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1. Introduction
For BCS4/5, RAN4 identified that the UE may not support all possible component carrier bandwidths in some band combinations due to RF and/or baseband limitations [1]. Signalling all possible combinations of CC bandwidths for a CA band combination by means of Feature Set Combination can result in large UE capability signalling overhead. RAN4 requested RAN2 to look into whether it “can bring the high signalling overhead that cannot be ignored as system”. RAN4 also provide a potential solution to address the signalling overhead problem.
2. Discussion
2.1. General
It was discussed in RAN2#121bis meeting what RAN2’s responsibility would be in making this topic move forward. It is our view that RAN4 has expertise in identifying possible UE implementation limitations in terms of RF and baseband capabilities. It is not very constructive if RAN2 starts challenging those aspects of RAN4’s domain.
Observation 1:		RAN4 has expertise in identifying possible UE implementation limitations in terms of RF and baseband capabilities.
We therefore propose RAN2 to evaluating signalling overhead caused by those UE implementation examples provided by RAN4 in [1]. RAN2 is also usually responsible for looking into overall system level design. In this particular case, it is important for RAN2 to analyse the inter-operability / compatibility aspect of UE capability signalling solution RAN4 has suggested. 
Proposal 1:	RAN2 should focus on 1) evaluating possible signalling overhead reduction and 2) backward compatibility analysis based on RAN4’s input in [1].
2.2. Signaling overhead
In [1], RAN4 provided examples of supported combinations of feature sets in the FeatureSetCombination for a few inter-band CA cases. One of them is CA_n25A-n41A-n66A. The corresponding example for supported combinations of CC bandwidths is reproduced below.
	#
	n25 BW
[MHz]
	n41 BW {MHz]
	n66 BW [MHz]
	Total aggregated BW [MHz]

