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1. Introduction
The Case 3 and Case 4 cited from RAN4 LS [1]:
· Case 3: All CCs are contiguous in DL but neither carrier is contiguous to each other in UL, including 
	EN-DC
configuration
	Uplink EN-DC
configuration

	DC_(n)48CA
	DC_48A_n48A

	DC_(n)48DA
	DC_48A_n48A


· Case 4: One of LTE carriers and the NR carrier are contiguous in DL, contiguous and non-contiguous are both supported in UL:
	EN-DC
configuration
	Uplink EN-DC
configuration

	DC_48A_(n)48AA
	DC_(n)48AA
DC_48A_n48A



This paper is to discuss and propose a capability signaling solution for the Case 3 and Case 4 based on the RAN4 view in the LS [1].

2. Discussion
2.1. Background check
First of all, let’s check whether any existing case that the intra-band EN-DC contiguous/non-contiguous capability is indicated in DL and/or UL separately, even though most related capability parameters are used commonly for DL and UL by convention.

In #113bis-e meeting, RAN2 had agreed that following BC types are used for the further clarification to the related capability parameters in 38.306 (The bolder part denotes UL) according to existed EN-DC band combinations defined in the EN-DC configurations and bandwidth combination sets table of TS 38.101-3:
· Type 1: intra-band (NG)EN-DC/NE-DC combination without additional inter-band NR and LTE CA component, e.g., DC 41A_n41A
· Type 2: 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, e.g., DC_25A_41A_n41A
· Type 3: 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, e.g., DC_25A_41A_n41A
· Type 4: inter-band (NG)EN-DC/NE-DC combination without intra-band component, in short, we call it as inter-band (NG)EN-DC/NE-DC combination.
· Type 5: inter-band (NG)EN-DC combination configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78.
Therefore, RAN2 had the common understanding that the intra-band (NG)EN-DC/NE-DC combination in 38.306 means the (NG)EN-DC/NE-DC band combinations supporting at least one EUTRA downlink serving cell and one NR downlink serving cell in the same band (irrespective of SpCell or SCell).

Observation 1 [bookmark: _Ref126251398]DL only intra-band (NG)EN-DC/NE-DC combinations existed and were supported by RAN2 signaling.

For Type 1 BC, the capability supportedBandwidthCombinationSetIntraENDC is applicable for both DL and UL. As for Type 3 BC containing same DL part of a certain Type 1 BC, it also has been agreed that if the capability supportedBandwidthCombinationSetIntraENDC is reported by the UE, it must be taken into consideration by the network for the DL only intra-band EN-DC configuration, but it does not mean that the Type 1 BC is fallback of the Type 3 BC. In other words, the network could configure the sole (DL only) BWCS part of the intra-band EN-DC band combination according to the reported capabilities either from the Type 3 BC itself, or from the corresponding(another) Type 1 BC if the supportedBandwidthCombinationSetIntraENDC is included.

Even for Type 5 BC, it also clarified that the UE supports intra-band non-contiguous (NG)EN-DC/NE-DC requirements if the capability interBandContiguousMRDC is not reported. The actual use case identified by RAN4 was that intra-band contiguous and non-contiguous EN-DC requirements applies to the DL configuration of DC_B42_n77 and DC_B42_n78. (Note: DC_B42_n77 and DC_B42_n78 are specified under the condition that they are used with at least another LTE band and UL transmission of B42 is not allowed.) It also implies that the intra-band EN-DC capabilities and requirements are applied for the DL part only in this case.

Observation 2 [bookmark: _Ref126251471]Intra-band contiguous/non-contiguous capabilities can be reported for the DL only while the signaling is unambiguous to distinguish the concerned part. In this case, the DL part capability (e.g., BWCS) used for the configuration is from another intra-band EN-DC band combination.

[bookmark: _Hlk123829699]Then RAN2 used the capability intraBandENDC-Support to indicate whether the UE supports intra-band EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the band combinations as specified in TS 38.101-3. It is noteworthy that contiguous spectrum operation for intra-band EN-DC shall be supported by default [2], however this requirement may not be always true, and it shall be subject to the TS 38.101-3 anyway. For example, there is no contiguous operation defined for the E-UTRA and NR band 2 EN-DC so that the UE needs to indicate the capability intraBandENDC-Support as ‘non-contiguous’ exclusively for supporting the Type 3 BC: DL DC_2A-66A_n2A-n77A with UL DC_2A_n77A/DC_66A_n2A/DC_66A_n77A.

