Page 1
[bookmark: _Hlk71278819]3GPP TSG-RAN WG4 Meeting #106		R4-2302549
Athens, Greece, February 27 – March 3, 2023	

[bookmark: Source]Agenda item:	5.2.8.2
Source:	Intel Corporation
Title:	Views on the maximum aggregated channel bandwidth capability signalling for FR1 CA for BCS5
[bookmark: DocumentFor]Document for:	Discussion
Introduction
A number of enhancements for UE capabilities signalling for FR1 intra-band and inter-band CA were discussed for several meetings [1,2] in the context of BCS4/5. In RAN4 #105 a WF on new IEs for maximum aggregated BW for intra-band CA and for inter-band CA for FR1 was approved [3]. In this paper we share views on the proposed framework and recommend the next steps.
Discussion
Potential improvements for FR1 UE capabilities signalling for intra-band and inter-band CA for BCS5 were discussed over several meetings with limited progress reached. The motivation to improve signalling is summarized in [1-2]. 
In RAN4 #105 based on the discussion a “WF on new IEs for maximum aggregated BW for intra-band CA and for inter-band CA for FR1” was approved [3]. According to the way forward RAN4 decided to continue study for the inter-band CA case, while no explicit agreements on intra-band CA case were made:
	1. Introduction
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. 
2. Way forward
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. 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. FFS on the other duplex mode bands.
· The IE conveys maximum aggregated bandwidth value for each band combination. FFS on whether to include other baseband capacities, e.g., the number of MIMO layer, bandwidth times MIMO layers, supported SCS, supported modulation order and so on.


The WF [3] does not imply that the new signalling IE shall be introduced, but rather gives a direction for further RAN4 discussion. In our view additional discussion on the justification to introduce changes to the UE capabilities signalling framework and details of proposed signalling are needed.
1. Signalling overhead reduction
The key motivation to introduce a new capability signalling IE is to reduce the signalling overhead for FeatureSet capabilities. We have some observations regarding the overhead reduction:
· The specific signalling overhead problems described in [2] occur for a limited number of scenarios, when 1) UE advertises support of CA combinations with a high number of CCs and 2) UE is not capable to support all CCs with max aggregated BW in terms of baseband complexity. Therefore, it may happen for a limited number of UEs and for a limited number of scenarios. 
· The overhead reduction described in [2] comes from the reduction in the number of rows of the FeatureSetCombination table (in the example given in [2] the number of rows is reduced from 14 to 1). Each row is simply a reference to a FeatureSet per band, not the full capabilities of the FeatureSet, and hence the signaling size reduction may not as large as expected. It may also be possible to reduce the actual number of FeatureSets but this will only be possible of no other band combinations needs to refer to them. RAN4 is not the appropriate group to analyze the actual signaling reduction.
· RAN2 has already introduced some mechanisms to reduce capability signalling overhead and the network may, for example, request the capabilities for a sub-set of possible band combinations. 
We also note that any update of UE capability signalling framework would require an update from the BS perspective, which results in extra implementation efforts. So, any change should have a good justification. Therefore, we recommend requesting RAN2 feedback on whether the problem with signalling overhead is critical from RAN2 perspective, and if there are any means to overcome the problem via the existing solutions.
Proposal #1:	Ask RAN2 feedback on whether UE capability signalling overhead is critical from RAN2 perspective and if there are any existing RAN2 solutions to overcome the problem.

2. Backward compatibility
In accordance with WF [3] “The new IE is optional for a UE to signal for BCS5. When the IE is not signalled, legacy operation is assumed.” The underlying assumption is that if the UE signals the new IE, then it may avoid signalling for multiple feature sets. The proposed framework implies that BSs are capable to handle the new IEs correctly, which cannot be completely guaranteed. If BS does not recognize new IEs and UE does not provide legacy feature set capability signalling, the BS may overestimate UE capabilities and configure the UE to operate in CA configurations, which cannot be supported by the UE (i.e., exceed max aggregated BW constraints). So, we assume that to overcome this problem UE may still be required to provide legacy capability signalling and, therefore, no capability signalling overhead reduction will be achieved.
Observation: The proposed signalling framework may not provide signalling overhead reduction unless all BSs can accept the new UE capability signalling IE
Proposal #2:	Ask RAN2 feedback on possible backward compatibility issues for the proposed signalling framework before introducing the new the capability signalling . 