	1
	0
	100
	20
	120

	2
	5
	100
	15
	120

	3
	10
	100
	10
	120

	4
	15
	100
	5
	120

	5
	20
	100
	0
	120

	6
	0
	90
	30
	120

	7
	5
	90
	25
	120

	8
	10
	90
	20
	120

	9
	15
	90
	15
	120

	10
	20
	90
	10
	120

	11
	25
	90
	5
	120

	12
	30
	90
	0
	120

	13
	0
	80
	40
	120

	14
	5
	80
	35
	120

	15
	10
	80
	30
	120

	16
	15
	80
	25
	120

	17
	20
	80
	20
	120

	18
	25
	80
	15
	120

	19
	30
	80
	10
	120

	20
	35
	80
	5
	120

	21
	40
	80
	0
	120

	22
	5
	70
	45
	120

	23
	10
	70
	40
	120

	24
	15
	70
	35
	120

	25
	20
	70
	30
	120

	26
	25
	70
	25
	120

	27
	25
	70
	25
	120

	28
	30
	70
	20
	120

	29
	35
	70
	15
	120

	30
	40
	70
	10
	120

	31
	45
	70
	5
	120

	32
	15
	60
	45
	120

	33
	20
	60
	40
	120

	34
	25
	60
	35
	120

	35
	30
	60
	30
	120

	36
	35
	60
	25
	120

	37
	40
	60
	20
	120

	38
	45
	60
	15
	120

	39
	25
	50
	45
	120

	40
	30
	50
	40
	120

	41
	35
	50
	35
	120

	42
	40
	50
	30
	120

	43
	45
	50
	25
	120

	44
	30
	45
	45
	120

	45
	35
	45
	40
	120

	46
	40
	45
	35
	120

	47
	45
	45
	30
	120

	48
	35
	40
	45
	120

	49
	40
	40
	40
	120

	50
	45
	40
	35
	120


Table-1:	Example of supported CC bandwidth combinations for CA_n25A-n41A-n66A [1]
With the existing UE capability signalling method (“option 1” in [1]), the UE is required to signal all applicable bandwidth combinations by means of Feature Set Combination, which can lead to large signalling overhead.
RAN4 described a possible solution (“option 2” in [1]) to mitigate the signalling overhead problem. In the solution, the UE signals the maximum aggregated bandwidth for the band combination, i.e. 120MHz in the example above. In the corresponding Feature Set Combination, the UE only indicates in the maximum supported bandwidth for each CC. The sum of the signalled maximum bandwidth in each CC may exceed the signalled maximum aggregated bandwidth for the band combination. 
For example, the UE could signal the following UE capability. The network can configure a CC bandwidth so that it satisfies both the maximum CC bandwidth and the maximum aggregated bandwidth limitations as signalled by the UE.
	#
	Max. n25 BW
[MHz]
	Max. n41 BW {MHz]
	Max. n66 BW [MHz]
	Max. aggregated BW [MHz]

	1
	45
	100
	45
	120


Table-2:	Signalled CC bandwidth combination for CA_n25A-n41A-n66A with “option 2”
We consider this solution is very attractive solution to address the UE capability signalling overhead issue.
Proposal 2:	RAN2 to agree on the UE capability signalling solution “option 2” in [1] and work on details and CRs.
2.3. Backward compatibility
The example discussed in the previous section can be applicable when the UE supports only BCS4 or BCS5 with the band combination.
It was pointed out in RAN2#121bis meeting however that the new signalling solution may not be backward compatible with legacy network implementation. The UE supporting BCS4 or BCS5 in a given CA band combination may also indicate the support for legacy BCS(s) to ensure operability with legacy network. For instance, BCS0 for CA_n25A-n41A-n66A is already defined as follows in TS38.101-1. Then one can notice that the RAN4 example discussed in the previous section is incompatible with BCS0 because the supported maximum aggregated bandwidth is only 120MHz, as opposed to 160MHz which BCS0 requires.
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	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n25A-n41A-n66A
	-
	n25
	5, 10, 15, 20
	0

	
	
	n41
	10, 15, 20, 30, 40, 50, 60, 80, 90, 100
	

	
	
	n66
	5, 10, 15, 20, 40
	

	
	CA_n25A-n41A
CA_n25A-n66A
CA_n41A-n66A
	n25
	5, 10, 15, 20, 25, 30, 40
	1

	
	
	n41
	10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n66
	5, 10, 15, 20, 25, 30, 40
	

	
	CA_n25A-n41A
CA_n25A-n66A
CA_n41A-n66A
	n25
	n25 channel bandwidths in Table 5.3.5-1 
	4 and 5

	
	
	n41
	n41 channel bandwidths in Table 5.3.5-1 
	

	
	
	n66
	n66 channel bandwidths in Table 5.3.5-1 
	


Table-3:	Bandwidth combination sets for CA_n25A-n41A-n66A
The new maximum aggregated bandwidth UE capability is not visible to the legacy network. This essentially means that the content of existing UE capability parameters in feature set combination as signalled by the UE must be compatible with BCS0. Then the UE supporting also BCS0 may want to indicate the following capabilities as shown in Table-4. Note that this means the UE supports more CC bandwidth combinations as compared to those in Table-1, e.g. 35MHz-90MHz-35MHz.
	#
	Max. n25 BW
[MHz]
	Max. n41 BW {MHz]
	Max. n66 BW [MHz]
	Max. aggregated BW [MHz]

	1
	45
	100
	45
	160


Table-4:	Signalled CC bandwidth combination for CA_n25A-n41A-n66A with “option 2” (UE supporting BCS0 and BCS4/5)
This is fully compatible with legacy network. As already specified in TS38.306 (see text below), the legacy network takes into account all relevant UE capability parameters to determine the supported BW for each CC.
	NOTE:     To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability and validate instead the channelBW-90mhz, the supportedBandwidthCombinationSet and the supportedBandwidthCombinationSetIntraENDC. To determine whether the UE supports a channel bandwidth of 400 MHz, the network validates this capability, the supportedBandwidthCombinationSet, and the supportedBandwidthCombinationSetIntraENDC. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]), supportedBandwidthDL/supportedBandwidthDL-v1710 and supportedMinBandwidthDL.