Observation 3 [bookmark: _Ref127188263]The applicability and forward compatibility of the IE intraBandENDC-Support are subject to the RAN4 specification. The IE is required to be reported for the DL part only to avoid ambiguities of some intra-band EN-DC band combinations.

RAN2 usually categorized the Type 1 intra-band EN-DC combination according to its spectrum continuity which is aligned to the capability intraBandENDC-Support the UE reported:

	RAN4 category (38.101-3)
	Codepoint of intraBandENDC-Support
	RAN2 category

	intra-band contiguous EN-DC defined in Table 5.5B.2-1
	-  (IE is absent)
	intra-band contiguous EN-DC

	intra-band non-contiguous EN-DC defined in Table 5.5B.3-1
	non-contiguous
	intra-band non-contiguous EN-DC

	-  (intra-band EN-DC in both row 1 and 2 of this table)
	both
	-  (intra-band EN-DC in both row 1 and 2 of this table)


Table 1: The categorization of Type 1 BC

Observation 4 [bookmark: _Ref126251556]The spectrum continuity RAN2 used to categorize intra-band EN-DC configuration is indicated by the capability intraBandENDC-Support. It applies to both DL and UL parts of Type 1 and 2 BCs, but only to DL part of Type 3 BCs. The codepoint ‘both’ refers to the union of intra-band contiguous and non-contiguous EN-DC categories.

2.2. Categorization
After almost two years RAN WGs discussion, the Case 3 and the Case 4 were deemed valid and configurable by latest RAN4 agreements:
· The Case 3 BCs were included in the Table 5.5B.2-1: Intra-band contiguous EN-DC configurations.
· The Case 4 BCs were included in the Table 5.5B.3-2: Intra-band EN-DC configurations for mixed intra-band contiguous and non-contiguous EN-DC.

So far, whether the Case 3 belongs to the category intra-band contiguous EN-DC or not is still under discussion by RAN4. However, it looks less controversial to put the Case 4 into a new category: mixed intra-band contiguous and non-contiguous EN-DC. We think, from RAN2 perspective, the Case 3 and Case 4 are more like the special composites of intra-band contiguous and non-contiguous EN-DC by their configuration defined in RAN4 specification. It is most reasonable and backward compatible to categorize them into a new(virtual) group just where the codepoint ‘both’ belongs:

	RAN4 category (38.101-3)
	Codepoint of intraBandENDC-Support
	RAN2 category

	intra-band contiguous EN-DC defined in Table 5.5B.2-1
	-  (IE is absent)
	intra-band contiguous EN-DC

	intra-band non-contiguous EN-DC defined in Table 5.5B.3-1
	non-contiguous
	intra-band non-contiguous EN-DC

	-  (intra-band EN-DC in both row 1 and 2 of this table and mixed intra-band contiguous and non-contiguous EN-DC defined in Table 5.5B.3-2)
	both
	-  (intra-band EN-DC in both row 1 and 2 of this table and the composites of intra-band contiguous and non-contiguous EN-DC)


Table 1: The categorization of Type 1 BC after introducing the Case 3 and Case 4

Observation 5 [bookmark: _Ref126251597]The Case 3 and Case 4 are the special composites of intra-band contiguous and non-contiguous EN-DC by their configuration defined in RAN4 specification.

Proposal 1 [bookmark: _Ref126251624][bookmark: _Hlk127178807]RAN2 to agree the Case 3 and Case 4 are categorized into the group to which the codepoint ‘both’ refers (no need to capture in RAN2 specification).

2.3. Which way to advertise capability
According to RAN4 LS [1], we think there are two options for RAN2 discussion:
1. Implicit way: Use current capability signaling, by the intraBandENDC-Support indication ‘both’, to claim the new cases are ALSO supported.
2. Explicit way: Add new capability signaling to advertise DL and UL intra-band EN-DC capabilities separately for the new cases.

