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1	Introduction
RAN2#107 discussed the current limitation in dual connectivity (MR-DC) which makes it impossible to maximize/optimize the SCG configuration without risking a particularly bad MCG configuration. To overcome the problem, it was proposed in [1] to extend the CG-Config so that the SN may provide a list of selected BCs each with a list of selected FSs. The following conclusion was reached in RAN2#107:
R2-1910054	Returning multiple BC+FS in CG-Config	Ericsson	discussion
=>	We will not add enhancements to R15 at this stage (no new list in the signalling)
=>	Offline discussion to conclude how the current specified signalling should be used (proposal 1) can be included as part of offline discussion 04. 

RAN2 considered it an optimization rather than an essential correction and did therefore not agree to make those changes to Rel-15. In this contribution we therefore propose to address the issue as TEI16 enhancement.
[bookmark: _Ref178064866]2	Discussion
2.1	Problem Description
In the CG-Config inter-node RRC message the SgNB returns currently just one selected BandCombination+FeatureSet (BC+FS) pair. This works fine if the MeNB makes a greedy selection at first, i.e., if the MeNB chooses all carriers and features that it possibly wants to use and if it lists only the (few) remaining BC+FSs as "allowed" in the CG-ConfigInfo sent to the SgNB.
But the MeNB may want to be generous, i.e., give a wider choice to the SgNB. For example, it may allow all BC+FS that support the current EUTRA PCell. The SgNB will choose the most desirable SCG configuration, i.e., the SgNB is greedy. However, due to the MeNB’s generosity there may still be several suitable BC+FS entries. Nevertheless, the CG-Config structure forces the SgNB to select and return just one BC+FS. Based on that BC+FS the MeNB may make its final decision how to configure the UE’s MCG side. It will certainly find a suitable configuration, i.e., at least the original one with only the EUTRA PCell. But it might have been able to choose a much better MCG configuration if the SgNB had returned another BC+FS. 
[bookmark: _Toc20906522]If the MeNB was generous when providing the allowed BC+FSs, the selected BC+FS returned by the SgNB may not allow the MeNB to choose and optimal configuration for the UE’s MCG. 
One could argue that the SgNB should make a better choice, i.e., not return the first BC+FS that supports its desired SCG configuration but e.g. the one that allows most LTE SCells. But the UE may offer different variants that have the same or very similar aggregated EUTRA bandwidth (e.g. different sets of bands, intra-band vs. inter-band, contiguous vs. non-contiguous). The SgNB does not know which variant the MeNB could use and hence it does not know which BC+FS to return. Furthermore, the MeNB might prefer configuring fewer LTE SCells and rather opt for more MIMO layers or higher modulation order. And all those parameters are in the EUTRA feature sets in the UE-EUTRA-Capabilities which the SgNB is not required to comprehend.  
We would like to retain the principle that the NR SgNB does not need to comprehend the EUTRA capabilities nor be aware of the detailed configuration and algorithms of the MeNB. Therefore, the SgNB won’t be able to choose just one BC+FS pair that guarantees the MeNB to choose a preferred MCG configuration. 
[bookmark: _Toc20906523]The SgNB cannot select the one optimal BC+FS. 
2.2	Proposed Enhancement
A possible solution is to extend the CG-Config so that the SgNB cannot provide just one "selectedBandCombinationNR" but rather a list of selected band combinations and for each of those lists a list of selected feature sets. Such structure exists already for the allowedBC-ListMRDC in the CG-ConfigInfo (MN-> SN) and could be re-instantiated in the CG-Config. The SgNB must ensure that all selected BC+FS pairs are compatible with the SCG configuration that it provides in the CG-Config. 
[bookmark: _Toc20906527]Add a selectedBandCombinationList to CG-Config in which the SN may report all BCs and all their FSs that support the chosen SCG configuration. 
For backwards compatibility, the existing field should of course be kept and be populated with one BC+FS entry that is also given in the new list. 
[bookmark: _Toc20906528]For backwards compatibility, the SN should set the legacy field (selectedBandCombination) to one of the BC+FS entry that it provides in the new list.

