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1. Introduction
RAN2 in their #119bis meeting discussed the UE capability signalling for maximum aggregated bandwidth [1]. In the discussion, it was observed that companies have different understanding on how the existing UE capability signalling allows the UE to signal its capability for fallback band combinations and fallback bandwidth classes.
2. Discussion
2.1. Fallback band combinations

2.1.1. “Implicit” fallback band combinations
This corresponds to what TS38.306 defines as follows.
	3.1	Definitions
[…]
Fallback band combination: A Uu band combination that would result from another Uu band combination (parent band combination) by releasing at least one SCell or uplink configuration of SCell, or SCG, or SUL. A PC5 band combination that would result from another PC5 band combination (parent band combination) by releasing at least one sidelink carrier. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination. A fallback band combination supports the same channel bandwidth(s) for each carrier as its parent band combination(s)



	supportedBandCombinationList
Defines the supported NR and/or MR-DC band combinations by the UE. For each band combination the UE identifies the associated feature set combination by featureSetCombinations index referring to featureSetCombination. A fallback band combination resulting from the reported CA and MR-DC band combination is not signalled but the UE shall support it.
[…]



TS38.331 defines it in the procedural text as follows.
	1> for each band combination included in the list of "candidate band combinations":
[…]
2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of "candidate band combinations", and
2>	if this fallback band combination is generated by releasing at least one SCell or uplink configuration of SCell or SUL according to TS 38.306 [26]:
3>	remove the band combination from the list of "candidate band combinations";




Observation 1:	The support for the fallback band combinations with the same capabilities of a reported band combination is “implicitly” indicated and all UEs must support them.
2.1.2. “Explicit” fallback band combinations
This corresponds to what TS38.331 defines as follows.
	[bookmark: _Toc60777439][bookmark: _Toc115429284]–	FeatureSetCombination
[…]
NOTE 1:	The UE may advertise fallback band-combinations in which it supports additional functionality explicitly in two ways: Either by setting FeatureSet IDs to zero (inter-band and intra-band non-contiguous fallback) and by reducing the number of FeatureSet-PerCC Ids in a Feature Set (intra-band contiguous fallback). Or by separate BandCombination entries with associated FeatureSetCombinations



Observation 2:	The support for fallback band combinations with additional capabilities of a reported band combination is “explicitly” signalled and it is optional for the UE to do so.
Observation 3:	There are two ways to signal fallback band combinations with additional capabilities, 1) by means of Feature Sets for a single BandCombination entry and 2) by signalling separate BandCombination entries.

Strictly speaking however, the definition of fallback combinations is not completely aligned between TS38.306 and TS38.331. Let’s discuss it using an example below.
· Superset band combination:	
CC1 = 100MHz/2L MIMO,  CC2 = 50MHz/2L MIMO, CC3 = 50MHz/2L MIMO
· Fallback band combination:	
CC1 = 100MHz/4L MIMO,  CC2 = 50MHz/2L MIMO

TS38.331 allows the UE to explicitly signal the UE capability for the fallback band combination because of the additional MIMO capability on CC1. However in the example, the fallback band combination is not a result of “releasing at least one SCell or uplink configuration of SCell, or SCG, or SUL” as defined in TS38.306. One can also consider “additional functionality” mentioned in TS38.331 encompasses larger CC bandwidth. As shown in the previous section however, the definition of Fallback band combination in section 3.1 of TS38.306 states “A fallback band combination supports the same channel bandwidth(s) for each carrier as its parent band combination(s)”. For this text, it is worthwhile to look at the CR introduced the exact text [2]. The CR coversheet indicates that it was meant to clarify what the UE must support for “not signalled” band combinations, i.e. “implicit” fallback band combinations in this document.
So it seems sensible to assume that definition of “fallback band combination” in section 3.1 of TS38.306 specifies the requirements on UE implementation, i.e. what the UE must support in “implicit” fallback band combinations. TS38.331 on the other hand, specifies the signalling aspect of fallback band combinations.
Observation 4:	The definition of “fallback band combination” in section 3.1 of TS38.306 specifies the requirements on UE implementation, i.e. what the UE must support in “implicit” fallback band combinations. TS38.331 specifies the signalling aspect, i.e. what the UE may or shall not report in the UE capability signalling.
In addition, TS38.306 focuses on the requirements related to “implicit” fallback band combinations, while TS38.331 covers signalling aspect of both “implicit” and “explicit” fallback band combinations without clearly distinguishing them. We consider this is not a serious problem because there is no ambiguity in the requirement associated with the “implicit” fallback band combinations, and the “explicit” fallback band combinations are well elaborated in the UE capability reported to the network. The risk of inter-operability problems is very low.
Observation 5:	TS38.306 focuses on the requirements related to “implicit” fallback band combinations, while TS38.331 covers both “implicit” and “explicit” fallback band combinations without clearly distinguishing them.
Proposal 1:	RAN2 to discuss and confirm observations 1 to 5.
Proposal 2:	RAN2 to discuss whether the difference between “implicit” and “explicit” fallback band combinations should be clarified.

2.2. Fallback bandwidth class
RAN4 defines the concept of bandwidth fallback groups, see the table below from TS38.101-1 (FR1). It defines the requirement that the UE supporting a given bandwidth class shall be able to fallback to lower order bandwidth class configuration within the same fallback group.
Table 5.3A.5-1: NR CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2, 34

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2, 34

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1, 34

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	2

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	M3
	50 MHz ≤ BWChannel_CA ≤ 200 MHz
	3
	34

	N3
	80 MHz ≤ BWChannel_CA ≤ 300 MHz
	4
	

	O3
	100 MHz ≤ BWChannel_CA ≤ 400 MHz
	5
	

	NOTE 1:	BWChannel, max is maximum channel bandwidth supported among all bands in a release
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:	This bandwidth class is only applicable to bands identified for use with shared spectrum channel access in Table 5.2-1.
NOTE 4:	Fallback group 3 is only applicable to bands identified for use with shared spectrum channel access in Table 5.2-1.



