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	Reason for change:
	As a result of long discussions in RAN2 the concept of feature-sets and feature-sets-per-CC was introduced with the intention to reduce signalling overhead by minimizing the number of explicitly signalled fallback band combinations and by re-using FSs, FSpCCs and FSCs across band combinations. RAN2 discussed how a UE could advertise additional functionality when configured with a subset of the serving cells and captured the following in section 6.3.3 - FeatureSetCombination: 

NOTE 1:	The UE may advertise fallback band-combinations in which it supports additional functionality explicitly in two ways: Either by setting FeatureSet IDs to zero (inter-band and intra-band non-contiguous fallback) and by reducing the number of FeatureSet-PerCC Ids in a Feature Set (intra-band contiguous fallback). Or by separate BandCombination entries with associated FeatureSetCombinations.
Since it became clear that RAN4 would still require configuration of bandwidth classes, RAN2 explained in the same section that the number of supported serving cells is determined by the minimum of what the BWC allows and by the number of FSpCC entries: 

[bookmark: _Hlk535846911]The FeatureSetUplink and FeatureSetDownlink referred to from the FeatureSet comprise, among other information, a set of FeatureSetUplinkPerCC-Id:s and FeatureSetDownlinkPerCC-Id:s. The number of these per-CC IDs determines the number of carriers that the UE is able to aggregate contiguously in frequency domain in the corresponding band. The number of carriers supported by the UE is also restricted by the supportedBandwidthCombinationSet indicated in the associated BandCombination, if present.
This text allows the UE to define FeatureSets with different numbers and different types of FeatureSetsPerCC and to list them all in a single FeatureSetCombination referred to from a single Band Combination. For example, the UE could add …
1) an FSD with 4 FSDpCCs that support 2L-MIMO and 64QAM, and
2) an FSD with 3 FSDpCCs that support 2L-MIMO and 256QAM, and 
3) an FSD with 2 FSDpCCs that support 4L-MIMO and 256QAM

All this information would be comprised in a single band combination which would also indicate one BWC value for e.g. up to 4CCs. The NW deduces that it may configure up to 4 serving cells with 2L+64QAM or 3 serving cells with 2L-MIMO and 256QAM or 2 serving cells with 4L-MIMO and 256 QAM.

However, at a later point in time an unnecessary restriction was introduced in the field descriptions of featureSetListPerDownlinkCC and featureSetListPerUplinkCC, which seems to forbid what the section above allows and encourages: "The UE shall hence include as many FeatureSetDownlinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassDL". Due to this constraint the UE was not allowed to include more or fewer FSpCCs than the BWC in the band combination supports. To provide the same information as exemplified above, a UE would have to include 3 separate band combinations with 3 separate FSCs pointing to different FSs containing different FSpCCs. 

In version v15.5.0 the term "at least" was added, which again allowed the UE to include FeatureSetsDownlink for more carriers (more FSD/UpCC). This addition was functionally OK even though of somewhat questionable benefit… at least it would not help for the case exemplified above. When seeing it in isolation, the change was non-backwards compatible from network perspective since a network following strictly the field descriptions of featureSetListPerDownlinkCC and featureSetListPerUplinkCC might not be able to handle FSs with more FSpCCs. However, since the text in the IE section of the FeatureSetCombination allowed that case, it was OK to assume that networks could handle that case, too. 

Unfortunately, the main issue persists, i.e., the field description in v15.5.0 is still in contradiction with the description in the IE section and it would prevent UEs from listing explicit fallback band combinations with additional functionality on fewer CCs unless they signal additional Band Combinations. 

Concerns were raised that this would be a NBC change. It is however worth pointing out that, like the change done in 15.5.0, it is primarily removing an ambiguity between two sections and that it is only a change to the network but not to the UE. 

	
	

	Summary of change:
	Remove the unncessary restrictions in the field descriptions of featureSetListPerDownlinkCC and featureSetListPerUplinkCC which requires the the UE to include at least as many FSpCC as it supports in accordance to its BWC and which thereby contradicts the description in the IE section of the FeatureSetCombination. 

Impact analysis
Impacted 5G architecture options: Standalone, EN-DC

Impacted functionality: UE Capability signalling

Inter-operability: 
The CR resolves a contradiction, which was introduced in 15.5.0, in the indication of intra-band contiguous fallback capability. Therefore, there can be no confidence that different implementations will inter-operate with each other. As a consequence it is critical that all implementations are aligned with this CR.

If the UE is implemented according to the CR but the NW is not (i.e., the NW strictly follows the field description of featureSetListPerDownlinkCC and featureSetListPerUplinkCC), the NW may expect the FeatureSet to contain at least as many FSpCCs as the BWC in the associated BC indicates. Such network may consider the FeatureSet as not suitable for its intended configuration and it would instead use another FeatureSet containing as many or more FSpCC as the BWC suggestes. Hence, the NW will still be able to configure the UE but it would not be able to utilize the additional functionality that the UE advertised in the additional FeatureSet. 

