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1	Introduction
In the RAN2#119-e meeting [2], RAN2 concluded the following on the interoperability aspects of FBG5 with legacy networks and captured the agreement below. The essence of the agreement for FBG5 marked in GREEN is that the legacy IE which allows extensions is proposed for the bandwidth classes R2-R12 introduced in RAN4 specifications.
[image: ]
However RAN4 has sent a follow up LS to RAN2 in [1] requesting an assessment of signalling impacts for the introduction of FBG5. In this contribution we study the impact of the LS on the RAN2 signalling.
2	Background
2.1	FBG5 BW classes
RAN4 have agreed new FR2 CA BW classes for supporting operator block sizes up to 2400 MHz with a mix of 100 MHz and 200 MHz carriers and agreed to introduce new CA BW classes as shown in the table below: 
	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).


Table 1: Definition of R2-R12 CA bandwidth classes for FBG5
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. Since the number of component carriers comprising the aggregated bandwidth are from two different channel bandwidths there are potentially different combinations of the number of CC(s) that satisfy a given aggregated bandwidth.
Observation 1: With the FGB5 bandwidth classes R2-R12 the aggregated channel bandwidth ranges overlap which was not the case for legacy FGB(s).
2.2	Discussion
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. See Table 2 for an example of many different ways R8-R12 can provide exactly 1600 MHz.
	FBG5 CA bandwidth class
	Carriers with 100 MHz
(x)
	Carriers with 200 MHz
(y)
	Aggregated Bandwidth
(MHs)

	R8 (8 CC)
	[0]
	[8]
	1600

	R9 (9 CC)
	[0,2]
	[8,7]
	1600

	R10 (10 CC)
	[0,2,4]
	[8,7,6]
	1600

	R11(11 CC)
	[0,2,4,6]
	[8,7,6,5]
	1600

	R12 (12 CC)
	[0,2,4,6,8]
	[8,7,6,5,4]
	1600


Table 2: CC decomposition with aggregated bandwidth constraint
RAN4 understanding is that the BW capabilities of such UEs can be indicated by different feature sets of a band combination. Within a feature set for a given band that supports the bandwidth classes for FBG5 the UE can signal a multiple of FSPCC with each FSPCC being signalled further with a supported bandwidth.
Observation 2: A given UE can support R8 to R12 with a 1600MHz aggregated channel bandwidth.
Our assumption is that UE(s) with “enhanced aggregated bandwidth capability” report the highest supported CA bandwidth class R12 (and not R8) in the CA bandwidth class field. Note in both cases the aggregated bandwidth constraint may be met as seen clearly in Table 2 but the number of CC’s cannot be increased in a fallback definition but rather lowered.
Proposal 1: RAN2 to agree that UE(s) with “enhanced aggregated bandwidth capability” report the highest CA bandwidth class (one value among R2 to R12) they support and set the respective feature set/feature set per CC accordingly.
If we assume that the UE(s) conform to P1, the network can find the maximum aggregated bandwidth by summing up the individual FSPCC bandwidths.
	RAN4 would like to respectfully request RAN2 to check if a new IE could reduce signaling overhead without potential co-existence issue with the legacy fallback rule and without inter-operability issue if it were introduced with the following characteristics: 
1. The new IE is optional for a UE to signal. When the IE is not signalled, legacy operation is assumed:
a. the UE can still communicate to the network the maximum aggregated BW limitation using the existing framework.
b. The network understands that the UE supports the legacy fallback BW classes.
2. The new IE applies to intra-band carrier contiguous aggregation as well as an intra-band contiguous carrier aggregation component within an inter-band carrier aggregation. The new IE is separately applicable to each, UL, and DL.
3. When signalled for an explicitly supported BW class in FBG5:
a. It is in addition to the existing signaling for that BW class. 
b. 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.
c. The IE conveys the max. aggregated bandwidth value for each FeatureSetListPerUplink(Downlink)CC. for example, in each FeatureSetUplink(Downlink). 
d. A band may have multiple values of max. aggregated bandwidth associated with different FeatureSetListPerUplink(Downlink)CC.


Table 3: RAN4 LS request
RAN4 specifically asks RAN2 in their LS in [1] if there is a need for an additional IE that the UE signals which indicates a supported “maximum aggregated bandwidth” along with the CA bandwidth class. The discussion in RAN4 seems to hint that such an IE can be used by the network to synthesize the fallback combinations by performing the dropping of the CC(s) consistently according to the example in the Table 2. For example, the network cannot choose to drop/include a single100 MHz CC in R12 row but it has to drop twice the number of 100 MHz CC(s) and add back 1 CC of 200 MHz to synthesize back to 1600 MHz. This sort of effectively lowers one CC down which is still a fallback because the number of CC’s is indeed dropped.



	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.



Observation 3: The legacy fallback principle already allows the network to release at least one SCell but maintain the same “overall” capabilities.
Observation 4: As indicated by RAN4, the network is already able to know the “maximum aggregated bandwidth” using existing signalling.
It is a bit difficult to see the issue of signalling overhead based on the above observations. If the UE reports the highest CA bandwidth class for FBG5 the network is able to calculate the maximum aggregated bandwidth and deal with the fallback by dropping/increasing the right number of 100 MHz and 200 MHz carriers to achieve maximum aggregated bandwidth. This would still be in agreement with legacy fallback principle.
Proposal 2: RAN2 agrees that for FBG5 the legacy fallback principle still can be reused because the interpretation allows the understanding that “overall a CC is dropped” but maintains the same capability (i.e., maximum aggregated bandwidth).
3	Conclusion
The following observations and proposals are made:
Observation 1: With the FGB5 bandwidth classes R2-R12 the aggregated channel bandwidth ranges overlap which was not the case for legacy FGB(s).
Observation 2: A given UE can support R8 to R12 with a 1600MHz aggregated channel bandwidth.
Proposal 1: RAN2 to agree that UE(s) with “enhanced aggregated bandwidth capability” report the highest CA bandwidth class (one value among R2 to R12) they support and set the respective feature set/feature set per CC accordingly.
Observation 3: The legacy fallback principle already allows the network to release at least one SCell but maintain the same “overall” capabilities.
Observation 4: As indicated by RAN4, the network is already able to know the “maximum aggregated bandwidth” using existing signalling.
Proposal 2: RAN2 agrees that for FBG5 the legacy fallback principle still can be reused because the interpretation allows the understanding that “overall a CC is dropped” but maintains the same capability (i.e., maximum aggregated bandwidth).
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