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1	Introduction
At RAN2#113bis the contribution R2-2104025 raised the question how Bandwidth Combination Sets (BCS) for omitted fallback band combinations are to be determined. The offline email discussion (R2-2104598) reached no conclusion and the topic was hence postponed to RAN2#114e. In this paper we follow-up on our explanation in the above-mentioned email discussion and explain why the current RAN2 specifications unambiguously enforce that the channel bandwidths of a fallback BC are determined by the bandwidth combination sets (BCS) that the UE supports for the explicitly signalled parent BC.
[bookmark: _Ref178064866]2	Discussion
2.1	Bandwidth Combination Sets in fallback BCs
38.306 defines “fallback band combinations” as follows: 
“A Uu band combination that would result from another Uu band combination by releasing at least one SCell or uplink configuration of SCell, or SCG. ... An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.”
In other words...
[bookmark: _Toc71587579]Any carrier bandwidths that are allowed when the NW configures all carriers supported by the parent BC are also allowed when the NW configures just a subset (“fallback”) of those carriers. The UE is not allowed to support fewer carrier bandwidths but it is also not required to support additional carrier bandwidths on the not-signalled fallback band combinations.
In our view this definition is sufficiently clear and leaves no room for any other interpretation. 
Furthermore, RAN2 discussed the same issue recently for LTE in “[Post113-e][206][LTE] Clarification to Fallback band combination definition” and concluded the following:
RAN2 confirms that fallback band combination supports the carriers’ bandwidth(s) that are the same as the carriers’ bandwidth(s) of the signaled parent band combination.
Since NR inherited the “fallback concept” from LTE, the same should apply for NR. 

While there seemed to be general agreement on the two points above, R2-2104025 and the email discussion R2-2104598 centred around the question how the UE signals its BCs and BCSs that it supports therein and in fallback BCs. 
In line with the definition of fallback band combinations shown above, our view is the following:
[bookmark: _Toc71587580]The channel bandwidths of a (not signalled) fallback BC are determined by the bandwidth combination set (BCS) in 38.101 that the explicitly signalled parent BC refers to. 
On the contrary, R2-2104025 suggested that 
“the supported channel bandwidths for a specific band of a fallback BC regarding the BCS are determined by the supported BCS ID(s) (defined in RAN4 for the fallback BC) of the fallback BC, in which the BCS ID(s) is explicitly signalled for the super BC”. 
In other words, the UE would have to support the carrier bandwidth combinations defined in the rows of the (not signalled) fallback BCs in 38.101 using the BCS ID(s) that the UE signals in the parent BC. This interpretation is a lot more complex and suffers from the problem that BCS IDs are not defined consistently among parent- and child band combinations. The effect of that is explained in the following sub-section.
2.2	Why a BCS ID of a parent BC cannot be used in a fallback BC 
The BCS IDs defined in 38.101-1/2/3 do not have a consistent meaning across parent and child combinations. This is the natural consequence of how band combinations are defined and was hardly avoidable. In the following example the BCS#0 of the parent BC CA_n2A-n78(2A) inherits the BCS#1 of the inner BC CA_n78(2A):
[image: ]
… where the inner BC CA_n78(2A) is defined as follows:
[image: ]
If UE reports support for CA_n2A-n78(2A) BCS#0 it thereby indicates that it supports the bandwidths [10, 20, 25, 30, 40, 50, 60, 80, 90, 100] on the two n78 carriers (BCS#1). The network may configure those two n78 carriers in combination with the n2 carrier. But, because of the fallback rules, it may also configure only the two n78 carriers. Also in that case the UE shall still support the same carrier bandwidths [10, 20, 25, 30, 40, 50, 60, 80, 90, 100]. In other words, the BCS ID (#0) given by the UE in its signalled parent BC cannot be used to lookup supported carrier bandwidths in the RAN4 row of the implicit fallback combinations (CA_n78(2A) BCS#1). 
To overcome this problem, R2-2104025 suggested that in the above-mentioned example the UE shall explicitly include the fallback BC CA_n78(2A) and indicate therein support for at least BCS#0 (since it supports that BCS ID in the parent BC CA_n2A-n78(2A)) and BCS#1 (since that is what the definition of CA_n2A-n78(2A) actually requires for the inner BC CA_n78(2A)). In our view, this would defeat the purpose and break the definition of implicit fallback combinations since the UE would have to signal explicitly what is actually meant to be supported implicitly according to 38.306. Furthermore, such work-around bears a significant risk that it is forgotten to report the required fallback BCs with the necessary additional BCS IDs. And avoiding such error cases was one of the reasons why we introduced the fallback concept in Rel-10. And finally, to our knowledge there is currently no UE signalling those fallback BCs with additional BCS IDs explicitly. Adding such signalling requirement now would be non-backwards compatible. 