2.3.1. Implicit way
In current consensus for a band combination, the UL configuration is either the same as DL configuration or belongs to the fallbacks of DL configuration. The consensus remains true for the Case 4, however, not true for the Case 3 because its UL configuration is a reconfiguration (or say a lower order combination, in RAN4 language) of the DL configuration.

As we see it, the RAN4 agreement in the LS [1] is not to change the signaling meaning of the codepoint ‘both’ but to reuse it to indicate that the Case 3 and Case 4 BCs should also be supported if their contiguous and non-contiguous constituent are both supported by the RF implementation. Given that RAN2 had been able to figure out the solution for DL only intra-band EN-DC combinations (e.g., the Type 3 ones) while most intra-band EN-DC capabilities are defined for both DL and UL part (see the Observations abovementioned), we think it is technically feasible to reuse existing signaling to cover the Case 3 cand Case 4 with lesser RAN2 spec. impact for Rel-16 and Rel-17. The details of solution proposal will be elaborated in clause 2.4.

Observation 6 [bookmark: _Ref126251650]RAN4 did not propose to change the definition but to expand the usage of the codepoint ‘both’. It is technically feasible to reuse existing capability signaling to additionally include the support of the Case 3 and Case 4.

In terms of the completeness of a signaling solution, we need to consider the situation on the other side that what if the legacy UE reporting ‘both’ nowadays does not support Case 3 and/or Case 4? The most straightforward solution would be the UE needs to report two separate BCs with different intraBandENDC-Support setting (i.e., one is IE absence, another is ‘non-contiguous’ but both with same capabilities in the feature sets) respectively, instead of using ‘both’. Doing this unfortunately breaks the signaling reduction advantage and this is exactly NBC concern of the implicit way solution. However, again, the underlying concept recognized by RAN4 is that Case 3/4 shall be supported without extra effort if their contiguous and non-contiguous constituent EN-DC combos are supported. We also assume it is most likely no related UE and network implementation for these CBRS cases yet, due to the almost 2 years long debates in WGs. Besides, even with the RAN2 agreement of the implicit way, we do not think it is appliable for any mixed intra-band contiguous and non-contiguous EN-DC band combinations because the applicability is always subject to the RAN4 specification. For example, DL DC_(n)48AA with UL DC_48A_n48A shall never be regarded as supported because it is not a valid configuration in RAN4 specification (see details in the clause 2.4.1.1).

Observation 7 [bookmark: _Ref127188421]Considering the underlying concept agreed by RAN4 and the long pending signaling solution discussion history, the NBC concern of the implicit way is limited and not even a real problem for now.

Proposal 2 [bookmark: _Ref127188475]RAN2 to agree with the RAN4 ‘both’ proposal as the way forward for the signaling solution of Rel-16/Rel-17 so that minimum specification impact and NBC concern are guaranteed.

2.3.2. Explicit way
We suppose that inconsistency between DL and UL of the new intra-band EN-DC cases could be possibly addressed by introducing individual capability signaling for DL and UL separately. However, it also incurs new problems for more discussions and cross WGs checks. At least RAN2 needs to carefully inspect following questions (not an exhaustive list):
1. How does the new fields co-exist with the legacy one (intraBandENDC-Support)?
2. How to avoid the interoperability issue between the new and the legacy UE/network? Would we have one more capability filter for that?
3. What does the UL part of new signaling mean to the Type 3 BCs?

The new cases existed for almost two years without feasible signaling solution, we are still a bit skeptical of the new cases are commercially needed in realistic conditions and practical deployment. The capabilities for intra-band EN-DC are highly related to the RAN4 intelligence. In consideration of the complexity of RF implementation and spectrum allocation, even we can do ASN.1 modification in a backward compatible way, it could be more RAN2 spec. impacts are not discovered immediately, then more cross WGs discussions are also foreseen. Obviously, the explicit way is rather complicated and not good for the current stage of Rel-16 and Rel-17. It shall not be taken into consideration for Rel-16 and Rel-17 unless original functionality clearly broken.

Observation 8 [bookmark: _Ref126251672]Considering possible RAN2 spec. impact and the working scope of DL-UL decoupling for the intra-band EN-DC, new signaling solution is not a good way forward for Rel-16 and Rel-17.

