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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
IntrabandENDC-Support capability clarification discussion was triggered in [1] in RAN4#97, and after that two years has past but still this issue cannot be solved. Then in RAN#97, RAN task RAN4 and RAN2 to further check the inconsistency issue and try to solve it. 

	Conclusion: RAN tasks RAN4 and RAN2 to have more discussion in Q4/22 to check the inconsistency issue described in RP-222646. At least, two issues should be addressed.
· Whether configurations in Case 3 and Case 4 are valid from RAN4 and RAN2 point of view respectively.
· In the case of configuration in Case 3 and/or in case of configuration in Case 4 are(is) confirmed as valid, whether a solution is necessary in RAN2 to address the ambiguity issue for configurations on some intra-band EN-DC band combinations with more than 2 carriers from Rel-15.



The Case3 and Case 4 are referring to below band combinations.
	· Case 3: All CCs are contiguous in DL but neither carrier is contiguous to each other in UL:
	EN-DC
configuration
	Uplink EN-DC
configuration

	DC_(n)41AB
DC_(n)41CA
DC_(n)41DA
	DC_41A_n41A

	DC_(n)48CA
	DC_48A_n48A

	DC_(n)48DA
	DC_48A_n48A


· Case 4: LTE and NR adjacent carriers are contiguous but carriers in LTE or NR are non-contiguous, it will has two kinds of UL ENDC configurations:
	EN-DC
configuration
	Uplink EN-DC
configuration

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






In RAN4#104bis-e, the WF [2] was agreed which includes some candidate solutions for further study. This paper further discusses this topic.
2 Discussion
2.1 Case 3
Valid of Case3
In WF [2] it was agreed that b41+n41 is removed from Case 3 and only keep b48+n48 case, so Case 3 now is only for the below band combinations.
	EN-DC
configuration
	Uplink EN-DC
configuration

	DC_(n)48CA
	DC_48A_n48A

	DC_(n)48DA
	DC_48A_n48A



[bookmark: _Hlk117700342]For Case 3, the problem is that UE is contiguous in DL but NC in UL. With the agreement made in last meeting that “UL configuration is either the same as DL configuration or belongs to the DL fallback configurations”, this means there shall be NC configuration in DL if UE would like to be configured with NC configuration in UL. However, with the fallback rule defined in 38.306 “An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination” the DL DC_(n)48CA or DC_(n)48DA cannot directly fallback to DL NC configuration. Therefore, this band combination is invalid itself, but RAN4 decided to keep this band combination and seek the solution to make such band combination workable.

Observation 1:   Case 3 band combination itself is invalid configuration, but RAN4 decided to keep it and seek the solution to make such band combination workable.

Solutions for Case3
For the solutions, in last meeting 7 solutions were proposed in general, and down selected to below two solutions Option 2b/2c for further discussion.

	Issue 1-3-1: Solutions for Case 3
WF are as below:
· Consider design new signalling in Rel-18 for Case3 if necessary and detailed signalling design is up to RAN2. And rely existing signalling to indicate Case 3 before Rel-18.
· FFS following solutions in next meeting
· [bookmark: _Hlk117794438]Option 2b: In Rel-16 and Rel-17, report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3 configurations DL DC_(n)48CA with UL DC_48A_n48A and DL DC_(n)48DA with UL DC_48A_n48A, i.e. 
[bookmark: _Hlk117707789]UE indicate “contiguous” capability for DL DC_(n)48CA with UL DC_(n)48AA
[bookmark: _Hlk117707806]UE additionally indicate “non-contiguous” capability for DC_48A_n48A in both UL and DL
· Interpretation A: 
Case 3 is considered as exceptional configuration with DC_48A_n48A in UL and DC_(n)48CA in DL, and a NOTE can be added in RAN4 spec to clarify this.
· Interpretation B: 
DL DC_48A_n48A is not considered as a fallback combination of DC_(n)48CA, but only a lower order combination of DC_(n)48CA.
· [bookmark: _Hlk117794473][bookmark: _Hlk116985800]Option 2c: In Rel-16 and Rel-17, UE shall also support non-contiguous operation in the DL (DC_48C_n48A), then the network can configure DL_(n)48CA with the middle LTE cell DL-only and the UL with a gap (non-contiguous)