Backwards incompatibility arises also in the following BC:
[image: ]
... where the inner BC CA_n77(2A) is defined as follows:
	CA_n77(2A)
	CA_n77(2A)
	20, 40, 80, 100
	20, 40, 80, 100
	
	
	200
	0

	
	
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	
	
	200
	1



With the interpretation promoted in R2-2104025 and in the email discussion, a UE would be assumed to support the inner BC CA_n77(2A) with the BCS IDs signalled for the parent BC, i.e., BCS#1 - even though the RAN4 table demands only BCS#0. In other words, a network using the BCS ID (not the BCS) to lookup the BCS from the omitted fallback BC would use carrier combinations that the legacy UE does not support. 
A forward- and backward compatibility problem arises if RAN4 defined a BCS ID for a parent BC but did not yet define that BCS ID for all its child BCs. This is for example the case in CA_n25(2A)-n66(2A) where the parent BC defines a BCS#1 ...
[image: ]
... whereas the inner BC CA_n25(2A) defines so far only BCS#0:
[image: ]
If the interpretation promoted in R2-2104025 was applied, the UE would be mandated to support BCS#1 of the child combination (CA_n25(2A) which RAN4 has not yet defined. And if RAN4 defines that BCS ID for the child BC later, an upgraded gNB would expect also legacy UEs to support those additional carrier bandwidths thereon. Obviously, this is non-backwards compatible, too. 

Even if a BCS ID is defined for both the parent BC and for all its child BCs, some of the child BC may comprise additional carrier bandwidths which the UE is not able to support. With the proposal in R2-2104025 such constellations would prevent UEs from advertising the parent BC (with more carriers) just because it cannot support all carrier bandwidths implied by the same BCS ID for one child BC. In other words, by mandating that a BCS ID that is given for a parent BC must also be supported for all fallback BCs, the proposal in R2-2104025 puts additional requirements on the UE that do not exist in the current fallback rules. 

[bookmark: _Toc71587581]Due to inconsistencies in the BC tables in 38.101 it is not possible to interpret a BCS ID signalled for a parent BC in the context of the table rows of the fallback BCs. Doing so, would impose new requirements on UEs and hence be non-backwards compatible.  

For the reasons mentioned above the only possible interpretation is that the channel bandwidths of a (not signalled) fallback BC are determined by the bandwidth combination set (BCS) that the UE supports for the explicitly signalled parent BC. In other words, the NW interprets a BCS ID only in combination with the table row that the signalled BC refers to. 
Of course, a UE may in addition signal a child BC with the same or different BCS IDs than for a parent BC and thereby offer additional carrier bandwidths for that child BC. But in accordance with the definition of fallback BCs, it cannot withdraw carrier bandwidths when configured only according to a (not signalled) fallback BC. These principles are possible and enforced by the interpretation stated above in bold. 