One may wonder whether adding such a list requires another response from the MeNB to the SgNB in which the MeNB, after choosing the MCG configuration, indicates exactly one BC+FS to the SgNB. We do not see a need for that. The MeNB may choose any MCG configuration that is compatible with at least one of the BC+FS pairs selected by the SgNB. The SgNB may also adjust its SCG configuration provided that the new SCG configuration is also still compatible with all BC+FS pairs that it selected originally. 
[bookmark: _Toc20906524]The MeNB may choose any MCG configuration that is compatible with at least one of the BC+FS pairs in the selectedBandCombinationList given by the SN.
[bookmark: _Toc20906525]The SgNB may also adjust its SCG configuration provided that the new SCG configuration is still compatible with all BC+FS pairs that it provided previously in the selectedBandCombinationList.
It should be noted that the proposed list of BC+FS pairs reported by the SN is also compatible with current behaviour captured below in TS 37.340 v15.7.0:
“For the UE capabilities requiring coordination between E-UTRA and NR (i.e. band combinations, baseband processing capabilities and the maximum power for FR1 the UE can use in SCG), it is up to the MN to decide on how to resolve the dependency between MN and SN configurations. The MN then provides the resulting UE capabilities usable for SCG configuration to the SN, including the list of allowed MR-DC band combinations and feature sets, and the SN indicates the selected band combination and feature set to the MN. When subsequently reconfiguring the SCG, the SN should inform the MN whenever the band combination and/or feature set it selected for the SCG changes (i.e. even if the selection concerns a band combination and feature set that is allowed). As part of an SN initiated SN modification, the SN may also indicate the desired UE capabilities usable for SCG configuration (e.g. a band combination and a feature set) outside those allowed by the MN (i.e. it may re-negotiate the UE capabilities for SCG configuration), and it is up to the MN to make the final decision whether to accept or reject the request”.
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In other words, the SN should inform the MN whenever it changes the SCG configuration so that it is compatible with all the BC+FS pairs reported by the SN.
	2/4	
3	Text Proposal
The following text proposal visualizes how the proposed list of BC+FSs could be added to the CG-Config. A CR addressing these changes is available in [2].
[bookmark: _Toc12718548][bookmark: _Toc535261717]–	CG-Config
This message is used to transfer the SCG radio configuration as generated by the SgNB or SeNB.
Direction: Secondary gNB or eNB to master gNB or eNB.
CG-Config message
-- ASN1START
-- TAG-CG-CONFIG-START

CG-Config ::=                   SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            cg-Config                           CG-Config-IEs,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

CG-Config-IEs ::=                   SEQUENCE {
    scg-CellGroupConfig                 OCTET STRING (CONTAINING RRCReconfiguration)    OPTIONAL,
    scg-RB-Config                       OCTET STRING (CONTAINING RadioBearerConfig)     OPTIONAL,
    configRestrictModReq                ConfigRestrictModReqSCG                         OPTIONAL,
    drx-InfoSCG                         DRX-Info                                        OPTIONAL,
    candidateCellInfoListSN             OCTET STRING (CONTAINING MeasResultList2NR)     OPTIONAL,
    measConfigSN                        MeasConfigSN                                    OPTIONAL,
    selectedBandCombination             BandCombinationInfoSN                           OPTIONAL,
    fr-InfoListSCG                      FR-InfoList                                     OPTIONAL,
    candidateServingFreqListNR          CandidateServingFreqListNR                      OPTIONAL,
    nonCriticalExtension                CG-Config-v1540-IEs                             OPTIONAL
}

CG-Config-v1540-IEs ::=             SEQUENCE {
    pSCellFrequency                     ARFCN-ValueNR                                   OPTIONAL,
    reportCGI-RequestNR                 SEQUENCE {
        requestedCellInfo                   SEQUENCE {
            ssbFrequency                        ARFCN-ValueNR,
            cellForWhichToReportCGI             PhysCellId
        }                                                                               OPTIONAL
    }                                                                                   OPTIONAL,
    ph-InfoSCG                          PH-TypeListSCG                                  OPTIONAL,
    nonCriticalExtension                CG-Config-v1560-IEs                             OPTIONAL
}

CG-Config-v1560-IEs ::=             SEQUENCE {
    pSCellFrequencyEUTRA                ARFCN-ValueEUTRA                                OPTIONAL,
    scg-CellGroupConfigEUTRA            OCTET STRING                                    OPTIONAL,
    candidateCellInfoListSN-EUTRA       OCTET STRING                                    OPTIONAL,
    candidateServingFreqListEUTRA       CandidateServingFreqListEUTRA                   OPTIONAL,
    needForGaps                         ENUMERATED {true}                               OPTIONAL,
    drx-ConfigSCG                       DRX-Config                                      OPTIONAL,
    reportCGI-RequestEUTRA              SEQUENCE {
        requestedCellInfoEUTRA          SEQUENCE {
            eutraFrequency                             ARFCN-ValueEUTRA,
            cellForWhichToReportCGI-EUTRA              EUTRA-PhysCellId
        }                                                                               OPTIONAL
    }                                                                                   OPTIONAL,
    nonCriticalExtension                SEQUENCE {}CG-Config-v16xy-IEs                          OPTIONAL
}

