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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, 4Tx for FWA/CPE/vehicle/industrial devices was one of the objectives for FR1 enhancement. And WF [1] was approved. This paper will discuss these aspects.

	Test configurations needed
Issue 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified?
Agreement: 
· For Stage-1 cases, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power Scaling mentioned here is defined in RAN1 spec since Rel-15
· Fallback concept may need to be further clarified.
· E.g. UE would have different achievable maximum output power with different antenna configurations.
· For Stage-2 cases, more discussion is needed on this issue. 

[bookmark: _Hlk133290035]Issue 1-1-2: Whether Full power rank 2 configurations are needed for verification?
Agreement:
· For Stage-1, Full power rank 2 configurations are not considered for verification.
· For Stage-2, more discussions are needed for the following options (Currently no Tx architecture precluded). E.g.
· Not needed
· Mode 1 only
· Mode 1 + Mode 2 
Sub-topic 1-3 Relation between configured transmitted power and TPMI configuration
Issue 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition
· Proposals
· Option 1: No. This is the current 38.101-1 status.
· Option 2: Yes 
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
WF: Further discuss this issue in next meeting.

Issue 1-3-2: Whether acceptable for UE not able to achieve Pcmax it reports, e.g. for certain TPMI configurations;
WF: Further discuss this issue in next meeting.

Issue 1-3-3: What kind of solution might be way forward?
· Proposals
· Option 1: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI
· Pcmax may not be always achievable under certain configuration
· Corresponds to option 1 in Issue 1-1 / 1-2
· Option 2: Consider revising RAN4 spec, that Pcmax can be adjusted by TPMI
· Pcmax can always be achievable, or introduce a maximum achievable output power for a configuration via ΔPpower_class in PCMAX calculation
· Corresponds to option 2 in Issue 1-1 / 1-2
WF: Further discuss this issue in next meeting.

Issue 1-4-1: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity
· WF: Further discuss this issue in next meeting.




2 Discussion
2.1 Requirement for RAN1 power scaling cases
The power scaling here means the power is scaled by the number of antenna ports with non-zero PUSCH transmission power to the max number of SRS ports supported by UE in one SRS resource. This power scaling happens when NW configures some TPMI with less non-zero antenna ports than the UE capability. In last meeting, it was proposed to further clarify/define requirements for these TPMIs. However, apparently NW can configure many different TPMIs, but RAN4 requirements are only for the MOP related TPMIs. And if NW configures the non-full power TPMIs the RAN1 power scaling scheme will be applied.

Proposal 1:         No specify the power scaling related requirements in RAN4 spec. And when NW configures these non-full power TPMIs the RAN1 power scaling mechanism will be followed.

2.2 Requirement for antenna port fall back cases
The fall back has been discussed a lot in past meetings, however, the meaning of fall back is not clear at least different understandings exist. One understanding is that it means the different antenna port configurations, and the other understanding is the power class fall back caused by e.g. duty cycle.

According to the discussion in last meeting, it seems the fall back here means different antenna port configurations, e.g. UE with 4Tx antennas be configured with one antenna port, two antenna ports, three antenna ports. And for this case, it might be complex since it related to how UE will work with different PA configurations and different antenna port configurations especially TxD.

Observation 1:   The fall back here actually means different antenna port configurations.

4Tx UE can be configured with 4 antenna ports, or 2 antenna ports, or 1 antenna port. One key issue is whether same power class need to be supported among different antenna port configurations. The phase 1 CR was agreed in [2] where UE shall meet the same power class, i.e. TxD is mandatory in single antenna port.

Currently for the UE with 2Tx, same power class is assumed at least from Rel-16 where TxD is supported. Power class fallback under different antenna port configurations (4 ports/2 ports/1 port) will cause the max Tx power be lowered which might be problematic for the UL coverage. And there is no separate power class report scheme for UE under different antenna port configurations. It should be noticed that the antenna port configuration here is different from the issue discussed in section 2.1 where different TPMIs will cause the power scaling according to RAN1 scheme, the antenna port configuration here doesn’t cause the power scaling. Therefore, keep same power class seems more reasonable choice.

Observation 2:   Same power class was assumed for UE with 2Tx be configured with single antenna port. And there is no separate power class reporting scheme to indicate different power classes under different antenna port configurations.

Proposal 2:         For PC1.5 UE with 4x23dBm PAs, when it is configured with 2 antenna ports or 1 antenna port, PC1.5 requirements apply.

2.3 Full power rank 2 configurations
[bookmark: _Hlk135074983]For the full power RANK2 configurations, our understanding is only Mode 1 needs to be considered to verify the 4x23dBm PA configurations.

Proposal 3:         Only Mode 1 needs to be considered to verify the 4x23dBm PA configurations.

3 Conclusion
In this paper, we discussed the 4Tx enhancements for CPE/FWA devices, and got following observations and proposals.

Proposal 1:         No specify the power scaling related requirements in RAN4 spec. And when NW configures these non-full power TPMIs the RAN1 power scaling mechanism will be followed.

Observation 1:   The fall back here actually means different antenna port configurations.
Observation 2:   Same power class was assumed for UE with 2Tx be configured with single antenna port. And there is no separate power class reporting scheme to indicate different power classes under different antenna port configurations.

Proposal 2:         For PC1.5 UE with 4x23dBm PAs, when it is configured with 2 antenna ports or 1 antenna port, PC1.5 requirements apply.
Proposal 3:         Only Mode 1 needs to be considered to verify the 4x23dBm PA configurations.
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