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1	Introduction
For the past several meetings RAN2 has been discussing enhancements to reduce the overhead associated with signalling the supported bandwidth for BCS5-capable UEs, with the most recently endorsed running CRs being R2-2311429 (TS 38.331) and R2-2313580 (TS 38.306). 
Since the last meeting, updates to the CRs have been drafted based on the RAN4 reply LS in R4-2322003. These updates make the supportedAggBW-FR1-r17 capability also applicable to intra-band CA and to add a scaling factor to accommodate different SCS in the aggregate baseband bandwidth computation. RAN2 has continued to discuss the updated draft CRs offline, where companies have raised several other issues for further consideration:
· whether we introduce an indication of the maximum supported MIMO layers and/or maximum modulation order alongside the maximum aggregated baseband bandwidth capability
· applicability of max aggregated bandwidth signalling to Tx switching scenarios
· inter-node coordination considerations for NR-DC
· etc.
Those are all valid considerations (which could possibly be considered as later extensions or enhancements, provided backward compatibility can be ensured).
However, more fundamentally, it is not totally clear whether all companies in RAN2 to have a shared understanding of the relationship between the new maximum aggregated bandwidth capability signalling and the existing channel bandwidth capabilities and requirements specified by RAN2 and RAN4, respectively. Hence, the goal of this contribution is to clarify those assumptions to ensure RAN2 is on the same page.
(Note that throughout the contribution we will make reference to the latest draft CRs which were shared at the beginning of February 2023. However, those drafts could be further updated and some aspects of the below discussion might not reflect the latest version of the CRs available at meeting time.)
2	Discussion
2.1	Relevant bandwidth-related capabilities
Since the supportedAggBW-FR1-r17 is applicable only to FR1 BCS5 (i.e. for a FR1 band combination where the UE indicates BCS5 for the supportedBandwidthCombinationSet) we focus our analysis there.
Looking at what bandwidth-related capabilities a UE can signal, we have the following for the DL (we omit the UL, since it's basically the same):
Table 2.1-1: Bandwidth-related capabilities relevant to BCS5 max aggregated bandwidth reporting
	Capability
	BCS5 only
	Signalled per
	Mandatory when reporting max agg BW
	RF or baseband capability

	channelBWs-DL (and extensions)
	No
	Band
	Yes [always reported]
	RF**

	supportedAggBW-FR1-r17
> supportedAggBW-FDD-DL-r17
> supportedAggBW-TDD-DL-r17
> supportedAggBW-Total-DL-r17
	Yes
	BC
	Yes
	UE implementation
[RF or baseband]

	channelBW-90mhz
	No
	FSPC
	[Only in accordance with TS 38.101-1 Table 5.3.5-1]
	RF**

	supportedBandwidthDL
	No
	FSPC
	Yes^^
	RF**

	supportedBandwidthDL-v1710
	No
	FSPC
	Yes^^
	RF**

	supportedBandwidthDL-v17x0
	Yes
	FSPC
	Yes
	RF**

	supportedMinBandwidthDL-v17
	Yes
	FSPC
	Yes (mandatory for BCS5)
	RF**


^^ Reported for backward compatibility
** Based on RAN4 understanding, these correspond to the RF requirements of TS 38.101-1
As can be seen from the above table, the earlier defined channel bandwidth capabilities relate to RF bandwidth requirements specified by RAN4 in TS 38.101-1.
Observation 1: All earlier defined bandwidth capabilities are based on the RF requirements specified by RAN4.
On the other hand, per our understanding, supportedAggBW-FR1-r17 was originally intended to represent the maximum supported aggregate baseband BW for a band combination. To address some UE baseband implementation constraints, in later discussions between RAN2 and RAN4, it was suggested that to precisely report the baseband aggregated bandwidth a 2x scaling factor could be applied for 15kHz SCS component carriers (typical for FDD) relative to 30kHz SCS carriers (typical for TDD), while a 0.5x scaling factor could be applied to 60kHz SCS carriers. 
Nonetheless, due to other device implementations having only limitations based on RF bandwidth, some companies preferred to allow the supportedAggBW-FR1-r17 capability to be applicable to aggregated RF bandwidths as well. In our understanding for the RF case, there is no need to have a scaling factor (i.e. the scaling factor = 1 is used regardless of the SCS of the band).
Therefore, the capability was generalized so it could be applied to either RF or Baseband according to the UE implementation. To remove ambiguity a mandatory scaling factor parameter scalingFactorSCS was introduced in the latest draft CR so the network can know how the UE is calculating the reported maximum aggregate bandwidth (i.e. whether the limitations are due to BB or RF were abstracted to indicate that either the maximum bandwidth is scaled according to SCS, or the maximum bandwidth is the same for all SCSs).
Observation 2: supportedAggBW-FR1-r17 was originally intended for only baseband bandwidth limitations but was generalized to support RF bandwidth limitations as well.
We think companies are on the same page with the above observations, so it would be good to confirm the understanding to ensure the signalling is understood by all in the same way when the CRs are introduced.
Proposal 1: RAN2 should confirm the understanding in Table 2.1-1.
However, it is noted that the current capability description for supportedMinBandwidthDL/UL-v17 is not clear enough that it is mandatory to signal this with BCS5 (the mandatory behaviour is hinted by the “CY”).
	supportedMinBandwidthDL-r17
Indicates minimum DL channel bandwidth supported for a given SCS that UE supports within a single CC (and in case of intra-frequency DAPS handover for the source and target cells), which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2. This parameter is only applicable to the Bandwidth Combination Set 5. This field does not restrict the bandwidths configured for a single CC (i.e. non-CA case).
	FSPC
	CY
	N/A
	N/A



