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1
Introduction
In this contribution, we intend to analyze the UE capability in NR-NR DC(NR-DC).
2
Discussion
The ASN.1 of UE capability in 38.331 includes the UE-NR-Capability and the UE-MRDC-Capability. In the last meeting, RAN2 has agreed that NR-DC is considered as belonging to the set of MR-DC options. In our understanding, this agreement is just for the stage2 description in 37.340. 
The ASN.1 of UE-NR-Capability and UE-MRDC-Capability is as following:

UE-MRDC-Capability ::=              SEQUENCE {

    measAndMobParametersMRDC            MeasAndMobParametersMRDC            OPTIONAL,

    phy-ParametersMRDC-v1530            Phy-ParametersMRDC                  OPTIONAL,

    rf-ParametersMRDC                   RF-ParametersMRDC,

    generalParametersMRDC               GeneralParametersMRDC-XDD-Diff      OPTIONAL,

    fdd-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddXDD-Mode       OPTIONAL,

    tdd-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddXDD-Mode       OPTIONAL,

    fr1-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddFRX-Mode       OPTIONAL,

    fr2-Add-UE-MRDC-Capabilities        UE-MRDC-CapabilityAddFRX-Mode       OPTIONAL,

    featureSetCombinations              SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    pdcp-ParametersMRDC-v1530           PDCP-ParametersMRDC                 OPTIONAL,

    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

UE-NR-Capability ::= SEQUENCE {


accessStratumRelease


AccessStratumRelease,


pdcp-Parameters




PDCP-Parameters, 


rlc-Parameters




RLC-Parameters





OPTIONAL,








mac-Parameters




MAC-Parameters





OPTIONAL,





 


phy-Parameters




Phy-Parameters,


rf-Parameters




RF-Parameters,


measParameters




MeasParameters





OPTIONAL,

fdd-Add-UE-NR-Capabilities

UE-NR-CapabilityAddXDD-Mode


OPTIONAL,


tdd-Add-UE-NR-Capabilities

UE-NR-CapabilityAddXDD-Mode


OPTIONAL,


fr1-Add-UE-NR-Capabilities

UE-NR-CapabilityAddFRX-Mode


OPTIONAL,


fr2-Add-UE-NR-Capabilities

UE-NR-CapabilityAddFRX-Mode


OPTIONAL,

featureSets





FeatureSets 





OPTIONAL,


featureSetCombinations


SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination


OPTIONAL,

lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


UE-NR-Capability-vxy






OPTIONAL
}

We will discuss where the NR-DC capability shall be placed.

2.1  MeasParameters

The measurement parameters of MR-DC is as following:

MeasParametersMRDC ::= SEQUENCE {


measParametersMRDC-Common

MeasParametersMRDC-Common



OPTIONAL,


measParametersMRDC-XDD-Diff

MeasParametersMRDC-XDD-Diff



OPTIONAL,

measParametersMRDC-FRX-Diff

MeasParametersMRDC-FRX-Diff



OPTIONAL
}

MeasParametersMRDC-Common ::=
SEQUENCE {


independentGapConfig


ENUMERATED {supported}



OPTIONAL
}

MeasParametersMRDC-XDD-Diff ::=
SEQUENCE {


sftd-MeasPSCell




ENUMERATED {supported}



OPTIONAL,


sftd-MeasNR-Cell



ENUMERATED {supported}



OPTIONAL
}

MeasParametersMRDC-FRX-Diff ::=
SEQUENCE {


simultaneousRxDataSSB-DiffNumerology
ENUMERATED {supported}

OPTIONAL
}

Only sync NR-DC is supported in R15. So NR-DC in R15 does not need the capability of SFTD.  In our understanding, other parameters are needed in NR-DC. It still not certain whether the supporting of these capability are different between NR-DC and other MR-DC. And we can see that there are much less parameters in the MeasParameters are required for NR-DC
Observation 1:  There are only few parameters in the MeasParametersMRDC of UE-MRDC-Capability are required for NR-DC. It is not certain whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
2.2  phy-ParametersMRDC

Phy-ParametersMRDC information element

Phy-ParametersMRDC ::=              SEQUENCE {

    naics-Capability-List               SEQUENCE (SIZE (1..maxNrofNAICS-Entries)) OF NAICS-Capability-Entry         OPTIONAL,

    ...

}

NAICS-Capability-Entry ::=          SEQUENCE {

    numberOfNAICS-CapableCC             INTEGER(1..5),

    numberOfAggregatedPRB               ENUMERATED {n50, n75, n100, n125, n150, n175, n200, n225,

                                                    n250, n275, n300, n350, n400, n450, n500, spare},

    ...

