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Introduction
There is an ongoing discussion in RAN2 on how to model UE capability for interband SSB-less CA. Initially, RAN2 discussed the proposal below [1,2]:
	Proposal 1: If the UE indicates “support” for this band, this band can be configured as the reference band while all other band(s) within the BC can be configured as SSB-less band(s), or configured as an SSB-less band if any other band within the BC is configured as the reference band.
Proposal 2: If the UE indicates support of SSB-less SCell operation between two bands within the BC by scellWithoutSSB-InterBandCA-r18, the UE also supports SSB-less SCell operation between these two bands contained in any of its parent BC.


However, this modelling was not agreeable as some companies pointed out that UE capability rules do not allow the NW to derive features for a higher order band combination from a signalled band combination, e.g., the initial proposal allowed the UE to signal {supported, not supported} per Band per BC as follows:
	Band
	A
	B
	C

	FS per Band
	Supported
	Not supported
	Not supported



In this case, capability rules then do not allow the NW to configure {A, B, C, D} where band D has its own SSB and cannot be a reference to any other SSB-less band. Some companies took issue with that shortcoming and the whole discussion was postponed.
Signalling Two values per FS
Based on offline discussions with companies, it was proposed to solve the above issue by allowing the UE to signal two values per FS as follows:
· Reference: If UE indicates “support”  “reference” for this band, this band can be configured as the reference band while all other band(s) that can be configured as interband SSB-less SCell(s) within the BC can be configured as SSB-less band(s), or configured as an SSB-less band if any other band within the BC that can be configured as interband SSB-less SCell(s)  is configured as the reference band.
· SSB-less: If UE indicates “SSB-less” for this band, this band can be configured as an SSB-less SCell with a band that the UE indicates as “Reference” or vice versa. 
· No value indicated: This band is not involved in Interband SSB-less CA, 
This modelling seems to solve the problem, however, there is some misunderstanding on whether the UE can signal more than one “reference” band within the same Interband SSB-less CA grouping. 
Consider the following two options for modelling capability: 
· For simplicity we assume that {A, B, C} bands are all part of the same CA configuration/grouping (i.e., one of them gets reference timing from the other and no other band combinations are configured independently as Ref-SSB-less). 
Option 1: Only 1 band can be indicated as “reference” within the same Interband CA configuration.
UE can indicate the following capability: 
	Band
	A
	B
	C
	D

	FS per Band
	Reference
	SSB-less
	SSB-less
	-



In this option, if UE configures an SSB-less {A, B, C, D} CA, {A} must be the reference to {B, C}, furthermore an interband CA SSB-less configuration that only includes {B, C} cannot be configured. D can be configured in CA but is not involved in interband SSB-less group as reference or SSB-less band. 
If UE wants to indicate that it supports full interchangeability between A, B, C using this signalling, it must report three different feature sets for the same BC as follows:
	Band
	A
	B
	C
	D

	FS1 per Band
	Reference
	SSB-less
	SSB-less
	-

	FS2 per Band
	SSB-less
	Reference
	SSB-less
	-

	FS3 per Band
	SSB-less
	SSB-less
	Reference
	



Option 2: Any band can be reported as “reference” or “SSB-less” within the same Interband CA configuration.
	Band
	A
	B
	C
	D

	FS per Band
	Reference
	Reference
	Reference
	-


In this option, bands A, B and C are fully interchangeable, i.e., NW is allowed to configure {A, B, C} with any reference band as well as any subset with A, B and C, i.e., {A,B}, {B,C} and {A,C}  with any of the bands as a reference or any of the bands as SSB-less.
From further checking with companies offline, it seems it is not very clear whether option 2 is also allowed along with option 1. 
To validate this, we refer to RAN4 agreement: 
	Agreement:
							Per FS indication.
· For each band within the BC, UE indicates if it supports the SSB-less operation when this band is the reference band and other band(s) in the BC as the SSB-less band.
· Note: If UE indicate “support” for this band, it means all other bands within the BC can be configured as SSB-less bands. Otherwise, UE shall not indicate “support” for this band.
· Whether and how to define requirements for multiple SSB-less SCell activation will be FFS in RAN4 requirements discussion.
Agreements:
If UE indicates support of SSB-less operation between Band A and Band B, it is RAN4 understanding that there is no direction between A and B, which means that UE shall indicate either band as the reference band and the other band as the SSB-less band. How UE to indicate it is up to RAN2 to design. 

