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Introduction
In RAN4#108, an issue for intra-band EN-DC BCS reporting for inter-band EN-DC band combination with two additional intra-band EN-DC components has been raised for discussion. In Rel-17, some inter-band EN-DC band combinations with two intra-band EN-DC components, which are captured in the following table, are introduced. According to TS 38.306, the signaling IE supportedBandwidthCombinationSetIntraENDC can only be indicated for one intra-band EN-DC component. Hence, it was identified that this signaling IE may encounter an ambiguous issue to separately indicate two intra-band EN-DC/NE-DC components, e.g., DC_3A_n3A and DC_41A_n41A, within an inter-band EN-DC/NE-DC band combination, e.g., DC_3A-41A_n3A-n41A or DC_1A-3A-41A_n3A-n41A [8]. The UE is not able to indicate the BCSs of the two intra-band EN-DC components due to the current signalling restriction, and the network also does not know which BCS of the intra-band EN-DC component the UE is referring to.
	EN-DC configuration
	Uplink EN-DC configuration (NOTE1)

	DC_3A-41A_n3A-n41A
	DC_3A_n3A4
DC_3A_n41A
DC_41A_n3A

	DC_1A-3A-41A_n3A-n41A
	DC_1A_n3A
DC_1A_n41A
DC_3A_n3A4
DC_3A_n41A
DC_41A_n3A


The WF [9] is approved to encourage companies to have further investigation on whether current signaling is sufficient to report the BCS(s) of the intra-band EN-DC components for a higher order inter-band EN-DC band combination with two intra-band EN-DC components. In this paper, we would like to share our view in the following.
	Way Forward		
· Companies are encouraged to check whether the current RAN2 signaling exists an issue on reporting the BCS(s) of the intra-band EN-DC components for a higher order inter-band EN-DC band combination with two intra-band EN-DC components.


Discussion
From RRC signaling perspective, the UE is allowed to indicate E-UTRA bandwidth combination sets (LTE CA BCS), NR bandwidth combination sets (NR CA BCS) for a supported inter-band EN-DC/NE-DC band combination. If the inter-band EN-DC/NE-DC band combination includes additional intra-band EN-DC/NE-DC component, RAN2 has introduced a signaling IE, supportedBandwidthCombinationSetIntraENDC, to indicate the EN-DC/EN-DC bandwidth combination sets (EN-DC/NE-DC BCS) for the intra-band EN-DC/NE-DC component. Therefore, the UE is allowed to additionally signal EN-DC/NE-DC BCS for this kind of inter-band EN-DC band combinations. According to TS38.101-3 sub-clause 4.2, the UE should support a product set or a common set among these three bandwidth combination sets which it signals to support. 
[38.101-3][Sub-clause 4.2][V17.11.1]
A terminal which supports an EN-DC or NE-DC configuration shall support:
	If any subsets of the EN-DC or NE-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 or NE-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 or NE-DC bandwidth combination sets it singnals the support. A terminal which supports an inter-band EN-DC or NE-DC configuration with a certain UL configuration shall support the all lower order DL configurations of the lower order EN-DC or NE-DC combinations, which have this certain UL configuration and the fallbacks of this UL configuration.





In RAN4#98-e, EN-DC/NE-DC BCS reporting for inter-band EN-DC band combination with one additional intra-band EN-DC component has been further discussed. The RAN4 LS to RAN2 [1][2], RAN4 CRs [3][4][5] and RAN2 CRs [6][7] are agreed to clarify the definition of IE supportedBandwidthCombinationSetIntraENDC. The major clarification in RAN4 CRs is that if the IE is not indicated, the network would assume the UE supports BCS0 for the intra-band EN-DC/NE-DC as defined in the TS 38.101-3. As for RAN2 CRs, the major clarification is that the reporting condition is mandatory if the UL configuration is intra-band EN-DC configuration with a common band on the LTE and NR side, otherwise is optional. 
For example, referring to the following IE supportedBandwidthCombinationSetIntraENDC definition, if the UE would like to indicate EN-DC/NE-DC BCS for inter-band EN-DC/NE-DC band combination with additional intra-band EN-DC/NE-DC component, it is observed that the EN-DC/NE-DC BCS reporting criteria can be divided into two categories. The first category is that the UE should be mandatory to report EN-DC BCS if both UL and DL configuration for the intra-band EN-DC component is supported within inter-band EN-DC band combination, e.g., DL DC_3A_n3A-n77A with UL DC_3A_n3A. The other category is that the UE should be optional to report EN-DC BCS if both UL and DL configuration for the intra-band EN-DC component is not supported within inter-band EN-DC band combination, e.g., DL DC_3A_n3A-n77A with UL DC_3A_n77A, where the network would assume the UE supports BCS0 if the IE is not indicated. In addition, it is worth to note that this IE can indicate only one intra-band EN-DC/NE-DC component of an inter-band EN-DC/NE-DC band combination.
[38.306][V17.6.0]
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	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


