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5.6.1.4
Setting band combinations, feature set combinations and feature sets supported by the UE

The UE invokes the procedures in this clause if the NR or E-UTRA network requests UE capabilities for nr, eutra-nr or eutra. This procedure is invoked once per requested rat-Type (see clause 5.6.1.3 for capability enquiry by the NR network; see TS 36.331 [10], clause 5.6.3.3 for capability enquiry by the E-UTRA network). The UE shall ensure that the feature set IDs and feature set combination IDs are consistent across feature sets, feature set combinations and band combinations in all three UE capability containers that the network queries with the same FreqBandList and with the same eutra-nr-only flag (where applicable).

NOTE:
For EN-DC, the gNB needs the capabilities for RAT types nr and eutra-nr and it uses the featureSets in the UE-NR-Capabilities together with the featureSetCombinations in the UE-MRDC-Capabilities to determine the NR UE capabilities for the supported MRDC band combinations. Similarly, the eNB needs the capabilities for RAT types eutra and eutra-nr and it uses the featureSetsEUTRA-r15 in the UE-EUTRA-Capabilities together with the featureSetCombinations in the UE-MRDC-Capabilities to determine the E-UTRA UE capabilities for the supported MRDC band combinations. Hence, the IDs used in the featureSets must match the IDs referred to in featureSetCombinations across all three containers. The requirement on consistency implies that there are no undefined feature sets and feature set combinations.

NOTE:
If the UE cannot include all feature sets and feature set combinations due to message size or list size constraints, it is up to UE implementation which feature sets and feature set combinations it prioritizes.

The UE shall:

1>
compile a list of "candidate band combinations" only consisting of bands included in FreqBandList, and prioritized in the order of FreqBandList (i.e. first include band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequestedUL, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are received;

1>
for each band combination included in the list of "candidate band combinations":

2>
if the network (E-UTRA) included the eutra-nr-only field, or

2>
if the requested rat-Type is eutra:

3>
remove the NR-only band combination from the list of "candidate band combinations";

NOTE:
The (E-UTRA) network may request capabilities for nr but indicate with the eutra-nr-only flag that the UE shall not include any NR band combinations in the UE-NR-Capabilities. In this case the procedural text above removes all NR-only band combinations from the candidate list and thereby also avoids inclusion of corresponding feature set combinations and feature sets below.

2>
if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of "candidate band combinations":

3>
remove the band combination from the list of "candidate band combinations";

NOTE:
Even if the network requests (only) capabilities for nr, it may include E-UTRA band numbers in the FreqBandList to ensure that the UE includes all necessary feature sets needed for subsequently requested eutra-nr capabilities. At this point of the procedure the list of "candidate band combinations" contains all NR- and/or E-UTRA-NR band combinations that match the filter (FreqBandList and maxCarriersRequestedDL/ UL) provided by the NW and that match the eutra-nr-flag (if RAT-Type nr is requested by E-UTRA). In the following, this candidate list is used to derive the band combinations, feature set combinations and feature sets to be reported in the requested capability container.

1>
if srs-SwitchingTimeRequest is received:

2>
include srs-CarrierSwitch for each band combination if SRS carrier switching is supported;

2>
set srs-SwitchingTimeRequested to true;

1>
if the requested rat-Type is nr:

2>
include into supportedBandCombinationList as many NR-only band combinations as possible from the list of "candidate band combinations", starting from the first entry;

3>
if srs-SwitchingTimeRequest is received:

4>
if SRS carrier switching is supported;

5>
include srs-SwitchingTimesListNR and srs-SwitchingTimesListEUTRA for each band combination;

4>
set srs-SwitchingTimeRequested to true;

2>
include, into featureSetCombinations, the feature set combinations referenced from the supported band combinations as included in supportedBandCombinationList according to the previous;

2>
compile a list of "candidate feature set combinations" referenced from the list of "candidate band combinations" excluding entries (rows in feature set combinations) for fallback band combinations with same or lower capabilities;

NOTE:
This list of "candidate feature set combinations" contains the feature set combinations used for NR-only as well as E-UTRA-NR band combinations. It is used to derive a list of NR feature sets referred to from the feature set combinations in the UE-NR-Capabilities and from the feature set combinations in a UE-MRDC-Capabilities container.

