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1	Introduction
The current NR-DC assumes coordination of several resources between MN and SN to ensure UE capabilities are followed. However, there are some cases such as CSI resources that are not explicitly coordinated, which can have a significant impact on network since static values need to be assumed per cell group. We discuss how to resolve this issue in this contribution.
2	CSI resource coordination
2.1	Resource coordination in inter-node messages
In NR-DC mode, MN and SN need to coordinate the usage of some resources as e.g. The following ones:
-	Number of UE measured frequencies (measuredFrequenciesMN/SN)
-	Number of intra-/inter frequency meas. Ids requested by SN (requestedMaxInter(/intra)FreqMeasIdSCG)
-	Max number of intra-/inter-frequency measurements allowed to SN (maxIntra(/Inter)FreqMeasIdentitiesSCG)
-	PSCell and SCell allocated frequencies in SN (pSCellFrequency and scellFrequenciesSN-NR)
-	PCell&SCell allocated frequencies in MN (servFrequenciesMN, needed e.g. for intra-band contiguity checks) 
-	Band entries in the respective allowed band combination used/reserved by MN (SelectedBandEntriesMN)
The exchange of above information avoids the risk of inconsistent configurations (e.g. if UE CA class is exceeded) or of performance degradation (e.g. If UE is requested more frequencies which it can support). We would also note that these coordination possibilities relate to UE capabilities that are per UE and/or per carrier, because in such cases both MN and SN need to ensure UE capabilities are not exceeded. This allows network more dynamic control of UE resources and avoids having to have “fixed” resource coordination via OAM, which improves system performance.
Observation 1: The coordination of MN/SN resources via inter-node messages allow more optimal resource allocation across the cell groups.
However, there is one big design constraint in the inter-node messages: It is not (currently) possible to introduce late extensions to any inter-node messages except at the message level, which is equivalent of a critical extension at the message-level (i.e. a new message type). However, some parts of the inter-node messages (e.g. configuration restrictions) do allow extensions, and have been extended last time in Rel-16
Observation 2: NR inter-node messages do not allow for late extensions, e.g. introducing late Rel-15/16 extensions at message level is not possible once Rel-17 extensions have been introduced.
Observation 3: MN-SN configuration restriction IEs can be extended and have been last extended in Rel-16.
In particular, we note is that the L1 resource coordination is lacking in the inter-node message exchange. In particular, the used CSI resources are not currently coordinated between MN and SN. This presents a dilemma for network since MN does not know how many CSI resources SN wants to configure, nor does SN know how many CSI resources MN has already configured. We discuss this in the next section of the document
2.2	UE capabilities for CSI resources 
There are several UE capabilities governing the use of CSI-RS in NR Rel-15 specifications, but for the purpose of this discussion, we focus on the following SRS and CSI-RS capabilities since they illustrate the limitations UEs and networks have for configuring resources in per-UE/per-BC and per-CC manner.
Per-BC capabilities (i.e. applicable per-UE when the corresponding BC is used)
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
}

Per-CC capabilities
CSI-RS-IM-ReceptionForFeedback ::=              SEQUENCE {
    maxConfigNumberNZP-CSI-RS-PerCC                 INTEGER (1..64),
    maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC      INTEGER (2..256),
    maxConfigNumberCSI-IM-PerCC                     ENUMERATED {n1, n2, n4, n8, n16, n32},
    maxNumberSimultaneousNZP-CSI-RS-PerCC           INTEGER (1..64),
    totalNumberPortsSimultaneousNZP-CSI-RS-PerCC    INTEGER (2..256)
}

CSI-RS-ProcFrameworkForSRS ::=                  SEQUENCE {
    maxNumberPeriodicSRS-AssocCSI-RS-PerBWP         INTEGER (1..4),
    maxNumberAperiodicSRS-AssocCSI-RS-PerBWP        INTEGER (1..4),
    maxNumberSP-SRS-AssocCSI-RS-PerBWP              INTEGER (0..4),
    simultaneousSRS-AssocCSI-RS-PerCC               INTEGER (1..8)
}

