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1	Introduction
In this contribution, we discuss a possible issue on the interpretation of bandwidth combination set (BWCS) for a scenario where the band combination comprises of inter-band EN-DC with intra-band EN-DC part.
2	Intra-band EN-DC with inter-band CA component
The concept of bandwidth combination sets was introduced in LTE CA and indicates the set of carrier bandwidths that a UE supports in CA/DC, allowing network to avoid configuring something UE wouldn't support.
The R4-1910249 was endorsed in RAN4#92 meeting that contained the following modifications:
A terminal which supports an EN-DC configuration shall support:
· If any subsets of the EN-DC configuration do not specify its own bandwidth combination sets in 5.3B, then the terminal shall support the same E-UTRA bandwidth combination sets it signals the support for in E-UTRA CA configuration part of E-UTRA – NR DC and shall support the same NR bandwidth combination sets it signals the support for in NR CA configuration part of E-UTRA – NR DC.
· Else if one of the subsets of the EN-DC configuration specify its own bandwidth combination sets in 5.3B, then the terminal shall support a product set of channel bandwidth for each band specified by E-UTRA bandwidth combination sets, NR bandwidth combination sets, and EN-DC bandwidth combination sets it signals the support.
Based on the RAN4 conclusion, for an inter-band EN-DC band combination with an intra-band EN-DC component, the UE needs to indicate the BWCS of LTE CA, BWCS of NR CA and BWCS of intra-band EN-DC. For example, consider a fictitious inter-band EN-DC combination as an example: 1A-2A-3A_n3A_n78A, the UE needs to report the BWCS of CA_1A-2A-3A, CA_ n3A-n78A and of the LTE-NR shared band component 3A_n3A. For band 3 in LTE, the UE supports the intersection of channel bandwidth of CA_1A-2A-3A and of the E-UTRA channel bandwidths of 3A n3A, and for band 3 in NR, the UE supports the intersection of channel bandwidth of CA_n3A-n78A and of the NR channel bandwidths of 3A n3A.
To support reporting three BWCS for LTE CA, NR CA and intra-band EN-DC separately, the 3GPP RAN2 introduced the field supportedBandwidthCombinationSetIntraENDC in Rel-15 and Rel-16 via CRs R2-2002390 & R2-2002127.
The changes are pasted here from the specification for easy reference from TS 38.306.
	supportedBandwidthCombinationSet
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4]. For NR CA, NR-DC, and intra-band EN-DC with additional inter-band NR CA component, the field defines the bandwidth combinations for the NR part of the band combination. For intra-band EN-DC without additional inter-band NR and LTE CA component, the field indicates the supported bandwidth combination set applicable to the NR and LTE band combinations. 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 38.101-1 [2], TS 38.101-2 [3] and 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 has more than one NR carrier (at least one SCell in an NR cell group) or is an intra-band EN-DC combination without additional inter-band NR and LTE CA component or both.
	BC
	CY
	No
	No

	supportedBandwidthCombinationSetIntraENDC
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-3 [4]. For intra-band EN-DC with additional inter-band NR/LTE CA component, the field defines the bandwidth combinations for the intra-band EN-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 EN-DC combination with additional inter-band NR/LTE CA component.
	BC
	CY
	No
	No



Observation 1: The reporting of the supportedBandwidthCombinationSetIntraENDC is per EN-DC BC.
Observation 2: The reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory for UEs if the band combination is an "intra-band EN-DC combination with additional inter-band NR/LTE CA component", independent from whether the intra-band EN-DC part supports one or more BWCS.
As such band combinations are being deployed currently, when determining the UE support for such bands, it was noticed that an ambiguity may still exist in the description of these capabilities. Thus, to avoid having issues with UEs in the field, a clarification may still be needed.
3	Description of the issue
Figure 3-1 shows an example of the four-band EN-DC band combinations with DL as DC_1A-2A-3A_n3A/ DC_1A-2A-3A_n3A and corresponding UL as DC_1A_n3A/DC_2A_n3A/DC_3A_n3A.
[image: ]
Figure 3-1: An example four-band band combination of inter-band EN-DC with intra-band EN-DC part
Observation 3: UE supporting DC_1A-2A-3A_n3A is allowed to indicate that it does not support e.g. uplink DC_3A_n3A but only supports uplink DC_1A_n3A and uplink DC_2A_n3A.
It is understood from the RAN2 specification that even if the UE supports only the band combinations DC_1A-2A-3A_n3A and DC_1A-2A-3A_n3A (where RED portion indicates the supported UL configuration as per Figure 3-1), the supportedBandwidthCombinationSetIntraENDC IE still needs to be reported due to the RAN2 condition for the band combination. If the UE does not signal this, the BWCS for band combination part 3A_n3A cannot be known by the network (i.e. network doesn't know whether BWCS 0 or 1 is supported). However, even though the UL cannot be placed in the band 3 in the above examples (since the UE doesn't support it), this still means that the band combination is an "intra-band EN-DC with inter-band CA component" despite the UL carriers not being "intra-band" since the DL carriers on (LTE) band 3 and (NR) n3 are still considered as "intra-band". Therefore, the presence of the intra-band BWCS capability supportedBandwidthCombinationSetIntraENDC is still mandatory according to TS38.306.
	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_3A_n3A 
	DC_3A_n3A(1)
	