However, in Rel-17, as shown in the above table, it is observed in TS 38.101-3 that DC_3A-41A_n3A-n41A is introduced in sub-clause 5.5B.4.3 and DC_1A-3A-41A_n3A-n41A is introduced in sub-clause 5.5B.4.4, where these two band combinations are inter-band EN-DC band combinations with two additional intra-band EN-DC components. In our understanding, the current definition of EN-DC/NE-DC BCS reporting is only applicable to inter-band EN-DC band combination with only one intra-band EN-DC component. Hence, the rule for EN-DC/NE-DC BCS reporting becomes ambiguous. The UE does not know how to indicate this IE for inter-band EN-DC band combination, e.g., DC_3A-41A_n3A-n41A or DC_1A-3A-41A_n3A-n41A, with two additional intra-band EN-DC components, e.g., DC_3A_n3A and DC_41A_n41A. In addition, the network also cannot differentiate which one of intra-band EN-DC component is associated with the reported EN-DC/NE-DC BCS.
Take one inter-band EN-DC band combination, DC_1A-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, as an example. According to BCS definition in RAN4 specification, the UE can indicate “BCS0” for LTE CA component CA_1A-3A-41A and indicate “BCS0/BCS1/BCS2” for NR CA component CA_n3A-n41A. For EN-DC BCS part, the UE can indicate “BCS0/BCS1” for the first intra-band EN-DC components DC_3A_n3A and can indicate “BCS0/BCS1/BCS2” for the second intra-band EN-DC component DC_41A_n41A. However, only one EN-DC BCS IE can be used to indicate these two intra-band EN-DC components. Depending on different implementations, the network may have different interpretations on this IE. In one implementation, if the UE does not report EN-DC BCS, it would be possible for the network to assume the UE supports BCS0 for DC_3A_n3A and BCS0 for DC_41A_n41A. However, in other implementations, if the UE reports BCS1 in EN-DC BCS, the network cannot know whether BCS1 is associated with DC_3A_n3A or DC_41A_n41A.
[36.101][V17.11.0]
	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 5)
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth
[MHz]
	Bandwidth combination set

	CA_1A-3A-41A9
	CA_1A-3A
	1
	
	
	Yes
	Yes
	Yes
	Yes
	60
	0

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	41
	
	
	Yes
	Yes
	Yes
	Yes
	
	


[38.101-1][V17.11.0]
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n3A-n41A
	n418
CA_n3A-n41A8
	n3
	5, 10, 15, 20, 25, 30
	0

	
	
	n41
	10, 15, 20, 40, 50, 60, 80, 90, 100
	

	
	
	n3
	5, 10, 15, 20, 25, 30
	1

	
	
	n41
	10, 15, 20, 40, 50, 60
	

	
	
	n3
	5, 10, 15, 20, 25, 30, 40
	2

	
	
	n41
	10, 15, 20, 30, 40, 50, 60, 80, 90, 100
	


[38.101-3][V17.11.1]
	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
	
	


