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1. Introduction
This document summarizes the following RAN2#120 contributions on FBG5 bandwidth classes, and outlines possible steps for RAN2 discussion.
[1]	R2-2211220		Discussion on FBG5	OPPO	discussion	Rel-17	NR_RF_FR2_req_enh2-Core
[2]	R2-2211977	Discussion on the signaling design of FBG5	Xiaomi	discussion	Rel-17	TEI17
[3]	R2-2212123	UE capability signalling for fallback band combinations and fallback bandwidth classes	Qualcomm Incorporated	discussion	Rel-16	TEI16
[4]	R2-2212124	Maximum aggregated bandwidth for FBG5	Qualcomm Incorporated	discussion	Rel-17	NR_RF_FR2_req_enh2-Core
[5]	R2-2212125	Introduction of maximum aggregated bandwidth for FBG5	Qualcomm Incorporated	CR	Rel-17	38.331	17.2.0	3672	-	C	NR_RF_FR2_req_enh2-Core
[6]	R2-2212126	Introduction of maximum aggregated bandwidth for FBG5	Qualcomm Incorporated	CR	Rel-17	38.306	17.2.0	0835	-	C	NR_RF_FR2_req_enh2-Core
[7]	R2-2212147	On FR2 FBG5	Ericsson	discussion	Rel-17	TEI17
[8]	R2-2212584	Discussion on the fallback of contiguous BW classes	Huawei, HiSilicon	discussion	Rel-17	NR_RF_FR2_req_enh2-Core
[9]	R2-2212585	Introduction of FR2 FBG5 CA BW classes	Huawei, HiSilicon	CR	Rel-17	38.331	17.2.0	3432	2	B	NR_RF_FR2_req_enh2-Core	R2-2210540
[10]	R2-2212744	Further Consideration on the FBG5	ZTE Corporation, Sanechips	discussion	Rel-17	NR_RF_FR2_req_enh2-Core
[11]	R2-2212836	On size reduction benefit in new signaling proposal of FBG5	MediaTek Inc.	discussion	Rel-17	NR_RF_FR2_req_enh2-Core

The following documents from RAN2#119bis-e meeting are used as references.
[12]	R2-2211009		Summary of email discussion [AT119bis-e][010][NR17] FBG5 BW Classes (Qualcomm)
[13]	R2-2209347		LS on new contiguous BW classes for legacy networks (R4-2215160)		RAN4
2. Summary
2.1. Existing UE capability signalling
In RAN2#119bis-e meeting, 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. In [12], the following proposal was made.
	Proposal 5:	RAN2 to further discuss the following points
· Interaction between RAN2’s “fallback band combination” concept and RAN4’s bandwidth class “fallback group” concept, e.g.
· What the UE is required to support and/or report for fallback band combinations/fall back bandwidth classes.
· What the UE is allowed to report for fallback band combinations/fallback bandwidth classes.
· Additional questions for clarification on RAN4’s FBG5 definition.




2.1.1. Fallback band combination
The following contributions addressed the definition of fallback band combinations and what the UE is allowed to signal for fallback band combinations.
	Tdoc
	Company
	Key reference in the document

	[2]
	Xiaomi
	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.

	[3]
	Qualcomm Incorporated
	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.

	[7]
	Ericsson
	Proposal 1 RAN2 to confirm the existing two options for a UE to advertise additional functionality for lower-order band combinations as indicated in NOTE1 and NOTE2.

	[8]
	Huawei, HiSilicon
	Proposal 1: Separate feature sets are included to indicate different cases of CC bandwidth combinations which cannot be considered as fallback of each other.



Key requirements from the specifications are as follows.
TS38.306
	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)



TS38.331
	[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



[3][7][8] essentially assume that the requirement in TS38.306 is for the fallback band combinations that are not explicitly signalled, and the requirement in TS38.331 is for explicitly signalled fallback band combinations. [3] points out that the definition of “fallback band combination” is not completely aligned between the specifications. [7] uses the terminology “lower-order band combination” to point to the requirement in TS38.331. [3][7] try to confirm TS38.331 allows two options for a UE to advertise additional functionality for fallback band combinations.
[2] seems to assume the requirement in TS38.306 also applies to explicitly signalled fallback band combinations.
----------
RAN2 could discuss the following proposals.
Proposal 1:	RAN2 to confirm that the definition of fallback band combination in TS38.306 is only for fallback band combinations that are not explicitly signalled in the UE capability signalling.
Proposal 2:	RAN2 to confirm TS38.331 allows two options for a UE to advertise additional functionality for fallback band combinations, 1) by means of Feature Sets for a single BandCombination entry and 2) by signalling separate BandCombination entries.

2.1.2. Interaction between fallback band combinations and fallback bandwidth classes
The following contributions addressed the interaction / relation between fallback band combinations and fallback bandwidth classes
	Tdoc
	Company
	Key reference in the document

	[1]
	OPPO
	Proposal 1 [bookmark: _Toc117866386]R2 confirm the RAN2’s “fallback band combination” concept and RAN4’s “fallback group” concept (including FBG5) are independent and thus not colliding with each other, as in legacy.

	[2]
	Xiaomi
	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.

	[3]
	Qualcomm Incorporated
	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).

	[10]
	ZTE Corporation, Sanechips
	Table 1 Super Feature set and Sub-feature set

	[11]
	MediaTek Inc
	Observation 1 The principles how a fallback is determined and configured from a parent CA are already clarified in the RAN2 fallback definitions. Within an FBG, RAN4 fallback requirement works no confliction with RAN2 fallback definitions in practical deployment today.



