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Introduction
A RAN4 LS[1] was received this meeting, asking RAN2 to consider the inter-band EN-DC scenario with multiple intra-band EN-DC components, e.g. DC_3A-41A_n3A-n41A, DC_2A-66A_n2A-n66A. RAN4 requests RAN2 to check how to understand the BCS and spectrum contiguity capability in such band combinations. 
In this contribution, we provide our analysis on this issue. 
Discussion
According to the RAN4 LS[1], there are some inter-band EN-DC combinations with multiple intra-band EN-DC components. In current RAN2 spec, some intra-band EN-DC capabilities are reported in perBC level, e.g. BCS, intrabandENDC-Support. These capabilities are defined for the whole BC, without differentiation of multiple intra-band EN-DC components. To figure out whether there is ambiguity issue from signalling perspective, we analyse how to interpret these capabilities in such inter-band EN-DC band combinations one by one. 
BCS
In current spec, there are three BCS capabilities: supportedBandwidthCombinationSet,  supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA. The first one is used for intra-band (NG)EN-DC/NE-DC without additional inter-band NR and LTE CA component, the second one is used for intra-band (NG)EN-DC/NE-DC component when there is additional inter-band NR and/or LTE CA component. In the latter case, the supportedBandwidthCombinationSet and/or supportedBandwidthCombinationSetEUTRA are used to indicate the BCS for the additional inter-band NR part and/or LTE part separately. 
For the EN-DC combinations with multiple intra-band EN-DC components in the RAN4 LS, no BCS is defined according to TS 38.101-3[2]. We understand the channel BW combination according to each BCS (e.g. BCS#0, 1) is specified based on the bandwidth requirement from operators. It is not clear to us whether the BW requirement of higher-order BC (e.g. DC_3A-41A_n3A-n41A) is exactly the same with the BW corresponding to the BCSs reported for the fallback BCs (e.g. DC_41A_n41A). In real deployment, the configurable CC BW for DC_3A-41A_n3A-n41A may be quite limited, which is a subset of the CC BW for its fallback BCs. For example, maybe only one BCS#0 is enough to indicate the CC BW combinations for DC_3A-41A_n3A-n41A. Since there is no BCS defined for such higher-order BC,  from RAN2 perspective, it is ambiguous whether all the BCSs (i.e. supportedBandwidthCombinationSet,  supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA) specified for the fallback band combinations are applicable to the higher-order EN-DC combinations without BCS specified. We understand RAN4 should be responsible to define the applicable BCS first for such mixed high-order EN-DC combinations.
Observation 1: From RAN2 perspective, it is ambiguous whether all the BCSs (i.e. supportedBandwidthCombinationSet, supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA) specified for the fallback band combinations are applicable to the higher-order EN-DC combinations without BCS specified, or new BCS table is needed for such higher-order EN-DC combinations. 
Proposal 1: Ask RAN4 to confirm whether all the BCSs for the fallback combinations are applicable for the higher-order EN-DC combinations without BCS specified, or new BCS table is to be specified for such higher-order combinations.
In our view, if it is confirmed by RAN4 that all the BCSs for the fallback combinations are applicable for the higher-order EN-DC combinations, it can be supported by existing RAN2 signalling by following way. For example, for Rel-17 combination DC_3A-41A_n3A-n41A, the fallback components with BCS specified include the following:
1)   DC_3A_n3A within DC_3A-41A_n3A-n41A;
2)  DC_41A_n41A within DC_3A-41A_n3A-n41A;
3)  CA_3A_41A within DC_3A-41A_n3A-n41A;
4)  CA_n3A_n41A within DC_3A-41A_n3A-n41A;
The component 3) and component 4) can be indicated by supportedBandwidthCombinationSetEUTRA and supportedBandwidthCombinationSet separately, and the component 1) and component 2) can be indicated by supportedBandwidthCombinationSetIntraENDC. The table-1 shows the BCSs specified for the intra-band EN-DC components for Rel-17 EN-DC combinations, according to TS 38.101-3-hc0.
Table-1 BCS table of intra-band EN-DC components for Rel-17 EN-DC combinations
	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_3A_n3A
	DC_3A_n3A
	
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	50
	0

	
	
	
	5, 10, 15, 20, 25, 30
	5, 10, 15, 20
	50
	1

	
	
	5, 10, 15, 20
	5, 10, 15, 20, 25, 30
	
	
	