CG-Config-v16xy-IEs ::= SEQUENCE {
    selectedBandCombinationList         SEQUENCE (SIZE (1..maxBandComb)) OF BandCombinationInfo                                OPTIONAL,
	nonCriticalExtension                SEQUENCE {}                                         OPTIONAL
}

PH-TypeListSCG ::=                  SEQUENCE (SIZE (1..maxNrofServingCells)) OF PH-InfoSCG

PH-InfoSCG ::=                      SEQUENCE {
    servCellIndex                       ServCellIndex,
    ph-Uplink                           PH-UplinkCarrierSCG,
    ph-SupplementaryUplink              PH-UplinkCarrierSCG                             OPTIONAL,
    ...
}

PH-UplinkCarrierSCG ::=             SEQUENCE{
    ph-Type1or3                         ENUMERATED {type1, type3},
    ...
}

MeasConfigSN ::=                    SEQUENCE {
    measuredFrequenciesSN               SEQUENCE (SIZE (1..maxMeasFreqsSN)) OF NR-FreqInfo  OPTIONAL,
    ...
}

NR-FreqInfo ::=                     SEQUENCE {
    measuredFrequency                   ARFCN-ValueNR                                       OPTIONAL,
    ...
}

ConfigRestrictModReqSCG ::=         SEQUENCE {
    requestedBC-MRDC                    BandCombinationInfoSN                               OPTIONAL,
    requestedP-MaxFR1                   P-Max                                               OPTIONAL,
    ...,
    [[
    requestedPDCCH-BlindDetectionSCG    INTEGER (1..15)                                     OPTIONAL,
    requestedP-MaxEUTRA                 P-Max                                               OPTIONAL
    ]]
}

BandCombinationIndex ::= INTEGER (1..maxBandComb)

BandCombinationInfoSN ::=           SEQUENCE {
    bandCombinationIndex                BandCombinationIndex,
    requestedFeatureSets                FeatureSetEntryIndex
}

FR-InfoList ::= SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF FR-Info

FR-Info ::= SEQUENCE {
    servCellIndex       ServCellIndex,
    fr-Type             ENUMERATED {fr1, fr2}
}

CandidateServingFreqListNR ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueNR

CandidateServingFreqListEUTRA ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueEUTRA

-- TAG-CG-CONFIG-STOP
-- ASN1STOP

	CG-Config field descriptions

	candidateCellInfoListSN
Contains information regarding cells that the source secondary node suggests the target secondary gNB to consider configuring.

	candidateCellInfoListSN-EUTRA
Includes the MeasResultList3EUTRA as specified in TS 36.331 [10]. Contains information regarding cells that the source secondary node suggests the target secondary eNB to consider configuring. This field is only used in NE-DC.

	candidateServingFreqListNR, candidateServingFreqListEUTRA
Indicates frequencies of candidate serving cells for In-Device Co-existence Indication (see TS 36.331 [10]).

	configRestrictModReq
Used by SN to request changes to SCG configuration restrictions previously set by MN to ensure UE capabilities are respected. E.g. can be used to request configuring an NR band combination whose use MN has previously forbidden.

	drx-ConfigSCG
This field contains the complete DRX configuration of the SCG. This field is only used in NR-DC.

	drx-InfoSCG
This field contains the DRX long and short cycle configuration of the SCG. This field is used in (NG)EN-DC and NE-DC.

	fr-InfoListSCG
Contains information of FR information of serving cells that include PScell and Scells configured in SCG.

	measuredFrequenciesSN
Used by SN to indicate a list of frequencies measured by the UE.

	needForGaps
In NE-DC, indicates wheter the SN requests gNB to configure measurements gaps.

	ph-InfoSCG
Power headroom information in SCG that is needed in the reception of PHR MAC CE of MCG

	ph-SupplementaryUplink
Power headroom information for supplementary uplink. In the case of (NG)EN-DC and NR-DC, this field is only present when two UL carriers are configued for a serving cell and one UL carrier reports type1 PH while the other reports type 3 PH. 

	ph-Type1or3
Type of power headroom for a certain serving cell in SCG (PSCell and activated SCells). Value type1 refers to type 1 power headroom, value type3 refers to type 3 power headroom. (See TS 38.321 [3]).

	ph-Uplink
Power headroom information for uplink.

	pSCellFrequency, pSCellFrequencyEUTRA
Indicates the frequency of PSCell in NR (i.e., pSCellFrequency) or E-UTRA (i.e., pSCellFrequencyEUTRA). In this version of the specification, pSCellFrequency is not used in NE-DC whereas pSCellFrequencyEUTRA is only used in NE-DC.

