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Introduction
In this contribution, we will discuss the issues raised in RAN4 LS [1] with both R17 and R18 spec impact, and give our views on how to resolve these issues for the two mentioned UE capabilities and another associated UE capability intrabandENDC-Support-UL.
Discussion
The LS content is as follows, it mentioned that UE capabilities in yellow could not be used or the meaning is not clear in case there are multiple additional intra-band EN-DC components in an inter-band EN-DC band combination.
	RAN4 confirms that the current definition of IE supportedBandwidthCombinationSetIntraENDC is ambiguous to separately indicate the first and the second intra-band EN-DC BCS for the inter-band EN-DC band combinations, e.g., DC_3A-41A_n3A-n41A, with two additional intra-band EN-DC components, e.g., the first intra-band EN-DC component DC_3A_n3A and the second intra-band EN-DC component DC_41A_n41A.
RAN4 also confirms that the current definition of IE intraBandENDC-Support is ambiguous to separately indicate the spectrum contiguity for the inter-band EN-DC band combinations, e.g., DC_3A-41A_n3A-n41A, with two additional intra-band EN-DC components, e.g., the first intra-band EN-DC component DC_3A_n3A and the second intra-band EN-DC component DC_41A_n41A.
This kind of inter-band EN-DC band combinations with multiple additional intra-band EN-DC components has been firstly introduced in Rel-17 and some other similar band combinations are also on-going in the Rel-18 basket work item, which are shown in the following table.
Hence, RAN4 would like to request RAN2 to check how to solve the ambiguous signaling issues for the inter-band EN-DC band combinations with multiple additional intra-band EN-DC components.


On supportedBandwidthCombinationSetIntraENDC
For UE capability supportedBandwidthCombinationSetIntraENDC, according to ASN.1 structure as follows, it can be seen that it is per BC UE capability and there is only one supportedBandwidthCombinationSetIntraENDC for each BC. In 38.306, the supportedBandwidthCombinationSetIntraENDC for a BC is used to define the supported bandwidth combination set for a band combination that allows configuration of at least one EUTRA serving cell and at least one NR serving cell in the same band, which is termed as the intra-band EN-DC component.
	BandCombination-v1590::=            SEQUENCE {
    supportedBandwidthCombinationSetIntraENDC  BIT STRING (SIZE (1..32))           OPTIONAL,
    mrdc-Parameters-v1590                      MRDC-Parameters-v1590
}


	supportedBandwidthCombinationSetIntraENDC
Defines the supported bandwidth combination set for a band combination that allows configuration of at least one EUTRA serving cell and at least one NR serving cell in the same band, as defined in the TS 38.101-3 [4], table 5.3B.1.2-1 and table 5.3B.1.3-1.
-	For intra-band (NG)EN-DC with additional inter-band CA component(s) of LTE and/or NR, the field defines the bandwidth combinations for the intra-band (NG)EN-DC component.
-	For intra-band NE-DC with additional inter-band CA component(s) of LTE and/or NR, the field defines the bandwidth combinations for the intra-band NE-DC component.
Field encoded as a bit map, where bit N is set to "1" if UE support Bandwidth Combination Set N for this band combination as defined in the TS 38.101-3 [4]. The leading / leftmost bit (bit 0) corresponds to the Bandwidth Combination Set 0, the next bit corresponds to the Bandwidth Combination Set 1 and so on.
-	It is mandatory if the band combination is an intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component.
-	It is optional if the band combination is an intra-band (NG)EN-DC/NE-DC combination without supporting UL in both the bands of the intra-band (NG)EN-DC/NE-DC UL part. If not included, the network assumes the UE supports BCS0 as defined in TS 38.101-3 [4], table 5.3B.1.2-1 and table 5.3B.1.3-1 for the intra-band (NG)EN-DC/NE-DC.
	BC
	CY
	N/A
	N/A