	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
	
	
	


Table 3-1: 38.101-3 (Table 5.3B.1.3-1)
Observation 4: Any UEs in the field reporting a band combination comprising of an intra-band EN-DC combination with additional inter-band NR/LTE CA component before the introduction of RAN2 CRs R2-2002390 & R2-2002127 would be impacted in a non-backward compatible manner.
Based on the above discussion and to ensure this is clear to all UE implementations, we propose the following:
Proposal 1: RAN2 to confirm that reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory for UEs if the band combination is an intra-band EN-DC combination with additional inter-band NR/LTE CA component independent from whether the intra-band EN-DC part supports one or more BWCS.
Proposal 2: RAN2 to confirm that the reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory even when the intra-band EN-DC component of the mixed intra/inter-band EN-DC band combination UE is not a fallback band combination (e.g. 3A_n3A is not a fallback of DC_1A-2A-3A_n3A and DC_1A-2A-3A_n3A but still UE shall report the supportedBandwidthCombinationSetIntraENDC IE).
However, this still leads to a question: If someone has interpreted this differently, i.e. a UE on the field does not support the RAN2 CRs R2-2002390 & R2-2002127 but still reports a band combination comprising of an intra-band EN-DC combination with additional inter-band NR/LTE CA component, the network does not know which BWCS the UE supports. To solve such issue, it could be assumed that the UE supports (at least) BWCS 0 if the above capability is not reported. To make such a case clear, the existing capability may be updated as shown in the below text proposal.
	supportedBandwidthCombinationSetIntraENDC
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-3 [4]. For intra-band EN-DC with additional inter-band NR/LTE CA component, the field defines the bandwidth combinations for the intra-band EN-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 EN-DC combination with additional inter-band NR/LTE CA component. If the band combination comprises of an intra-band EN-DC combination with additional inter-band NR/LTE CA component and this field is not reported, then the network may assume the UE only supports BCS 0.
	BC
	CY
	No
	No



However, this needs to be confirmed by RAN2 so we propose that RAN2 discusses whether this interpretation is acceptable to all vendors:
Proposal 3: RAN2 to confirm if the network may assume  the UE only supports BCS 0 if the UE does not report the  supportedBandwidthCombinationSetIntraENDC field for a band combination comprising of an intra-band EN-DC combination with additional inter-band NR/LTE CA component.
4	Conclusion
In this contribution we have discussed a possible issue on the interpretation of BWCS for a scenario where the band combination comprises of inter-band EN-DC with intra-band EN-DC part. We make the following observations, proposals and provide a text proposal for discussing this issue:
Observation 1: The reporting of the supportedBandwidthCombinationSetIntraENDC is per BC.
Observation 2: The reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory for UEs if the band combination is an "intra-band EN-DC combination with additional inter-band NR/LTE CA component", independent from whether the intra-band EN-DC part supports one or more BWCS.
Observation 3: UE supporting DC_1A-2A-3A_n3A is allowed to indicate that it does not support uplink DC_3A_n3A but only supports uplinks DC_1A_n3A and DC_2A_n3A.
Observation 4: Any UEs in the field reporting a band combination comprising of an intra-band EN-DC combination with additional inter-band NR/LTE CA component before the introduction of RAN2 CRs R2-2002390 & R2-2002127 would be impacted in a non-backward compatible manner.
Proposal 1: RAN2 to confirm that reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory for UEs if the band combination is an intra-band EN-DC combination with additional inter-band NR/LTE CA component independent from whether the intra-band EN-DC part supports one or more BWCS.
Proposal 2: RAN2 to confirm that the reporting of the supportedBandwidthCombinationSetIntraENDC is mandatory even when the intra-band EN-DC component of the mixed intra/inter-band EN-DC band combination UE is not a fallback band combination (e.g. 3A_n3A is not a fallback of DC_1A-2A-3A_n3A and DC_1A-2A-3A_n3A but still UE shall report the supportedBandwidthCombinationSetIntraENDC IE).
Proposal 3: RAN2 to confirm if the network may assume  the UE only supports BCS 0 if the UE does not report the  supportedBandwidthCombinationSetIntraENDC field for a band combination comprising of an intra-band EN-DC combination with additional inter-band NR/LTE CA component.
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Table 5.5B.4.3-1: Inter-band EN-DC configurations within FR1 (e.g. four bands)

DC_1A-2A-3A_n3C

EN-DC Uplink EN-_DC

Configuration configuration
(NOTE 1)

DC_1A_n3A

the present release of specifications.

simultaneous Rx/Tx capability

DL.

assumed to be within 6dB.

NOTE 1: Uplink EN-DC configurations are the configurations supported by

NOTE 2: Applicable for UE supporting inter-band EN-DC with mandatory

NOTE 3: The frequency range in band n28 is restricted for this band
combination to 703-733 MHz for the UL and 758-788 MHz for the

NOTE 5: UL carrier shall be supported in Band 1 or band 3 only. Power
imbalance between downlink carriers on Band 7 and Band 38 is

UE needs to support at least one
UL configuration, but need not
support all of them. UE capabilities
indicate which ULs are supported

Single-UL capability only applies to
UL between 3 and n3