[bookmark: _Hlk117707559]For Option 2b, the main idea is to report another DL NC band combination DC_48A_n48A and combine with current DL DC_(n)48CA to make the configuration of UL DC_48A_n48A and DL DC_(n)48CA feasible. The reporting structure is as shown in below figure 1 (Note: dashed table is additionally reported band combination). However, there are different interpretations on how this approach can be workable.
[image: ]
Figure 1 Option 2b reporting concept with BC1 reporting “non-contiguous” and BC2 reporting “contiguous”

· [bookmark: _Hlk117708954]For interpretation A: With two band combination reported, each band combination complies with the RAN2 fallback rule. It removes the fallback rule problem of NC in UL band contiguous in DL. However, this doesn’t make the configuration of UL DC_48A_n48A and DL DC_(n)48CA feasible. And the approach is to treat this cross configuration as an exceptional case considering Case 3 itself is not a valid configuration, and is not expected to be a common case in following releases.

[bookmark: _Hlk117708848][bookmark: _Hlk117708785]According to interpretation A, when NW receives UE capability of supporting “contiguous” {DL DC_(n)48CA with UL DC_(n)48AA} and “non-contiguous” {UL and DL both DC_48A_n48A}, it will be treated as an exceptional case and can configure this UE with {DL DC_(n)48CA with UL DC_48A_n48A}. 

This is not an ideal solution since it preclude UEs from not supporting the cross configuration when UE report these two band combinations, however, it can make this specific band combination configuration possible while not violating RAN2 signalling rules.

Observation 2:   Option 2b doesn’t make the configuration of UL DC_48A_n48A and DL DC_(n)48CA directly feasible, but it removes the fallback rule violation problem by reporting two independent band combinations, one contiguous and the other NC.

Observation 3:   It is possible to support UL NC with DL contiguous by treating it as an exceptional case for b48+n48.

An example of handling the exceptional case is to add one note in the spec, example is as below. 
Table 5.5B.2-1: Intra-band contiguous EN-DC configurations
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_(n)48CAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)48DAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	NOTE x:	For UE indicates supporting this band combination together with UL and DL DC_48A_n48A, this UE can be configured with UL DC_48A_n48A and DL DC_(n)48CA



· [bookmark: _Hlk117709372]For interpretation B: Although it is understood that UE can report a non-fallback DL band combination in addition to high order band combination, it is not quite clear whether the intention is to report via two band combination entry as shown in Figure 1, or is intended to report via one band combination entry like Figure 2. 

In our understanding, current RAN2 signalling doesn’t support reporting one UL configuration with two DL configurations in one BC reporting entry, i.e. Figure 2 approach. Therefore, here we use Figure 1 as the correct understanding of interpretation B.
[image: ]
Figure 2 One different understanding of interpretation B with one UL NC configuration and two DL configurations

[bookmark: _Hlk117709448][bookmark: _Hlk117709517]Different from interpretation A, the interpretation B tries to give a general solution for this kind of band combination. However, even with Figure 1 above, the UL NC DC_48A_n48A can still be configured together with DL NC DC_48A_n48A, rather than with DL DC_(n)48CA, i.e. cross-band combination configuration still is not supported by current signalling.

Observation 4:   It is true that UE can report a DL NC DC_48A_n48A in addition to high order contiguous DL DC_(n)48CA, however, the UL NC DC_48A_n48A still cannot works with DL DC_(n)48CA since they are separately reported with corresponding UL respectively in RAN2 signaling.

For Option 2c, the idea is to report another DL NC band combination DC_48C_n48A, and make UE can support both contiguous and NC in UL and DL. Then with one band combination reporting entry, the UE can indicate “both” in the UL and in the DL. Then NW will understand that this UE can be configured with either contiguous or NC in the UL and DL. This might be possible.