}

	PHY-ParametersMRDC field descriptions

	naics-Capability-List
Indicates that UE in MR-DC supports NAICS as defined in defined in TS 36.331 [10].


The phy-parametersMRDC only include the NAICS capability of E-UTRAN. In our understanding, NR currently does not support the NAICS, therefore they are not needed for NR-DC. Also there are only few parameters.

Observation 2:  There are only few E-UTRAN NAICS parameters in the phy-parametersMRDC of UE-MRDC-Capability. NR currently does not support NAICS and those parameters are not needed for NR-DC.

2.3  RF-Parameters/ featureSetCombinations 
RF-ParametersMRDC information element in UE-MRDC-Capability
-- ASN1START

-- TAG-RF-PARAMETERSMRDC-START

RF-ParametersMRDC ::= SEQUENCE {


supportedBandCombinationList

BandCombinationList




OPTIONAL,

appliedFreqBandListFilter


FreqBandList






OPTIONAL
}

-- TAG-RF-PARAMETERSMRDC-STOP

-- ASN1STOP

RF-Parameters information element in UE-NR-Capability
-- ASN1START

-- TAG-RF-PARAMETERS-START
RF-Parameters ::= SEQUENCE {


supportedBandListNR



SEQUENCE (SIZE (1..maxBands)) OF BandNR,


supportedBandCombinationList

BandCombinationList





OPTIONAL,


appliedFreqBandListFilter


FreqBandList






OPTIONAL
}

UE-MRDC-Capability ::=              SEQUENCE {

…………

    featureSetCombinations              SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination         OPTIONAL,

    pdcp-ParametersMRDC-v1530           PDCP-ParametersMRDC                 OPTIONAL,

    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,

    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

UE-NR-Capability ::= SEQUENCE {


………….. 

featureSetCombinations


SEQUENCE (SIZE (1..maxFeatureSetCombinations)) OF FeatureSetCombination


OPTIONAL,

lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


UE-NR-Capability-vxy






OPTIONAL
}

As discussed in our contribution[1], we think the structure of band combination of NR-DC is different with the structure of MR-DC. We need add the band combination of NN-DC in IE BandCombinationList to differentiate it from the combinations of CA. Both UE-MRDC-Capability and UE-NR-Capability include the BandCombinationList and featureSetCombination. Therefore, after the band combination of NR-DC is added to BandCombinationList, UE-NR-Capability can be used to include the NR-DC configuration. 
Observation 3: Both RF-ParametersMRDC of UE-MRDC-Capability and RF-Parameters of UE-NR-Capability include the same IE BandCombinationList. Both UE-MRDC-Capability and UE-NR-Capability include the same IE featureSetCombination 
2.4  GeneralParametersMRDC

GeneralParametersMRDC-XDD-Diff ::= SEQUENCE {


splitSRB-WithOneUL-Path



ENUMERATED {supported}

OPTIONAL,


splitDRB-withUL-Both-MCG-SCG

ENUMERATED {supported}

OPTIONAL,


srb3







ENUMERATED {supported}

OPTIONAL,


...

}

RAN2 has agreed that NN-DC supports split SRB/DRB and SRB3. But it is still not certain whether the supporting of these capability are different between NN-DC and other DC. And we can see that there are only few parameters in the GeneralParametersMRDC. 
Observation 4:  There are only few parameters in the GeneralParametersMRDC of UE-MRDC-Capability. It is not certain whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
2.5  FDD/TDD/FR1/FR2 mode different parameters

FDD/TDD and FR1/FR2 may have different capability, so RAN2 designs different parameters for FDD/TDD/FR1/FR2.
UE-MRDC-CapabilityAddXDD-Mode ::=
SEQUENCE {


measParametersMRDC-XDD-Diff

MeasParametersMRDC-XDD-Diff

OPTIONAL,


generalParametersMRDC-XDD-Diff

GeneralParametersMRDC-XDD-Diff

OPTIONAL
}

UE-MRDC-CapabilityAddFRX-Mode ::=
SEQUENCE {


measParametersMRDC-FRX-Diff

MeasParametersMRDC-FRX-Diff

}

MeasParametersMRDC-XDD-Diff ::=
SEQUENCE {


sftd-MeasPSCell




ENUMERATED {supported}



OPTIONAL,


sftd-MeasNR-Cell



ENUMERATED {supported}



OPTIONAL
}

MeasParametersMRDC-FRX-Diff ::=
SEQUENCE {


simultaneousRxDataSSB-DiffNumerology
ENUMERATED {supported}

OPTIONAL
}

GeneralParametersMRDC-XDD-Diff ::= SEQUENCE {


splitSRB-WithOneUL-Path



ENUMERATED {supported}

OPTIONAL,


splitDRB-withUL-Both-MCG-SCG

ENUMERATED {supported}

OPTIONAL,


srb3







ENUMERATED {supported}

OPTIONAL,


...