If the NW is implemented according to the CR but the UE is not not (i.e., the UE strictly follows the field description of featureSetListPerDownlinkCC and featureSetListPerUplinkCC), there is no interoperability issue since the UE will not advertise FeatureSets with fewer FSpCCs than the BWC suggests. 


	
	

	Consequences if not approved:
	The UE cannot include additional FeatureSetsDownlink with fewer carriers (by including fewer FSDpCC) but with additional functionality. Hence, it has to advertise additional band combinations with additional FeatureSetCombinations and lower BWCs which introduces additional signalling overhead and defeats the purpose of the FeatureSet / FeatureSetPerCC structure. 
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3GPP
START OF FIRST CHANGE
[bookmark: _Toc5285461]–	FeatureSetDownlink
The IE FeatureSetDownlink indicates a set of features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetDownlink information element
-- ASN1START
-- TAG-FEATURESETDOWNLINK-START

FeatureSetDownlink ::=                  SEQUENCE {
    featureSetListPerDownlinkCC             SEQUENCE (SIZE (1..maxNrofServingCells)) OF FeatureSetDownlinkPerCC-Id,

    intraBandFreqSeparationDL               FreqSeparationClass                                                     OPTIONAL,
    scalingFactor                           ENUMERATED {f0p4, f0p75, f0p8}                                          OPTIONAL,
    crossCarrierScheduling-OtherSCS         ENUMERATED {supported}                                                  OPTIONAL,
    scellWithoutSSB                         ENUMERATED {supported}                                                  OPTIONAL,
    csi-RS-MeasSCellWithoutSSB              ENUMERATED {supported}                                                  OPTIONAL,
    dummy1                                  ENUMERATED {supported}                                                  OPTIONAL,
    type1-3-CSS                             ENUMERATED {supported}                                                  OPTIONAL,
    pdcch-MonitoringAnyOccasions            ENUMERATED {withoutDCI-Gap, withDCI-Gap}                                OPTIONAL,
    dummy2                                  ENUMERATED {supported}                                                  OPTIONAL,
    ue-SpecificUL-DL-Assignment             ENUMERATED {supported}                                                  OPTIONAL,
    searchSpaceSharingCA-DL                 ENUMERATED {supported}                                                  OPTIONAL,
    timeDurationForQCL                      SEQUENCE {
        scs-60kHz                           ENUMERATED {s7, s14, s28}                                               OPTIONAL,
        scs-120kHz                          ENUMERATED {s14, s28}                                                   OPTIONAL
    }                                                                                                               OPTIONAL,
    pdsch-ProcessingType1-DifferentTB-PerSlot SEQUENCE {
        scs-15kHz                               ENUMERATED {upto2, upto4, upto7}                                    OPTIONAL,
        scs-30kHz                               ENUMERATED {upto2, upto4, upto7}                                    OPTIONAL,
        scs-60kHz                               ENUMERATED {upto2, upto4, upto7}                                    OPTIONAL,
        scs-120kHz                              ENUMERATED {upto2, upto4, upto7}                                    OPTIONAL
    }                                                                                                               OPTIONAL,
    dummy3                                  DummyA                                                                  OPTIONAL,
    dummy4                                  SEQUENCE (SIZE (1.. maxNrofCodebooks)) OF DummyB                        OPTIONAL,
    dummy5                                  SEQUENCE (SIZE (1.. maxNrofCodebooks)) OF DummyC                        OPTIONAL,
    dummy6                                  SEQUENCE (SIZE (1.. maxNrofCodebooks)) OF DummyD                        OPTIONAL,
    dummy7                                  SEQUENCE (SIZE (1.. maxNrofCodebooks)) OF DummyE                        OPTIONAL
}

FeatureSetDownlink-v1540 ::= SEQUENCE {
    oneFL-DMRS-TwoAdditionalDMRS-DL         ENUMERATED {supported}                       OPTIONAL,
    additionalDMRS-DL-Alt                   ENUMERATED {supported}                       OPTIONAL,
    twoFL-DMRS-TwoAdditionalDMRS-DL         ENUMERATED {supported}                       OPTIONAL,
    oneFL-DMRS-ThreeAdditionalDMRS-DL       ENUMERATED {supported}                       OPTIONAL,
    pdcch-MonitoringAnyOccasionsWithSpanGap SEQUENCE {
        scs-15kHz                               ENUMERATED {set1, set2, set3}            OPTIONAL,
        scs-30kHz                               ENUMERATED {set1, set2, set3}            OPTIONAL,
        scs-60kHz                               ENUMERATED {set1, set2, set3}            OPTIONAL,
        scs-120kHz                              ENUMERATED {set1, set2, set3}            OPTIONAL
    } OPTIONAL,
    pdsch-SeparationWithGap                 ENUMERATED {supported}                       OPTIONAL,
    pdsch-ProcessingType2                   SEQUENCE {
        scs-15kHz                               ProcessingParameters                     OPTIONAL,
        scs-30kHz                               ProcessingParameters                     OPTIONAL,
        scs-60kHz                               ProcessingParameters                     OPTIONAL
    } OPTIONAL,
    pdsch-ProcessingType2-Limited           SEQUENCE {
        differentTB-PerSlot-SCS-30kHz           ENUMERATED {upto1, upto2, upto4, upto7}
    } OPTIONAL,
    dl-MCS-TableAlt-DynamicIndication       ENUMERATED {supported}                       OPTIONAL
}

