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1 Introduction
For UE supporting UL MIMO and PC2 implements with 23+23 PA, the power class capability when configured with single antenna port has been discussed for many meetings but no conclusion is reached.
This paper further discuss on this issue.
2 Discussion
2.1 UE power capability
During the discussion, it seems there are different understandings on what the power class capability means, for example, does it mean UE power class shall be always the same for different modes, or does it mean this is the max power capability among all the modes. We are trying to find out which one of the power class understanding is more specification compliant.
· RAN4 Spec definition
If we check the definition of UE power class in TS38.101-1 section 6.2.1, it says “The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated”. 
And if we further check the TS38.101-3 section 6.2D.1, it says “For power class 2 UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).”

All of these sections are clear that the power class is the max power. And also, the power class is separately defined in the spec, one is for basic requirements, the other is for UL MIMO. We cannot find the clue that can justify that these two power classes shall be same, instead, they can be different.
Observation 1:    UE power class is the max power that UE supports.

Observation 2:   UE power class is defined separately in the spec, which cannot justify that UE power class shall be same for different modes, instead, the straight forward understanding is UE power class can be different for different modes.

· RAN2 signalling restriction

It is well understood that RAN2 signaling in R15 has its restrictions, which should be separate signaling for different modes but unfortunately in current spec only one signaling is defined. This leads to the difficult situation in RAN4. And in the past discussions there were efforts to adjust the RAN2 signaling to accommodate RAN4 spec requirements, namely, UE declaration based method. But it also comes into controversial on which power capability shall be the baseline for power class reporting and which power capability can be declaration based. 
Observation 3: Only one power class is signaled in RAN2, which makes it difficult to distinguish UE power capability in single antenna port and UL MIMO. And UE declaration based method also seems not agreeable.

· Signalling ambiguity issue
Although the UE power class clarification topic has been raised and discussed for more than a year, still it did not talk much on what kind of critical problem could happen if there is some ambiguity on UE power class reporting. 
Here, we take UE reports power class according to UL MIMO as an example and see how SA will be affected.

· In our understanding, one possible power class use case is SA power control, however, PHR is referred but power class is not needed. Together with PHR, the Pcmax is reported which may be affected by power class, however Pcmax can be adjusted by UE itself according to its power capability in different modes. Hens, no issue is found here.
· Another possible use case is that when BS configure Pmax, the power class will be taken into account, however, Pmax is a per-cell configured value and certain UE power class capability is not referred. Hens, no issue is found here.
· Also the cell selection in idle mode doesn’t show there is problem.
Therefore, for SA, no critical problem caused by the power class reporting ambiguity has been found.
Observation 4: No critical problem caused by power class reporting ambiguity has been found for SA.

For NSA, UE will report the EN-DC power class and the power capability for NR will follow the agreed declaration based solution in [1], i.e. “if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band”. 
Therefore, for NSA, no critical problem caused by the power class reporting ambiguity is expected.
Observation 5: No critical problem caused by power class reporting ambiguity is expected for NSA.

Based on the above discussion, it seems even UE reports power class based on max power capability in UL MIMO, no critical problem is found or expected. Therefore, we don’t see the necessity of limiting UE to keep the same power class in different modes from practical perspective, and also no justification from 3GPP spec of such limitation. All makes the motivation of changing Rel-15 RAN4 spec in such a late stage to limiting UE implementation is not fundamentally necessary.
Proposal 1:          It is proposed to keep Rel-15 spec unchanged.

Proposal 2:      Inform RAN5 that the power class reported is the max power that UE can achieve in either single antenna port mode or UL MIMO mode or both.

2.2 UE power testing
Based on the above analysis, we don’t see fundamental or critical issues in Rel-15 RAN4 specs to keep the power class as the max power that UE can transmit. Regarding UE power testing in RAN5, two issues need to be considered, one is how to test different UE power capabilities between single antenna port mode and UL MIMO mode, the other is TxD.
· Different UE power capability testing
This has already been discussed in RAN5 [2] and also RAN [3] like testing UL MIMO with UE reported power class, and testing single antenna port mode based on UE declared power capability at single antenna connector. This can be achieved in RAN5 and no big changes to current test case definition.
Observation 6:   RAN5 can accommodate the proposal 2 above, i.e. the different UE power capability testing can be done based on UE declaration.

· TxD
It has been agreed TxD requirement is not defined in RAN4 Rel-15 specs. Companies have referred to this sentence for many times, but actually the sentence itself just reflected the status not saying anything about how to treat with UEs implemented TxD. UE has flexibility to choose whether implement TxD or Not, however, the requirements needs to be clear for these UEs since they need to be tested under this mode.

Observation 7:   Current RAN4 agreement “TxD requirement is not defined in RAN4 Rel-15 specs” just shown the status of RAN4 spec, it does not say anything about how to treat UEs with TxD.

There were efforts before to specify TxD in RAN4 spec to make the RAN5 testing clear, but unfortunately different opinions on whether single antenna port mode or UL MIMO mode shall comply lead to the failure in defining requirements for these UEs.

Now in this stage, re-specifying the requirements for TxD in RAN4 Rel-15 spec is not practical. Instead, accommodate this kind of implementation based on RAN5 testing might be a more simple approach. And actually this discussion has been triggered in RAN5 and some solutions have already shown.
Observation 8:   Efforts in specifying TxD in RAN4 has been failed, re-specifying TxD in RAN4 seems not practical in this stage. Instead, RAN5 could take the flexibility to accommodate the TxD UE implementation.

Proposal 3:         Inform RAN5 about the TxD status in RAN4 and ask RAN5 to further discuss how to test UE with TxD implementation.

3 Conclusion
UE power capability
Observation 1:    UE power class is the max power that UE supports.

Observation 2:   UE power class is defined separately in the spec, which cannot justify that UE power class shall be same for different modes, instead, the straight forward understanding is UE power class can be different for different modes.

Observation 3:   Only one power class is signaled in RAN2, which makes it difficult to distinguish UE power capability in single antenna port and UL MIMO. And UE declaration based method also seems not agreeable.

Observation 4:   No critical problem caused by power class reporting ambiguity has been found for SA.

Observation 5:   No critical problem caused by power class reporting ambiguity is expected for NSA.

Proposal 1:         It is proposed to keep Rel-15 spec unchanged.

Proposal 2:      Inform RAN5 that the power class reported is the max power that UE can achieve in either single antenna port mode or UL MIMO mode or both.

UE power testing

Observation 6:   RAN5 can accommodate the proposal 2 above, i.e. the different UE power capability testing can be done based on UE declaration.

Observation 7:   Current RAN4 agreement “TxD requirement is not defined in RAN4 Rel-15 specs” just shown the status of RAN4 spec, it does not say anything about how to treat UEs with TxD.

Observation 8:   Efforts in specifying TxD in RAN4 has been failed, re-specifying TxD in RAN4 seems not practical in this stage. Instead, RAN5 could take the flexibility to accommodate the TxD UE implementation.

Proposal 3:         Inform RAN5 about the TxD status in RAN4 and ask RAN5 to further discuss how to test UE with TxD implementation.
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