2>
include into featureSets the feature sets referenced from the "candidate feature set combinations" excluding entries (feature sets per CC) for fallback band combinations with same or lower capabilities and where the parameters do not exceed maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL or maxCarriersRequestedUL, whichever are received;

1>
else, if the requested rat-Type is eutra-nr:

2>
include into supportedBandCombinationList as many E-UTRA-NR band combinations as possible from the list of "candidate band combinations", starting from the first entry;

3>
if srs-SwitchingTimeRequest is received:

4>
if SRS carrier switching is supported;

5>
include srs-SwitchingTimesListNR and srs-SwitchingTimesListEUTRA for each band combination;

4>
set srs-SwitchingTimeRequested to true;

2>
include, into featureSetCombinations, the feature set combinations referenced from the supported band combinations as included in supportedBandCombinationList according to the previous;

1>
else (if the requested rat-Type is eutra):

2>
compile a list of "candidate feature set combinations" referenced from the list of "candidate band combinations" excluding entries (rows in feature set combinations) for fallback band combinations with same or lower capabilities; 

NOTE:
This list of "candidate feature set combinations" contains the feature set combinations used for E-UTRA-NR band combinations. It is used to derive a list of E-UTRA feature sets referred to from the feature set combinations in a UE-MRDC-Capabilities container.

2>
include into featureSetsEUTRA the feature sets referenced from the "candidate feature set combinations" excluding entries (feature sets per CC) for fallback band combinations with same or lower capabilities and where the parameters do not exceed ca-BandwidthClassDL-EUTRA and ca-BandwidthClassUL-EUTRA, whichever are received;

1>
include the received FreqBandList in the field appliedFreqBandListFilter of the requested UE capability;

1>
include received UE-CapabilityRequestFilterNR-v15x0 in the field appliedOtherFilters of the requested UE capability;

–
FreqBandList
The IE FreqBandList is used by the network to request NR CA and/or MR-DC band combinations for specific NR and/or E-UTRA frequency bands and/or up to a specific number of carriers and/or up to specific aggregated bandwidth. This is also used to request feature sets (for NR) and feature set combinations (for NR and MR-DC).

FreqBandList information element

-- ASN1START

-- TAG-FREQBANDLIST-START

FreqBandList ::=                SEQUENCE (SIZE (1..maxBandsMRDC)) OF FreqBandInformation

FreqBandInformation ::=         CHOICE {

    bandInformationEUTRA            FreqBandInformationEUTRA,

    bandInformationNR               FreqBandInformationNR

}

FreqBandInformationEUTRA ::=    SEQUENCE {

    bandEUTRA                       FreqBandIndicatorEUTRA,

    ca-BandwidthClassDL-EUTRA       CA-BandwidthClassEUTRA                  OPTIONAL,   -- Need N

    ca-BandwidthClassUL-EUTRA       CA-BandwidthClassEUTRA                  OPTIONAL    -- Need N

}

FreqBandInformationNR ::=       SEQUENCE {

    bandNR                          FreqBandIndicatorNR,

    maxBandwidthRequestedDL         AggregatedBandwidth                     OPTIONAL,   -- Need N

    maxBandwidthRequestedUL         AggregatedBandwidth                     OPTIONAL,   -- Need N

    maxCarriersRequestedDL          INTEGER (1..maxNrofServingCells)        OPTIONAL,   -- Need N

    maxCarriersRequestedUL          INTEGER (1..maxNrofServingCells)        OPTIONAL    -- Need N

}

AggregatedBandwidth ::=         ENUMERATED {mhz50, mhz100, mhz150, mhz200, mhz250, mhz300, mhz350,

                                            mhz400, mhz450, mhz500, mhz550, mhz600, mhz650, mhz700, mhz750, mhz800}

-- TAG-FREQBANDLIST-STOP

-- ASN1STOP

–
RF-Parameters
The IE RF-Parameters is used to convey RF-related capabilities for NR operation.