DummyA ::=      SEQUENCE {
    maxNumberNZP-CSI-RS-PerCC                   INTEGER (1..32),
    maxNumberPortsAcrossNZP-CSI-RS-PerCC        ENUMERATED {p2, p4, p8, p12, p16, p24, p32, p40, p48, p56, p64, p72, p80,
                                                            p88, p96, p104, p112, p120, p128, p136, p144, p152, p160, p168,
                                                            p176, p184, p192, p200, p208, p216, p224, p232, p240, p248, p256},
    maxNumberCS-IM-PerCC                        ENUMERATED {n1, n2, n4, n8, n16, n32},
    maxNumberSimultaneousCSI-RS-ActBWP-AllCC    ENUMERATED {n5, n6, n7, n8, n9, n10, n12, n14, n16, n18, n20, n22, n24, n26,
                                                                n28, n30, n32, n34, n36, n38, n40, n42, n44, n46, n48, n50, n52,
                                                                n54, n56, n58, n60, n62, n64},
    totalNumberPortsSimultaneousCSI-RS-ActBWP-AllCC ENUMERATED {p8, p12, p16, p24, p32, p40, p48, p56, p64, p72, p80,
                                                                p88, p96, p104, p112, p120, p128, p136, p144, p152, p160, p168,
                                                                p176, p184, p192, p200, p208, p216, p224, p232, p240, p248, p256}
}

DummyB ::=       SEQUENCE {
    maxNumberTxPortsPerResource         ENUMERATED {p2, p4, p8, p12, p16, p24, p32},
    maxNumberResources                  INTEGER (1..64),
    totalNumberTxPorts                  INTEGER (2..256),
    supportedCodebookMode               ENUMERATED {mode1, mode1AndMode2},
    maxNumberCSI-RS-PerResourceSet      INTEGER (1..8)
}

DummyC ::=        SEQUENCE {
    maxNumberTxPortsPerResource         ENUMERATED {p8, p16, p32},
    maxNumberResources                  INTEGER (1..64),
    totalNumberTxPorts                  INTEGER (2..256),
    supportedCodebookMode               ENUMERATED {mode1, mode2, both},
    supportedNumberPanels               ENUMERATED {n2, n4},
    maxNumberCSI-RS-PerResourceSet      INTEGER (1..8)
}

DummyD ::=                 SEQUENCE {
    maxNumberTxPortsPerResource         ENUMERATED {p4, p8, p12, p16, p24, p32},
    maxNumberResources                  INTEGER (1..64),
    totalNumberTxPorts                  INTEGER (2..256),
    parameterLx                         INTEGER (2..4),
    amplitudeScalingType                ENUMERATED {wideband, widebandAndSubband},
    amplitudeSubsetRestriction          ENUMERATED {supported}                          OPTIONAL,
    maxNumberCSI-RS-PerResourceSet      INTEGER (1..8)
}

DummyE ::=    SEQUENCE {
    maxNumberTxPortsPerResource         ENUMERATED {p4, p8, p12, p16, p24, p32},
    maxNumberResources                  INTEGER (1..64),
    totalNumberTxPorts                  INTEGER (2..256),
    parameterLx                         INTEGER (2..4),
    amplitudeScalingType                ENUMERATED {wideband, widebandAndSubband},
    maxNumberCSI-RS-PerResourceSet      INTEGER (1..8)
}

-- TAG-FEATURESETDOWNLINK-STOP
-- ASN1STOP

	FeatureSetDownlink field descriptions

	crossCarrierScheduling-OtherSCS
The UE shall set this field to the same value as crossCarrierScheduling-OtherSCS in the associated FeatureSetUplink (if present).

	featureSetListPerDownlinkCC
Indicates which features the UE supports on the individual carriers of the feature set (and hence of a band entry that refer to the feature set). The UE shall hence include at least as many FeatureSetDownlinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassDL, except if indicating intra-band contiguous fallback capabilities, where it can include a reduced number of FeatureSetDownlinkPerCC-Id in the feature set. The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetDownlinkPerCC-Id in this list.