Proposal 3 [bookmark: _Ref126251693]The new signaling solution is not pursued for Rel-16 and Rel-17. If RAN2 cannot consolidate solution for Rel-16 and Rel-17 by existing signaling, we leave the new intra-band EN-DC band combinations and new signaling solution to Rel-18.

2.4. Signaling solutions for consideration
2.4.1. Case 3
The DL DC_(n)48DA with UL DC_48A_n48A is used as example in following solution discussion. The case NR band is at high frequency is used in the configuration example of the following figures.

2.4.1.1. UE Capability
Based on the underlying concept mentioned in the clause 2.3.1, the DL DC_(n)48DA with UL DC_48A_n48A should be supported easily if the DL DC_(n)48DA with UL DC_(n)48AA (the contiguous constituent) and DL DC_48D_n48A with UL DC_48A_n48A (the non-contiguous constituent) are both supported by the RF implementation. In other words, the Case 3 should be deemed supported if ‘both’ is indicated for EN-DC {48DA, n48AA} (band entries with DL and then UL bandwidth class). In this regard, the capabilities for DL and UL part of the Case 3 DL DC_(n)48DA with UL DC_48A_n48A are literally based on the single {48DA, n48AA} BC element.

For the E-UTRA band entry {48DA} part, the network may configure any of the carriers in accordance with any of the FeatureSetDL-PerCC-Id in the list featureSetsDL-PerCC so that the UE must support any one of the carrier components in BC_48DA to be the PCell of the EN-DC. We think that this requirement has no problem for the Case 3 even though the E-UTRA CC next to the NR SCG shall not be configured as the PCell.

The UE supporting the Case 3 DL DC_(n)48DA with UL DC_48A_n48A shall support two possible EN-DC configurations as the Case3-1 and Case3-2 shown in the Figure 2.4-1. It could depend on spectrum allocation or radio resource management which is up to the network. We think that only the Case3-2 could have the fallback DL DC_(n)48CA with UL DC_48A_n48A without breaking the fallback rule. But the UE is still capable to support the fallbacks of the Case 3 and corresponding configuration signaling (release or reconfiguration) used by the network.

Observation 9 [bookmark: _Ref126251717]Use ‘both’ for the Case 3, its DL and UL capabilities can be unambiguously comprehended by the network by literally referring to the sole BC element.

[image: ]
Figure 2.4-1: The Case 3 and possible fallbacks configurations (not exhausted)

Furthermore, it is technically viable to indicate that the Case 3 is not supported by the implicit way. That is to advertise the contiguous and non-contiguous constituent separately, instead of indicating ‘both’. Such signaling is used when the UE needs to indicate different BWCS/capabilities for the contiguous and non-contiguous constituent respectively. With this UE capability advertisement, it is obviously ambiguous to the network for determining the configuration of the Case 3. Cross reference among CA or DC capabilities in different band combination entries could cause the issue of backward compatibility and it is not allowed by current RAN2 specification.

Similarly, if one of the constituents being explicitly reported is a fallback, the Case 3 shall also not be deemed supported since the fallback has “additional” capabilities which are different from its parent BC. In this case, one could argue that the UE does not support higher order EN-DC band combination so it is not a fallback and then the Case 3 should be able to be regarded as supported if the constituent (with lower order CCs) has the same BWCS/capabilities as another constituent. For example, whether the Case 3 EN-DC DL DC_(n)48DA with UL DC_48A_n48A should be supported if the DL DC_(n)48DA with UL DC_(n)48AA and the DL DC_48C_n48A with UL DC_48A_n48A are both supported by the UEs? We think the answer goes to YES only if the BWCS of the DL DC_48C_n48A with UL DC_48A_n48A is the same among sub-blocks as the one of the DL DC_48D_n48A with UL DC_48A_n48A. But as we knew that the inconsistent supported channel bandwidths between different bandwidth combination sets of band combinations is the current fact and it is the natural consequence of how band combinations are defined in RAN4 specifications. Therefore, it is not future proof to agree the fallback constituent case.