[image: ]
Figure 3 Option 2c reporting concept with UL and DL reporting “both”

Observation 5:   With UE additionally support DC_48C_n48A, it is possible to use one BC entry to report “both” contiguous and NC capability in UL and DL. Then NW can choose to configure NC in UL and contiguous in DL.

Proposal 1:         For case 3, it is proposed to adopt either Option 2c (UE shall also support non-contiguous operation in the DL DC_48C_n48A) or Option 2b (report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3).

Proposal 2:         For case 3, if go with Option 2b (report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3), then consider remove the NC EN-DC configuration from UL and add NOTE to clarify the cross-band combination configuration:
Table 5.5B.2-1: Intra-band contiguous EN-DC configurations
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_(n)48CAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)48DAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	NOTE x:	For UE indicates supporting this band combination together with UL and DL DC_48A_n48A, this UE can be configured with UL DC_48A_n48A and DL DC_(n)48CA




2.2 Case 4
The candidate solutions for Case 4 is as below table. Further down selection is necessary, but the Option 3 new signaling in our view should be the backup solution and RAN4 should strive to solve the Rel-16/17 issue with current signaling to avoid NBC issue similar as Case 3.

	Issue 1-3-2: Solutions for Case 4
· FFS following solutions in next meeting
· Option 2b: Rel-16 and 17 combinations of contiguous and non-contiguous intra-band EN-DC should be limited to two sub-blocks one of which consists of a contiguous EN-DC configuration in Table 5.3B.0-1 in 38.101-3. For these the UE must support both contiguous and non-contiguous EN-DC in the UL, i.e.
· UE indicate “both” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A
· [bookmark: _Hlk117095336]Option 2c: In Rel-16 and Rel-17, report an additional band combination DC_48A_n48A in both UL and DL to support the Case 4 configuration DL DC_48A_(n)48AA with UL DC_48A_n48A and DC_(n)48AA with UL DC_48A_n48A, i.e.
· [bookmark: _Hlk117095987]UE indicate “contiguous” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA
· [bookmark: _Hlk117095404]UE additionally indicate “non-contiguous” capability for DC_48A_n48A in both UL and DL
· Option 3: New signalling
· A solution is necessary in RAN2 to address the ambiguity issue for configurations on some intra-band EN-DC band combinations with more than 2 carriers from Rel-15.



Proposal 3:         RAN4 should try to solve the Case 4 issue with existing signaling, and consider further new signaling only when current signaling cannot solve the problem.

For Option 2b, the concept is as below figure structure, it requires UE to report capability “both”. For the UL, it might be ok, since it has both contiguous and NC b48+n48. However, for the DL, there are different understanding on what this reported “both” means. 
[image: ]
Figure 4 Option 2b with limited two sub-block and reporting “both” approach

One concern is that in Option 2b solution, it restricts the capability “both” only to two sub-block case (Figure 4). Once UE supports both DL DC_48A_(n)48AA and DL DC_48A-48A_n48A, then how to report it is questioned. One approach probably is to use two band combinations as shown in Figure 5, that band combination 1 report capability “both” and band combination 2 report capability “non-contiguous” to give a full picture of UE supports both DL DC_48A_(n)48AA and DL DC_48A-48A_n48A.

From this point of view, Option 2b is not ideal but it works in solving the Case 4.
[image: ]
Figure 5 UE supporting DL DC_48A_(n)48AA and DC_48A-48A_48A case in Option 2b
Observation 6:   With two band combinations reported, one capability “both”, the other “non-contiguous”, the Case 4 can be solved by Option 2b.

For Option 2c, similar as Case 3 handling, UE report two band combinations as shown in Figure 6, one capability with “contiguous”, the other capability with “non-contiguous”, then NW to do cross configuration. As discussed in Case 3 topic, this can only work with the understanding that this is an exceptional case.
[image: ]
Figure 6 Option 2c with one BC report “non-contiguous” and one BC report “contiguous”

Observation 7:   By considering it as exceptional case, the Option 2c of Case 4 can also work with similar clarifications in the spec.