	DC_41A_n41A
	DC_41A_n41A
	20
	40, 60, 80,100
	
	120
	0

	
	
	
	40, 60, 80,100
	20
	
	

	
	
	20
	40, 50, 60, 80,100
	
	120
	1

	
	
	
	40, 50, 60, 80,100
	20
	
	

	
	
	20
	10, 20, 30, 40, 50, 60, 80,100
	
	120
	2

	
	
	
	10, 20, 30, 40, 50, 60, 80,100
	20
	
	

	
	
	10
	20, 30, 40, 50, 60, 80,100
	
	
	

	
	
	
	20, 30, 40, 50, 60, 80,100
	10
	
	



Since there is only one BCS (i.e.  supportedBandwidthCombinationSetIntraENDC) defined for intra-band EN-DC part, there is no way to indicate the BCS for component 1) and component 2) separately. In other words, the same BCS should be applied for all the intra-band EN-DC components if applicable. For example, as shown in the Table-2, if the UE supports BCS#0 and BCS#1 for one intra-band component (e.g. DC_3A_n3A), and supports BCS#0, BCS#1 and BCS#2 for another component (e.g. DC_41A_n41A), the UE should indicate BCS#0, 1 and 2. In this case, BCS#2 is only applicable for the component with BCS#2 specified, i.e. DC_41A_n41A. In another example, if the UE supports BCS#0 for one intra-band component, and supports BCS#0 and BCS#1 for another component, the UE should indicate only BCS#0. Though some bandwidth will be missed by the NW in this case, the inter-operability with the NW can be guaranteed. We understand there is no critical issue to reuse the existing signalling in this case.
Table-2 Applied BCS for intra-band EN-DC components for Rel-17 EN-DC combinations
	EN-DC Band combination

	Reported BCS in supportedBandwidthCombinationSetIntraENDC
	Intra-band EN-DC components
	Applied BCS for each intra-band EN-DC component

	DC_3A-41A_n3A-n41A
	BCS#0,1
	DC_3A_n3A
	BCS#0,1

	
	
	DC_41A_n41A
	BCS#0,1

	
	BCS#0,1 and 2
	DC_3A_n3A
	BCS#0, 1

	
	
	DC_41A_n41A
	BCS#0, 1, 2 (BCS#2 is only specified for DC_41A_n41A， but not specified for DC_3A_n3A)


For Rel-18 EN-DC combinations (e.g. DC_2A-66A_n2A-n66A), there are following BCS specified for intra-band EN-DC components in Table-3, according to TS 38.101-3-i40.
Table-3 BCS table of intra-band EN-DC components for Rel-18 EN-DC combinations
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_2A_n2A
	DC_2A_n2A2
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0

	DC_66A_n66A
	DC_66A_n66A2
	5, 10, 15, 20
	5, 10, 15, 20, 40
	
	50
	0

	
	
	5, 10, 15, 20
	5, 10, 15, 20, 25, 30, 40
	
	60
	1

	
	
	
	5, 10, 15, 20, 25, 30, 40
	5, 10, 15, 20
	
	


It can be seen that for Rel-18 combinations (e.g. DC_2A-66A_n2A-n66A), if the UE supports BCS#0 for both intra-band EN-DC components, the UE shall indicate BCS#0; if the UE supports BCS#0 for one component, and supports BCS#0 and BCS#1 for another component, the UE shall indicate BCS#0 and BCS#1(BCS#1 is only applicable for the component with BCS#1 specified). Thus, there is no ambiguity issue to report one BCS for multiple intra-band components for Rel-18 EN-DC combinations. 
Table-4 Applied BCS for intra-band EN-DC components for Rel-18 EN-DC combinations
	EN-DC Band combination

	Reported BCS in supportedBandwidthCombinationSetIntraENDC
	Intra-band EN-DC components
	Applied BCS for each intra-band EN-DC component

	DC_2A-66A_n2A-n66A
	BCS#0
	DC_2A_n2A
	BCS#0

	
	
	DC_66A_n66A
	BCS#0

	
	BCS#0 and BCS#1
	DC_2A_n2A
	BCS#0

	
	
	DC_66A_n66A
	BCS#0 and BCS# 1 (BCS#1 is only specified for DC_66A_n66A， but not specified for DC_2A_n2A)