2.3	Could RAN4 have made BCS IDs consistent?
To some degree RAN4 could have tried to avoid the inconsistencies in BCS IDs among parent and fallback BCs. But it would have complicated the maintenance of the BC/BCS tables in 38.101 even further. And in addition, it would have increased the overhead since it would require defining additional BCS rows with the same carrier bandwidth as another existing BCS row only to ensure consistency of the BCS IDs with fallback BCs: 
In the above-mentioned CA_n2A-n78(2A) one would have had to introduce a BCS#0 inheriting the BCS#0 of the child BC CA_n78(2A). And in addition, one would have had to introduce a BCS#1 inheriting the BCS#1 of the child BC. 
For a BC inheriting two or more child BCs it would also require defining a copies of BCSs with new BCS IDs for all child BCs just to ensure consistency of the BCS IDs across all fallbacks. Take CA_n5A-n25(2A)-n66(2A) as an example: 
[image: ]
Instead of introducing only CA_n5A-n25(2A)-n66(2A) BCS#0 (referring to the inner CA_n25(2A) BCS#0 and CA_n66(2A) BCS#1) one would have had to define a BCS#1 version of CA_n25(2A) with the same carrier bandwidths as the BCS#0 version. And then one could have introduced a CA_n5A-n25(2A)-n66(2A) BCS#1 (referring to CA_n25(2A) BCS#1 and CA_n66(2A) BCS#1). 
Besides being a lot more complex and heavier in overhead, doing such changes now would also be non-backwards compatible.
[bookmark: _Toc71587582]Ensuring consistency of BCS IDs across all parent- and fallback BCs would have complicated the maintenance of 38.101 and it would have required defining additional BCS rows. 
[bookmark: _Toc71587583]It is not backwards compatible to make BCS IDs for existing BCs consistent across all parent- and fallback BCs at this late point in time. 
2.4	Could RAN4 reduce the need to signal child BCs explicitly?
During the email discussion R2-2104598 it was pointed out that due to the sparse bandwidth combination sets that RAN4 defined initially for some intra-band BCs (e.g. CA_n78C BCS#0 which is used as inner BC in CA_n3A-n78C), UEs that support the additional bandwidth combinations for child BCs (e.g. CA_n3A-n78A) must report this child BC explicitly since it is not an implicit fallback BC. While being sub-optimal in terms of overhead, the explicit reporting of those child BCs is in-line with the procedures defined in 38.331. I.e., the UE should signal fallback combinations explicitly in which it supports “more” than in the signalled parent BC. In this case “more” is “more bandwidth combinations”. 
To reduce the overhead resulting from such constellations, RAN4 should in future aim to define higher order BCs consistently with their lower order child BCs. That means, a newly introduced parent BC should support all bandwidth combinations that the previously defined child BCs support.. For intra-band contiguous CA, RAN4 should e.g. create a BW row for new parent BC by copying the corresponding BW row for the already specified child BC and add just the required carrier bandwidths for the new carrier (i.e. not modify the bandwidths for the existing carriers). RAN4 did that for FR2 but didn’t follow the same principle for FR1. 
Note that this does not require aligning the BCS IDs since those are anyway not consistent for existing BCs.
[bookmark: _Toc71587584]To reduce the need to signal fallback BCs explicitly, RAN4 should in future define the BCSs (not the BCS IDs) of higher order BCs consistently with the BCSs of their lower order fallback BCs. 
3	Conclusion
In this paper we explained how the bandwidth combination sets for fallback band combinations are defined and determined. We summarize our findings in the following observations:
Observation 1	Any carrier bandwidths that are allowed when the NW configures all carriers supported by the parent BC are also allowed when the NW configures just a subset (“fallback”) of those carriers. The UE is not allowed to support fewer carrier bandwidths but it is also not required to support additional carrier bandwidths on the not-signalled fallback band combinations.
Observation 2	The channel bandwidths of a (not signalled) fallback BC are determined by the bandwidth combination set (BCS) in 38.101 that the explicitly signalled parent BC refers to.
Observation 3	Due to inconsistencies in the BC tables in 38.101 it is not possible to interpret a BCS ID signalled for a parent BC in the context of the table rows of the fallback BCs. Doing so, would impose new requirements on UEs and hence be non-backwards compatible.
Observation 4	Ensuring consistency of BCS IDs across all parent- and fallback BCs would have complicated the maintenance of 38.101 and it would have required defining additional BCS rows.
Observation 5	It is not backwards compatible to make BCS IDs for existing BCs consistent across all parent- and fallback BCs at this late point in time.
Observation 6	To reduce the need to signal fallback BCs explicitly, RAN4 should in future define the BCSs (not the BCS IDs) of higher order BCs consistently with the BCSs of their lower order fallback BCs.


As explained in this document, the current RAN2 specifications define how the BCS for implicitly supported fallback BCs are determined by UE and network. Enhancements and clarifications are not required in RAN2 specifications. 
If deemed necessary, RAN2 could capture the following to conclude the discussion. 
RAN2 confirms that the channel bandwidths of a (not signalled) fallback BC are determined by the bandwidth combination set (BCS) that the UE supports for the explicitly signalled parent BC. In other words, the NW interprets a BCS ID only in combination with the table row that the signalled BC refers to.   
Recommend RAN4 to define the BCSs (not BCS IDs) of higher order BCs consistently with the BCSs of their lower order child BCs to reduce the need to signal the latter explicitly and to reduce the signalling overhead. 



[bookmark: _Hlk71580906]4	Annex
Title:	[DRAFT] LS on Bandwidth combination set definition
Response to:	 
Release:	Rel-15
Work Item:	NR_newRAT-Core 

Source:	Ericsson [To be RAN WG2]
To:	RAN4
Cc:	

Contact Person:	
Name:	Håkan Palm
E-mail Address:	hakan.l.palm@ericsson.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	-


1. Overall Description:
RAN2 would like to recommend RAN4 (when defining new bandwidth combination sets) to define higher order BCs consistently with their lower order child BCs. That means, a newly introduced parent BC should support all bandwidth combinations that the previously defined child BCs support. If this principle is not followed, no issue is expected in the signalling; but if this principle is followed, it could reduce the overhead on reported UE capabilities.

2. Actions:
To RAN4:  	RAN2 respectfully asks RAN4 to take this into account when defining bandwidth combination set.

3. Date of Next TSG-RAN WG2 Meetings:
TSG-RAN WG2 Meeting #115-e	16 – 27 August 2021	Online
TSG-RAN WG2 Meeting #116-e	1 – 12 Nov   2021	Online
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