In this session we try to see how the UE can indicate its capability for fallback bandwidth classes via the fallback band combinations capability. As discussed in section 2.1, TS38.331 clarifies fallback band combinations can be signalled by separate BandCombination entries. It is clearly a viable way, since BandCombination entries can indicate different bandwidth classes, and it does not require much discussion. This section therefore focuses on the other way of signalling fallback band combination by means of Feature Sets.
2.2.1. Fallback group with overlapping bandwidth classes
Bandwidth classes of fallback group 3 support bandwidths overlapping each other. Depending on the maximum aggregated bandwidth the UE supports, “implicit” fallback band combinations may or may not work well, as shown in the two examples below.

Example 1:
The UE supporting the maximum aggreged BW of 400MHz can indicate the support for intra-band CA band combination with bandwidth class O as follows.
·  Max.80MHz BW x 5CCs (Aggregated bandwidth: 400MHz)
Then the aggregated bandwidths of “implicit” fallback band combinations below sufficiently cover the maximum bandwidths of bandwidth classes N and M respectively.
· Max.80MHz x 4CCs (Aggregated bandwidth: 320MHz) >> Bandwidth class N
· Max.80MHz x 3CCs (Aggregated bandwidth: 240MHz) >> Bandwidth class M

Example 2:
The UE supporting the maximum aggregated bandwidth of 300MHz can indicate the support for bandwidth class O as follows.
· Max.60MHz BW x 5CCs (Aggregated bandwidth: 300MHz)
This indicates the support for the following “implicit” fallback band combinations. As can be seen, the supported maximum aggregated bandwidth cannot reach the maximum bandwidth of fallback bandwidth classes.
· Max.60MHz x 4CCs (Aggregated bandwidth: 240MHz) >> Bandwidth class N
· Max.60MHz x 3CCs (Aggregated bandwidth: 180MHz) >> Bandwidth class M
In order to maximize the use of its maximum aggregated bandwidth capability, the UE may indicate the following “explicit” fallback band combinations.
· Max.60MHz x 1CC + Max.80MHz x 3CCs (Aggregated bandwidth: 300MHz) >> Bandwidth class N
· Max.60MHz x 2CCs + Max.80MHz x 1CC (Aggregated bandwidth: 200MHz) >> Bandwidth class M

2.2.2. Fallback group with non-overlapping bandwidth classes
Bandwidth classes G to L are of fallback group 2, and there is no overlap in the supported BW among them. It can be seen that the maximum bandwidth for each bandwidth class is n*50MHz, where n is the number of CCs.
In this case, the concept of fallback group works well with the fallback band combination concept. For example, the UE indicating the support for intra-band CA band combination with bandwidth class J, say Max.50MHz  BW x 6CCs can indicate the support for fallback bandwidth classes I, H, G and their maximum bandwidths by means of “implicit” fallback band combinations. The UE may also signal “explicit” fallback band combinations, e.g. to indicate additional MIMO capability.
NOTE: One can come up with somewhat peculiar cases which end up in the same issue as “example 2” of the previous section, e.g. the UE supporting Max.45MHz x 6CCs for bandwidth class J. However we considered those cases are not very common.

Proposal 3	RAN2 to confirm the support for fallback bandwidth classes for a given intra-band contiguous CA band combination can be indicated by “implicit” fallback band combinations, and “explicit” fallback band combinations (either by means of Feature Sets for a single BandCombination entry or by signalling separate BandCombination entries).
Proposal 4:	RAN2 to confirm it is up to the UE implementation which mechanism to use, among those mentioned in proposal 3.
3. Conclusion
In this document we discussed how the existing UE capability signalling allows the UE to signal its capability for fallback band combinations and fallback bandwidth classes. The following observations and proposals were made.

Observation 1:	The support for the fallback band combinations with the same capabilities of a reported band combination is “implicitly” indicated and all UEs must support them.
Observation 2:	The support for fallback band combinations with additional capabilities of a reported band combination is “explicitly” signalled and it is optional for the UE to do so.
Observation 3:	There are two ways to signal fallback band combinations with additional capabilities, 1) by means of Feature Sets for a single BandCombination entry and 2) by signalling separate BandCombination entries.
Observation 4:	The definition of “fallback band combination” in section 3.1 of TS38.306 specifies the requirements on UE implementation, i.e. what the UE must support in “implicit” fallback band combinations. TS38.331 specifies the signalling aspect, i.e. what the UE may or shall not report in the UE capability signalling.
Observation 5:	TS38.306 focuses on the requirement related to “implicit” fallback band combinations, while TS38.331 covers both “implicit” and “explicit” fallback band combinations without clearly distinguishing them.
Proposal 1:	RAN2 to discuss and confirm observations 1 to 5.
Proposal 2:	RAN2 to discuss whether the difference between “implicit” and “explicit” fallback band combinations should be clarified.
Proposal 3	RAN2 to confirm the support for fallback bandwidth classes for a given intra-band contiguous CA band combination can be indicated by “implicit” fallback band combinations, and “explicit” fallback band combinations (either by means of Feature Sets for a single BandCombination entry or by signalling separate BandCombination entries).
Proposal 4:	RAN2 to confirm it is up to the UE implementation which mechanism to use, among those mentioned in proposal 3.
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