Observation 10 [bookmark: _Ref126251738]For the Case 3 (and Case 4), the looser the bandwidth class requirement of the contiguous and/or non-contiguous constituent is, the higher the risk of capability misinterpretation and the maintenance effort of RAN2/RAN4 specifications are.

Observation 11 [bookmark: _Ref126251759]The Case 3 shall not be deemed supported when the UE reports the contiguous and non-contiguous constituent BCs separately instead of indicating ‘both’.

Also, some may concern about the NBC capability impact for legacy UEs not supporting the new cases (i.e., these UEs need to split the single ‘both’ BC entry into two individual BC entries and update their capability information advertisement). In spite of current RAN4 technical agreement (i.e., the Case 3 and 4 shall be supported easily if both the contiguous and non-contiguous constituents are supported), the Case 3 and Case 4 had been discussed for almost two years so that we think the NBC impact to the capability advertisement of legacy UEs is not that considerable.

Finally, we understand that such a solution could be a general rule for indicating ‘both’ for a certain intra-band (NG)EN-DC, but it is still subject to the valid intra-band (NG)EN-DC defined in the RAN4 specification. For example, if the UE indicates ‘both’ for the EN-DC band entries {48AA, n48AA}, it does not mean that the DC DL_(n)48AA with UL_48A_n48A is supported because it is not a valid configuration and not defined in the TS 38.101-3. Therefore, we think it is still needed to keep the Case 3 configuration in the RAN4 specification but RAN4 may consider move it to a proper table for clear categorization. Then we think such a solution will not break the RAN2 guidelines for UE capability definitions [3] and the RAN2 spec. impact could be minimized thereof.

Proposal 4 [bookmark: _Ref126251781]The UE sets intraBandENDC-Support as ‘both’ for indicating the additional support of the Case 3.

The Table 2.4-1 is the signaling solution summary for the Case 3.










	Band entries and bandwidth class DLUL
	intraBandENDC-Support
	Supported EN-DC configuration(s)
	Note

	{48DA, n48AA}
	(absent)
	DL DC_(n)48DA, UL DC_(n)48AA
	Contiguous operation is supported by default.

	{48DA, n48AA}
	‘non-contiguous’
	DL DC_48D_n48A, UL DC_48A_n48A
	

	{48DA, n48AA}; {48DA, n48AA}

(2 BC elements)
	(absent);
‘non-contiguous’
	DL DC_(n)48DA, UL DC_(n)48AA;
DL DC_48D_n48A, UL DC_48A_n48A.
(and their fallbacks)
	1. This signaling is used when UE needs to indicate different BWCS/capabilities for contiguous and non-contiguous, respectively.
2. Therefore the DL DC_(n)48DA, UL DC_48A_n48A shall NOT be deemed supported because the network shall NOT configure UL part in one BC and DL part in another BC referring different capabilities.

	{48DA, n48AA}
	‘both’
	DL DC_(n)48DA, UL DC_(n)48AA;
DL DC_48D_n48A, UL DC_48A_n48A;
DL DC_(n)48DA, UL DC_48A_n48A.
(and their fallbacks, including DL DC_(n)48CA, UL DC_48A_n48A)
	1. From RAN4 implementation perspective, the Case 3 shall be supported easily if both contiguous and non-contiguous BC constituents are supported.
2. In this case, the capabilities for DL and UL part of DL DC_(n)48DA, UL DC_48A_n48A are literally from the single BC element.
3. The baseline is BCS0.

	{48AA, n48AA}
	‘both’
	DL DC_(n)48AA, UL DC_(n)48AA;
DL DC_48A_n48A, UL DC_48A_n48A.
	DL DC_(n)48AA, UL DC_48A_n48A is an invalid configuration. (not defined by RAN4)


Table 2.4-1: Signaling solution summary for the Case 3


2.4.1.2. RRC Reconfiguration
From RF channel arrangement perspective, the channel spacing between E-UTRA and NR carriers depends on the deployment scenario, the size of the frequency block available and the channel bandwidths. However, it shall be larger than the nominal channel spacing defined in the TS 38.101-3 for intra-band non-contiguous EN-DC. And the sub-block gap is determined by the lower sub-block edge of the E-UTRA sub-block bandwidth and the upper sub-block edge of the NR sub-block bandwidth, or vice versa (depends on which sub-block is in higher frequency). They both are related to the bandwidth class of E-UTRA and NR sub-blocks.

