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1. Introduction
In RAN4#103-e, the introduction of maximum aggregated channel bandwidth for FR1 intra-band and inter-band CA was discussed in [1-2] but no consensus was reached. In this paper, we will further discuss the maximum aggregated channel bandwidth for FR1 intra-band and inter-band CA.
2. Discussion
2.1. Intra-band CA
As discussed in [1-2], the issue was identified that some of intra-band CA combination can’t specify the requirements for all the CBW based on the theoretically possible maximum aggregated CBW. For example, 70MHz is the theoretical maximum CBW for CA_n7B as the frequency range of n7 is 70MHz, but the supported maximum aggregated CBW for CA_n7B is 50MHz. Therefore, it would be a problem if the aggregated CBW larger than 50MHz is configured by network in BCS4/5. 
Table 1: CA configurations and bandwidth for CA_n7B
	CA_n7B
	CA_n7B
	10
	10, 15, 20, 30, 40
	
	
	
	50
	0

	
	
	15
	15, 20, 30
	
	
	
	
	

	
	
	20
	20, 30
	
	
	
	
	



Several methods were discussed in previous RAN4 meeting. From our understanding, the feasible options to solve this issue are following:
· Option 1: Indicate multiple feature sets by UE to cover all possible CBW aggregation below the supported maximum limit of CBW.
· Option 2: Introduce a new IE which indicates the maximum aggregated CBW that UE supports.
The approach of using multiple feature sets, i.e., option 1, can be used to indicate the possible supported CBW, but the main issue is multiple feature sets will introduce a huge amount of signalling overhead. As specified in TS 38101-1, n7 supports 5, 10, 15, 20, 25, 30, 35, 40 and 50MHz with 15kHz SCS and the maximum aggregated CBW for CA_n7B is 50MHz.
Therefore, with multiple feature sets approach, the following FOUR feature sets will have to be reported by UE with BCS4/5 (Note that {xx, yy} means the supporting CBW in one CC):
Feature set 1: {5, 10},{5, 10, 15, 20, 25, 30, 35, 40}
Feature set 2: {5, 10, 15}, {5, 10, 15, 20, 25, 30, 35}
Feature set 3: {5, 10, 15, 20}, {5, 10, 15, 20, 30}
Feature set 4: {5, 10, 15, 20, 25}, {5, 10, 15, 20, 25}
Observation 1: Multiple feature sets approach will introduce a huge amount of signalling overhead.
The approach of introducing a new IE, i.e., option 2, can indicate the maximum aggregated bandwidth supported by UE to network with a reasonable signalling overhead. Option 2 is beneficial for the network as well since network does not need to interpret the multiple feature sets reported by UE in this case which can reduce the implementation complexity. It seems the only concern from companies on the option 2 is that it might make BCS4 not to be release independent. But it will be no issue for BCS5 since BCS5 has already been agreed to introduce the min CBW signalling per band per CC. We noted that there is similar discussion for FR2 intra-band CA [3]. RAN4 could consider introducing the new IE of maximum aggregated bandwidth for FR1 and FR2 intra-band CA together. With that, we have the following proposals:
Proposal 1: Introduce a new IE to indicate the maximum aggregated bandwidth for intra-band CA per band combination.
Proposal 2: For FR1 intra-band CA, the new IE of maximum aggregated bandwidth is optional and can be only applied for BCS5 with early implementation from Rel-15. 
2.2. Inter-band CA
For inter-band CA, introducing a new IE could also help to reduce the singling overhead. The current signalling for maximum supported bandwidth in a band combination is reported per feature set per CC, i.e., supportedBandwidthUL or supportedBandwidthDL. But with the increment of CC number in inter-band CA combination, UE might not be able to support such a high aggregated CBW due to the RF and/or baseband limitation. In this case, with the legacy approach, multiple feature sets approach has to be used to indicate supported bandwidth but the signaling overhead would be very huge.
Below is an example for the band combo with 3 FDD bands (CA_n2AA + n5A+ n66A) and the supporting maximum aggregated bandwidth among FDD CCs is 60MHz. Figure 1 shows the example with old signaling and Figure 2 shows the example with new signaling, i.e., introducing a new IE of maximum aggregated CBW.
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Figure 1: Example for FDD inter-band CA with old signaling
