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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This is to discuss the left issue on intra-band ENDC.
R2 agreed at 119bis that
RAN2 concludes that the discussed cases are not currently supported by signalling and new signalling is needed. 
Case validity is up to RAN4, and if RAN4 concludes they are valid, RAN2 can then attempt to find a signalling solution. RAN4 can also develop a preference as to what release should be applicable. 
R2 discussed at 120 that
Rapp Summary:
Observation 1: The signaling solution to address the cases agreed by RAN4 is described as below (CRs in R2-2213262 and R2-2213263 showed detailed changes accordingly)
1. New capabilities to indicate intra-band ENDC contiguous/non-contiguous support for DL and UL separately, with a per BC level;
2. The new capabilities introduced would only be present if the support of contiguous/non-contiguous is different between the DL and the UL;
3. The absence of the new capabilities means that by default contiguous is supported.
Observation 2: the signalling solution need further check to ensure the inter-operability.
1. For the upgraded gNB: there is no inter-operability issue to interpret the capabilities of the new UEs and legacy UEs. 
2. For the legacy gNB:
-  There is no inter-operability issue when the new UE has different capabilities between UL and DL for “contiguous-only” and mixed (“contiguous” + “non-contiguous”) cases.
-  Further check is needed when the new UE has different capabilities between UL and DL with “non-contiguous only” in either UL or DL, as the legacy gNB may always assume the UE supports “contiguous-only” for both UL and DL.
Postponed, can consider observations 1 and 2 for future work. 
Discussion
R4 has confirmed the validity of the following cases. 
· 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 have two kinds of UL ENDC configurations:
	EN-DC
configuration
	Uplink EN-DC
configuration

	[bookmark: _Hlk117094961]DC_48A_(n)48AA
	DC_(n)48AA
DC_48A_n48A


Before discussion on Case-3/4
Firstly, when UE reports a EN-DC BC, whether NR block can be configured at lower-frequency side or higher-frequency side has been clarified by R4 spec (e.g., tables in clause 5.3B.1 in 38.101-3) as follows.
	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_(n)3AA
	DC_(n)3AA4
	5, 10, 15, 20
	5,10,15,20, 25, 30
	
	50
	0

	
	
	
	5,10,15,20, 25, 30
	5, 10, 15, 20
	
	

	DC_(n)5AA
	DC_(n)5AA4
	5, 10
	5, 10, 15, 20
	
	25
	0

	
	
	
	5, 10, 15, 20
	5, 10
	
	

	DC_(n)7AA
	DC_(n)7AA4
	5, 10, 15, 20
	5, 10, 15, 20
	
	40
	0

	
	
	
	5, 10, 15, 20
	5, 10, 15, 20
	
	

	DC_(n)12AA
	DC_(n)12AA4
	5, 10
	5, 10
	
	15
	0

	
	
	
	5, 10
	5, 10
	
	

	…


I.e., either NR block is on the lowest carrier frequency which is lower than frequency of LTE blocks, or NR block is on the highest carrier frequency which is higher than the frequency of LTE blocks.
Proposal 1 [bookmark: _Toc121153600][bookmark: _Toc127258113]R2 confirm for intra-band EN-DC BCs, R4 defines the ‘contiguous/non-contiguous’ 1) for NR block and LTE block of lowest frequency, if frequency of NR block is lower than LTE blocks, and 2) for NR block and LTE block of highest frequency, if frequency of NR block is higher than LTE blocks.
Specific Issue of Case-3
In Case-3, the issue is how for network to know which one or both are supported by UE (the example is for DL: (n)48CA, the essential issue is the same for DL: (n)48DA)
[image: ]
Figure 1 Possible configuration of DC_(n)48CA+DC_48A_n48A
In legacy, when ‘contiguous’ is indicated, considering the following description
	featureSetListPerUplinkCC
Indicates which features the UE supports on the individual UL carriers of the feature set (and hence of a band entry that refer to the feature set) by FeatureSetUplinkPerCC-Id. The order of the elements in this list is not relevant, i.e., the network may configure any of the carriers in accordance with any of the FeatureSetUplinkPerCC-Id in this list. A fallback per CC feature set resulting from the reported feature set per UL CC is not signalled but the UE shall support it.
	FS
	N/A
	N/A
	N/A


Seems the legacy network is free to configure all cases in Fig-1. 
Observation 1 With legacy signailng of ‘contiguous’, network may configure all cases (A1/A2/B1/B2 in Fig-1), yet the intention is to find a solution to exclude case-A2/B1. 
For which there are two solutions.
Solution-1: Introduce a new DL/UL separate report of contiguous / non-contiguous
Solution-2: Clarify interpretation of ‘both’. As in R4 LS
In RAN4’s view, if UE indicates intraBandENDC-Support with “both” for case 3 and case 4, there should be no ambiguity from implementation capability perspective:
· For case 3: “both” includes UE supports non-contiguous in UL paired with contiguous in DL.
The key aspect is inter-operability analysis
Table 1 Inter-operability Analysis for solution-1/2
	
	If UE implements it but not by network
	If network implements it but not by UE

	Solution-1
	For the concerned case (contiguous-DL + non-contiguous-UL), legacy network does not understand the new signaling, there is no way for legacy network to avoid wrong configuration
	UE can/should not report the asymmetric BC correctly using old signaling anyway.

	Solution-2
	If there is netwrok implementation where ‘both’ is interrepted as ‘contiguous + non-contiguous’ but consistent between DL and UL, there is inter-operability issue.