In the following table, we summarize all possible DL/UL configurations and how the IE would be indicated by using the example band combination DC_1A-3A-41A_n3A-n41A with the following BCS assumption: 
· reporting BCS0 for LTE CA
· reporting BCS0 for NR CA, 
· reporting BCS0 for the first intra-band EN-DC component DC_3A_n3A
· reporting BCS2 for the second intra-band EN-DC component DC_41A_n41A.  
In Case#1/Case#2/Case#4/Case#5, the UL configurations satisfy the optional reporting condition for EN-DC BCS reporting rule, which means that the UE does not need to report BCS0 for EN-DC and the network would assume the UE support BCS0. In one implementation, if the UE does not report EN-DC BCS, the network may interpret BCS0 for both intra-band EN-DC DC_3A_n3A and DC_41A_n41A, where the network may use BCS0 for DC_41A_n41A as the reference BW information to configure the UE instead of using BCS2. In another implementation, if the UE reports BCS2 for EN-DC BCS, the network may interpret BCS2 for both intra-band EN-DC DC_3A_n3A and DC_41A_n41A. However, the network cannot acquire BCS2 for DC_3A_n3A due to no BCS2 definition for DC_3A_n3A in the specification. Hence, for both implementations, the network cannot know the exact supported EN-DC BCS for these two additional intra-band EN-DC components by indicating only one IE supportedBandwidthCombinationSetIntraENDC, where the UE can actually support EN-DC BCS0 for DC_3A_n3A and EN-DC BCS2 for DC_41A_n41A.
In Case#3, the UL configuration satisfies the mandatory reporting condition for EN-DC BCS reporting rule, and the UE should indicate EN-DC BCS to the network. In one implementation, if the UE reports BCS0 in EN-DC BCS, the network may interpret BCS0 for both intra-band EN-DC DC_3A_n3A and DC_41A_n41A, where the network may use BCS0 for DC_41A_n41A as the reference BW information to configure the UE instead of using BCS2. In another implementation, if the UE reports BCS2 in EN-DC BCS, the network may interpret BCS2 for both intra-band EN-DC DC_3A_n3A and DC_41A_n41A. However, the network cannot acquire BCS2 for DC_3A_n3A due to no BCS2 definition for DC_3A_n3A. Hence, for both implementations, the network still cannot know the exact supported EN-DC BCS for these two additional intra-band EN-DC components by indicating only one IE supportedBandwidthCombinationSetIntraENDC, where the UE can actually support EN-DC BCS0 for DC_3A_n3A and EN-DC BCS2 for DC_41A_n41A.
Moreover, from n41 BW configuration perspective, the example band combination DC_1A-3A-41A_n3A-n41A can be referred to the following BCS
· {40,60,80,100} (MHz) for DC_41A_n41A_BCS0, 
· {10,20,30,40,50,60,80,100} (MHz) for DC_41A_n41A_BCS2
· {10,15,20,40,50,60,80,90,100} (MHz) for CA_n3A-n41_BCS0. 
In one implementation for EN-DC BCS reporting, if the network interprets DC_41A_n41A_BCS0 as the reference BW information, the UE should support n41 BW configuration {40, 60, 80,100} (MHz) due to the product set between DC_41A_n41A_BCS0 and CA_n3A-n41_BCS0.
In another implementation for EN-DC BCS reporting, if the network interprets DC_41A_n41A_BCS2 as the reference BW information, the UE should support n41 BW configuration {10, 20, 40, 50, 60, 80, 100} (MHz) due to the product set between DC_41A_n41A_BCS2 and CA_n3A-n41_BCS0. 
Therefore, if the network cannot exactly understand that DC_41A_n41A_BCS2 is supported by the UE, the network may use DC_41A_n41A_BCS0 to configure n41 BW={40, 60, 80,100} instead of using DC_41A_n41A_BCS0 to configure n41 BW={10,20,40,50,60,80,100}, where n41 BW={10, 20, 50} cannot be configured if the network interprets the UE supports DC_41A_n41A_BCS0.
Furthermore, from n3 BW configuration perspective, n3 BW configuration are all {5, 10, 15, 20, 25, 30} in DC_3A_n3A_BCS0, DC_3A_n3A_BCS1 and CA_n3A-n41_BCS0. However, although the n3 BW configuration is the same, the network still cannot configure n3 BW configuration with LTE B3 carrier frequency lower than NR n3 carrier frequency if the network interprets the UE supports DC_3A_n3A_BCS0 instead of DC_3A_n3A_BCS1.
	Example Band Combination: DC_1A-3A-41A_n3A-n41A

