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1	Introduction
[bookmark: _Hlk58440727]A contribution of [1] in RAN4#100-e raised an issue on how to capture the maximum aggregated channel bandwidth (CBW) of intra-band CA with BCS4/5 and RAN4#101-e discussed it again in [2, 3]. RAN4, however, was not able to reach a consensus. As we commented that usage of the formulation alone provided in [1, 2] isn’t suitable to be used as it is in [3], we share the reason in this contribution.
2	Discussion
It is understood that BCS4/5 is a signalling mechanism to make it possible for a UE to explicitly report supported CBW combinations for a given band configuration from UE perspective. From network perspective, it allows a network not to store the information listed in each of the conventional BCSs and directly understand the supported CBW combinations for the reported band configuration by the UE. In addition, there must be NO signalling to directly and explicitly indicate the maximum aggregated CBW per band combination, though a gNB can filter out reported aggregated CBW(s) via inquiry when they’re reported.
Observation 1: There is no signalling to directly and explicitly indicate the maximum aggregated CBW
Thus far, the maximum aggregated CBW column has existed to provide the information that when a certain traditional BCS is reported, what the maximum is for the BCS. There are two cases. 
Case 1: Aggregated CBW(s) from listed CBW per CC exceeds the theoretically possible max aggregated CBW
We use BCS2 for CA_n48B as an example. Regarding the top BCS2 row, UE and network engineers can interpret that 15+90, 20+90, 30+80, 30+90, 40+70, 40+80 and 40+90 are ruled out from the information of 100 MHz since they exceed 100 MHz. Note that the maximum aggregated CBW information is not necessary anymore for this purpose for traditional BCS since the order of the CCs does not matter for NR. It means that if we want, the top BCS2 can be written in a way of the bottom BCS2 coloured in red. The drawback is that it increases the number of rows.
[image: ]
Case 2: Aggregated CBW(s) from listed CBW per CC is below the theoretically possible max aggregated CBW
In another case, if we take a look at CA_n7B, the maximum aggregated CBW is 50 MHz, though it’s possible for n7B to define requirements up to 70 MHz theoretically, but it seems there was no demand to do that. Hence, the requirements for up to 50 MHz were defined for CA_n7B.
[image: ]
In any case, the point is that RAN4 specifications have ensured and specified the corresponding requirements for the respective CBW combinations up to the maximum aggregated CBW for both above two cases. And the maximum has been selected by consideration of MIN among theoretically possible max aggregated channel bandwidth & spectrum holdings by proponents on a case-by-case basis.
Getting back to BCS4/5, although the signalling itself is flexible enough, BCS4/5 cannot always mean that the UE supports every single possible CBW combination from specified channel bandwidths of the respective bands within the given CA configuration. If so, BCS4/5 means 50 MHz + 50 MHz is supported, but it must not be. In another aspect, MSD has been discussed in inter band CA/MR-DC. RAN4 agreed that BCS4/5 can be added to configurations and bandwidth combination sets tables based on request since some band configurations may require specifying new MSD requirements if they are not specified yet. The same principle holds true for intra band CA. 
At the end of the last RAN4 meeting, the following was proposed.
[image: ]
If the above formula is applied to n7B, min{2*50 MHz, 100 MHz, 70 MHz} = 70 MHz. This 70 MHz can be the theoretically possible maximum. If 70 MHz was placed in the maximum aggregated CBW, does BCS4/5 mean that the UE supports e.g., 50 MHz + 20 MHz as one of the CBW combinations for n7B? The answer must be NO with following reasons. 
This is an FDD band. Supporting of wider aggregated CBW(s) would invite more desensitization on its reference sensitivity even if the introduction of the wider aggregated channel bandwidth(s) is only applicable to only DL since the distance between inner edges of UL and DL channel bandwidths becomes closer. If wider aggregated CBW(s) for UL is concerned, the impact of it on A-MPR for NS(s) must be checked, and the necessity of the re-evaluation must be confirmed if any. Note that for instance, if the 70 MHz is not available in a region where CA_NS_46 is needed, the re-evaluation of the A-MPR is not needed while if it’s available, the re-evaluation is needed. At least RAN4 would need to confirm it. Note that TDD band does not need to consider reference sensitivity aspect but at least if new requirements for emission related aspects are needed or not would need to be checked. 
Observation 2: Maximum aggregated CBW for intra band CA shall have corresponding requirements in the specification.
Observation 3: Calculation of maximum aggregated CBW for BCS4/5 with a formulation makes readers of the specifications confused, e.g., even if the readers try to find corresponding requirements, it may not exist. 
Observation 4: Maximum aggregated CBW for BCS4/5 must be the same as that of the maximum aggregated CBW across the already specified traditional BCSs for an intra band CA until RAN4 confirms the necessity of corresponding requirements for a wider aggregated CBW based on request and specifies them if necessary.
Observation 5: A formula can be used to derive theoretically possible maximum aggregated CBW during discussion while actual value put in the column must be the maximum CBW whose requirements are available.
Some people, however, may be confused if they see smaller maximum aggregated CBW than the theoretically possible maximum aggregated CBW since they may think BCS4/5 can indicate all the possible CBW combinations for the CA. More specifically, for CA_n7B case, they think 70 MHz must be possible if BCS4/5 is indicated.
In addition, if the maximum CBW is smaller than the “theoretical” one, in our understanding, the UE shall explicitly indicate supported CBW combinations with multiple FSPC(s) to make the network directly interpret the supported ones. Otherwise, if the exiting max is replaced with even wider one, the network cannot differentiate the legacy UEs with smaller max aggregated CBW and new UEs with wider aggregated CBW. 
Hence, we suggest adding a note to the maximum aggregated CBW if the bandwidth is narrower than the maximum one derived by the formula and the note clearly says that the maximum CBW and subsequent lower aggregated CBW(s) shall be explicitly indicated by multiple FSPC(s). 
Proposal: Put the maximum aggregated CBW whose corresponding requirements are available into a column for the maximum aggregated CBW. In case the maximum is smaller than the maximum derived by the formula, a note should be added to the CBW and mention that the maximum CBW and subsequent lower aggregated CBW(s) shall be explicitly reported by multiple FSPC(s).
A specific example of the table for CA_n7B is as follows.
Table 5.5A.1-1: NR CA configurations and bandwidth combination sets defined for intra-band contiguous CA 
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n7B
	CA_n7B
	10
	10, 15, 20, 30, 40
	
