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According to the LS from RAN4 in [1], RAN4 defined a new FBG5 (Fallback Group) which allows the UE to support a fallback BW class of FBG5 by reducing the number of contiguous CA CCs, but without reducing the overall bandwidth from the parent of the CA BW class of the same FBG. The related RAN4 definition for the fallback BW class of FBG5 is quoted as follows:
	RAN4 LS in R2-2209347:
The new fall-back group 5 contains classes with up to 2400 MHz aggregated bandwidth with 12 carriers. The new classes in FBG5 are different from legacy FBGs, because the aggregated channel bandwidth ranges overlap between adjacent classes. 
RAN4 have also determined that some UEs have enhanced aggregated bandwidth capability for fallback BW classes compared to the ‘dropping CCs’ interpretation of the BW class fallback rule. Specifically, some UEs have independent maximum limits on number of carriers and aggregated bandwidth. For example: a UE can support R8 to R12 with a 1600MHz aggregated channel bandwidth.


According to the RAN4 LS in R2-2209347, RAN4 asks RAN2 to check for FBG5 “if a new IE could reduce signaling overhead without potential co-existence issue with the legacy fallback rule and without inter-operability issue”
In this contribution, we provide our understandings on the legacy fallback band combination of the legacy FBG, and to evaluate whether the new FBG5 can reduce signalling overhead as the legacy FBG.
Discussion
UE capability signalling for fallback BW class
Table 5.3A.4-1: CA bandwidth classes
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4,5

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	R
	800 MHz < BWChannel_CA ≤ 1000 MHz
	5
	

	S
	1000 MHz < BWChannel_CA ≤ 1200 MHz
	6
	

	T
	1200 MHz < BWChannel_CA ≤ 1400 MHz
	7
	

	U
	1400 MHz < BWChannel_CA ≤ 1600 MHz
	8
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	4
	

	R2
	200 MHz ≤ BWChannel_CA ≤ 400 MHz
	2
	5

	R3
	300 MHz ≤ BWChannel_CA ≤ 600 MHz
	3
	

	R4
	400 MHz ≤ BWChannel_CA ≤ 800 MHz
	4
	

	R5
	500 MHz ≤ BWChannel_CA ≤ 1000 MHz
	5
	

	R6
	600 MHz ≤ BWChannel_CA ≤ 1200 MHz
	6
	

	R7
	700 MHz ≤ BWChannel_CA ≤ 1400 MHz
	7
	

	R8
	800 MHz ≤ BWChannel_CA ≤ 1600 MHz
	8
	

	R9
	900 MHz ≤ BWChannel_CA ≤ 1800 MHz
	9
	

	R10
	1000 MHz ≤ BWChannel_CA ≤ 2000 MHz
	10
	

	R11
	1100 MHz ≤ BWChannel_CA ≤ 2200 MHz
	11
	

	R12
	1200 MHz ≤ BWChannel_CA ≤ 2400 MHz
	12
	

	NOTE 1:	Maximum supported component carrier bandwidths for fallback groups 1, 2, 3, 4 and 5 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 200 MHz respectively except for CA bandwidth class A. For CA bandwidth classes of fallback group 5, requirements apply for non-interlaced 100 MHz and 200 MHz channel bandwidths (each CA bandwidth class consisting of up to two contiguous sub-blocks each with component carriers of a single channel bandwidth).
NOTE 2:	It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.
NOTE 3:	In this release of the specification, the minimum requirements for intra-band contiguous CA configurations apply for aggregated channel bandwidths up to 1600 MHz (this note is not relevant for UE capability parsing by the network).