RF-Parameters information element

-- ASN1START

-- TAG-RF-PARAMETERS-START

RF-Parameters ::=                   SEQUENCE {

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

    supportedBandCombinationList        BandCombinationList                         OPTIONAL,

    appliedFreqBandListFilter           FreqBandList                                OPTIONAL,

    ...,

    [[

    supportedBandCombinationList-v1540  BandCombinationList-v1540                   OPTIONAL,

    srs-SwitchingTimeRequested          ENUMERATED {true}                           OPTIONAL
    ]]

}

BandNR ::=                          SEQUENCE {

    bandNR                              FreqBandIndicatorNR,

    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                       OPTIONAL,

    mimo-ParametersPerBand              MIMO-ParametersPerBand                      OPTIONAL,

    extendedCP                          ENUMERATED {supported}                      OPTIONAL,

    multipleTCI                         ENUMERATED {supported}                      OPTIONAL,

    bwp-WithoutRestriction              ENUMERATED {supported}                      OPTIONAL,

    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                   OPTIONAL,

    bwp-DiffNumerology                  ENUMERATED {upto4}                          OPTIONAL,

    crossCarrierScheduling-SameSCS      ENUMERATED {supported}                      OPTIONAL,

    pdsch-256QAM-FR2                    ENUMERATED {supported}                      OPTIONAL,

    pusch-256QAM                        ENUMERATED {supported}                      OPTIONAL,

    ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}             OPTIONAL,

    rateMatchingLTE-CRS                 ENUMERATED {supported}                      OPTIONAL,

    channelBWs-DL-v1530                 CHOICE {

        fr1                                 SEQUENCE {

            scs-15kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-30kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-60kHz                           BIT STRING (SIZE (10))              OPTIONAL
        },

        fr2                                 SEQUENCE {

            scs-60kHz                           BIT STRING (SIZE (3))               OPTIONAL,

            scs-120kHz                          BIT STRING (SIZE (3))               OPTIONAL
        }

    }                                                                               OPTIONAL,

    channelBWs-UL-v1530                 CHOICE {

        fr1                                 SEQUENCE {

            scs-15kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-30kHz                           BIT STRING (SIZE (10))              OPTIONAL,

            scs-60kHz                           BIT STRING (SIZE (10))              OPTIONAL
        },

        fr2                                 SEQUENCE {

            scs-60kHz                           BIT STRING (SIZE (3))               OPTIONAL,

            scs-120kHz                          BIT STRING (SIZE (3))               OPTIONAL
        }

    }                                                                               OPTIONAL,

    ...,

    [[

    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}           OPTIONAL
    ]],

    [[

    pucch-SpatialRelInfoMAC-CE          ENUMERATED {supported}                      OPTIONAL,

    powerBoosting-pi2BPSK               ENUMERATED {supported}                      OPTIONAL
    ]]

}

-- TAG-RF-PARAMETERS-STOP

-- ASN1STOP

	RF-Parameters field descriptions

	appliedFreqBandListFilter
In this field the UE mirrors the FreqBandList that the NW provided in the capability enquiry, if any. The UE filtered the band combinations in the supportedBandCombinationList in accordance with this appliedFreqBandListFilter. The UE does not include this field if the UE capability is requested by E-UTRAN and the network request includes the field eutra-nr-only [10].

	supportedBandCombinationList
A list of band combinations that the UE supports for NR (without MR-DC). The FeatureSetCombinationId:s in this list refer to the FeatureSetCombination entries in the featureSetCombinations list in the UE-NR-Capability IE. The UE does not include this field if the UE capability is requested by E-UTRAN and the network request includes the field eutra-nr-only [10].


–
RF-ParametersMRDC
The IE RF-ParametersMRDC is used to convey RF related capabilities for MR-DC.

