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1	Introduction
In March 2020 CRs were approved to add capability signalling for “intra-band EN-DC with LTE CA and/or NR CA inside.” However, what was not clear is if this parameter is needed for UEs that did not support intra-band EN-DC on the uplink. The introduction of this UE Capability IE has led to some problems with some legacy UEs that support certain EN-DC combinations. Also, RAN Plenary has sent an LS to RAN4 and RAN2 on this topic in RP-202935 [4].
This contribution discusses the situation and proposes a resolution for the issue that will enable operation of legacy UEs, while allowing for inclusion of intra-band EN-DC BCSs in the UE capabilities when needed. 
2	Discussion
[bookmark: _Hlk40391733][bookmark: _Hlk47712237]2.1 	Background
The LS from RAN4 to RAN2 described what BCSs were needed for 
1) Intra-band EN-DC without LTE CA or NR CA, e.g. DC_(n)41AA, DC_3A_n3A
2) Intra-band EN-DC with LTE CA and/or NR CA inside, e.g. DC_(n)41CA, DC_41C_n41A
3) [bookmark: _Ref58917105]Intra-band EN-DC with additional inter-band LTE CA and/or NR CA, e.g. DC_2A-(n)71AA, DC_(n)41AA_n77C
As a result, RAN2 added the IE supportedBandwidthCombinationSetIntraENDC so that a UE can indicate what intra-band EN-DC combinations the UE can support these situations. This new IE is “mandatory if the band combination is an intra-band EN-DC combination with additional inter-band NR/LTE CA component.” 
As a result, UEs with certain combinations which used to work fine in some operator’s networks stopped working. For instance, legacy UEs that support DL DC_2A-7A-7A-66A_n66A but not UL DC_66A_n66A could no longer be configured for DC_2A-7A-7A-66A because they were not transmitting the new mandatory IE. 
[bookmark: _Hlk58859839]In order to resolve this issue, it was suggested that combinations like DL DC_2A-7A-7A-66A_n66A without support for UL DC_66A_n66A are not really an “intra-band EN-DC combination with additional inter-band NR/LTE CA component” and thus did not need to indicate the new supportedBandwidthCombinationSetIntraENDC. One proposal was to only require the supportedBandwidthCombinationSetIntraENDC for combinations which supported intra-band EN-DC on the uplink. However, it is not clear if a UE that supports a combination like DL DC_2A-7A-7A-66A_n66A but not UL DC_66A_n66A would really necessarily support all channel bandwidth combinations of Band 66 + n66. For instance, the intra-band EN-DC BCS for DC_66A_n66A looks like this:
	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_66A_n66A
	DC_66A_n66A2
	5, 10, 15, 20
	5, 10, 15, 20, 40
	
	50
	0

	NOTE 1:	Only single switched UL is supported in Rel.15.
NOTE 2:	Only single switched UL is supported.
NOTE 3:	Requirements in this specification apply for NR SCS of 15 kHz only.
NOTE 4:	The minimum requirements only apply for non-simultaneous Tx/Rx between all carriers.



This raises a few questions for UE vendors about a UE that supports DL DC_2A-7A-7A-66A_n66A but not UL DC_66A_n66A:
1) [bookmark: _Hlk58859959]Does such a UE support configurations for DL DC_2A-7A-7A-66A_n66A where the LTE Band 66 CC is at a higher frequency than the NR n66 CC even though BCS0 for DC_66A_n66A only includes LTE as the lower frequency CC?
2) If such a UE also supported 25 and/or 30 MHz for n66, would 25 and/or 30 MHz for n66 be supported in DL DC_2A-7A-7A-66A_n66A, even though 35 and 30 MHz are not included in DC_66A_n66A BCS0?
3) Would such a UE support 20 MHz LTE + 40 MHz NR in DL DC_2A-7A-7A-66A_n66A, even though the DC_66A_n66A BCS0 only supports up to 50 MHz? 
In addition, EN-DC combinations with Band 71 on the LTE side and n71 on the NR side have some constraints due to the duplex filter used. With a split duplexer, the configurations for Band 71 and n71 are impacted by whether the UE uses a split duplexer or a single duplexer. BCS0 for DC_71A_n71A is based on a split duplexer can be seen here: 
	
	
	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)
	BCS

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

	DC_71A_n71A
	DC_71A_n71A2
	15
	5
	
	20
	0

	
	
	10
	5, 10
	
	
	

	
	
	5
	5, 10, 15
	
	
	

	
	
	
	5
	15
	
	

	
	
	
	5, 10
	10
	
	

	
	
	
	5, 10, 15
	5
	
	

	NOTE 2:   Only single switched UL is supported.



