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Introduction
In RAN4#108, an issue of 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 [1]. The WF [2] is approved in RAN4#108 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. The main issue is that some inter-band EN-DC band combinations with two intra-band EN-DC components are introduced in Rel-17, which may cause the current signaling IE to encounter an ambiguous issue if two intra-band EN-DC/NE-DC components, e.g., DC_3A_n3A and DC_41A_n41A, is within an inter-band EN-DC/NE-DC band combination, e.g., DC_3A-41A_n3A-n41A or DC_1A-3A-41A_n3A-n41A, in the following table.
	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


In RAN4#109, one discussion paper [3] and one LS to RAN2 [4] are submitted for the further discussion. The LS to RAN2 is almost agreed but one issue is raised to further check another IE intrabandENDC-support impact which is also related to the signalling for the inter-band EN-DC band combinations including intra-band EN-DC components. Hence, in this paper, we would like to share our view on IE intrabandENDC-support for inter-band EN-DC band combinations with two additional intra-band EN-DC components in the following.
Discussion
In Rel-15, the IE intraBandENDC-Support in the UE capability signaling is introduced for the network to know whether the UE supports contiguous or non-contiguous spectrum for a pure intra-band EN-DC band combination or an inter-band EN-DC band combination with the additional intra-band EN-DC component. In addition, the discussion for intra-band EN-DC combinations is limited to one LTE carrier and one NR carrier at the beginning in Rel-15. For the pure intra-band EN-DC combinations in TS 38.101-3, there are only four band combinations which includes two contiguous spectrums between LTE carrier and NR carrier, e.g., DC_(n)3AA and DC_(n)41AA, and two non-contiguous spectrums between LTE carrier and NR carrier, e.g., DC_41A_n41A and DC_71A_n71A. Hence, the IE can be easily used to distinguish the intra-band contiguous EN-DC band combination from the non-contiguous EN-DC band combination by indicating intraBandENDC-Support=not-reported for intra-band contiguous EN-DC DL/UL configuration or intraBandENDC-Support=non-contiguous for intra-band non-contiguous EN-DC DL/UL configurations. For example, if LTE (DL:3A,UL:3A) and NR (DL:n3A,UL:n3A) with intraBandENDC-Support=non-contiguous is reported, the network can exactly understand that the UE can support DC_3A_n3A with the same DL configuration DC_3A_n3A and UL configuration DC_3A_n3A configuration.
In addition, the similar rule can be also applied to the inter-band EN-DC band combination with the additional intra-band EN-DC component. For example, if LTE (DL:CA_2A-71A,UL:2A) and NR (DL:n71A,UL:71A) with intraBandENDC-Support=non-contiguous is reported, the network can understand that the UE can support DC_2A-71A_n71A with DL configuration DC_2A-71A_n71A and UL configuration DC_2A_n71A.
[38.306][V17.7.0]
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	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



In Rel-16, CBRS band b48+n48 related intra-band EN-DC band combinations are introduced in TS 38.101-3. It is observed that the total carriers in these intra-band EN-DC band combinations are larger than two, so the definition for IE intraBandENDC-Support become ambiguous to differentiate intra-band DL EN-DC and UL EN-DC configuration. 
For example, if LTE (DL:CA_48C,UL:48A) and NR (DL:n48A,UL:n48A) with intraBandENDC-Support=not reported(contiguous) is reported, it is clear that the UE can support intra-band contiguous DL configuration DC_(n)48CA with contiguous UL configuration DC_(n)48AA but it is not clear about whether non-contiguous UL configuration DC_48A_n48A can be supported. 
In another example, if LTE (DL:CA_48A-48A,UL:48A) and (DL:n48A,UL:n48A) with intraBandENDC-Support=non-contiguous is reported, there are two unclear points which is needed to be clarified. One unclear point is that the network cannot distinguish which band combination between DC_48A_(n)48AA and DC_48A-48A_n48A that the UE can support with the reported DC_48A-48A_n48A in the UE capability signaling. The other unclear point is that the network cannot understand whether intra-band EN-DC UL configuration DC_(n)48AA for DC_48A_(n)48AA  can be supported or not. 
These issues are first summarized as Case 3 and Case 4 in the approved WF [5] in RAN4#102-e. After 3-year+ long controversial discussion in RAN4 meeting, the agreement has been reached to introduce the new IE intrabandENDC-Support-UL packaged with the IE intrabandENDC-Support to solve the issue for Case 3 and Case 4, where the details can be shown in the following table in RAN2 reply LS [6]. In addition, in our understanding, this rule can be also applied to inter-band EN-DC band combinations with the additional intra-band EN-DC component, e.g., DC_2A-71A_n71A.
Scenario#
intraBandENDC-Support
intraBandENDC-Support-UL
UE supports in DL / UL (if applicable)
1
Absent (Contiguous)
Absent
· Contiguous/Contiguous
2
Absent (Contiguous)
Non-contiguous
· Contiguous/Non-contiguous
NOTE: “Case 3” in R2-2300060 (R4-2220837)
3
Non-contiguous
Absent
· Non-contiguous/Non-contiguous
4
Both
Absent
· Contiguous/contiguous
· Non-contiguous/Non-contiguous
5
Both
Non-contiguous
· Contiguous/Non-contiguous
· Non-contiguous/Non-contiguous
6
Absent (Contiguous)
Both
· Contiguous/Contiguous
· Contiguous/Non-contiguous
NOTE: “Case 4” in R2-2300060 (R4-2220837)
7
Both
Both
· Contiguous/Contiguous
· Non-contiguous/Non-contiguous
· Contiguous/Non-contiguous