Based on above analysis, it can be observed that:
Observation1: The UE capability supportedBandwidthCombinationSetIntraENDC could be used to report the supported bandwidth combination set for only one intra-band EN-DC component in a band combination.
According to the band combination introduced in R17 and on-going R18, two intra-band EN-DC components can be included in one BC. For example, in inter-band EN-DC band combination DC_3A-41A_n3A-n41A, the first intra-band EN-DC component DC_3A_n3A and the second EN-DC component DC_41A_n41A are included. In this case, if a UE reports the capability supportedBandwidthCombinationSetIntraENDC, it is unclear for network to understand which intra-band component is indicated. So, a clarification on UE behaviour is needed. Some feasible options are as below:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 1:  RAN2 to clarify the meaning of legacy UE capability supportedBandwidthCombinationSetIntraENDC  in case there are multiple intra-band EN-DC components in a band combination, and some candidate options include:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
According to LS [1], RAN4 expects that separate indications are used for the first and second intra-band EN-DC components. So, some enhancement is needed, two options are proposed here:
· Option 1, add new per BC UE capabilities to indicate the BCS(s) for two intra-band EN-DC components.
· Option 2, add a new per band (or per band pair) UE capability to indicate the BCS(s) for two  intra-band EN-DC components.
For  option 1, it will have less impact to UE capability signaling structure, but support only two intra-band EN DC components, which could cover the BC configuration in below LS table. But if there is a third intra-band EN-DC component in a BC, we may need to add another new UE capability as well.
For option 2, it will be forward compatible to support a BC with more than two intra-band EN-DC component as it could be indicated for each band pair in a BC, but this UE capability may be included in the UL/DL FeatureSet of one NR band. However, the case of BC including 3 or more intra-band EN-DC components is not seen until now based on related BC table in LS [1]. Option 2 also makes the readability of ASN.1 for UE capability complex since this is not actually per band UE capability.
For new per BC UE capability, two ASN.1 options could be further discussed:
· Option 1, reuse the legacy UE capability for one intra-band EN-DC component and introduce a new UE capability for the other intra-band EN-DC component.
· Option 2, add two new UE capabilities to indicate the BCS for the first and second intra-band EN-DC components separately for the inter-band EN-DC band combination.
Since legacy UE may have reported this UE capability and avoiding the impact to legacy behavior, two separate UE capabilities are preferred. One new capability is for the first intra-band EN-DC component, the other new capability is for the second intra-band EN-DC component. The first intra-band EN-DC component is with lower band number in the BC configuration, the second intra-band EN-DC component is with higher band number in the BC configuration. For example, for BC configuration DC_3A-41A_n3A-n41A, with two additional intra-band EN-DC components, e.g., the first intra-band EN-DC component is DC_3A_n3A, and the second intra-band EN-DC component is DC_41A_n41A.
Proposal 2: Add two separate per BC UE capabilities to indicate the BCS(s) for two intra-band EN- DC components in an inter-band EN-DC band combination.

On intraBandENDC-Support
The ASN.1 for UE capability intraBandENDC-Support could be seen in Annex, and its parent IE is mrdc-Parameters as below in green. 
	BandCombination-v1590::=            SEQUENCE {
    supportedBandwidthCombinationSetIntraENDC  BIT STRING (SIZE (1..32))           OPTIONAL,
mrdc-Parameters-v1590                      MRDC-Parameters-v1590
}


TS 38.306 content for intraBandENDC-Support is as follows:
	intraBandENDC-Support
Indicates whether the UE supports intra-band (NG)EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the (NG)EN-DC combination as specified in TS 38.101-3 [4].
If the UE does not include this field for an intra-band (NG)EN-DC combination the UE only supports the contiguous spectrum for the intra-band (NG)EN-DC combination.
If intrabandENDC-Support-UL is absent and the band combination supports intra-band (NG)EN-DC only in DL, this field indicates the DL capability. If intrabandENDC-Support-UL is absent and the band combination supports intra-band (NG)EN-DC in DL and UL, this field indicates the common capability for both DL and UL. If intrabandENDC-Support-UL is included, intraBandENDC-Support indicates the DL capability.
	BC
	No
	N/A
	N/A


