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1. Introduction
The introduction of maximum aggregated CBW for FR1 CA has been discussed in the past few meetings [1-3]. The WF on new IEs for maximum aggregated BW for inter-band CA was approved in [4] in which there is one remaining issue on whether to include other baseband capabilities e.g., the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order and so on. We will provide our views in this paper.
2. Discussion
2.1. Signal overhead reduction
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 especially after BCS4/5 is introduced in the specification.
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 1: In above example, UE has to signal 14 different feature sets with old signaling. 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.
Observation 2: With different band combos, and/or different modem capability, the total number of feature sets may increase even more.
Proposal 1: Introduce new IE of maximum aggregated CBW for FR1 inter-band CA. The IE is optional and applicable for BCS5 with early implementation from Rel-15. 
Considering the different capability for TDD and FDD bands, it is proposed to introduce two separate IEs to indicate the maximum aggregated bandwidth for TDD and FDD bands separately.
Proposal 2: Introduce two separate IEs (one for each TDD and FDD) to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination. 
Similarly, UE might have different capability for UL and DL, hence it is proposed to introduce two separate IEs to indicate the maximum aggregated bandwidth for UL and DL separately.
Proposal 3: Introduce two separate IEs (one for each UL and DL) to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination. 
2.2. Other parameters
The issue on whether to include other parameters such as the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order was discussed in last meeting. It is true that some parameters such as the number of MIMO layer will rely on the baseband processing capability. But with Proposal 2 and Proposal 3, the new IE would be only applicable for TDD band or FDD band with either UL or DL which implies it is very likely for UE to report the same number of DL/UL MIMO layer and so on for all the FDD or TDD CCs. For example, for TDD band, usually the number of DL MIMO layer is 4.
Observation 3: With Proposal 2 and Proposal 3, the new IE would be only applicable for TDD band or FDD band with either UL or DL which implies it is very likely for UE to report the same number of DL MIMO layer and so on for all the FDD or TDD CCs. 

Even though UE might report different numbers of DL MIMO layer per CC, UE could signal separate band combination with separate maximum CBW per CC in FeatureSetperCC. We explain further with the following example in which there are two CCs for inter-band CA in which the supported CBWs per CC for both CC1 and CC2 are {20, 30, 40, 60}:
Case 1: The number of DL MIMO layer is 4 for both CC1 and CC2
Case 2: The number of DL MIMO layer are 4 and 2 for CC1 and CC2, respectively.
For Case 1, we can assume the maximum aggregated CBW is 60MHz. It is straightforward to interpret UE could support all the permutations of CC1+CC2 ≤ 60MHz which includes {CC1, CC2} = {20, 40}, {40, 20}, {30, 30} with the following configurations:
· For CC1, the maximum DL MIMO layer is 4, the maximum CBW per CC is 60MHz
· For CC2, the maximum DL MIMO layer is 4, the maximum CBW per CC is 60MHz.
For Case 2, with the similar baseband capability, UE could support all the permutations of CC1+CC2 ≤ 60MHz including {CC1, CC2} = {20, 40}, {40, 20}, {30, 30}. 
· For CC1, the maximum DL MIMO layer is 4, the maximum CBW per CC is 60MHz
· For CC2, the maximum DL MIMO layer is 2, the maximum CBW per CC is 60MHz.
In addition, UE could signal a separate band combination where maximum aggregated CBW is 80MHz, and each CC has following configurations:
· For CC1, the maximum DL MIMO layer is 4, the maximum CBW per CC is 20MHz.
· For CC2, the maximum DL MIMO layer is 2, the maximum CBW per CC is 60MHz.
Observation 4: UE could signal separate band combination with different CC bandwidths in FeatureSetperCC to indicate different MIMO layer numbers per CC. 
We could use the same approach to indicate different capability for supported SCS and modulation order if it happens for different CCs. And it should note that the signalling overhead is no worse than what’s currently required with this approach.
In addition, signal other parameters including the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order with maximum aggregated CBW will make the signalling design very complicated. With that, we have the following proposal:
Proposal 4: Do not consider other parameters such as the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order when UE reporting the maximum aggregated CBW for inter-band CA.
Proposal 5: RAN4 to approve the draft LS sending to RAN2 in Appendix.
3. Conclusion
In this paper, we discuss on the maximum aggregated channel bandwidth for FR1 inter-band CA. We have the following observations and proposals:
Observation 1: In above example, UE has to signal 14 different feature sets with old signaling. With introducing a new IE of maximum aggregated CBW, only 1 feature set is needed.  
Observation 2: With different band combos, and/or different modem capability, the total number of feature sets may increase even more.
Proposal 1: Introduce new IE of maximum aggregated CBW for FR1 inter-band CA. The IE is optional and applicable for BCS5 with early implementation from Rel-15. 
Proposal 2: Introduce two separate IEs (one for each TDD and FDD) to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination. 
Proposal 3: Introduce two separate IEs (one for each UL and DL) to indicate the maximum aggregated bandwidth for FR1 inter-band CA per band combination. 
Observation 3: With Proposal 2 and Proposal 3, the new IE would be only applicable for TDD band or FDD band with either UL or DL which implies it is very likely for UE to report the same number of DL MIMO layer and so on for all the FDD or TDD CCs. 
Observation 4: UE could signal separate band combination with different CC bandwidths in FeatureSetperCC to indicate different MIMO layer numbers per CC. 
Proposal 4: Do not consider other parameters such as the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order when UE reporting the maximum aggregated CBW for inter-band CA.
Proposal 5: RAN4 to approve the draft LS sending to RAN2 in 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 might lead to a high signalling overhead. 
RAN4 to further study whether to introduce a new IE for inter-band CA for signalling overhead reduction with the following characteristics:
For inter-band CA, the new IE is considered with at least the following characteristics:
· The new IE is optional for a UE to signal for BCS5. When the IE is not signalled, legacy operation is assumed. 
· The new IE applies to inter-band carrier aggregation in which conveys maximum aggregated bandwidth value for each band combination.
· The new IEs are applicable to both UL and DL separately.
· 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. FFS on the other duplex mode bands.
RAN4 also investigated whether to include other baseband capacities and concluded that there is no need to include the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order and so on with the IE of maximum aggregated CBW in the signalling.
2   Actions
To RAN2:
RAN4 kindly requests RAN2 to consider the requests above. RAN4 further requests RAN2 to consider if the IE can be enabled for early implementation from Rel-15.
3   Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #106-bis-e		April 2023         				Online
TSG-RAN WG4 Meeting #107				May 2023
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