According to “Note 2” as highlighted in yellow above from the RAN4 specification 38.101 and the RAN4 LS in [1], it is mandatory for the UE to support the fallback BW class for both FBG5 and legacy FBG(s) when the UE indicates a higher order BW class of the same FBG. And the number of CCs of the lower order BW class is always less than that number of CCs of the higher order BW class of the same FBG, as highlighted in green above. 
Observation 1: It is mandatory for the UE to support the fallback BW class for both legacy FBG and FBG5.
Observation 2: The number of CCs of the fallback BW class is always less than the number of CCs of its parent BW class for both legacy FBG and FBG5.
According to Section 5.5A.1 of 38.101 as quoted below, the fallback BW class of the legacy FBG always follows the “dropping CC” rule. For example, CA_n257D is designed by removing one CC from CA_n257E.
Table 5.5A.1-1: NR CA configurations, bandwidth combination sets, and fallback group defined for intra-band contiguous CA
	[bookmark: _Hlk511814538]NR CA configuration / Bandwidth combination set / Fallback group

	NR CA configuration
	Uplink CA configurations
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	Maximum aggregated
BW (MHz)
	BCS
	Fallback group

	CA_n257B
	CA_n257B
	50, 100, 200, 400
	400
	
	
	
	
	
	
	800
	0
	1

	CA_n257C
	CA_n257B
	50, 100, 200, 400
	400
	400
	
	
	
	
	
	1200
	0
	

	CA_n257D
	CA_n257D
	50, 100, 200
	200
	
	
	
	
	
	
	400
	0
	2

	CA_n257E
	CA_n257D
CA_n257E
	50, 100, 200
	200
	200
	
	
	
	
	
	600
	0
	

	CA_n257F
	CA_n257D
CA_n257E
CA_n257F
	50, 100, 200
	200
	200
	200
	
	
	
	
	800
	0
	


Observation 3: The fallback BW class of the legacy FBG (e.g. FBG2) is defined by “dropping CC” from its parent BW class, which reduces the overall bandwidth of the fallback BW class and keeps the BW per CC unchanged from its parent BW class.

According to the RAN2 specification of 38.306, RAN2 has the following definitions for “Fallback band combination”, “Fallback per band feature set” and “Fallback per CC feature set”.
	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).
Fallback per band feature set: A feature set per band that has same or lower capabilities than the reported capabilities from the reported feature set per band for a given band.
Fallback per CC feature set: A feature set per CC that has same or lower capabilities than the capabilities of UE (e.g. supported MIMO layers, BW, modulation order) while keeping the numerology the same from the reported feature set per CC for a given carrier per band. The supportedMinBandwidthDL/supportedMinBandwidthUL defines the lower bound of the bandwidth supported by the UE.


According to the RAN2 capability signalling structure as illustrated below, the CA BW class field CA-BandwidthClassNR indicated as per band per band combination is included in the parameters of the BandCombination IE.
[image: ]
Figure 1: The ASN.1 structure for the CA BW class
Then if a UE indicates a band combination (e.g. CA_n257E), the UE does not need to indicate the fallback band combination (e.g. CA_n257D), since the fallback BW class and the fallback band combination uses the same rule of “dropping CC”.
Observation 4: The fallback BW class of the legacy FBG is included in the UE capability of the fallback band combination.
From the signalling point of view, when a UE indicates a BW class of the legacy FBG, the UE does not need to indicate its fallback BW class, if the UE only supports the fallback band combination. Consider the legacy definition of the fallback band combination, we think that if the UE indicates a parent band combination, the UE is mandated to support the fallback band combination by removing CC(s). This means that the UE capability of the feature set per CC (i.e. featureSetsDownlinkPerCC and featureSetsUplinkPerCC) of the fallback band combination has to be same or lower than the UE capability of the feature set per CC of its parent band combination. The parameters (e.g. supportedBandwidthDL and maxNumberMIMO-LayersPDSCH) included in the feature set per CC are illustrated as follows.