	BCS categories 
	Supported BCS

	LTE CA part BCS
	CA_1A-3A-41A_BCS0

	NR CA part BCS
	CA_n3A-n41A_BCS0

	Intra-band EN-DC part BCS
	DC_3A_n3A_BCS0

	Intra-band EN-DC part BCS
	DC_41A_n41A_BCS2

	Case
	DL Configuration
	UL Configuration
	supportedBandwidthCombinationSetIntraENDC

	Case#1
	DC_1A-3A-41A_n3A-n41A
	DC_1A_n3A
	Not report BCS0 for DC_3A_n3A? or
Report BCS2 for DC_41A_n41A?

	Case#2
	DC_1A-3A-41A_n3A-n41A
	DC_1A_n41A
	Not report BCS0 for DC_3A_n3A? or
Report BCS2 for DC_41A_n41A?

	Case#3
	DC_1A-3A-41A_n3A-n41A
	DC_3A_n3A
	Report BCS0 for DC_3A_n3A? or
Report BCS2 for DC_41A_n41A?

	Case#4
	DC_1A-3A-41A_n3A-n41A
	DC_3A_n41A
	Not report BCS0 for DC_3A_n3A? or
Report BCS2 for DC_41A_n41A?

	Case#5
	DC_1A-3A-41A_n3A-n41A
	DC_41A_n3A
	Not report BCS0 for DC_3A_n3A? or
Report BCS2 for DC_41A_n41A?


Hence, considering the above all discussion, it is inferred that the UE cannot indicate the BCSs of the two intra-band EN-DC components due to the current signalling IE restriction. Even if the IE is indicated by the first intra-band EN-DC component or the second intra-band EN-DC component, the network still does not know which BCS is associated with the first or second intra-band EN-DC component. Furthermore, some specific band BW configurations for the inter-band EN-DC combination may be limited due to not enough EN-DC BCS information for the first and second intra-band EN-DC components. In our view, in order to solve the ambiguous issue by indicating EN-DC BCS reporting with only one IE for inter-band EN-DC band combination with two additional intra-band EN-DC components, it is proposed that RAN4 confirms the ambiguous signaling issue of IE supportedBandwidthCombinationSetIntraENDC 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 or DC_1A-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, and RAN4 send LS to RAN2 to find a solution for the ambiguous signaling restriction issue.  
Proposal 1: RAN4 confirms the ambiguous signaling issue of IE supportedBandwidthCombinationSetIntraENDC 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 or DC_1A-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.
Proposal 2: RAN4 send LS in the Annex to RAN2 to find a solution for the ambiguous signaling issue.
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: RAN4 confirms the ambiguous signaling issue of IE supportedBandwidthCombinationSetIntraENDC 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 or DC_1A-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.
Proposal 2: RAN4 send LS in the Annex to RAN2 to find a solution for the ambiguous signaling issue.
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1. Overall Description:
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 or DC_1A-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, where these band combinations in the following table are introduced from Rel-17.
	EN-DC configuration
	Uplink EN-DC configuration (NOTE1)

	DC_3A-41A_n3A-n41A
	DC_3A_n3A4
DC_3A_n41A
DC_41A_n3A

	DC_1A-3A-41A_n3A-n41A
	DC_1A_n3A
DC_1A_n41A
DC_3A_n3A4
DC_3A_n41A
DC_41A_n3A



RAN4 would like to request RAN2 to check how to solve the ambiguous signaling issue for the inter-band EN-DC band combinations with two additional intra-band EN-DC components.
2. Actions:
To RAN2:
ACTION: RAN4 respectfully asks RAN2 to take the above decisions into account to update RAN2 specifications.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #110                  26th Feburary – 1st March 2024      Athens, GR
TSG-RAN WG4 Meeting #110bis             15th April – 19th April 2024              TBC, CN
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