3. UE capability signalling details
In case the new signalling is introduced, then the following details of the proposed signalling framework shall be clarified.
· Capability signalling granularity: The WF [3] does include information on the signalling granularity and our assumption is that the new IE shall be provided with a per-BC granularity.
· Whether to include other baseband capabilities (e.g., the number of MIMO layer, MIMO layers, etc): Based on the existing capability signalling framework UE provides information on the FeatureSetDownlinkPerCC with a per CC granularity. For the new signalling framework we assume that UE would still provide the respective IEs in addition to the max aggregated BW, but with potentially a lower number of advertised feature set combinations. The respective FeatureSetDownlinkPerCC IE already includes information on the number of MIMO layers, modulation and SCS, which completely characterize UE baseband capabilities and constraints. The information is sufficient to characterize the baseband processing complexity and there is no need to duplicate it. So, the max aggregated BW signalling is sufficient to address the problem.
· Applicability to DL/UL: Based on the agreed WF [3] “new IE is applicable to both UL and DL”, however, the baseband constraints for DL and UL are typically different and it is unclear how a single IE can be applied for both DL and UL, especially in case DL and UL have different number of carriers and different maximum aggregated BW. In our view, the mentioned problem is more applicable to DL case and the new IE can be considered for DL only. Alternatively, separate IEs can be used for DL and UL.
· FDD/TDD capabilities differentiation: The motivation to introduce different IEs for FDD/TDD carriers is unclear and it is preferable to consider a single IE for both FDD/TDD.
· Applicability to different CA scenarios: From the signalling perspective there is no strong need to limit signalling to FR1 inter-band CA only and it can be defined in a generic manner and applicable to other CA/DC scenarios.
· Clarification to definition of Fallback band combination: If we consider an example 3 band BC with a max aggregated bandwidth of 60 MHz (i.e., similar to the example used in [2]). It is not clear whether the 2 band BCs that are fallbacks from the 3 band BC could utilize the full 60 MHz max aggregated bandwidth, because a 2 band BC with aggregated bandwidth of 60 MHz is not actually be a fallback of any valid 3 band BC. We assume that the proponents would consider that such a 2 band BC would be supported by the UE. This aspect could certainly be resolved but would require careful consideration when updating 38.306.

In summary, we recommend the following changes to the signalling framework proposed in [3]:
Proposal #3:	If the new IE is agreed to be introduced then we should consider the following UE capability signalling framework:
· The new IE includes information on the maximum aggregated BW with a per BC granularity.
· The new IE is optional for a UE to signal for BCS5 with a per-BC granularity. 
· The new IE applies to different CA scenarios including intra-band and inter-band CA. 
· The new IE is applicable to DL only.
· No other information on baseband capabilities is included in the new IE(s).
· The IE is applicable to the full BC and there is no differentiation for FDD/TDD bands.

Conclusion
In this paper we share views on the proposed CA capability signalling framework in [3] and we make the following proposals:
Proposal #1:	Ask RAN2 feedback on whether UE capability signalling overhead is critical from RAN2 perspective and if there are any existing RAN2 solutions to overcome the problem.
Proposal #2:	Ask RAN2 feedback on possible backward compatibility issues for the proposed signalling framework before introducing the new the capability signalling. 
Proposal #3:	If the new IE is agreed to be introduced then we should consider the following UE capability signalling framework:
· The new IE includes information on the maximum aggregated BW with a per BC granularity.
· The new IE is optional for a UE to signal for BCS5 with a per-BC granularity. 
· The new IE applies to different CA scenarios including intra-band and inter-band CA. 
· The new IE is applicable to DL only.
· No other information on baseband capabilities is included in the new IE(s).
· The IE is applicable to the full BC and there is no differentiation for FDD/TDD bands.
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