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Impact of Powerclass Fallback on UE Capabilities
In the previous meeting, the following conclusion was made:
	Conclusion 
For potential RAN1 impacts on how UL full-power capability vary with ΔPPowerClass reporting, continue to discuss the following:
· Potential modifications to the scale factor ‘s’ in 38.213 subclause 7.1 to depend on ΔPPowerClass.
· Modifications related to TPMI e.g., modifications to avoid erroneous TPMI configuration and modifications to the TPMI table description.
· Potential impact of ΔPPowerClass  on maximal number of layers in MIMO



In the following discussion, we first discuss the impact of powerclass fallback on a UE’s MIMO capabilities followed by the potential impact on scale factor ‘s’ for power splitting across ports in MIMO operation.
On UE capabilities 
In general, a UE’s duty cycle limits are primarily driven by RF exposure compliance. RF exposure itself may be a function of specific physical antenna locations on the UE. When a UE’s duty cycle limits are not adhered to, an optimal response could be for the UE to shut down one PA, which directly impacts the maximum number of MIMO layers a UE can support. Current specification requires UE to deliver uniform power across all active antenna ports and an asymmetric impact on RF exposure may mean that one over-exposed antenna port may end up limiting the overall transmit power a UE can commit to. Depending on severity of exposure, the UL can suffer more than necessary. To prevent this outcome, the UE may take autonomous action to shut off power for just the one affected transmit chains. The hope is that the network can react to and recover from the autonomous action the UE has taken. Until suitable recovery procedures are established, the network will accrue throughput inefficiencies.
[image: ]
Figure 1 Fallback options for a UE
If instead the UE can communicate to the network that it foresees a temporary reduction in UL rank in the fallback condition, the network’s scheduling algorithm can react that much more quickly and seamlessly. 
Going further, note that a UE’s revised capability for full power transmissions could depend on the exact fallback type. For example, if the UE shown in Fig. 1, falls back using just one of the two PAs, it could potentially indicate support for Mode 0. However, this information needs to be conditioned on the fact that the UE has only one PA operational and can only support a single rank transmission. If the UE does not have the mechanism to convey this entire picture, it may then have to under report its capability, which defeats the whole purpose of this exercise. 
Based on the above discussion we make the following observations:
[bookmark: _Hlk23927392]Observation 1: A UE may impose duty cycle restrictions in uplink to protect against RF over-exposure, preserve RF reliability and to prevent overheating due to thermal issues.
Observation 2: The exact type of powerclass fallback adopted by a UE plays an important role in determining a UE’s revised ULFPTx capability. Clarity on a UE’s MIMO capability is required before a UE’s uplink full power transmission capability can be established.
Observation 3: If a UE is unable to convey the exact method of powerclass fallback, UE may be forced to under report its capability.  
Observation 4: The exact type of fallback can change from one instance to the next depending on levels of RF exposure incurred or the reliability issues experienced by a UE.
It is strongly recommended that a UE be allowed to report additional information on the powerclass fallback type. This additional bit of information could be packaged alongside the ULFPTx mode associated with the effective powerclass after the change. The optimal signaling framework for ULFPTx and MIMO layer capability change indication can be left up to RAN2. 
Note that the set of ULFPTx capabilities associated with a fallback type are unlikely to change dynamically. Thus, the UE can share the ULFPTx capabilities associated with each fallback type beforehand and merely indicate the powerclass fallback type alongside  reporting. We make the following proposal:

Proposal 1: For every instance of powerclass fallback, a UE shall report its fallback type and the new set of ULFPTx capabilities associated with this type. The set of ULFPTx capabilities for each fallback type can be shared with the gNB during initial access procedure. Each powerclass fallback type imposes a limit on the maximum number of MIMO layers supported in uplink.
On scale factor ‘s’
The current description on the usage of scale factor ‘s’ in 38.214 is as follows:
	7.1	Physical uplink shared channel
For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided, the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2, 
-	 for full power TPMIs reported by the UE [18, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with an SRS resource indicated by an SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 
-	, if an SRS resource with a single port is indicated by an SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or indicated by Type 1 configured grant, or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, 
-	else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



Note that the UE relies on RRC configuration to determine the appropriate scale factors to use for UL-MIMO transmissions. In case of powerclass fallback, since the UE’s powerclass fallback type determines the UE’s ULFPTx capability, the gNB will have to independently configure RRC parameters for each powerclass fallback type.
Proposal 2: For each powerclass fallback type and its associated ULFPTx capability, the gNB provides independent RRC configuration for each type (for e.g., ul-FullPowerTransmission-PCfallbackTypeX). UE follows the RRC configuration associated with each powerclass fallback type.

Modifications to TPMI:

Its not entirely clear what modifications to TPMIs are required. If the suggestion is to bar the use of certain TPMIs, is the underlying motivation similar to the discussion on powerclass fallback types? Certain fallback types may only support a subset of TPMIs based on the set of operational PAs. This can motivate defining such subsets. 
Observation 5: For each powerclass fallback type, valid sets of TPMIs can be defined that reflect the number of operational PAs at the UE. 
Conclusion 
The following observations and proposals are made:
Observation 1: A UE may impose duty cycle restrictions in uplink to protect against RF over-exposure, preserve RF reliability and to prevent overheating due to thermal issues.
Observation 2: The exact mode of powerclass fallback adopted by a UE plays an important role in determining a UE’s revised ULFPTx capability. Clarity on a UE’s MIMO capability is required before a UE’s uplink full power transmission capability can be established.
Observation 3: If a UE is unable to convey the exact method of powerclass fallback, UE may be forced to under report its capability.  
Observation 4: The exact type of fallback can change from one instance to the next depending on levels of RF exposure incurred or the reliability issues experienced by a UE.
Proposal 1: For every instance of powerclass fallback, a UE shall report its fallback type and the new set of ULFPTx capabilities associated with this type. The set of ULFPTx capabilities for each fallback type can be shared with the gNB during initial access procedure. Each powerclass fallback type imposes a limit on the maximum number of MIMO layers supported in uplink.
Proposal 2: For each powerclass fallback type and its associated ULFPTx capability, the gNB provides independent RRC configuration for each type (for e.g., ul-FullPowerTransmission-PCfallbackTypeX). UE follows the RRC configuration associated with each powerclass fallback type.
Observation 5: For each powerclass fallback type, valid sets of TPMIs can be defined that reflect the number of operational PAs at the UE. 
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