}

we are not sure whether the supporting of these capability are different between NN-DC and other DC. And we can see that there are only few parameters in the FDD/TDD/FR1/FR2 mode differentiation parameters

Observation 5:  There are only few parameters in the FDD/TDD/FR1/FR2 differentiation parameters of UE-MRDC-Capability. It is not certain whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
2.6 pdcp-ParametersMRDC 
PDCP-ParametersMRDC information element

-- ASN1START

-- TAG-PDCP-PARAMETERSMRDC-START

PDCP-ParametersMRDC ::=                 SEQUENCE {

    pdcp-DuplicationSplitSRB                ENUMERATED {supported}      OPTIONAL,

    pdcp-DuplicationSplitDRB                ENUMERATED {supported}      OPTIONAL
}

-- TAG-PDCP-PARAMETERSMRDC-STOP

-- ASN1STOP

we are not sure whether the supporting of these capability are different between NN-DC and other DC. And we can see that there are only few parameters in the PDCP parameters

Observation 6:  There are only few parameters in the PDCP-ParametersMRDC parameters of UE-MRDC-Capability. It is not certain whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
From these above observations, both UE-MRDC-Capability and UE-NR-Capability include the same IE BandCombinationList and the same IE featureSetCombination. In our understanding, the band combinatin and feature set between NR-DC and other DC are different. Therefore we need add some IEs to distinguish the capability for NR-DC. We think the band combination and feature set account for a large proportion of UE capability. Therefore we think it is not necessary to reuse the UE-MRDC-Capability for NR-DC.
In the standalone, some UE may does not support option3&4&7, it is strange for UE to report two capability container.

We think RAN2 has agreed that the NR-DC capability is placed in UE-NR-Capability in RAN2#97BIS.
Agreements

1:
NR Capability is defined as the UE capability container for NR to include all NR specific capabilities required for the standalone operation.

1a:

The capabilities for CA/DC within NR are reported, if supported, in the NR Capability.

FFS Whether LTE/NR DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or LTE Capability or a new LTE/NR-Capability container.

3:
The eNB/gNB should be able to retrieve NR Capability, LTE/NR-Capability (if agreed) and LTE-Capability depending on the NSA/SA operations.

4:
In case of LTE-NR DC/MC, the master node should be able to forward LTE/NR-Capability (if agreed) and the secondary RAT specific capability (NR-Capability or EUTRA-Capability) to the secondary node within “SCG-ConfigInfo” (The IE name for LTE-NR DC/MC is TBD).

Observation 7: RAN2 has agreed that the capabilities of DC within NR are reported in the NR capability in RAN2#97BIS
Proposal 1: UE shall report NR-DC capabilities in IE UE-NR-Capability. 
3
Conclusions
The following proposals are made into consideration.
Observation 1:  There are only few parameters in the MeasParametersMRDC of UE-MRDC-Capability. It is not certain whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
Observation 2:  There are only few E-UTRAN NAICS parameters in the phy-parametersMRDC of UE-MRDC-Capability. NR currently doesnot support NAICS and those parameters are not needed for NR-DC.

Observation 3: Both RF-ParametersMRDC of UE-MRDC-Capability and RF-Parameters of UE-NR-Capability include the same IE BandCombinationList. Both UE-MRDC-Capability and UE-NR-Capability include the same IE featureSetCombination 
Observation 4:  There are only few parameters in the GeneralParametersMRDC of UE-MRDC-Capability. It is not sure whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
Observation 5:  There are only few parameters in the FDD/TDD/FR1/FR2 differentiation parameters of UE-MRDC-Capability. It is not sure whether the supporting of these capability are different between NN-DC and other DC. Configure the NR-DC separately from MR-DC is more reasonable.
Observation 6:  There are only few parameters in the PDCP-ParametersMRDC parameters of UE-MRDC-Capability. It is not sure whether the supporting of these capability are different between NN-DC and other DC.  Configure the NR-DC separately from MR-DC is more reasonable.
Observation 7: RAN2 has agreed that the capabilities of DC within NR are reported in the NR capability in RAN2#97BIS
Proposal 1: UE shall report NR-DC capabilities in IE UE-NR-Capability rather than in UE-MRDC-Capability. 
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