END OF FIRST CHANGE

START OF SECOND CHANGE
[bookmark: _Toc5285468][bookmark: _Hlk2167966]–	FeatureSetUplink
The IE FeatureSetUplink is used to indicate the features that the UE supports on the carriers corresponding to one band entry in a band combination.
FeatureSetUplink information element
-- ASN1START
-- TAG-FEATURESETUPLINK-START

FeatureSetUplink ::=                SEQUENCE {
    featureSetListPerUplinkCC           SEQUENCE (SIZE (1.. maxNrofServingCells)) OF FeatureSetUplinkPerCC-Id,
    scalingFactor                       ENUMERATED {f0p4, f0p75, f0p8}              OPTIONAL,
    crossCarrierScheduling-OtherSCS     ENUMERATED {supported}                      OPTIONAL,
    intraBandFreqSeparationUL           FreqSeparationClass                         OPTIONAL,
    searchSpaceSharingCA-UL             ENUMERATED {supported}                      OPTIONAL,
    dummy1                  DummyI                          OPTIONAL,
    supportedSRS-Resources              SRS-Resources                               OPTIONAL,
    twoPUCCH-Group                      ENUMERATED {supported}                      OPTIONAL,
    dynamicSwitchSUL                    ENUMERATED {supported}                      OPTIONAL,
    simultaneousTxSUL-NonSUL            ENUMERATED {supported}                      OPTIONAL,
    pusch-ProcessingType1-DifferentTB-PerSlot SEQUENCE {
        scs-15kHz                                 ENUMERATED {upto2, upto4, upto7}  OPTIONAL,
        scs-30kHz                                 ENUMERATED {upto2, upto4, upto7}  OPTIONAL,
        scs-60kHz                                 ENUMERATED {upto2, upto4, upto7}  OPTIONAL,
        scs-120kHz                                ENUMERATED {upto2, upto4, upto7}  OPTIONAL
    }                                                                               OPTIONAL,
    dummy2                               DummyF                                     OPTIONAL
}

FeatureSetUplink-v1540 ::=           SEQUENCE {
    zeroSlotOffsetAperiodicSRS           ENUMERATED {supported}                  OPTIONAL,
    pa-PhaseDiscontinuityImpacts         ENUMERATED {supported}                  OPTIONAL,
    pusch-SeparationWithGap              ENUMERATED {supported}                  OPTIONAL,
    pusch-ProcessingType2                SEQUENCE {
        scs-15kHz                            ProcessingParameters                OPTIONAL,
        scs-30kHz                            ProcessingParameters                OPTIONAL,
        scs-60kHz                            ProcessingParameters                OPTIONAL
    } OPTIONAL,
    ul-MCS-TableAlt-DynamicIndication    ENUMERATED {supported}                  OPTIONAL
}

SRS-Resources ::=                   SEQUENCE {
    maxNumberAperiodicSRS-PerBWP            ENUMERATED {n1, n2, n4, n8, n16},
    maxNumberAperiodicSRS-PerBWP-PerSlot    INTEGER (1..6),
    maxNumberPeriodicSRS-PerBWP             ENUMERATED {n1, n2, n4, n8, n16},
    maxNumberPeriodicSRS-PerBWP-PerSlot     INTEGER (1..6),
    maxNumberSemiPersitentSRS-PerBWP        ENUMERATED {n1, n2, n4, n8, n16},
    maxNumberSP-SRS-PerBWP-PerSlot          INTEGER (1..6),
    maxNumberSRS-Ports-PerResource          ENUMERATED {n1, n2, n4}
}

DummyF ::=                                   SEQUENCE {
    maxNumberPeriodicCSI-ReportPerBWP           INTEGER (1..4),
    maxNumberAperiodicCSI-ReportPerBWP          INTEGER (1..4),
    maxNumberSemiPersistentCSI-ReportPerBWP     INTEGER (0..4),
    simultaneousCSI-ReportsAllCC                INTEGER (5..32)
}

-- TAG-FEATURESETUPLINK-STOP
-- ASN1STOP

	FeatureSetUplink field descriptions

	crossCarrierScheduling-OtherSCS
The UE shall set this field to the same value as crossCarrierScheduling-OtherSCS in the associated FeatureSetDownlink (if present).

	featureSetsPerUplinkCC
Indicates which features the UE supports on the individual carriers of the feature set (and hence of a band entry that refers to the feature set). The UE shall hence include at least as many FeatureSetUplinkPerCC-Id in this list as the number of carriers it supports according to the ca-BandwidthClassUL, except if indicating intra-band contiguous fallback capabilities, where it can include a reduced number of FeatureSetDownlinkPerCC-Id in the feature set. The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetUplinkPerCC-Id in this list.



END OF SECOND CHANGE
