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1.	Introduction
Deployment plans of existing FR2 operators have prompted creation of a new category of composite contiguous BW class (i.e new fallback group for classes R2-R12 [1]). Some details remain open, as well as potential enhancements to signalling. We share our views on those aspects.
2. 	Discussion
2.1 	A new IE to streamline signaling
[bookmark: _Hlk78640772]RAN4 agreed on a new fallback group to support spectrum expansion of legacy networks [1] in the form of changes to table 5.3A.4-1 in TS38.101-2:
	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 54 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 2100 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).



During discussion in the last meeting [2] it became evident that while the new fallback group is flexible and future-proof, there were concerns with signalling and being able to convey the capability of the UE completely to the UE. One specific concern was some UE implementations only had independent limits on number of carriers and the max. aggregated BW. In contrast, the existing fallback rule implies a specific relation between number of carriers and max. agg. BW, due to the ‘dropping CCs’ understanding.  This difference is shown in figure 2-1 for an example UE.
[image: Chart, line chart

Description automatically generated]The red region is the legacy network interpretation of the UE’s capability when it declares support for example, R12 with 8x100+4x200 carriers, while the blue region is typical hardware resource availability in a UE that can support up to 12 CCs and up to 1600 MHz aggregated BW with a flexible combination of 100s and 200s.
Figure 2-1: Comparison of legacy network interpretation of UE’s capability in relation to typical UE capability



The network would benefit from knowing if the UE may have more options than what is evident from the legacy fallback rule. Using legacy signaling it is possible to signal additional FeatureSets to add the blue-but-not-red region to the network’s idea of the UE’s capability, but this is expensive in signaling. A more streamlined approach would be to introduce a new IE (‘MaxAggBW’) that would convey that the UE has an independent upper limit on the aggregated BW it can support. Figure 2-2 illustrates the economy of signaling with the new IE:
Legacy signaling to describe capability of UE that has independent constraints on:
1. Max # of CCs = 12
2. Max. agg. BW = 1600 MHz
Equivalent information using new IE
Figure 2-2: Comparison of legacy signaling versus signaling with the new IE

Observation 1: A new IE to communicate that the UE has independent constraints on number of CCs and max. RF bandwidth can significantly streamline the intra-band aspect of band-combination signalling
While the advantages on the new IE are easy to demonstrate, it is important to consider any new problems that could be introduced. An important consideration is backward compatibility. To accommodate backward compatibility, the following assumptions are necessary:
1. The new IE ‘MaxAggBW’ is optional for a UE to signal
2. The new IE ‘MaxAggBW’ is limited to intra-band scenarios
3. When the IE is not signalled:
a. the UE can still communicate to the network the max. aggregated bandwidth limitation using the existing framework by setting the ‘supportedBandwidthDL’ parameter in FeatureSetDownlinkPerCC for each CC.
b. The network understands that the UE supports the legacy fallback coverage (red region)
4. When signalled for an explicitly supported BW class:
a. it is in addition to the existing signaling for that BW class (including FeatureSetDLperCC for each of the CCs) 
b. the network understands that the UE has independent constraints on number of CCs and max. aggregated bandwidth (blue region)
Another legitimate concern is whether this parameter would apply over variations in other baseband parameters, like number of data layers. The new IE describes a resource that reflects available ADC or DAC BW (DL or UL, resp.), and inherent in there is a notion of number of layers. Consequently, the proposed IE cannot streamline signaling in context of max. supported number of layers. Whether the new IE is agreed or not, the UE will have to at least add more FeatureSets to describe the UE’s capability with each combination of relevant baseband parameters, for example number of layers. In the example UE, we assume that the 1600 MHz capability applies to 2L DL, and 900 MHz with 4L. The illustration in fig 2-3 compares the signaling with new IE, where just one additional FeatureSet is signalled. In contrast, without the new IE, additional FeatureSets would have to be signalled for 4L.