Proposal 2: Clarify that supportedMinBandwidthDL-r17/supportedMinBandwidthUL-r17 shall be always reported for BCS5 BCs.
Below shows an example how this could be accomplished:
	supportedMinBandwidthDL-r17
Indicates minimum DL channel bandwidth supported for a given SCS that UE supports within a single CC (and in case of intra-frequency DAPS handover for the source and target cells), which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2. This parameter is mandatory for only applicable to the Bandwidth Combination Set 5 and absent for all other cases. This field does not restrict the bandwidths configured for a single CC (i.e. non-CA case).
	FSPC
	CY
	N/A
	N/A



2.2	Usage of scaling factor
The above observations and table might seem obvious, but we think it is still important to emphasize, since until now UE has only reported bandwidth capabilities according to RF bandwidth and this new signalling introduces reporting of the baseband bandwidth limitation. Now that the bandwidth-related capabilities can be reported as a mix of RF and baseband capabilities, there could some risk of misinterpreting the BCS5 requirements. For example, if a 2x scaling factor is reported but not properly taken into account as a baseband scaling factor, the RF bandwidth capabilities could be overestimated (e.g. for band combinations with 15kHz SCS, which are typical for FDD carriers). Likewise, the RAN4 bandwidth requirements in TS 38.101-1 should not be interpreted in the baseband.
Observation 3: Since baseband bandwidth and RF bandwidth capabilities can be reported for BCS5, it is critical not to conflate the two when reporting/interpreting the bandwidth capabilities.
In the latest draft CRs, a mandatory scalingFactorSCS parameter was introduced to calculate the reported effective aggregate bandwidth in MHz as (modified slightly from the draft CR for simplified presentation):

where:
-	, , and  are the number of CCs in the band combination with 15kHz, 30kHz, and 60kHz SCS, respectively
-	, , and  are the bandwidths of the th, th, th CCs in the band combination with 15kHz, 30kHz, and 60kHz SCS, respectively
-	s is the value of scalingFactorSCS
As mentioned at the beginning of this section, for RF-reported bandwidths, it is sufficient for a UE to apply a scaling factor of s = 1 (i.e. no scaling for different subcarrier spacings). For baseband-reported bandwidths the scaling factor depends on the SCS, where a factor of 2, 1, or ½ is applied for a 15kHz, 30kHz, or 60kHz SCS, respectively, i.e. s = 2 per the formula above (as instructed in RAN4's LS R4-2322003). 
However, one potential area of ambiguity is how a UE implementation would report the scaling factor when reporting the max aggregated baseband bandwidth of a BC with only 30kHz SCS (e.g. TDD intra-band with CA_n41C). In theory, it could report scalingFactorSCS = 1 in this case, but this seems like a bad practice. For example, if that same intra-band component is aggregated with a 15kHz FDD band, e.g. CA_n3A-n41C, the inter-band BC would require a scalingFactorSCS = 2 to be signalled for the baseband capability (due to the 15kHz n3A component). In that regard, it makes more sense to consistently apply scalingFactorSCS = 2 when reporting the baseband capabilities.
Observation 4: The scalingFactorSCS parameter can be used to differentiate unambiguously between baseband and RF bandwidth capabilities, provided scalingFactorSCS is signalled consistently.
Proposal 3: Clarify that scalingFactorSCS = 1 should be signalled when supportedAggBW-FR1-r17 indicates the RF bandwidth limitation and scalingFactorSCS = 2 should be signalled when supportedAggBW-FR1-r17 indicates the baseband bandwidth limitation.
2.3	Handling of fallback BCs and single CC
Now that the latest draft CRs support both intra-band and inter-band scenarios, it is understood that supportedAggBW-FR1-r17 can be applied to fallback BCs (since an intra-band BC can arise from an inter-band BC, e.g. the case mentioned above with CA_n3A-n41C).  As usual, if a fallback BC supports a different maximum aggregated bandwidth capability, then that would need to be indicated separately.
However, considering the intention of this capability was to indicate specific limitations associated with processing higher order band combinations, there is no reason to apply this capability to the single component carrier (non-CA) case. Already we have sufficient capabilities to indicate the BCS5 bandwidth limitations for single CC scenarios, based on the tables for RF bandwidth that have been specified by RAN4. 
Observation 5: There is no reason to apply supportedAggBW-FR1-r17 to single CC (non-CA). The existing RF bandwidth-related capabilities are sufficient.
This means we should be able to agree to the following:
Proposal 4: supportedAggBW-FR1-r17 is not applicable to single CC (non-CA), and a single CC (non-CA) band combination should not inherit the supportedAggBW-FR1-r17 capability from a CA band combination.
2.4	Whether supportedAggBW-FR1-r17 should be mandatory
In the endorsed CR, supportedAggBW-FR1-r17 was defined as an optional capability for BCS5. If this capability is optional, that means that the only (mandated) difference between BCS4 and BCS5 is the supportedMinBandwidthDL-r17/ supportedMinBandwidthUL-r17 capabilities that gets signalled with BCS5. 
However, in practice, we are not sure how useful these minimum bandwidth capabilities are on their own. Except for certain UEs that have particularly wide bandwidth RF and do not implement lower bandwidths in certain bands, we wonder if, practically speaking, BCS4 and BCS5 are largely doing the same thing (i.e. indicating that a UE supports all possible combinations of bandwidths for a BC).
By only making supportedAggBW-FR1-r17 optional, we could have, for BCS5:
	Case
	supportedMinBandwidthDL/UL
	supportedAggBW-FR1