For UE capability intraBandENDC-Support, according to its ASN.1 structure above, it is included in IE MRDC-Parameters in green, which is in the same place as the above UE capability supportedBandwidthCombinationSetIntraENDC, so UE capability intraBandENDC-Support is per BC and occurs only one time for each BC. Combined with above description of intraBandENDC-Support in TS38.306, the similar observation as the UE capability supportedBandwidthCombinationSetIntraENDC could be observed:
Observation2: The UE capability intraBandENDC-Support could be used to indicate whether the UE supports only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for only one intra-band EN-DC component in a band combination.
Similarly to the analysis to UE capability supportedBandwidthCombinationSetIntraENDC, if a UE reports this capability intraBandENDC-Support, it is unclear for network to understand which intra-band is indicated. So, a clarification on UE legacy behaviour is needed. RAN2 needs to clarify the procedure with below feasible options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 3:  RAN2 needs to clarify the legacy UE capability intraBandENDC-Support with one of following options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Considering that legacy IE intraBandENDC-Support is also per BC, and is used for only one intra-band EN-DC component or common for two intra-band EN-DC component, while the requirement from LS is to indicate the separate capability to two intra-band EN-DC components. To avoid the impact to legacy using of IE intraBandENDC-Support, similar to analysis for supportedBandwidthCombinationSetIntraENDC, it is proposed to introduce per BC UE capability, which could be two separate UE capabilities for two intra-band EN-DC components.
Proposal 4: Add two separate per BC UE capabilities to indicate whether the UE supports only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for two intra-band EN-DC components in an inter-band EN-DC band combination.

On intrabandENDC-Support-UL
The ASN.1 to UE capability intrabandENDC-Support-UL is seen in annex and its description in 38.306 is as follows:
	intraBandENDC-Support
Indicates whether the UE supports intra-band (NG)EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the (NG)EN-DC combination as specified in TS 38.101-3 [4].
If the UE does not include this field for an intra-band (NG)EN-DC combination the UE only supports the contiguous spectrum for the intra-band (NG)EN-DC combination.
If intrabandENDC-Support-UL is absent and the band combination supports intra-band (NG)EN-DC only in DL, this field indicates the DL capability. If intrabandENDC-Support-UL is absent and the band combination supports intra-band (NG)EN-DC in DL and UL, this field indicates the common capability for both DL and UL. If intrabandENDC-Support-UL is included, intraBandENDC-Support indicates the DL capability.
	BC
	No
	N/A
	N/A

	intrabandENDC-Support-UL
Indicates whether the UE supports intra-band (NG)EN-DC in UL with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the intra-band (NG)EN-DC combination as specified in TS 38.101-3 [4]. The UE includes this field only if the UE supports different UL and DL capabilities for the intra-band (NG)EN-DC band combination.
When 'both' is indicated in intrabandENDC-Support and in intraBandENDC-Support-UL, the UE supports the following three cases of intra-band (NG)EN-DC: contiguous DL/contiguous UL, non-contiguous DL/non-contiguous UL, contiguous DL/non-contiguous UL.
	BC
	No
	N/A
	N/A