[bookmark: _Hlk58863111]For a UE that supports a combination like DL DC_2A-71A_n71A but not UL DC_71A_n71A, one RFFE vendor commented in the RAN Plenary discussions [3] stated “In that case there are full or dual duplexer implementations for band 71 which has an impact on the supported BWs and constraints for B71 LTE and n71 NR CCs to be received simultaneously. It may be that is mean that BCS needs to be signalled.”
In the future there will likely be a BCS1 for DC_71A_n71A for full band duplexers that offers more bandwidth flexibility, or maybe BCS4 which supports full bandwidth flexibility. In this case, the gNB will need to know if the UE supports a limited set of B71_ n71 DL bandwidths like DC_71A_n71A BCS0, or a different set of bandwidths in a new BCS. 
In order to resolve the issue with legacy UEs that support combinations like DL DC_2A-7A-7A-66A_n66A but not UL DC_66A_n66A and do not include the supportedBandwidthCombinationSetIntraENDC IE, as well as UEs that support combinations like DL DC_2A-71A_n71A but not UL DC_71A_n71A, we propose that if a UE supports a higher order EN-DC combination with a common LTE and NR band, such as DC_2A-7A-7A-66A_n66A or DC_2A-71A_n71A it should include the supportedBandwidthCombinationSetIntraENDC IE for the band combination whether or not the UE supports UL intra-band EN-DC.
2.2 	LS from RAN Plenary
This issue was discussed at RAN Plenary #90e [3]. As a result, RAN Plenary sent an LS to RAN4 and RAN2 [4]. The questions addressed to RAN4 are:
A)	Clarify if higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A need to report a BCS for intra-band EN-DC (as defined in 38.101-3, section 5.3B.1), even if the UE doesn’t support the intra-band UL configurations DC_66A_n66A or DC_71A_n71A respectively. If the UE does not report the EN-DC BCS for such a combination, what can the network assume about the configuration limitations for the common bands (e.g. LTE band 71 and NR band n71) in the combination?
B)	Resolve the general question of classification of intra-band EN-DC band combinations according to UL support. If the UE doesn't support UL on intra-band EN-DC part of a band combination, is band combination classified as "intra-band EN-DC band combination"? 
C) 	Indicate the RAN4 understanding on A) and B) to RAN2 by the end of the first meeting week of RAN4#98e (to allow RAN2 to finalize their work).
D) 	Agree to necessary CRs taking the conclusions of A) and B) into account.

