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1 Introduction
UL CA with UL MIMO was added to R17 FR1 enhancement WI and in last meeting the WF [1] was agreed with one open issue is the capability signalling of the supported aggregated CBW for CA+UL MIMO. This paper discuss on this aspect.

	Baseline RF architecture

· Two PAs architecture with each PA supporting the aggregated CBW
Signaling

· Proposals
· New capability for Supported aggregated CBW within UL CA+UL MIMO (R4-2106562)
· Agreements : FFS


2 Discussion

2.1 Capability signalling

In Rel-16, two UE architectures were assumed in PC3 contiguous/non-contiguous UL CA, including one PA supporting 200MHz aggregated CBW, and two PA supporting aggregated 200MHz CBW due to channel BW limitation at the PA or TRX chain.
In Rel-17, two UE architectures also were assumed in PC2 contiguous/non-contiguous UL CA which is similar as Rel-16.
It can be seen that no matter PC3 or PC2 in intra-band UL CA, different PA capabilities in supporting the aggregated CBW were supported by the spec.
Observation 1:    For intra-band UL CA, both PC3 and PC2, different PA capabilities in supporting the aggregated CBW were supported by the spec.
In last meeting, it was agreed that for CA+UL MIMO feature the reference architecture is assuming UE with two PA and each PA supporting the aggregated CBW. However, for different UEs the supported aggregated CBW could be different, for example, one UE can support 200MHz maximum aggregated CBW while others cannot. As shown in figure 1, UE1 can support larger aggregated CBW than UE2. Therefore, the supported aggregated CBW of UE shall be clear to NW.
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Figure 1 Different UE capabilities in supporting aggregated CBW for CA+UL MIMO feature
Observation 2:    UEs are different in supporting the aggregated CBW under CA+UL MIMO feature and it needs to be clear to NW.

Currently the ca-BandwidthClassUL-NR IE is used to report the supported aggregated CBW for intra-band contiguous UL CA, and it is per-band reported. It means for one band there is only one value reported as shown below and it doesn’t differentiate with or without MIMO capability.
[image: image2.png]- CA-BandwidthClassNR
The IE CA-BandwidthClassNR indicates the NR CA bandwidth class as defined in TS 38.101-1 [15], table 5.3A.5-1 and TS 38.101-2 [39], table 5.3A.4-1.

CA-BandwidthClassNR information element

CA-BandwidthClassNR ::= ENUMERATED {a, b, ¢, d, ¢, £, g, h, i, 3, k, 1, m, n, 0, B, q/ .-}




Observation 3:    Currently ca-BandwidthClassUL-NR is a per-band capability used to report the supported aggregated CBW for intra-band contiguous UL CA, and it doesn’t differentiate with or without MIMO capability.
For UE supporting both CA and CA+UL MIMO, the aggregated CBW capability could be different when it works under CA mode or under CA+UL MIMO mode as shown in figure 2. The PA capability cannot be changed, but the aggregated CBW when two PAs are working together could be different. And currently what the UE reported is the aggregated CBW1 in figure 2, which is different from the aggregated CBW2 in CA+UL MIMO. Therefore the aggregated CBW under CA+UL MIMO shall be reported to NW to make it facilitate NW scheduling.
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Figure 2 Comparison of aggregated CBW when UE works under CA and CA+UL MIMO
Observation 4:    The aggregated CBW capability could be different when UE works under CA mode or under CA+UL MIMO mode, however, with one ca-BandwidthClassUL-NR capability reported this cannot be differentiated.
In last meeting there was comment that the signaling already can support the MIMO layer within each CC, etc. The comment seems is about the Rel-16 feature 7-3b (as below) which was sent to RAN2 for signaling design, and in the RAN2 reply LS [2] it was said that “RAN2 conclude that with Rel-15 capability signalling, it is feasible to indicate the MIMO capability for each UL CC within one specific band combination separately. Therefore, new Rel-16 signaling is not needed”. However, it can be noticed in the LS and also the discussions in RAN2 were focused on how to report different MIMO layers for each CC rather than the limitation of aggregated channel BW capability when the CA+UL MIMO was configured to the UE. Therefore, the issue is not same as the feature 7-3b.
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Observation 5:    RAN2 didn’t touch the UE aggregated CBW capability limitation in CA+UL MIMO.
Proposal 1:         It is proposed to report the UE supported aggregated CBW for UL CA+UL MIMO feature to NW.

Besides, it should be noticed that although the discussion is mainly focus on intra-band contiguous UL CA, similar issue also exists in intra-band non-contiguous UL CA, so the discussion is also apply to intra-band non-contiguous UL CA.