According to the ASN.1 to this IE, it can be seen that it is included in the parent IE MRDC-Parameters as the UE capabilty intraBandENDC-Support does, it occurs only one time per BC and coupled with intraBandENDC-Support in some case. So, in our view, the UE capability intrabandENDC-Support-UL should also be enhanced to support the case of two intra-band EN-DC components for inter-band EN-DC band combination. The change could be noticed to RAN4 for reference. The similar observation is as follows:
Observation3: The UE capability intraBandENDC-Support-UL is used to indicate whether the UE supports in UL with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for only one intra-band EN-DC component in a band combination.
Similarly to the analysis to UE capability intraBandENDC-Support, if R17 UE reports this capability intraBandENDC-Support-UL, it is unclear for network to understand which intra-band is indicated. So, a clarification on UE legacy behaviour is needed. RAN2 needs to clarify the procedure with below feasible options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 5:  RAN2 needs to clarify the legacy UE capability intraBandENDC-Support-UL with one of following options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Considering that legacy IE intraBandENDC-Support-UL  is also per BC, and is used for only one intra-band EN-DC component or common for two intra-band EN-DC component, while the requirement from LS is to indicate the separate capability to two intra-band EN-DC components. To avoid the impact to legacy using of IE intraBandENDC-Support-UL, similarly to analysis to UE capability intraBandENDC-Support, it is proposed to introduce per BC UE capability, which could be two new separate UE capabilities for two intra-band EN-DC components.
Proposal 6: Add two separate per BC UE capabilities to indicate whether the UE supports intra-band (NG)EN-DC in UL with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for two intra-band EN-DC components in an inter-band EN-DC band combination.
Proposal 7: Send LS and check with RAN4 whether the similar change should also apply to intrabandENDC-Support-UL.
[bookmark: _GoBack]The corresponding corrections are implemented in CR R2-2402308/R2-2402309/R2-24023010/R2-2402311 for R17 and R18.
Conclusion
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Observation1: The UE capability supportedBandwidthCombinationSetIntraENDC could be used to report the supported bandwidth combination set for only one intra-band EN-DC component in a band combination.
Proposal 1:  RAN2 to clarify the meaning of legacy UE capability supportedBandwidthCombinationSetIntraENDC  in case there are multiple intra-band EN-DC components in a band combination, and some candidate options include:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 2: Add two separate per BC UE capabilities to indicate the BCS(s) for two intra-band EN- DC components in an inter-band EN-DC band combination.
Observation2: The UE capability intraBandENDC-Support could be used to indicate whether the UE supports only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for only one intra-band EN-DC component in a band combination.
Proposal 3:  RAN2 needs to clarify the legacy UE capability intraBandENDC-Support with one of following options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 4: Add two new separate UE capabilities per BC to indicate whether the UE supports only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for two intra-band EN-DC components in an inter-band EN-DC band combination.
Observation3: The UE capability intraBandENDC-Support-UL is used to indicate whether the UE supports in UL with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for only one intra-band EN-DC component in a band combination.
Proposal 5:  RAN2 needs to clarify the legacy UE capability intraBandENDC-Support-UL with one of following options:
· It is associated to the first intra-band EN-DC component;
· It is associated to the second intra-band EN-DC component;
· It is common to both intra-band EN-DC components.
Proposal 6: Add two separate per BC UE capabilities to indicate whether the UE supports intra-band (NG)EN-DC in UL with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for two intra-band EN-DC components in an inter-band EN-DC band combination.
Proposal 7: Send LS and check with RAN4 whether the similar change should also apply to intrabandENDC-Support-UL.
Reference
[1] R2-2401816, LS on IE supportedBandwidthCombinationSetIntraENDC and IE intraBandENDC-Support (R4-2403809; contact: Google), RAN4.
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Annex
[bookmark: _Toc60777465][bookmark: _Toc156130701]–	MRDC-Parameters
The IE MRDC-Parameters contains the band combination parameters specific to MR-DC for a given MR-DC band combination.
MRDC-Parameters information element
-- ASN1START
-- TAG-MRDC-PARAMETERS-START