2.2.1 	Response to A)
Some implementations have an impact on EN-DC channel bandwidth configurations for common LTE and NR bands in higher order combinations. For instance, UEs that support downlink DC_2A-71A_n71A but not UL DC_71A_n71A and use a split duplexer have restrictions on the allocation of Band 71 and n71 channel BWs matching BCS0 for DC_71A_n71A. 
Because of this, If a UE supports a higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A the UE needs to report supported BCS(s) for intra-band EN-DC (as defined in 38.101-3, section 5.3B.1), even if the UE doesn’t support the intra-band UL configurations DC_66A_n66A or DC_71A_n71A respectively. 
[bookmark: _Hlk58918714]Proposal 1: If a UE supports a higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A the UE needs to report supported BCS(s) for intra-band EN-DC (as defined in 38.101-3, section 5.3B.1), even if the UE doesn’t support the intra-band UL configurations DC_66A_n66A or DC_71A_n71A respectively.
If a UE does not report EN-DC BCS(s) for such a combination, the network may assume the configuration limitations for the common bands (e.g. LTE band 71 and NR band n71) in the combination are based on BCS0 for the equivalent intra-band EN-DC combination. For instance, for DC_2A-7A-7A-66A-n66A if no BCS (supportedBandwidthCombinationSetIntraENDC) is received in the UE capabilities for DC_66A-n66A the network may assume that in the higher order combination the UE will support the same channel bandwidths for Band 66 and n66 as it does in BCS0 for DC_66A-n66A. Likewise, for DC_2A-71A_n71A if no BCS (supportedBandwidthCombinationSetIntraENDC) is received in the UE capabilities for DC_71A_n71A the network may assume that in the higher order combination the UE will support the same channel bandwidths for Band 71 and n71 as it does in BCS0 for DC_71A_n71A.
Proposal 2: If a UE does not report intra-band EN-DC BCS(s) for a higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A, the network may assume the configuration limitations for the common bands (e.g. LTE band 71 and NR band n71) in the combination are based on BCS0 for the equivalent intra-band EN-DC combination.
2.2.2 	Response to B)
In a previous LS from RAN2 to RAN4, RAN2 asked RAN4 to clarify how to report BCS for EN-DC BC including:
1.	Intra-band EN-DC without LTE CA or NR CA, e.g. DC_(n)41AA, DC_3A_n3A
2.	Intra-band EN-DC with LTE CA and/or NR CA inside, e.g. DC_(n)41CA, DC_41C_n41A
3.	Intra-band EN-DC with additional inter-band LTE CA and/or NR CA, e.g. DC_2A-(n)71AA, DC_(n)41AA_n77C
[bookmark: _Hlk58923069]To which RAN4 responded with how the BCSs should be reported for each of the three situations above. However, at that time RAN2 did not ask about and RAN4 did not address the situation of a higher order EN-DC band combination with a common band on the LTE and NR side that did not support intra-band UL EN-DC. In 38.101-3  DC_2A-7A-7A-66A_n66A appears in Table 5.5B.4.3-1: Inter-band EN-DC configurations within FR1 (four bands), including the option for DC_66A-n66A as an allowed uplink EN-DC combination. 
We believe that technically this combination could be viewed as only inter-band EN-DC if it is not configured with UL DC_66A-n66A, and intra-band EN-DC with LTE CA if it is configured with UL DC_66A-n66A. Or, maybe it would be inter-band EN-DC with downlink intra-band (NG)EN-DC components. 
However, we believe that it is important to note that even if the UE doesn't support UL on intra-band EN-DC part of a band combination, and thus band combination may not be classified as "intra-band EN-DC band combination," the UE should still report an intra-band EN-DC BCS. 
Proposal 3: If a UE doesn't support UL on intra-band EN-DC part of a band combination, the band combination is not classified as an "intra-band EN-DC band combination." However, as noted in response to A) above, the UE should still report the supported intra-band EN-DC BCS(s) if the EN-DC band combination contains a common band on both the LTE and NR side even if the UE does not support UL intra-band EN-DC with the common bands. 
While RAN4 shouldn’t tell RAN2 how to write there specifications, since there is a urgency to resolve this issue in Q1, to avoid back and forth between RAN4 and RAN2 it might be helpful to propose specific language to RAN2 to resolve this issue. 
Proposal 4: In order to help resolve this issue as quickly as possible, RAN4 should politely offer the following change in red as a possible option for 38.306: 
supportedBandwidthCombinationSetIntraENDC
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-3 [4]. For intra-band (NG)EN-DC with additional inter-band CA component(s) of LTE and/or NR, or for inter-band (NG)EN-DC with downlink intra-band (NG)EN-DC components, the field defines the bandwidth combinations for the intra-band (NG)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 (NG)EN-DC combination with additional inter-band NR/LTE CA component. When not present for intra-band (NG)EN-DC with additional inter-band CA component(s) of LTE and/or NR, or for inter-band (NG)EN-DC with downlink intra-band (NG)EN-DC components, the network may assume support for BCS0 for the relevant intra-band (NG)EN-DC components. 
2.2.3 	Response to C)
Proposal 5: RAN4 to send an LS to RAN2 conveying the information above.
2.2.4 	Response to D)
[bookmark: _Hlk54036896]Proposal 6: RAN4 to discuss if any CRs are needed to clarify the relevance of intra-band EN-DC BCSs for higher order EN-DC combinations. 
3	Conclusions
Proposal 1: If a UE supports a higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A the UE needs to report supported BCS(s) for intra-band EN-DC (as defined in 38.101-3, section 5.3B.1), even if the UE doesn’t support the intra-band UL configurations DC_66A_n66A or DC_71A_n71A respectively.
Proposal 2: If a UE does not report intra-band EN-DC BCS(s) for a higher order (i.e. those band combinations which the UE indicates support for explicitly in UE capability signalling) EN-DC band combinations with a common band on the LTE and NR side such as DC_2A-7A-7A-66A-n66A and DC_2A-71A_n71A, the network may assume the configuration limitations for the common bands (e.g. LTE band 71 and NR band n71) in the combination are based on BCS0 for the equivalent intra-band EN-DC combination.
Proposal 3: If a UE doesn't support UL on intra-band EN-DC part of a band combination, the band combination is not classified as an "intra-band EN-DC band combination." However, as noted in response to A) above, the UE should still report the supported intra-band EN-DC BCS(s) if the EN-DC band combination contains a common band on both the LTE and NR side even if the UE does not support UL intra-band EN-DC with the common bands. 
Proposal 4: In order to help resolve this issue as quickly as possible, RAN4 should politely offer the following change in red as a possible change to 38.306: 
supportedBandwidthCombinationSetIntraENDC
Defines the supported bandwidth combination for the band combination set as defined in the TS 38.101-3 [4]. For intra-band (NG)EN-DC with additional inter-band CA component(s) of LTE and/or NR, or for inter-band (NG)EN-DC with downlink intra-band (NG)EN-DC components, the field defines the bandwidth combinations for the intra-band (NG)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 (NG)EN-DC combination with additional inter-band NR/LTE CA component. When not present for intra-band (NG)EN-DC with additional inter-band CA component(s) of LTE and/or NR, or for inter-band (NG)EN-DC with downlink intra-band (NG)EN-DC components, the network may assume support for BCS0 for the relevant intra-band (NG)EN-DC components.
Proposal 5: RAN4 to send an LS to RAN2 conveying the information above.
Proposal 6: RAN4 to discuss if any CRs are needed to clarify the relevance of intra-band EN-DC BCSs for higher order EN-DC combinations. 
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