Given that inconsistent supported channel bandwidths between different bandwidth combination sets of band combinations in RAN4 specification is hardly avoidable, the most future-proof way to guarantee least configuration confliction for supporting the mixed contiguous and non-contiguous EN-DC combinations is to require that the contiguous and non-contiguous constituent combination must has the same bandwidth class which is already discussed in clause 2.4.1.1.

Since the proponent had clarified that technical feasibilities and RAN4 had agreed that the Case 3 is a valid configuration with consistent BWCS between NR contiguous, non-contiguous and LTE CA band combinations, the existing RRC reconfiguration signaling is sufficient to support it.
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Figure 2.4-2: The Case 3, its constituent EN-DC and reconfigurations in between.


2.4.2. Case 4
The DL DC_48A_(n)48AA with DC_48A_n48A/DC_(n)48AA is used as example in following solution discussion. The case NR band is at high frequency is used in the configuration example of the following figures.

2.4.2.1. UE Capability
With the constraint at most two sub-blocks for DL and UL configurations specified by RAN4 for the Case 4, the possible configurations and fallbacks are clear as the Case 4-1 and Case 4-2 shown in the Figure 2.4-3. For both cases the UL configuration belongs to the fallbacks of DL configuration, the fallback rule holds true.

Observation 12 [bookmark: _Ref126251808]The current fallback rule still holds for the Case 4.

The Case 4-2 is already supported by current signaling (i.e., the UE does not include the IE “intraBandENDC-Support” which means the UE only supports the contiguous spectrum for the intra-band EN-DC part therein.) that also makes itself the contiguous constituent of the Case 4. If the UE supports different capabilities for these two E-UTRA carrier components and only one of them can be contiguously combined with the NR SCG, the E-UTRA band entry capable of being the PCell is indicated by the field “ca-BandwidthClassUL-EUTRA” presence as usual.

Observation 13 [bookmark: _Ref126251825]The support of EN-DC DL DC_48A-(n)48AA with UL DC_(n)48AA in the Case 4 can be indicated by current capability signaling already, the PCell capable of being contiguously combined with the NR band is determined by the field “ca-BandwidthClassUL-EUTRA” presence.

The non-contiguous constituent of the Case 4 is the EN-DC DL DC_48A-48A_n48A with UL DC_48A_n48A (indicating by the codepoint ‘non-contiguous’). The E-UTRA band entry capable of being the PCell is also indicated by the field “ca-BandwidthClassUL-EUTRA” presence (AS IS), however it is not contiguously combined with the NR SCG. In addition, for the LTE CA_48A-48A part, UE is required to support PCell transmission in each of the aggregated carrier component [4].

Observation 14 [bookmark: _Ref126251844]For existing EN-DC configuration DL DC_48A-48A_n48A with UL DC_48A_n48A, the UE has to support either E-UTRA band entry to be the PCell no matter it is contiguously combined with the NR SCG or not.


[image: ]
Figure 2.4-3: The Case 4 and possible fallbacks configurations

All in all, it is always clear for the UE to advertise which band entry (and associated capabilities) is for being the PCell while indicating the ‘both’ for the EN-DC band entry triplet {48AA, 48A, n48AA} (or {48A, 48AA, n48AA}), but whether the PCell is contiguously combined with the NR SCG or not, depends on the given EN-DC configuration by the network. This requirement remains true after the Case 4 is introduced. By observing the Case 4-1 and Case 4-2 shown in the Figure 2.4-3, the resulting composite EN-DCs indicated by such signaling share the same property.

For example, assuming a constraint that the UE supports only the E-UTRA band entry capable of MIMO 2 layers to be the PCell no matter the EN-DC configuration is contiguous or non-contiguous. When UE indicates ‘both’ for the band entry triplet {48AA-2Layer; 48A-4Layers, n48A-4Layers} for the Case 4, on one hand, the E-UTRA band entry {48AA-2Layers} will be configured as the PCell so that another E-UTRA entry {48A-4Layers} is contiguously combined with the NR entry {n48A-4Layers} when the Case 4-1 configuration is adopted. On the other hand, the E-UTRA band entry {48AA-2Layers} will be contiguously combined with the NR entry instead when the Case 4-2 configuration is adopted.