MRDC-Parameters ::= SEQUENCE {
    singleUL-Transmission               ENUMERATED {supported}              OPTIONAL,
    dynamicPowerSharingENDC             ENUMERATED {supported}              OPTIONAL,
    tdm-Pattern                         ENUMERATED {supported}              OPTIONAL,
    ul-SharingEUTRA-NR                  ENUMERATED {tdm, fdm, both}         OPTIONAL,
    ul-SwitchingTimeEUTRA-NR            ENUMERATED {type1, type2}           OPTIONAL,
    simultaneousRxTxInterBandENDC       ENUMERATED {supported}              OPTIONAL,
    asyncIntraBandENDC                  ENUMERATED {supported}              OPTIONAL,
    ...,
    [[
    dualPA-Architecture                 ENUMERATED {supported}              OPTIONAL,
    intraBandENDC-Support               ENUMERATED {non-contiguous, both}   OPTIONAL,
    ul-TimingAlignmentEUTRA-NR          ENUMERATED {required}               OPTIONAL
    ]]
}

MRDC-Parameters-v1580 ::= SEQUENCE {
	dynamicPowerSharingNEDC             ENUMERATED {supported}              OPTIONAL
}

MRDC-Parameters-v1590 ::=	SEQUENCE {
	interBandContiguousMRDC             ENUMERATED {supported}              OPTIONAL
}

MRDC-Parameters-v15g0 ::=   SEQUENCE {
    simultaneousRxTxInterBandENDCPerBandPair   SimultaneousRxTxPerBandPair  OPTIONAL
}

MRDC-Parameters-v15n0 ::= SEQUENCE {
    intraBandENDC-Support-UL            ENUMERATED {non-contiguous, both}   OPTIONAL
}

MRDC-Parameters-v1620 ::=    SEQUENCE {
    maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16    SEQUENCE{
        eutra-TDD-Config0-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config1-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config2-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config3-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config4-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config5-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config6-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                    OPTIONAL,
    -- R1 18-2 Single UL TX operation for TDD PCell in EN-DC
    tdm-restrictionTDD-endc-r16          ENUMERATED {supported}                          OPTIONAL,
    -- R1 18-2a Single UL TX operation for FDD PCell in EN-DC
    tdm-restrictionFDD-endc-r16          ENUMERATED {supported}                          OPTIONAL,
    --  R1 18-2b Support of HARQ-offset for SUO case1 in EN-DC with LTE TDD PCell for type 1 UE
    singleUL-HARQ-offsetTDD-PCell-r16    ENUMERATED {supported}                          OPTIONAL,
    --  R1 18-3 Dual Tx transmission for EN-DC with FDD PCell(TDM pattern for dual Tx UE)
    tdm-restrictionDualTX-FDD-endc-r16   ENUMERATED {supported}                          OPTIONAL
}

MRDC-Parameters-v1630 ::= SEQUENCE {
    -- R4 2-20 Maximum uplink duty cycle for FDD+TDD EN-DC power class 2
    maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2-r16  SEQUENCE {
        maxUplinkDutyCycle-FDD-TDD-EN-DC1-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        maxUplinkDutyCycle-FDD-TDD-EN-DC2-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                                             OPTIONAL,

    -- R4 2-19 FDD-FDD or TDD-TDD inter-band MR-DC with overlapping or partially overlapping DL spectrum
    interBandMRDC-WithOverlapDL-Bands-r16       ENUMERATED {supported}                   OPTIONAL
}

MRDC-Parameters-v1700 ::=	SEQUENCE {
    condPSCellAdditionENDC-r17                  ENUMERATED {supported}                   OPTIONAL,
    scg-ActivationDeactivationENDC-r17          ENUMERATED {supported}                   OPTIONAL,
    scg-ActivationDeactivationResumeENDC-r17    ENUMERATED {supported}                   OPTIONAL
}

MRDC-Parameters-v1770 ::=	SEQUENCE {
    -- R4 26-1: Higher Power Limit CA DC
    higherPowerLimitMRDC-r17                    ENUMERATED {supported}                   OPTIONAL
}

-- TAG-MRDC-PARAMETERS-STOP
-- ASN1STOP


