CSI-RS-ResourceOneTx, maxNumberSSB-CSI-RS-ResourceTwoTx).
Type 4: Capability with a single value across MCG and SCG, but the capability is defined as the maximum number of resources configured simultaneously, and it is per-BC reported;
Similar to Type 3 capability, type 4 capability is also defined as the capability that UE can process simultaneously. But the difference is that Type 4 capability is per BC level signaled. 
The related capabilities are listed in below table, the definition of the capabilities cited from TS 38.306 are also provided:
	Capability name
	Definition

	simultaneousCSI-ReportsAllCC
	Indicates whether the UE supports CSI report framework and the number of CSI report(s) which the UE can simultaneously process across all CCs, and across MCG and SCG in case of NR-DC. The CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types. The CSI report in simultaneousCSI-ReportsAllCC includes the beam report and CSI report. 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
	Indicates support of CSI-RS processing framework for SRS and the number of SRS resources that the UE can process simultaneously across all CCs, and across MCG and SCG in case of NR-DC, including periodic, aperiodic and semi-persistent SRS. This parameter may further limit simultaneousSRS-AssocCSI-RS-PerCC in MIMO-ParametersPerBand and Phy-ParametersFRX-Diff for each band in a given band combination.

	csi-RS-IM-ReceptionForFeedbackPerBandComb
 >maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC
	indicates the maximum number of simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. 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;


	csi-RS-IM-ReceptionForFeedbackPerBandComb
 >totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC
	indicates the total number of CSI-RS ports in simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. 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.


Same views as for Type 3 capability, we think MN-SN coordination for these capabilities is not needed. In addition, although MN knows the BC that selected by the SN, the SN may change its band combination during RRC connection state, and if the MN wants to indicate new values for the newly selected BC, it is possible the SN has to reconfigure the physical resources according to the new indicated value, this causes more complexity to MN/SN signallings. 
Proposal 4	MN/SN coordination is not supported for per-BC UE capabilities that defined as maximum number of resources configured simultaneously. (e.g. simultaneousCSI-ReportsAllCC, simultaneousSRS-AssocCSI-RS-AllCC, csi-RS-IM-ReceptionForFeedbackPerBandComb-r16).
Type 5: Capability with a single value for each serving cell (i.e. per CC);
Type 5 capability means the UE capability is defined as per-CC restriction. The related UE capabilities are listed in below table, the definition of the capabilities cited from TS 38.306 are also provided:
	Capability name
	Definition

	csi-RS-ForTracking
 >maxSimultaneousResourceSetsPerCC
	indicates the maximum number of TRS resource sets per CC which the UE can track simultaneously;

	csi-RS-ForTracking
> maxConfiguredResourceSetsPerCC
	indicates the maximum number of TRS resource sets configured to UE per CC. It is mandated to report at least 8 for FR1 and 16 for FR2;

	csi-RS-IM-ReceptionForFeedback
 >maxConfigNumberNZP-CSI-RS-PerCC
	indicates the maximum number of configured NZP-CSI-RS resources per CC;


	csi-RS-IM-ReceptionForFeedback
 >maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC
	indicates the maximum number of ports across all configured NZP-CSI-RS resources per CC.

	csi-RS-IM-ReceptionForFeedback
 > maxConfigNumberCSI-IM-PerCC
	indicates the maximum number of configured CSI-IM resources per CC.

	csi-RS-IM-ReceptionForFeedback
 >maxNumberSimultaneousNZP-CSI-RS-PerCC
	indicates the maximum number of simultaneous CSI-RS-resources per CC

	csi-RS-IM-ReceptionForFeedback
 >totalNumberPortsSimultaneousNZP-CSI-RS-PerCC
	indicates the total number of CSI-RS ports in simultaneous CSI-RS resources per CC


In our understanding, it is clear that per-CC capability only restricts the maximum number of resources that can be configured in a single cell, so it does not require any MN/SN coordination. 
Proposal 5	MN/SN coordination is not supported for UE capabilities that defined as maximum number of resources configured per CC. (e.g. maxSimultaneousResourceSetsPerCC, maxConfiguredResourceSetsPerCC, csi-RS-IM-ReceptionForFeedback).
For Proposal 1 and Proposal 2, the draft CRs to TS 38.331 are provided in [1][2].
Proposal 6	Agree the CRs in [1][2].
3. Conclusion
In this contribution, proposals and observations are:
Observation 1	In NR-DC, MN does not know whether a specific function is enabled by SN or not, so over-specified MN/SN coordination should be avoided.
Observation 2	For capabilities that defined with FR1/FR2 differentiation, it is not enough to indicate a single value for MN/SN capability coordination.
Proposal 1	MN/SN coordination can be supported for per-UE capability maxNumberResAcrossCC-AcrossFR-r16, i.e. the MN can indicate a restriction value to the SN via INM.
Proposal 2	MN/SN coordination can be supported for following UE capabilities, i.e. the MN can indicate separate values for FR1 and FR2 to the SN via INM.
· activeConfiguredGrant-r16 -> maxNumberConfigsAllCC-r16
· sps-r16 -> maxNumberCSI-RS-Resource-r16
· beamManagementSSB-CSI-RS -> maxNumberCSI-RS-Resource
· beamManagementSSB-CSI-RS ->maxNumberAperiodicCSI-RS-Resource
· csi-RS-ForTracking ->maxConfiguredResourceSetsAllCC
· maxNumberCSI-RS-BFD
· maxNumberCSI-RS-SSB-CBD
· maxNumberSSB-BFD
Proposal 3	MN/SN coordination is not supported for UE capabilities that defined as maximum number of resources configured in one slot or simultaneously (e.g. maxNumberSSB-CSI-RS-ResourceOneTx, maxNumberSSB-CSI-RS-ResourceTwoTx).
Proposal 4	MN/SN coordination is not supported for per-BC UE capabilities that defined as maximum number of resources configured simultaneously. (e.g. simultaneousCSI-ReportsAllCC, simultaneousSRS-AssocCSI-RS-AllCC, csi-RS-IM-ReceptionForFeedbackPerBandComb-r16).
Proposal 5	MN/SN coordination is not supported for UE capabilities that defined as maximum number of resources configured per CC. (e.g. maxSimultaneousResourceSetsPerCC, maxConfiguredResourceSetsPerCC, csi-RS-IM-ReceptionForFeedback).
Proposal 6	Agree the CRs in [1][2].
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