	If there is UE implementation where ‘both’ is interrepted as ‘contiguous + non-contiguous’ but consistent between DL and UL, there is inter-operability issue.


Based on discussion during 120, there is indeed understanding as above. If it is true, signaling-based solution is a re-definition of ‘both’ code-point. 
Then it is hard for network to differentiate between BC supporting 
1/ Both ‘contiguous-DL + contiguous-UL’ and ‘non-contiguous-DL + non-contiguous-UL’; and
2/ ‘contiguous-DL + non-contiguous-UL’
Observation 2 For signaling-based approach, legacy network cannot understand the new signaling so cannot restrict to asymmetric DL/UL scheduling.
Observation 3 For non-signaling based solution, it is hard for network to differentiate between old / new definition of ‘both’.
So that for either case, some solution is needed to avoid inter-operability issue
Either a new BC list is introduced.
Or if using the old BC list, the assumption should be that 
1/ Currently, there is no band-48/n48 BC reporting in the field (although there is such BC defined in R4 spec), and the issue is limited to band-48/n48 forever (even in the future..);
2/ Mandatory for network to upgrade to handle band (n)48 related BC, i.e., there should be no legacy network to handle (n)48 related BC
Then the inter-operability issue can be solved
Comparing the two, a new BC list seems to be easier, safer and future-proof (in case such issue happens later for bands other than band-48/n48).
Proposal 2 [bookmark: _Toc127258114]For issue from Case-3, if R2 confirms the backwards compatibility issue, introduce a new BC list to carry the BCs with asymmetric contiguous/non-contiguous capability for DL and UL. 
On top of that, both solutions can be applied. Yet in this case, signaling-based approach seems more future-proof.
Proposal 3 [bookmark: _Toc127258115]For issue from Case-3, R2 discuss either 1) to use DL/UL separate signaling to support DL/UL asymmetric contiguous/non-contiguous capability, or 2) rely on the new interpretation of ‘both’.
Specific Issue of Case-4
For Case-4, all 4 possible configurations are listed as follows.
[image: ]
Figure 2 Possible configuration of DC_48A_(n)48AA+DC_(n)48AA,DC_48A_n48A
The question is whether the legacy single intraBandENDC-Support-being-absent (i.e., = ‘Contiguous’) means UE support only case A1/B2 (for ‘contiguous’) or UE supports all cases of A1/A2/B1/B2 . 
This is different from Case-3:
· In Case-3, the objective is to restrict UL to be non-contiguous, i.e., to exclude contiguous-UL, for which legacy design cannot achieve anyway.
· But in Case-4, the objective is to allow both contiguous-UL (i.e., A1 and B2) and non-contiguous-UL (i.e., A2 and B1).
There could be different interpretations in legacy 
Interpretation-1: Legacy intraBandENDC-Support was defined based on DL-block, then it means A2/B1 are also covered by intraBandENDC-Support=contiguous
Interpretation-2: Legacy intraBandENDC-Support was defined based on both UL and DL-block, then it means A2/B1 is NOT covered by intraBandENDC-Support=contiguous
In case of interpretation-1, it seems can be understood that both ‘contiguous-UL’ (A1, for DC_(n)48AA) and ‘non-contiguous-UL’ (A2, for DC_48A_n48A) are already supported by legacy design. I.e., problem only comes from interpretation-2. 
Proposal 4 [bookmark: _Toc122613820][bookmark: _Toc122614375][bookmark: _Toc122613821][bookmark: _Toc122614376][bookmark: _Toc122613822][bookmark: _Toc122614377][bookmark: _Toc122613823][bookmark: _Toc122614378][bookmark: _Toc122613824][bookmark: _Toc122614379][bookmark: _Toc122613825][bookmark: _Toc122614380][bookmark: _Toc122613826][bookmark: _Toc122614381][bookmark: _Toc122613827][bookmark: _Toc122614382][bookmark: _Toc122613828][bookmark: _Toc122614383][bookmark: _Toc122613829][bookmark: _Toc122614384][bookmark: _Toc122613830][bookmark: _Toc122614385][bookmark: _Toc122613831][bookmark: _Toc122614386][bookmark: _Toc122613832][bookmark: _Toc122614387][bookmark: _Toc122613833][bookmark: _Toc122614388][bookmark: _Toc122613834][bookmark: _Toc122614389][bookmark: _Toc127258116]For issue from Case-4, R2 discuss firstly whether legacy intraBandENDC-Support only restricts DL band-entry relationship, or both DL and UL band-entry relationship. In the former case, there is no left issue to solve, while in the latter case, adopt the same solution for Case-3. 

Conclusion
We have the following proposals:
Proposal 1	R2 confirm for intra-band EN-DC BCs, R4 defines the ‘contiguous/non-contiguous’ 1) for NR block and LTE block of lowest frequency, if frequency of NR block is lower than LTE blocks, and 2) for NR block and LTE block of highest frequency, if frequency of NR block is higher than LTE blocks.
Proposal 2	For issue from Case-3, if R2 confirms the backwards compatibility issue, introduce a new BC list to carry the BCs with asymmetric contiguous/non-contiguous capability for DL and UL.
Proposal 3	For issue from Case-3, R2 discuss either 1) to use DL/UL separate signaling to support DL/UL asymmetric contiguous/non-contiguous capability, or 2) rely on the new interpretation of ‘both’.
Proposal 4	For issue from Case-4, R2 discuss firstly whether legacy intraBandENDC-Support only restricts DL band-entry relationship, or both DL and UL band-entry relationship. In the former case, there is no left issue to solve, while in the latter case, adopt the same solution for Case-3.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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