Proposal 4:         For Case 4, it is proposed to adopt either Option 2b (UE indicate “both” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A and limited to two sub-blocks) or Option 2c (report an additional band combination DC_48A_n48A in both UL and DL).

Proposal 5:         For case 4, if go with Option 2c (report an additional band combination DC_48A_n48A in both UL and DL), then consider remove the NC EN-DC configuration from UL and add NOTE to clarify the cross-band combination configuration:
Table 5.5B.3-2: Intra-band EN-DC configurations for mixed intra-band contiguous and non-contiguous EN-DC
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed

	DC_48A-(n)48AAx
	DC_(n)48AA5
DC_48A_n48A5
	Yes5

	NOTE x:	For UE indicates supporting this band combination together with UL and DL DC_48A_n48A, this UE can be configured with UL DC_48A_n48A and DL DC_48A-(n)48AA




3 Conclusion
In this paper we discussed the IntrabandENDC-Support capability handling for the problem band combinations and got following observations and proposals.

Case 3

Observation 1:   Case 3 band combination itself is invalid configuration, but RAN4 decided to keep it and seek the solution to make such band combination workable.

Observation 2:   Option 2b doesn’t make the configuration of UL DC_48A_n48A and DL DC_(n)48CA directly feasible, but it removes the fallback rule violation problem by reporting two independent band combinations, one contiguous and the other NC.

Observation 3:   It is possible to support UL NC with DL contiguous by treating it as an exceptional case for b48+n48.

Observation 4:   It is true that UE can report a DL NC DC_48A_n48A in addition to high order contiguous DL DC_(n)48CA, however, the UL NC DC_48A_n48A still cannot works with DL DC_(n)48CA since they are separately reported with corresponding UL respectively in RAN2 signaling.

Observation 5:   With UE additionally support DC_48C_n48A, it is possible to use one BC entry to report “both” contiguous and NC capability in UL and DL. Then NW can choose to configure NC in UL and contiguous in DL.

Proposal 1:         For case 3, it is proposed to adopt either Option 2c (UE shall also support non-contiguous operation in the DL DC_48C_n48A) or Option 2b (report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3).

Proposal 2:         For case 3, if go with Option 2b (report an additional band combination DC_48A_n48A in both UL and DL to support the Case 3), then consider remove the NC EN-DC configuration from UL and add NOTE to clarify the cross-band combination configuration:
Table 5.5B.2-1: Intra-band contiguous EN-DC configurations
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_(n)48CAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	DC_(n)48DAx
	DC_(n)48AA6
DC_48A_n48A6
	Yes6

	NOTE x:	For UE indicates supporting this band combination together with UL and DL DC_48A_n48A, this UE can be configured with UL DC_48A_n48A and DL DC_(n)48CA



Case 4

Proposal 3:         RAN4 should try to solve the Case 4 issue with existing signaling, and consider further new signaling only when current signaling cannot solve the problem.

Observation 6:   With two band combinations reported, one capability “both”, the other “non-contiguous”, the Case 4 can be solved by Option 2b.

Observation 7:   By considering it as exceptional case, the Option 2c of Case 4 can also work with similar clarifications in the spec.

Proposal 4:         For Case 4, it is proposed to adopt either Option 2b (UE indicate “both” capability for DL DC_48A_(n)48AA with UL DC_(n)48AA and UL DC_48A_n48A and limited to two sub-blocks) or Option 2c (report an additional band combination DC_48A_n48A in both UL and DL).

Proposal 5:         For case 4, if go with Option 2c (report an additional band combination DC_48A_n48A in both UL and DL), then consider remove the NC EN-DC configuration from UL and add NOTE to clarify the cross-band combination configuration:
Table 5.5B.3-2: Intra-band EN-DC configurations for mixed intra-band contiguous and non-contiguous EN-DC
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed

	DC_48A-(n)48AAx
	DC_(n)48AA5
DC_48A_n48A5
	Yes5

	NOTE x:	For UE indicates supporting this band combination together with UL and DL DC_48A_n48A, this UE can be configured with UL DC_48A_n48A and DL DC_48A-(n)48AA
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