Observation 2: According to the existing RAN2 signalling, the common BCS(s) (i.e. indicated by supportedBandwidthCombinationSetIntraENDC) is applied for all the intra-band EN-DC components in a band combination, if the BCS(s) has been defined for that component in RAN4 spec. There is no critical issue to reuse the existing signalling in this case from RAN2 perspective.
Proposal 2: If RAN4 confirms that all the BCS(s) defined for the fallback combinations are applicable for the higher-order EN-DC combinations, the existing signaling (i.e. supportedBandwidthCombinationSetIntraENDC) is sufficient to indicate the common BCS(s) for all the intra-band EN-DC components in a band combination. The indicated BCS(s) is applicable to the components only when it has been defined in RAN4 spec. 
Lastly, in our view, considering there may be more band combinations introduced in the future with multiple fallback components (including intra-band EN-DC components and NR/LTE CA components), it is not a future-proof mechanism to introduce more BCS signaling for each component. In addition, since RAN4 has agreed to introduce BCS#4/BCS#5, we think BCS#4/BCS#5 can be used for such complex inter-band EN-DC band combinations with multiple intra-band components.
Proposal 3: For a future-proof mechanism, suggest RAN4 to consider BCS#4/5 for the EN-DC combinations with multiple intra-band EN-DC components.
Spectrum contiguity capability
In current spec, the spectrum contiguity capability for intra-band EN-DC is indicated by intraBandENDC-Support/ intrabandENDC-Support-UL. The former one is used when there is same contiguity between DL and UL, and the latter one is used when there is different capability between DL and UL. For the EN-DC combinations given by RAN4 LS, all of the intra-band EN-DC components are non-contiguous intra-band EN-DC. Thus, intraBandENDC-Support can be used with the value set to “non-contiguous”, and the same contiguity capability will be applied for all of the intra-band EN-DC components. In other words, there is no ambiguity issue of contiguity capability signalling for the EN-DC band combinations with multiple intra-band components given by RAN4 LS. 
Observation 3: All the EN-DC combinations listed in RAN4 LS consist of non-contiguous intra-band EN-DC components, hence the existing signalling (i.e. intrabandENDC-Support) is sufficient to indicate that all the intra-band EN-DC components are non-contiguous.
Proposal 4: RAN2 confirms that for the EN-DC combinations listed in RAN4 LS, the existing signalling (i.e. intrabandENDC-Support) is sufficient to indicate multiple intra-band EN-DC components in a band combination have the same non-contiguous capability, and informs RAN4.
Conclusion
In this contribution, we have following observations and proposals:
For BCS:
Observation 1: From RAN2 perspective, it is ambiguous whether all the BCSs (i.e. supportedBandwidthCombinationSet,  supportedBandwidthCombinationSetIntraENDC, and supportedBandwidthCombinationSetEUTRA)  specified for the fallback band combinations are applicable to the higher-order EN-DC combinations without BCS specified, or new BCS table is needed for such higher-order EN-DC combinations.
Observation 2: According to the existing RAN2 signalling, the common BCS(s) (i.e. indicated by supportedBandwidthCombinationSetIntraENDC) is applied for all the intra-band EN-DC components in a band combination, if the BCS(s) has been defined for that component in RAN4 spec. There is no critical issue to reuse the existing signalling in this case from RAN2 perspective.

Proposal 1: Ask RAN4 to confirm whether all the BCSs for the fallback combinations are applicable for the higher-order EN-DC combinations without BCS specified, or new BCS table is to be specified for such higher-order combinations.
Proposal 2: If RAN4 confirms that all the BCS(s) defined for the fallback combinations are applicable for the higher-order EN-DC combinations, the existing signaling (i.e. supportedBandwidthCombinationSetIntraENDC) is sufficient to indicate the common BCS(s) for all the intra-band EN-DC components in a band combination. The indicated BCS(s) is applicable to the components only when it has been defined in RAN4 spec. 
Proposal 3: For a future-proof mechanism, suggest RAN4 to consider BCS#4/5 for the EN-DC combinations with multiple intra-band EN-DC components.

For spectrum contiguity:
Observation 3: All the EN-DC combinations listed in RAN4 LS consist of non-contiguous intra-band EN-DC components, hence the existing signalling (i.e. intrabandENDC-Support) is sufficient to indicate that all the intra-band EN-DC components are non-contiguous.
Proposal 4: RAN2 confirms that for the EN-DC combinations listed in RAN4 LS, the existing signalling (i.e. intrabandENDC-Support) is sufficient to indicate multiple intra-band EN-DC components in a band combination have the same non-contiguous capability, and informs RAN4.
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