If UE indicates support of SSB-less operation between Band A and Band B, and UE can support CA combination containing A and B, then it is natural that UE can support SSB-less operation between A and B under such CA combination.


 In our understanding, this wording makes it clear that in our framework, both option 2 should be allowed, i.e., many bands can be indicated as reference within the same interband SSB-less CA band grouping. 
Observation 1: RAN4 wording allows indicating multiple bands as “reference” within the same interband SSB-less CA band grouping, i.e., no restriction that one band must be indicated as “reference” with other bands indicated as SSB-less. 
Furthermore, after checking with RAN4, it seems that such technical restriction was not discussed, and indeed from a deployment standpoint, UE would not know beforehand the CA bands available and how the NW intends to configure the UE CA. 
If RAN2 was to follow option 1, then to report full interchangeability within {A, B, C} (which in our understanding is the more likely reporting anyway as there is no technical reasons behind this asymmetrical relationship discussed in RAN4 or having independent band groupings for Ref/SSB-less) then UE must report 3 different capabilities for the same BC, each with a different FS. This is obviously quite impractical from a signalling standpoint, as it involves a lot of repetitive reporting that can be obviously saved by option 2.  Keep in mind that we still have to signal MIMO layers, supported bandwidth, etc., all per band combination. 
Observation 2: Restricting “reference” value indication to a single band within inter-band CA grouping makes capability signalling impractical since UE must report up to N feature sets for N Band Combinations to indicate whether each band can be used as reference for other SSB-less bands.  
Thus, we propose the following be agreed:
Proposal 1:  If RAN2 agrees on using the two values {reference, SSB-less} to indicate capability within Interband SSB-less CA band grouping, there are no restrictions on how many bands the UE can indicate as ‘reference’. 
Proposal 1 comes with the limitation that it would be hard to extend it to multiple independent band groups, e.g., {A,B} are one interband SSB-less band pair and {C,D} are another independent SSB-less band pair, all configured within the same {A,B,C,D,E} BC CA. After checking with RAN4, it seems that this case is not very likely from a technical standpoint or expected for NES deployment and indeed, accommodating this flexibility at the cost of increasing UE capability signalling load is not desirable. 
. One option to confirm that is send an LS to RAN4 explaining the different trade-offs and asking them to confirm that independent SSB-less band groupings are not supported in Rel-18 or alternatively we can explain different options and ask for their preference. 
Proposal 2: RAN2 capability framework need not support multiple independent SSB-less band CA groupings within the same BC. This can be confirmed with RAN4 via an LS.    
Conclusion
Observation 1: RAN4 wording allows indicating multiple bands as “reference” within the same interband SSB-less CA band grouping, i.e., no restriction that one band must be indicated as “reference” with other bands indicated as SSB-less. 
Observation 2: Restricting “reference” value indication to a single band within inter-band CA grouping makes capability signalling impractical since UE must report up to N feature sets for N Band Combinations to indicate whether each band can be used as reference for other SSB-less bands.  
Proposal 1:  If RAN2 agrees on using the two values {reference, SSB-less} to indicate capability within Interband SSB-less CA band grouping, there are no restrictions on how many bands the UE can indicate as ‘reference’. 
Proposal 2: RAN2 capability framework need not support multiple independent SSB-less band CA groupings within the same BC. This can be confirmed with RAN4 via an LS.    
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