Proposal 5 [bookmark: _Ref126251865]The UE sets intraBandENDC-Support as ‘both’ for indicating the additional support of the Case 4.

The Table 2.4-2 is the signaling solution summary for the Case 4.


	Band entries and bandwidth class DLUL
	intraBandENDC-Support
	Supported EN-DC configuration(s)
	Note

	{48AA, 48A, n48AA}
	(absent)
	DL DC_48A-(n)48AA, UL DC_(n)48AA
(Fallback: DL DC_(n)48AA, UL DC_(n)48AA)
	Contiguous operation is supported by default. The 1st E-UTRA band entry and its associated feature set can be contiguously combined with NR SCG.

	{48A, 48AA, n48AA}
	(absent)
	DL DC_48A-(n)48AA, UL DC_(n)48AA
	UE explicitly indicates that 2nd E-UTRA band entry and its associated feature set can be contiguously combined with NR SCG, if this entry has diff. capability from 1st one.

	{48AA, 48A, n48AA}
	‘non-contiguous’
	DL DC_48A-48A_n48A, UL DC_48A_n48A
	UE explicitly indicates that 1st EUTRA band entry and its associated feature set can be the PCell.

	{48A, 48AA, n48AA}
	‘non-contiguous’
	DL DC_48A-48A_n48A, UL DC_48A_n48A
	UE explicitly indicates that 2nd EUTRA band entry and its associated feature set can be the PCell.

	{48AA, 48A, n48AA}; {48AA, n48AA}
	(absent);
‘non-contiguous’
	DL DC_48A-(n)48AA, UL DC_(n)48AA;
DL DC_48A_n48A, UL DC_48A_n48A.
	UE doesn’t support the parent DL DC_48A-48A_n48A, UL DC_48A_n48A but the fallback. A fallback could have additional capabilities, therefore the DL DC_48A-(n)48AA, UL DC_48A_n48A shall NOT be considered as supported.

	{48AA, 48A, n48AA}; {48AA, 48A, n48AA}
	(absent);
‘non-contiguous’
	DL DC_48A-(n)48AA, UL DC_(n)48AA;
DL DC_48A-48A_n48A, UL DC_48A_n48A.
	1. This signaling is used when UE needs to indicate different BWCS/capabilities for contiguous and non-contiguous, respectively.
2. Therefore the DL DC_48A-(n)48AA, UL DC_48A_n48A shall NOT be deemed supported in this case because the network shall NOT configure UL part in one BC and DL part in another BC referring different capabilities.

	{48AA, 48A, n48AA}
	‘both’
	DL DC_48A-(n)48AA, UL DC_(n)48AA;
DL DC_48A-48A_n48A, UL DC_48A_n48A;
DL DC_48A-(n)48AA, UL DC_48A_n48A.
(and their fallbacks)
	Row 1 + Row 3 with same BWCS/capabilities so that the mixed EN-DC DL DC_48A-(n)48AA, UL DC_48A_n48A could also be supported. The capabilities for DL and UL parts are literally from the single BC element.

	{48A, 48AA, n48AA}
	‘both’
	DL DC_48A-(n)48AA, UL DC_(n)48AA;
DL DC_48A-48A_n48A, UL DC_48A_n48A;
DL DC_48A-(n)48AA, UL DC_48A_n48A.
(and their fallbacks)
	Row 2 + Row 4 with same BWCS/capabilities so that the mixed EN-DC DL DC_48A-(n)48AA, UL DC_48A_n48A could also be supported. The capabilities for DL and UL parts are literally from the single BC element.


Table 2.4-2: Signaling solution summary for the Case 4


2.4.2.2. RRC Reconfiguration
In light of previous discussion in the clause 2.4.2.1, the current signaling is apparently sufficient to support the reconfiguration procedure of the Case 4.

[image: ]
Figure 2.4-4: The Case 4, its constituent EN-DC and reconfigurations in between.