RF-ParametersMRDC information element

-- ASN1START

-- TAG-RF-PARAMETERSMRDC-START

RF-ParametersMRDC ::=               SEQUENCE {

    supportedBandCombinationList        BandCombinationList                 OPTIONAL,

    appliedFreqBandListFilter           FreqBandList                        OPTIONAL,

    ...,

    [[

    srs-SwitchingTimeRequested          ENUMERATED {true}                   OPTIONAL,

    supportedBandCombinationList-v1540  BandCombinationList-v1540           OPTIONAL
    ]]

}

-- TAG-RF-PARAMETERSMRDC-STOP

-- ASN1STOP

	RF-ParametersMRDC field descriptions

	appliedFreqBandListFilter
In this field the UE mirrors the FreqBandList that the NW provided in the capability enquiry, if any. The UE filtered the band combinations in the supportedBandCombinationList in accordance with this appliedFreqBandListFilter.

	supportedBandCombinationList
A list of band combinations that the UE supports for MR-DC. The FeatureSetCombinationId:s in this list refer to the FeatureSetCombination entries in the featureSetCombinations list in the UE-MRDC-Capability IE.


–
UE-CapabilityRAT-RequestList
The IE UE-CapabilityRAT-RequestList is used to request UE capabilities for one or more RATs from the UE.

UE-CapabilityRAT-RequestList information element

-- ASN1START

-- TAG-UE-CAPABILITYRAT-REQUESTLIST-START

UE-CapabilityRAT-RequestList ::=        SEQUENCE (SIZE (1..maxRAT-CapabilityContainers)) OF UE-CapabilityRAT-Request

UE-CapabilityRAT-Request ::=            SEQUENCE {

    rat-Type                                RAT-Type,

    capabilityRequestFilter                 OCTET STRING                    OPTIONAL,   -- Need N

    ...

}

-- TAG-UE-CAPABILITYRAT-REQUESTLIST-STOP

-- ASN1STOP

	UE-CapabilityRAT-Request field descriptions

	capabilityRequestFilter
Information by which the network requests the UE to filter the UE capabilities.

For ratType set to nr: the encoding of the capabilityRequestFilter is defined in UE-CapabilityRequestFilterNR. 

	rat-Type
The RAT type for which the NW requests UE capabilities.


–
UE-CapabilityRequestFilterNR
The IE UE-CapabilityRequestFilterNR is used to request filtered UE capabilities.

UE-CapabilityRequestFilterNR information element

-- ASN1START

-- TAG-UE-CAPABILITYREQUESTFILTERNR-START

UE-CapabilityRequestFilterNR ::=            SEQUENCE {

    frequencyBandList                           FreqBandList                          OPTIONAL,   -- Need N

    nonCriticalExtension                        UE-CapabilityRequestFilterNR-v1540    OPTIONAL
}

UE-CapabilityRequestFilterNR-v1540 ::=      SEQUENCE {

    srs-SwitchingTimeRequest                    ENUMERATED {true}                     OPTIONAL,  -- Need N

    nonCriticalExtension                        UE-CapabilityRequestFilterNR-v15x0    OPTIONAL
}

UE-CapabilityRequestFilterNR-v15x0 ::=      SEQUENCE {

    maxCarriersRequestedDL          


  INTEGER (1..maxNrofServingCells)        OPTIONAL,   -- Need N

    maxCarriersRequestedUL         


  INTEGER (1..maxNrofServingCells)        OPTIONAL,   -- Need N

    nonCriticalExtension                        SEQUENCE {}                           OPTIONAL
}

-- TAG-UE-CAPABILITYREQUESTFILTERNR-STOP

-- ASN1STOP

–
UE-MRDC-Capability
The IE UE-MRDC-Capability is used to convey the UE Radio Access Capability Parameters for MR-DC, see TS 38.306 [26].

UE-MRDC-Capability information element

-- ASN1START

-- TAG-UE-MRDC-CAPABILITY-START

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                UE-MRDC-Capability-v15x0    



 OPTIONAL
}

UE-MRDC-Capability-v15x0 ::=      SEQUENCE {

    appliedOtherFilters

           OCTET STRING (CONTAINING UE-CapabilityRequestFilterNR-v15x0)                   
OPTIONAL,

    nonCriticalExtension                SEQUENCE {}                                 OPTIONAL
}

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

    measAndMobParametersMRDC-XDD-Diff       MeasAndMobParametersMRDC-XDD-Diff       OPTIONAL,

    generalParametersMRDC-XDD-Diff          GeneralParametersMRDC-XDD-Diff          OPTIONAL
}

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

    measAndMobParametersMRDC-FRX-Diff       MeasAndMobParametersMRDC-FRX-Diff

}

GeneralParametersMRDC-XDD-Diff ::= SEQUENCE {

    splitSRB-WithOneUL-Path             ENUMERATED {supported}              OPTIONAL,

    splitDRB-withUL-Both-MCG-SCG        ENUMERATED {supported}              OPTIONAL,

    srb3                                ENUMERATED {supported}              OPTIONAL,

    v2x-EUTRA-v1530                     ENUMERATED {supported}              OPTIONAL,

    ...