These are described as follows in 38.306:
	csi-RS-IM-ReceptionForFeedback
Indicates support of CSI-RS and CSI-IM reception for CSI feedback. This capability signalling comprises the following parameters:
-	maxConfigNumberNZP-CSI-RS-PerCC indicates the maximum number of configured NZP-CSI-RS resources per CC;
-	maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC indicates the maximum number of ports across all configured NZP-CSI-RS resources per CC;
-	maxConfigNumberCSI-IM-PerCC indicates the maximum number of configured CSI-IM resources per CC;
-	maxNumberSimultaneousNZP-CSI-RS-PerCC indicates the maximum number of simultaneous CSI-RS-resources per CC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-PerCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources per CC.
The UE is mandated to report csi-RS-IM-ReceptionForFeedback.
	Band
	Yes
	N/A
	N/A



	csi-RS-IM-ReceptionForFeedbackPerBandComb
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 (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;
-	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.
The UE is mandated to report csi-RS-IM-ReceptionForFeedbackPerBandComb.
	BC
	Yes
	N/A
	N/A



	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.
	BC
	No
	N/A
	N/A



As can be seen from above, UE has different capabilities for total number of CSI-RS resources (i.e. AllCC) and per-carrier (i.e. PerCC), and network has to take both into account. 
Observation 4: Many capabilities are common to all carriers (e.g. CSI-RS capabilities with “AllCC”) and network needs to ensure that UE capabilities are not exceeded in NR-DC configuration.
However, the inter-node messages CG-ConfigInfo and CG-Config do not allow any coordination of the resource linked to these capabilities – which in practice means that network has to use some form of “static” assumptions for MN and SN (e.g. SN cannot use more than N CSI-RS resources, rest are for MN), typically set via OAM. This is very restrictive (and often overly complex) and seems like something that has simply been overlooked at the time when these capabilities were set. And if the UE is provided with a configuration that exceeds any of the above limits, consequence would be either call drop (e.g. number of configured simultaneous CSI-RS resources or ports is exceeding) or to performance degradation (number of requested simultaneous CSI reports is exceeding). Therefore, in many cases network will underutilize the UE resources or use them inefficiently.
Observation 5: In NR-DC, MN and SN configure CSI-RS resources independently according to (known) UE capabilities. Lack of MN/SN-coordination restricts usage of CSI-RS capabilities in NR-DC, leading to complex network handling and underutilization of UE resources.
One can also wonder why this has not been considered in EN-DC? The reason is simple: CSI-RS capabilities for NR SgNB do not the LTE MeNB capabilities, and those are coordinated via the MR-DC capability containers, where UE can already take any shared resources into account and network need not consider any further limitations. Additionally, the CSI-RS configurations for NR are separate for MN and SN and can be independently configured for MCG and SCG serving cell. Same also applies for NE-DC.
Observation 6: The CSI-RS resource coordination is not an issue for EN-DC or NE-DC.
Based on this, we would propose to simply enable coordination of the CSI-RS resource via inter-node messages to enable better handling of NR-DC configurations (especially in inter-vendor cases). Since these changes are late extensions, it seems not feasible to do Rel-15 changes but adding the elements to configuration restriction framework seems viable and could be done from Rel-16 onwards. While this is not optimal, it is still fine given that many deployments are anyway using Rel-16 signalling and these changes require no UE impacts. 
Proposal 1: Define inter-node signalling for CSI-RS resource coordination for NR-DC in Rel-16 configuration restriction IEs in the NR RRC inter-node messages.
We have provided an example Rel-16 and Rel-17 CRs for this in R2-2303150 and R2-2303151.
Proposal 2: Discuss CRs for proposal 1 based on R2-2303150 and R2-2303151.
3	Conclusion
This document has made the following observations:
Observation 1: The coordination of MN/SN resources via inter-node messages allow more optimal resource allocation across the cell groups.
Observation 2: NR inter-node messages do not allow for late extensions, e.g. introducing late Rel-15/16 extensions at message level is not possible once Rel-17 extensions have been introduced.
Observation 3: MN-SN configuration restriction IEs can be extended and have been last extended in Rel-16.
Observation 4: Several CSI-RS capabilities are both per-UE and per-carrier, thus requiring that both MN and SN ensure UE capabilities are not exceeded in NR-DC.
Observation 5: In NR-DC, MN and SN configure CSI-RS resources independently according to (known) UE capabilities. Lack of MN/SN-coordination restricts usage of CSI-RS capabilities in NR-DC, leading to complex network handling and underutilization of UE resources.
Observation 6: The CSI-RS resource coordination is not an issue for EN-DC or NE-DC.
And proposed the following:
Proposal 1: Define inter-node signalling for CSI-RS resource coordination for NR-DC in Rel-16 configuration restriction IEs in the NR RRC inter-node messages.
Proposal 2: Discuss CRs for proposal 1 based on R2-2303150 and R2-2303151.