	A
	Min BW = smallest BCS4 BW
	Not signalled

	B
	Min BW > smallest BCS4 BW
	Not signalled

	C
	Min BW = smallest BCS4 BW
	Signalled

	D
	Min BW > smallest BCS4 BW
	Signalled


Case A, as we mentioned earlier, is no different than BCS4; and Case B we suspect is quite rare. So, BCS5 is only really meaningfully differentiated from BCS4 in Cases C and D, when the maximum aggregated bandwidth capability is signalled.
Observation 6: BCS5 is only meaningfully different from BCS4, when it is signalled with maximum aggregated bandwidth limitations.
For that reason, to specify something meaningfully different from BCS4, we think it could be better to mandate that supportedAggBW-FR1-r17 is made mandatory for BCS5.
Proposal 5: It is mandatory for a UE to signal supportedAggBW-FR1-r17 when the UE indicates support for BCS5 for a (CA) band combination.
3	Conclusion
This document has made the following observations:
Observation 1: All earlier defined bandwidth capabilities are based on the RF requirements specified by RAN4.
Observation 2: supportedAggBW-FR1-r17 was originally intended for only baseband bandwidth limitations but was generalized to support RF bandwidth limitations as well.
Observation 3: Since baseband bandwidth and RF bandwidth capabilities can be reported for BCS5, it is critical not to conflate the two when reporting/interpreting the bandwidth capabilities.
Observation 4: The scalingFactorSCS parameter can be used to differentiate unambiguously between baseband and RF bandwidth capabilities, provided scalingFactorSCS is signalled consistently.
Observation 5: There is no reason to apply supportedAggBW-FR1-r17 to single CC (non-CA). The existing RF bandwidth-related capabilities are sufficient.
Observation 6: BCS5 is only meaningfully different from BCS4, when it is signalled with maximum aggregated bandwidth limitations.
And proposed the following:
Proposal 1: RAN2 should confirm the understanding in Table 2.1-1.
Proposal 2: Clarify that supportedMinBandwidthDL-r17/supportedMinBandwidthUL-r17 shall be always reported for BCS5 BCs.
Proposal 3: Clarify that scalingFactorSCS = 1 should be signalled when supportedAggBW-FR1-r17 indicates the RF bandwidth limitation and scalingFactorSCS = 2 should be signalled when supportedAggBW-FR1-r17 indicates the baseband bandwidth limitation.
Proposal 4: supportedAggBW-FR1-r17 is not applicable to single CC (non-CA), and a single CC (non-CA) band combination should not inherit the supportedAggBW-FR1-r17 capability from a CA band combination.
Proposal 5: It is mandatory for a UE to signal supportedAggBW-FR1-r17 when the UE indicates support for BCS5 for a (CA) band combination.