Figure 2: The ASN.1 structure for the feature set per CC
Proposal 1: RAN2 is kindly requested to confirm the following understandings for legacy fallback band combination and FBG:
· The UE capability (e.g. supportedBandwidthDL/ supportedBandwidthUL and maxNumberMIMO-LayersPDSCH/ maxNumberMIMO-LayersNonCB-PUSCH) of the feature set per CC (i.e. featureSetsDownlinkPerCC and featureSetsUplinkPerCC) of the fallback band combination has to be same or lower than the UE capability of the feature set per CC of its parent band combination.
· When a UE indicates a parent BW class of the legacy FBG, the UE does not need to indicate the fallback BW class of the same FBG, if the UE only supports the fallback band combination of the parent band combination indicating the parent BW class.

For FBG5, when a UE indicates a parent BW class of FBG5, the BW of a CC in its fallback BW class of FBG5 will increase, since the overall bandwidth of the band combination is kept by introducing a new field indicating “max. aggregated bandwidth”, but the number of the CCs of the fallback BW class is reduced. The corresponding description from the RAN4 LS is quoted as follows:
	R RAN4 LS in R2-2209347:
The network understands that the UE has independent maximum limits on number of CCs and max. aggregated bandwidth for that band. For example, when the UE indicates explicit support for R12 and a max. aggregated bandwidth of 1600Mhz using the new IE, it not only means the max. aggregated bandwidth 1600MHz applies to 12 CCs, but also applies to lower order classes, i.e., 11CCs, 10CCs, and so on.


Observation 5: When a UE indicates a parent BW class of FBG5, the BW of a CC (i.e. featureSetsDownlinkPerCC and featureSetsUplinkPerCC) in its fallback BW class increases.
If the understandings from Proposal 1 are confirmed by RAN2, then the fallback BW class of FBG5 does not belong to the fallback band combination, as the UE capability (i.e. supportedBandwidthDL/ supportedBandwidthUL) of the feature set per CC for the fallback BW class is larger than the UE capability of the feature set per CC for the parent BW class. Since the UE is mandated to support the fallback BW of FBG5, then the UE would be mandated to provide extra BandCombination field to indicate the fallback BW class of FBG5.
Proposal 2: RAN2 is kindly requested to confirm the following understandings for FBG5:
· The fallback BW class of FBG5 is unable to be included in the UE capability in the fallback band combination.
· The UE is mandated to indicate the fallback BW class of FBG5 via extra BandCombination signaling after indicating its parent BW class.

Conclusions
According to the analysis given above, we have the following Observations and Proposals:
Observation 1: It is mandatory for the UE to support the fallback BW class for both legacy FBG and FBG5.
Observation 2: The number of CCs of the fallback BW class is always less than the number of CCs of its parent BW class for both legacy FBG and FBG5.
Observation 3: The fallback BW class of the legacy FBG (e.g. FBG2) is defined by “dropping CC” from its parent BW class, which reduces the overall bandwidth of the fallback BW class and keeps the BW per CC unchanged from its parent BW class.
Observation 4: The fallback BW class of the legacy FBG is included in the UE capability of the fallback band combination.
Observation 5: When a UE indicates a parent BW class of FBG5, the BW of a CC (i.e. featureSetsDownlinkPerCC and featureSetsUplinkPerCC) in its fallback BW class increases.

Proposal 1: RAN2 is kindly requested to confirm the following understandings for legacy fallback band combination and FBG:
· The UE capability (e.g. supportedBandwidthDL/ supportedBandwidthUL and maxNumberMIMO-LayersPDSCH/ maxNumberMIMO-LayersNonCB-PUSCH) of the feature set per CC (i.e. featureSetsDownlinkPerCC and featureSetsUplinkPerCC) of the fallback band combination has to be same or lower than the UE capability of the feature set per CC of its parent band combination.
· When a UE indicates a parent BW class of the legacy FBG, the UE does not need to indicate the fallback BW class of the same FBG, if the UE only supports the fallback band combination of the parent band combination indicating the parent BW class.
Proposal 2: RAN2 is kindly requested to confirm the following understandings for FBG5:
· The fallback BW class of FBG5 is not included in the UE capability in the fallback band combination.
· When a UE indicates a parent BW class of the FBG5, the UE is mandated to indicate the fallback BW class of the same FBG via extra band combination signalling.
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