	
	
	503
	0

	
	
	15
	15, 20, 30
	
	
	
	
	

	
	
	20
	20, 30
	
	
	
	
	

	NOTE 1:	5 MHz is not applicable for 30/60 kHz SCS.
NOTE 2:	The aggregated bandwidth must be greater than or equal to the minimum for the bandwidth class defined in Table 5.3A.5-1, and smaller than or equal to the maximum aggregated bandwidth
NOTE 3:  The maximum aggregated channel bandwidth may be updated and become larger in the future release. The maximum channel bandwidth(s) and subsequent lower aggregated channel bandwidths shall be explicitly indicated by multiple FSPC(s).



3	Conclusion
This contribution discussed a fundamental issue to derive maximum aggregated channel bandwidth for intra band CA based on a formula and obtained the following observations.
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Observation 4: Maximum aggregated CBW for BCS4/5 must be the same as that of the maximum aggregated CBW across the already specified traditional BCSs for an intra band CA until RAN4 confirms the necessity of corresponding requirements for a wider aggregated CBW based on request and specifies them if necessary.
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Proposal: Put the maximum aggregated CBW whose corresponding requirements are available into a column for the maximum aggregated CBW. In case the maximum is smaller than the maximum derived by the formula, a note should be added to the CBW and mention that the maximum CBW and subsequent lower aggregated CBW(s) shall be explicitly reported by multiple FSPC(s).
A specific example of the table for CA_n7B is as follows.
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	Channel bandwidths for carrier (MHz)
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bandwidth (MHz)
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	CA_n7B
	CA_n7B
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	15
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	20
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“The maximum aggregated bandwidth chosen for BCS4/BCSS5 should equal to

«  min{n*max channel bandwidth of each carrier, BWChannel CA of each CA bandwidth class, Maximum
frequency range of each band} for intra-band contiguous CA