However, in Rel-17, as the table shown in the previous introduction part, it is observed that DC_3A-41A_n3A-n41A is introduced in TS 38.101-3 sub-clause 5.5B.4.3 and DC_1A-3A-41A_n3A-n41A is introduced in TS 38.101-3 sub-clause 5.5B.4.4, where these band combinations are seen as inter-band EN-DC band combinations with two additional intra-band EN-DC components. Hence, the current definition for IE intrabandENDC-support seems ambiguous because it is only applicable to inter-band EN-DC band combinations with one additional intra-band EN-DC component. The UE does not know how to indicate the spectrum contiguity separately by this IE for the inter-band EN-DC band combination, e.g., DC_3A-41A_n3A-n41A or DC_1A-3A-41A_n3A-n41A, with the first intra-band EN-DC components, e.g., DC_3A_n3A, and the second intra-band EN-DC components, e.g., DC_41A_n41A. Furthermore, the network also cannot differentiate which one of intra-band EN-DC component is associated with the reported IE intrabandENDC-support.
In the following Table 1, we summarize the possible DL/UL configurations and how the IE would be indicated by using the band combinations DC_3A-41A_n3A-n41 and DC_1A-3A-41A_n3A-n41A. Take the 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. 
From UL configuration perspective, it can be observed that the IE intraBandENDC-Support-UL only need to be indicated when the UL EN-DC configuration is DC_3A_n3A, and the IE intraBandENDC-Support-UL can be absent for other UL EN-DC configurations, e.g., DC_1A_n3A, DC_1A_n41A, DC_3A_n41A, and DC_41A_n3A. So there is no ambiguity for the IE intraBandENDC-Support-UL applied to the UL configuration.
However, from DL configuration perspective, the UE can only indicate one IE intraBandENDC-Support according to the current definition in TS 38.306, but there are two intra-band EN-DC components DC_3A_n3A and DC_41A_n41A in the inter band EN-DC band combination DC_1A-3A-41A_n3A-n41. For example, if LTE (DL:CA_1A-3A-41A,UL:1A) and (DL:CA_n3A-n41A,UL:n3A) with intraBandENDC-Support=non-contiguous is reported, the network actually cannot know which intra-band EN-DC components is referred to the IE intraBandENDC-Support. Depending on different implementations, the network may consider the IE intraBandENDC-Support=non-contiguous which is linked to the first intra-band EN-DC component DC_3A_n3A, or to the second intra-band EN-DC component DC_41A_n41A, or to both intra-band EN-DC components, e.g., DC_3A_n3A and DC_41A_n41A. Furthermore, if the band combination such as DC_1A-(n)3AA-41A_n41 is introduced in the future, the only one IE intraBandENDC-Support cannot be used to indicate that the first intra-band EN-DC component DC_(n)3AA is contiguous spectrum and the second intra-band EN-DC component DC_41A_n41A is non-contiguous spectrum.
	Band Combination
	UE Capability
	DL/UL EN-DC Configuration

	
	LTE-DL
	LTE-UL
	NR-DL
	NR-UL
	intraBandENDC-Support
	intraBandENDC-Support-UL
	DL EN-DC Configuration
	UL EN-DC Configuration

	DC_3A-41A_n3A-n41A
	CA_3A-41A
	3A
	CA_n3A-n41A
	n3A 
	non-contiguous (? )
	non-contiguous
	DC_3A-41A_n3A-n41A
	DC_3A_n3A


	
	CA_3A-41A
	3A
	CA_n3A-n41A
	n41A 
	non-contiguous (?)
	absent
	DC_3A-41A_n3A-n41A 
	DC_3A_n41A


	
	CA_3A-41A
	41A
	CA_n3A-n41A
	n3A 
	non-contiguous (?)
	absent
	DC_3A-41A_n3A-n41A 
	DC_41A_n3A

	DC_1A-3A-41A_n3A-n41A
	CA_1A-3A-41A
	1A
	CA_n3A-n41A
	n3A
	non-contiguous (?)
	absent
	DC_1A-3A-41A_n3A-n41A
	DC_1A_n3A

	
	CA_1A-3A-41A
	1A
	CA_n3A-n41A
	n41A
	non-contiguous (?)
	absent
	DC_1A-3A-41A_n3A-n41A
	DC_1A_n41A

	
	CA_1A-3A-41A
	3A
	CA_n3A-n41A
	n3A
	non-contiguous (?)
	non-contiguous
	DC_1A-3A-41A_n3A-n41A
	DC_3A_n3A

	
	CA_1A-3A-41A
	3A
	CA_n3A-n41A
	n41A
	non-contiguous (?)
	absent
	DC_1A-3A-41A_n3A-n41A
	DC_3A_n41A

	
	CA_1A-3A-41A
	41A
	CA_n3A-n41A
	n3A
	non-contiguous (?)
	absent
	DC_1A-3A-41A_n3A-n41A
	DC_41A_n3A


Table 1. intraBandENDC-Support and intraBandENDC-Support-UL indication for the band combinations DC_3A-41A_n3A-n41A and DC_1A-3A-41A_n3A-n41A
Hence, in our view, in order to solve the ambiguous spectrum contiguity issue by indicating only one IE for the 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 intraBandENDC-Support to separately indicate the spectrum contiguity 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 issue.  
Proposal 1: RAN4 confirms the ambiguous signaling issue of IE intraBandENDC-Support to separately indicate the spectrum contiguity 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 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 intraBandENDC-Support to separately indicate the spectrum contiguity 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 for the ambiguous signaling issue.
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1. Overall Description:
RAN4 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 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 #110bis             15th April – 19th April 2024              Changsha, CN
TSG-RAN WG4 Meeting #111                  20th May – 24th May 2024               Fukuoka City, JP
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