Signaling with new IE for 2L only
Signaling with new IE that indicates both, 2L case and 4L capability
Figure 2-3: New IE offers minimal additional FeatureSets when signalling BW capability for different number of max. supported layers

Observation 2: The reduction in signalling has a multiplicative benefit when the UE signals multiple capability sets associated with multiple sets of baseband parameter values (for example for multiple values of max. supported rank)

Proposal 1: RAN4 requests RAN2 to consider a new IE that, for intra-band scenarios:
1. communicates to the network that the UE has independent constraints on number of CCs and max. aggregated bandwidth.
2. communicates the actual value of the max. aggregated BW. 
3. The max. aggregated bandwidth is expected to change as a function of the set of baseband attributes captured in FeatureSetListPerUplink(Downlink)CC.
2.2 	Early implementation of the new IE
Since the IE is proposed as optional for the UE to signal, the most advantageous arrangement is to let its use be gated by network implementation, rather than by UE release.
Proposal 2: The new IE is allowed to be implemented by UEs from Rel-15.
2.3 	Early implementation of R2-R12
Networks must continue to support legacy fallback groups, which safeguards UEs that choose to use the legacy BW classes. There however is only network benefit to allowing early implementation for the new BW classes.
Proposal 3: R2-R12 are allowed to be implemented by UEs from Rel-15.
2.4 	General note on early implementation 
There are always backward compatibility issues when enhancing existing signalling, especially on the network side, but the problem is not new and RAN2 have expertise in resolving these issues. It would be preferable to continue to defer to RAN2 for resolving backward compatibility issues with the proposals in this contribution.
2.5 	On classes R, S, T, U 
If the motivation for the new bandwidth classes is to enable spectrum expansion of legacy networks, FBG5 is the sole FBG with ability to support. Consequently, there seems to be no need for classes R, S, T and U.
If the motivation is to support future networks, then FBG5 is sufficient to describe the deployment. In this context, the classes R,S,T and U allow the UE to not support multiple 100M channels, but still supporting 200M channels. From a hardware resource perspective, there does not seem to be a scenario where this type of limitation is a relief to the UE.
Observation 3: It is not clear what scenario benefits from the existence of classes R, S, T and U.
2.5 	LS to RAN2 
A draft LS to RAN2 with this information is included in the annex. While some specific design details have been discussed in this contribution, it may be enough to just describe the RF resource availability of the UE, rather than also include specific signaling details from our examples. RAN2 as the experts can design the details as they deem fit.


3. 	Conclusions
Observation 1: A new IE to communicate that the UE has independent constraints on number of CCs and max. RF bandwidth can significantly streamline the intra-band aspect of band-combination signalling
Observation 2: The reduction in signalling has a multiplicative benefit when the UE signals multiple capability sets associated with multiple sets of baseband parameter values (for example for multiple values of max. supported rank)
Proposal 1: RAN4 requests RAN2 to consider a new IE that, for intra-band scenarios:
1. communicates to the network that the UE has independent constraints on number of CCs and max. aggregated bandwidth.
2. communicates the actual value of the max. aggregated BW. 
3. The max. aggregated bandwidth is expected to change as a function of the set of baseband attributes captured in FeatureSetListPerUplink(Downlink)CC.
Proposal 2: The new IE is allowed to be implemented by UEs from Rel-15.
Proposal 3: R2-R12 are allowed to be implemented by UEs from Rel-15.

Observation 3: It is not clear what scenario benefits from the existence of classes R, S, T and U.
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1. Overall Description:
RAN4 have determined the following new bandwidth classes for FR2, along with relevant notes:
	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 54 are 400 MHz, 200 MHz, 100 MHz, 100 MHz and 2100 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).



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. To fully describe the BW capabilities of such UEs, the signalling would be reduced if a new IE were introduced with at least 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 aggregation as well as an intra-band carrier aggregation component within an inter-band carrier aggregation. The new IE is applicable to both UL and DL.
3. When signalled for an explicitly supported BW class:
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.
c. The IE conveys max. aggregated bandwidth value for each FeatureSetListPerUplink(Downlink)CC.
d. A band may have multiple values of max. aggregated bandwidth associated with different FeatureSetListPerUplink(Downlink)CC.

2. Actions
RAN4 kindly requests RAN2 to consider the requests above. RAN4 further requests RAN2 to consider if the IE and the new BW classes can be enabled for early indication.
3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #104Bis-e	Oct. 2022         		online
TSG-RAN WG4 Meeting #105-e	Nov. 2022         		Canada
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