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Figure 2: Example for FDD inter-band CA with new signaling
Observation 2: With old signaling, UE has to signal 14 different feature sets. With introducing a new IE of maximum aggregated CBW, only 1 feature set is needed.  
Note that with old signaling the features sets comes out to be 14 when UE is not supporting 25MHz, 35MHz, 45MHz CBWs on any of the bands. If these other CBWs are included, the number of feature sets with old signaling will increase even more.
In this case, it is proposed to introduce a new IE to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination and the new IE can be optional.
Proposal 3: Introduce a new IE to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination.
Proposal 4: The new IE of maximum aggregated bandwidth is optional and can be only applied for BCS5 with early implementation from Rel-15. 
Proposal 5: RAN4 to agree the draft LS in the Appendix. 
3. Conclusion
In this paper, we discuss on the maximum aggregated channel bandwidth for FR1 intra-band and inter-band CA. We have the following observations and proposals:
Observation 1: Multiple feature sets approach will introduce a huge amount of signalling overhead.
Proposal 1: Introduce a new IE to indicate the maximum aggregated bandwidth for intra-band CA per band combination.
Proposal 2: For FR1 intra-band CA, the new IE of maximum aggregated bandwidth is optional and can be only applied for BCS5 with early implementation from Rel-15. 
Observation 2: With old signaling, UE has to signal 14 different feature sets. With introducing a new IE of aggregated CBW, only 1 feature set is needed.  
Proposal 3: Introduce a new IE to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination.
Proposal 4: The new IE of maximum aggregated bandwidth is optional and can be only applied for BCS5 with early implementation from Rel-15. 
[bookmark: _GoBack]Proposal 5: RAN4 to agree the draft LS in the Appendix. 
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1   Overall Description:
RAN4 discussed the issue that UE might not be able to support all the possible CBW in some band combinations due to the RF and/or baseband limitation. To solve this issue, the following two options were considered:
· Option 1: Indicate multiple feature sets by UE to cover all possible CBW aggregation below the supported maximum limit of CBW.
· Option 2: Introduce a new IE which indicates the maximum aggregated CBW that UE supports.
The approach of using multiple feature sets, i.e., option 1, can be used to indicate the possible supported CBW without specification change, but it will lead to a huge amount of signalling overhead. 
In this case, RAN4 agreed to use Option 2, i.e., introduce a new IE which indicates the maximum aggregated CBW for FR1 intra-band CA. In addition, introducing a new IE of maximum aggregated CBW would also help to reduce the signaling overhead for inter-band CA. Therefore, RAN4 agreed to introduce the separate new IEs of maximum aggregated CBW for FR1 intra-band CA and inter-band CA.
For intra-band CA, a new IE were introduced with at least the following characteristics:
· The new IE is optional for a UE to signal. When the IE is not signalled, legacy operation is assumed.
· 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.
· The IE conveys maximum aggregated bandwidth value for each FeatureSetListPerUplink(Downlink)CC
· A band may have multiple values of max. aggregated bandwidth associated with different FeatureSetListPerUplink(Downlink)CC
For inter-band CA, a new IE were introduced with at least the following characteristics:
· The new IE is optional for a UE to signal. When the IE is not signalled, legacy operation is assumed.
· The new IE applies to inter-band carrier aggregation. The new IE is applicable to both UL and DL.
· If a band combo has mix of TDD and FDD CCs, there needs to be 2 new separate IEs, one for max TDD aggregated BW and another for max FDD aggregated BW.
· The IE conveys maximum aggregated bandwidth value for each band combination.

2   Actions
To RAN2:
RAN4 would like to request RAN2 to take above RAN4 agreements into account.
3   Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #104Bis-e	Oct. 2022         		online
TSG-RAN WG4 Meeting #105-e	Nov. 2022         		Canada
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