It should also be noted that RAN4 may define new band combinations only with BCS4/5 going forward. Those band combinations will not have the same backward compatibility problem.
Proposal 3:	RAN2 to confirm the UE capability signalling solution “option 2” in [1] does not cause any backward compatibility problem as long as signalled CC bandwidths are compatible with legacy BCS(s) supported by the UE.
As in [1], the root cause of the UE capability signalling overhead is coming from the nature of BCS4/5 where the number of applicable CC bandwidths, hence the number of CC bandwidth combinations for the CA band combination, significantly increases. It is our understanding that BCS5 is not yet supported in network and UE implementations. It is therefore still possible to introduce new UE capability parameters if the use of them is restricted to the new BCS.  We therefore propose to limit the applicability of the new signalling method to BCS5.
Once it is confirmed backward compatibility can be ensured, it is possible to introduce a new UE capability parameter as an extension to the existing CA band combination list, BandCombinationList. The UE supporting BCS5 may use the new UE capability parameter. At the same time, the network supporting BCS5 shall be able to understand the new UE capability parameter. If the UE does not signal the new UE capability parameter, the legacy rules for CC bandwidth capability applies. To be more precise, RAN4 suggested defining two UE capability parameters for maximum aggregated bandwidth for TDD and FDD separately.
Proposal 4:	Introduce a new “per band combination” UE capability parameter indicating the supported maximum aggregated bandwidth for FDD CCs and TDD CCs separately.
Proposal 5:	The legacy rules for CC bandwidth capability applies when the UE does not signal the new capability parameter indicating the supported maximum aggregated bandwidth.
Proposal 6:	RAN2 to agree the usage of new UE capability signalling solution “option 2” in [1] is restricted to FR1 inter-band CA band combinations where BCS5 is supported.
2.4. Applicability of a single feature set combination to multiple band combinations
In RAN2#121bis, it was questioned whether or not the RAN4’s example on CA_n25A-n41A-n66A is a very specific “corner” case where new UE capability signalling solution can provide a signalling overhead reduction benefit.
We believe the same feature set combination can be reused for similar CA band combination, i.e. three-band FR1 FDD-TDD inter-band CA band combinations, e.g.
· [bookmark: _Hlk134632056]CA_n25A-n41A-n66A
· CA_n25A-n41A-n71A
· CA_n25A-n66A-n77A
· CA_n25A-n71A-n77A
· CA_n41A-n66A-n71A
· CA_n41A-n66A-n71A
· CA_n66A-n71A-n77A
It should be noted that RAN4 added BCS4/5 for other similar CA band combinations with different set of bandwidth classes among which a common feature set combination can be shared.
3. Conclusion
In this document we concluded the UE capability signalling solution “option 2” in [1] is an attractive solution to reduce UE capability signalling overhead and made the following proposals.
Proposal 1:	RAN2 should focus on 1) evaluating possible signalling overhead reduction and 2) backward compatibility analysis based on RAN4’s input in [1].
Proposal 2:	RAN2 to agree on the UE capability signalling solution “option 2” in [1] and work on details and CRs.
Proposal 3:	RAN2 to confirm the UE capability signalling solution “option 2” in [1] does not cause any backward compatibility problem as long as signalled CC bandwidths are compatible with legacy BCS(s) supported by the UE.
Proposal 4:	Introduce a new “per band combination” UE capability parameter indicating the supported maximum aggregated bandwidth for FDD CCs and TDD CCs separately.
Proposal 5:	The legacy rules for CC bandwidth capability applies when the UE does not signal the new capability parameter indicating the supported maximum aggregated bandwidth.
[bookmark: _Hlk134630252]Proposal 6:	RAN2 to agree the usage of new UE capability signalling solution “option 2” in [1] is restricted to FR1 inter-band CA band combinations where BCS5 is supported.

References
[1]		R2-2302439		LS on UE signalling for the maximum aggregated bandwidth for FR1 CA		RAN4
3GPP