In [1][11], the fallback band combinations referred to in the proposals are fallback band combinations that are not explicitly signalled, and it is concluded that the fallback band combinations concept works well with fallback bandwidth class concept. Other potential options are not excluded in the contributions.
[1][10][11] assumes in the flow of discussions that UE capabilities for fallback bandwidth classes can be indicated by explicitly signalled fallback band combinations by means of Feature Sets. Other potential options are not excluded in the contributions.
[3] concludes that UE capabilities for fallback bandwidth classes can be indicated by both not-signalled fallback band combinations and explicitly signalled fallback band combinations.
[2] concludes that UE capabilities for fallback bandwidth classes of FBG5 can “only” be indicated by separate BandCombination entries. This builds on top of their understanding on the fallback band combinations as discussed in the previous section.
---------
RAN2 could discuss the following proposals.
Proposal 3:	RAN2 to confirm the support for fallback bandwidth classes for a given intra-band contiguous CA band combination can be indicated by not-signalled fallback band combinations, and explicitly signalled fallback band combinations. It is up to UE implementation which method to use.

2.2. Signaling of supported maximum aggregated bandwidth for FBG5
RAN4’s table for FBG5 is reproduced below for reference.
	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	1,2,3,4,5

	(unchanged legacy FBG2,3,4)

	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).



Majority of companies [1][4][7][8][10][11] seem to have the common understanding on the RAN4’s intention in suggesting the signalling of supported maximum aggregated bandwidth for FBG5 [13]. That is, to address the case where the UE supports fallback bandwidth classes while maintaining the maximum aggregated bandwidth across the parent bandwidth class and fallback bandwidth classes.
And also the same companies consider that the existing UE capability signalling for explicit fallback band combinations by means of Feature Sets already allows the UE to indicate such UE capability mentioned above. For example, the UE can indicate the UE capabilities via the existing UE capability signalling as already discussed in [12], as follows (Note that the exact examples used in the company contributions are different).
For superset band combination:
· Max.100MHz BW x 6CCs (Aggregated bandwidth: 600MHz) >> Bandwidth class R6
For fallback band combinations
· Max.100MHz BW x 4CCs + Max.200MHz BW x 1CC (Aggregated bandwidth: 600MHz) >> R5
· Max.100MHz BW x 2CCs + Max.200MHz BW x 2CCs (Aggregated bandwidth: 600MHz) >> R4
· Max.200MHz BW x 3CCs (Aggregated bandwidth: 600MHz) >> R3 (&R2 as not-signalled fallback)
Also the same companies observe that the intention of the RAN4 solution [13] is to reduce the number of Feature Sets that are signalled as follows.
· Max.200MHz BW x 6CCs / Maximum aggregated bandwidth=600MHz >> R6 to R2

2.2.1. Discussion points
Companies raised points (pros and cons) to consider in deciding whether to introduce the new signalling of maximum aggregated bandwidth.
Proposal 4:	RAN2 to conclude whether to introduce the new signalling of maximum aggregated bandwidth, taking into account the following points raised by company contributions.
	1
	Signalling overhead reduction
	[1][4][8][10][11] conclude that the new signalling would bring about signalling overhead reduction gain with the condition that all UE capabilities at feature set (per band) and feature set per CC level except for CC maximum bandwidth are the same across the band combinations associated with different bandwidth classes.
[8][10] consider that such cases are not typical.
[4] assumes it is a common scenario.
[7] shows data collected at recent IODT in which the UE signals multiple (21) feature sets corresponding to the maximum aggregated BW of 300MHz.

	2
	UL/DL combinations
	[10] points out that the new signalling can work only when the UE can support all of the UL and DL sub-feature set combinations.

	3
	Other benefits on top of signalling overhead reduction
	[7] lists the following additional benefits.
· Reduced UE’s effort to compose the UE capability signalling
· Reduced gNB’s computational effort to analyse the UE capability signalling.

	4
	Specification complexity
	[10] concludes the new signalling leads to additional specification complexity.
[11] points out that the new signalling allows multiple ways to indicate the same UE capability, and RAN2 needs to discuss whether/how to avoid it.

	5
	Backward compatibility
	[4][9] concludes that the new signalling is not backward compatible (with legacy network).
[4] proposes that the new signalling is applicable to band with a bandwidth class of FBG5 and future bandwidth classes.

	6
	Testing
	[9] points out that the new signalling can end up in the UE declaring the capability of band combinations associated with many combinations of CC bandwidths, which can cause significant testing burden.




2.3. Other proposals that can be discussed individually to collect companies’ views
	Tdoc
	Proposal(s)

	[9]
	CR to 38.331 introducing code points for the new FBG5 bandwidth classes, in CA-BandwidthClassNR.

	[7]
	Proposal 2 [bookmark: _Toc118405721]RAN2 to consider to introduce new field for Max aggregated bandwidth for FR1 BC capability signalling.
Proposal 3 [bookmark: _Toc118405722]Introduce capability filter such that FR2 legacy BW classes are omitted from BC capability signalling if FBG5 BW class is reported.

	[11]
	Proposal 1 For cross-WG alignment of fallback rules, RAN2 to consider sending LS to RAN4 for the observation: UE would need to support an undefined BCS of a certain CA if it is a fallback derived from a parent CA by following RAN4 fallback requirement within an FBG.
----
Proposal?  Additional signalling for the quantity of CC with dominant bandwidth within the same feature set, for which pseudo code is provided in Table 12.
(NOTE: There is no corresponding “proposal” text in the document. The proponent can clarify whether it is actually a proposal or just an observation.)
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