	reportCGI-RequestNR, reportCGI-RequestEUTRA
Used by SN to indicate to MN about configuring reportCGI procedure. The request may optionally contain information about the cell for which SN intends to configure reportCGI procedure. In this version of the specification, the reportCGI-RequestNR is used in (NG)EN-DC and NR-DC whereas reportCGI-RequestEUTRA is used only for NE-DC.

	requestedBC-MRDC
Used to request configuring an NR band combination and corresponding feature sets which are forbidden to use by MN (i.e. outside of the allowedBC-ListMRDC) to allow re-negotiation of the UE capabilities for SCG configuration. 

	requestedPDCCH-BlindDetectionSCG
Requested value of the reference number of cells for PDCCH blind detection allowed to be configured for the SCG.

	requestedP-MaxEUTRA
Requested valume for the maximu power for the serving cells the UE can use in E-UTRA SCG. This field is only used in NE-DC.

	requestedP-MaxFR1
Requested value for the maximum power for the serving cells on frequency range 1 (FR1) in this secondary cell group (see TS 38.104 [12]) the UE can use in NR SCG.

	scg-CellGroupConfig
Contains the RRCReconfiguration message:
-	to be sent to the UE, used upon SCG establishment or modification, as generated (entirely) by the (target) SgNB. In this case, the SN sets the RRCReconfiguration message in accordance with clause 6 e.g. regarding the "Need" or "Cond" statements.
 or
-	including the current SCG configuration of the UE, when provided in response to a query from MN, or in SN triggered SN change in order to enable delta signaling by the target SN. In this case, the SN sets the RRCReconfiguration message in accordance with clause 11.2.3.
The field is absent if neither SCG (re)configuration nor SCG configuration query nor SN triggered SN change is performed, e.g. at inter-node capability/configuration coordination which does not result in SCG (re)configuration towards the UE. This field is not applicable in NE-DC.

	scg-CellGroupConfigEUTRA
Includes the E-UTRA RRCConnectionReconfiguration message as specified in TS 36.331 [10]. In this version of the specification, the E-UTRA RRC message can only include the field scg-Configuration. Used to (re-)configure the SCG configuration upon SCG establishment or modification, as generated (entirely) by the (target) SeNB. This field is only used in NE-DC.

	scg-RB-Config
Contains the IE RadioBearerConfig:
-	to be sent to the UE, used to (re-)configure the SCG RB configuration upon SCG establishment or modification, as generated (entirely) by the (target) SgNB or SeNB. In this case, the SN sets the RadioBearerConfig in accordance with section 6, e.g. regarding the "Need" or "Cond" statements.
 or
-	including the current SCG RB configuration of the UE, when provided in response to a query from MN or in SN triggered SN change in order to enable delta signaling by the target SN. In this case, the SN sets the RRCReconfiguration message in accordance with section 11.2.3.
The field is absent if neither SCG (re)configuration nor SCG configuration query nor SN triggered SN change is performed, e.g. at inter-node capability/configuration coordination which does not result in SCG RB (re)configuration.

	selectedBandCombination
Indicates the band combination selected by SN in (NG)EN-DC, NE-DC, and NR-DC. The SN should inform the MN with this field whenever the band combination and/or feature set it selected for the SCG changes (i.e. even if the new selection concerns a band combination and/or feature set that is allowed by the allowedBC-ListMRDC).

	selectedBandCombinationList
A list of selected band combinations. The SN may only choose SCG configurations that are compatible with all the "selected BC+FS" pairs in this list. The MN may only choose MCG configurations that are compatible with at least one of the “selected BC+FS” pair in this list. 



	BandCombinationInfoSN field descriptions

	bandCombinationIndex
The position of a band combination in the supportedBandCombinationList

	requestedFeatureSets
The position in the FeatureSetCombination which identifies one FeatureSetUplink/Downlink for each band entry in the associated band combination



4	Conclusion
In the previous sections we made the following observations: 
Observation 1	If the MeNB was generous when providing the allowed BC+FSs, the selected BC+FS returned by the SgNB may not allow the MeNB to choose and optimal configuration for the UE’s MCG.
Observation 2	The SgNB cannot select the one optimal BC+FS.
Observation 3	The MeNB may choose any MCG configuration that is compatible with at least one of the BC+FS pairs in the selectedBandCombinationList given by the SN.
Observation 4	The SgNB may also adjust its SCG configuration provided that the new SCG configuration is still compatible with all BC+FS pairs that it provided previously in the selectedBandCombinationList.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Add a selectedBandCombinationList to CG-Config in which the SN may report all BCs and all their FSs that support the chosen SCG configuration.
Proposal 2	For backwards compatibility, the SN should set the legacy field (selectedBandCombination) to one of the BC+FS entry that it provides in the new list.
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