2.4.3. RAN2 CRs
To be in line with RAN4 specification, the expansion of support scope of the codepoint ‘both’ shall be captured but all applicable configurations are always subject to the RAN4 specification. With minimum specification impact, we provide TS 38.306 CRs for consolidating the final solution.

Proposal 6 [bookmark: _Ref127299039]RAN2 to agree taking CRs [5][6] as the capability signaling solution for mixed intra-band contiguous and non-contiguous EN-DC band combinations.

3. Summary
In previous sections we made the following observations and proposals:
Observation 1	DL only intra-band (NG)EN-DC/NE-DC combinations existed and were supported by RAN2 signaling.
Observation 2	Intra-band contiguous/non-contiguous capabilities can be reported for the DL only while the signaling is unambiguous to distinguish the concerned part. In this case, the DL part capability (e.g., BWCS) used for the configuration is from another intra-band EN-DC band combination.
Observation 3	The applicability and forward compatibility of the IE intraBandENDC-Support are subject to the RAN4 specification. The IE is required to be reported for the DL part only to avoid ambiguities of some intra-band EN-DC band combinations.
Observation 4	The spectrum continuity RAN2 used to categorize intra-band EN-DC configuration is indicated by the capability intraBandENDC-Support. It applies to both DL and UL parts of Type 1 and 2 BCs, but only to DL part of Type 3 BCs. The codepoint ‘both’ refers to the union of intra-band contiguous and non-contiguous EN-DC categories.
Observation 5	The Case 3 and Case 4 are the special composites of intra-band contiguous and non-contiguous EN-DC by their configuration defined in RAN4 specification.
Proposal 1	RAN2 to agree the Case 3 and Case 4 are categorized into the group to which the codepoint ‘both’ refers (no need to capture in RAN2 specification).

Observation 6	RAN4 did not propose to change the definition but to expand the usage of the codepoint ‘both’. It is technically feasible to reuse existing capability signaling to additionally include the support of the Case 3 and Case 4.
Observation 7	Considering the underlying concept agreed by RAN4 and the long pending signaling solution discussion history, the NBC concern of the implicit way is limited and not even a real problem for now.
Proposal 2	RAN2 to agree with the RAN4 ‘both’ proposal as the way forward for the signaling solution of Rel-16/Rel-17 so that minimum specification impact and NBC concern are guaranteed.

Observation 8	Considering possible RAN2 spec. impact and the working scope of DL-UL decoupling for the intra-band EN-DC, new signaling solution is not a good way forward for Rel-16 and Rel-17.
Proposal 3	The new signaling solution is not pursued for Rel-16 and Rel-17. If RAN2 cannot consolidate solution for Rel-16 and Rel-17 by existing signaling, we leave the new intra-band EN-DC band combinations and new signaling solution to Rel-18.

Observation 9	Use ‘both’ for the Case 3, its DL and UL capabilities can be unambiguously comprehended by the network by literally referring to the sole BC element.
Observation 10	For the Case 3 (and Case 4), the looser the bandwidth class requirement of the contiguous and/or non-contiguous constituent is, the higher the risk of capability misinterpretation and the maintenance effort of RAN2/RAN4 specifications are.
Observation 11	The Case 3 shall not be deemed supported when the UE reports the contiguous and non-contiguous constituent BCs separately instead of indicating ‘both’.
Proposal 4	The UE sets intraBandENDC-Support as ‘both’ for indicating the additional support of the Case 3.

Observation 12	The current fallback rule still holds for the Case 4.
Observation 13	The support of EN-DC DL DC_48A-(n)48AA with UL DC_(n)48AA in the Case 4 can be indicated by current capability signaling already, the PCell capable of being contiguously combined with the NR band is determined by the field “ca-BandwidthClassUL-EUTRA” presence.
Observation 14	For existing EN-DC configuration DL DC_48A-48A_n48A with UL DC_48A_n48A, the UE has to support either E-UTRA band entry to be the PCell no matter it is contiguously combined with the NR SCG or not.
Proposal 5	The UE sets intraBandENDC-Support as ‘both’ for indicating the additional support of the Case 4.

Proposal 6	RAN2 to agree taking CRs [5][6] as the capability signaling solution for mixed intra-band contiguous and non-contiguous EN-DC band combinations.
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