Observation 6:    Intra-band non-contiguous UL CA also has similar problem when it works together with UL MIMO.
2.2 Release independent

Although the CA+UL MIMO is added to Rel-17 FR1 enhancement WI, it actually have many connections to the Rel-16 since the UL CA is supported in Rel-16 and UL MIMO is also supported there. And UEs in Rel-16 can support CA+UL MIMO when it is implemented with large BW PAs. Therefore, the CA+UL MIMO feature should be release independent from Rel-16

Observation 7:    Rel-16 UE can support both UL CA and UL MIMO together when it is implemented with large BW PAs.

Proposal 2:         It is proposed that CA+UL MIMO feature is release independent from Rel-16.
Meanwhile, there are UEs cannot support UL CA+UL MIMO together if they need two PAs to achieve the CA aggregated CBW since that means UE need to implement 4 PAs to achieve the UL CA+UL MIMO. This is the same situation as Rel-17. Therefore, the discussions in section 2.1 about the UE supported aggregated CBW in CA+UL MIMO issue also exists in Rel-16. And the clarification of aggregated CBW in CA+UL MIMO should be done from Rel-16, otherwise, in Rel-16 it leads to either NW configuration failure of CA+UL MIMO, or UE cannot support UL MIMO in CA even the configured aggregated CBW is small.
Observation 8:    Rel-16 UE cannot support both UL CA and UL MIMO together when it needs two PAs to achieve the aggregated CBW.

Proposal 3:         It is proposed to inform RAN2 that UE supported aggregated CBW could be different between CA and CA+UL MIMO and it is up to RAN2 how to update Rel-16 UE capabilities.
2.3 Requirements

It should also be noticed that the UL CA+UL MIMO is not a standalone feature, when discussing the requirements the power class shall be considered. Below figure illustrates the situation of PC3 and PC2. For the PC3 case, no limitation on the PA is needed but most likely are two PC3 PAs. For the PC2 case, it needs to consider different PA capabilities to evaluate the potential MPR/AMPR, etc. Current MPR/AMPR requirements for UL MIMO (100MHz was considered) or UL CA (single layer was considered) may not be applicable directly for UL CA+UL MIMO.
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Observation 9:    Requirements for UL MIMO only considered 100MHz, requirements for UL CA only considered single layer transmission, both may not be applicable directly to UL CA+UL MIMO.
3 Conclusion

2.1 Capability signalling
Observation 1:    For intra-band UL CA, both PC3 and PC2, different PA capabilities in supporting the aggregated CBW were supported by the spec.

Observation 2:    UEs are different in supporting the aggregated CBW under CA+UL MIMO feature and it needs to be clear to NW.

Observation 3:    Currently ca-BandwidthClassUL-NR is a per-band capability used to report the supported aggregated CBW for intra-band contiguous UL CA, and it doesn’t differentiate with or without MIMO capability.
Observation 4:    The aggregated CBW capability could be different when UE works under CA mode or under CA+UL MIMO mode, however, with one ca-BandwidthClassUL-NR capability reported this cannot be differentiated.
Observation 5:    RAN2 didn’t touch the UE aggregated CBW capability limitation in CA+UL MIMO.

Observation 6:    Intra-band non-contiguous UL CA also has similar problem when it works together with UL MIMO.
Proposal 1:        It is proposed to report the UE supported aggregated CBW for UL CA+UL MIMO feature to NW.
2.2 Release independent
Observation 7:    Rel-16 UE can support both UL CA and UL MIMO together when it is implemented with large BW PAs.

Proposal 2:         It is proposed that CA+UL MIMO feature is release independent from Rel-16.
Observation 8:    Rel-16 UE cannot support both UL CA and UL MIMO together when it needs two PAs to achieve the aggregated CBW.

Proposal 3:         It is proposed to inform RAN2 that UE supported aggregated CBW could be different between CA and CA+UL MIMO and it is up to RAN2 how to update Rel-16 UE capabilities.
2.3 Requirements
Observation 9:    Requirements for UL MIMO only considered 100MHz, requirements for UL CA only considered single layer transmission, both may not be applicable directly to UL CA+UL MIMO.
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1. Overall Description:

RAN4 has discussed the aggregated channel BW (the frequency range from lowest frequency of lowest CC to highest frequency to highest CC) for UE with UL CA and UL MIMO capability. It was recognized that the supported maximum aggregated channel BW could be different for the same UE when it works under UL CA and when it works under UL CA together with UL MIMO.
RAN4 also noticed that in RAN2 specification TS38.306, the ca-BandwidthClassUL-NR and intraBandFreqSeparationUL-AggBW-GapBW-r16 were defined to report the aggregated channel BW for intra-band UL CA. 

RAN4 would like to ask RAN2 whether these capabilities or any other capabilities that can clearly differentiate the different aggregated channel BW capability when the UE works under UL CA and when the UE works under UL CA with UL MIMO. If it cannot be differentiated with current capability signalling, then RAN4 respectfully ask RAN2 to consider designing UE capabilities for that.
2. Actions:

To RAN1:
ACTION: RAN4 respectfully asks RAN2 to give feedback on the above questions and consider design capability signalling if needed.
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