}

-- TAG-UE-MRDC-CAPABILITY-STOP

-- ASN1STOP

	UE-MRDC-Capability field descriptions

	featureSetCombinations
A list of FeatureSetCombination:s for MR-DC. The FeatureSetDownlink:s and FeatureSetUplink:s referred to from these FeatureSetCombination:s are defined in the featureSets list in UE-NR-Capability.


–
UE-NR-Capability
The IE UE-NR-Capability is used to convey the NR UE Radio Access Capability Parameters, see TS 38.306 [26].

UE-NR-Capability information element

-- ASN1START

-- TAG-UE-NR-CAPABILITY-START

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,

    measAndMobParameters            MeasAndMobParameters                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-v1530              OPTIONAL
}

UE-NR-Capability-v1530 ::=               SEQUENCE {

    fdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530      OPTIONAL,

    tdd-Add-UE-NR-Capabilities-v1530         UE-NR-CapabilityAddXDD-Mode-v1530      OPTIONAL,

    dummy                                    ENUMERATED {supported}                 OPTIONAL,

    interRAT-Parameters                      InterRAT-Parameters                    OPTIONAL,

    inactiveState                            ENUMERATED {supported}                 OPTIONAL,

    delayBudgetReporting                     ENUMERATED {supported}                 OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-1540                  OPTIONAL
}

UE-NR-Capability-1540 ::=               SEQUENCE {

    sdap-Parameters                         SDAP-Parameters                         OPTIONAL,

    overheatingInd                          ENUMERATED {supported}                  OPTIONAL,

    ims-Parameters                          IMS-Parameters                          OPTIONAL,

    fr1-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540       OPTIONAL,

    fr2-Add-UE-NR-Capabilities-v1540        UE-NR-CapabilityAddFRX-Mode-v1540       OPTIONAL,

    fr1-fr2-Add-UE-NR-Capabilities          UE-NR-CapabilityAddFRX-Mode             OPTIONAL,

    nonCriticalExtension                     UE-NR-Capability-15x0                  OPTIONAL
}

UE-NR-Capability-1540 ::=               SEQUENCE {

    appliedOtherFilters

          
  OCTET STRING (CONTAINING UE-CapabilityRequestFilterNR-v15x0)
OPTIONAL,

    nonCriticalExtension                    SEQUENCE {}                             OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode ::=         SEQUENCE {

    phy-ParametersXDD-Diff                  Phy-ParametersXDD-Diff                  OPTIONAL,

    mac-ParametersXDD-Diff                  MAC-ParametersXDD-Diff                  OPTIONAL,

    measAndMobParametersXDD-Diff            MeasAndMobParametersXDD-Diff            OPTIONAL
}

UE-NR-CapabilityAddXDD-Mode-v1530 ::=    SEQUENCE {

    eutra-ParametersXDD-Diff                 EUTRA-ParametersXDD-Diff

}

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

    phy-ParametersFRX-Diff              Phy-ParametersFRX-Diff                      OPTIONAL,

    measAndMobParametersFRX-Diff        MeasAndMobParametersFRX-Diff                OPTIONAL
}

UE-NR-CapabilityAddFRX-Mode-v1540 ::=    SEQUENCE {

    ims-ParametersFRX-Diff                   IMS-ParametersFRX-Diff                 OPTIONAL
}

-- TAG-UE-NR-CAPABILITY-STOP

-- ASN1STOP
	UE-NR-Capability field descriptions

	featureSetCombinations
A list of FeatureSetCombination:s for NR (not for MR-DC). The FeatureSetDownlink:s and FeatureSetUplink:s referred to from these FeatureSetCombination:s are defined in the featureSets list in UE-NR-Capability.


