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1. Introduction

In TS38.213, it is specified that:
	For PUSCH, a UE first scales a linear value 
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 of the transmit power  on UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 


In RAN1 #94bis meeting, the following agreement was achieved:

The R15 PUSCH power scaling rule would be clarified such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability. 
As a summary of the offline discussion on UL MIMO power control in RAN1 #94bis meeting, several alternatives were provided in [1] to clarify the R15 PUSCH power scaling rule. All the alternatives are meant to replace ‘number of configured antenna ports for the transmission scheme’ with proper values, where the alternative values are listed below with Alt 1-Alt 3 for codebook based transmission and Alt 4-Alt 6 for non-codebook based transmission.
· Alt 1: the maximum number of PUSCH layers supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  

· Alt 2: the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  

· Alt 3: nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘codebook'

· Alt 4: the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'

· Alt 5: the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook' 

· Alt 6: the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' 

2. Discussion
2.1 Codebook based UL transmission
In NR, the following 3 levels of UE coherent transmission capability for codebook based UL MIMO transmission are supported:
· Fully coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

UE can be configured with a UL codebook subset restriction based on high layer parameter codebookSubset according to the coherent transmission capability of UEs. Based on the UL codebook subset restriction, UE would not be indicated with codewords that exceeds the UE’s coherent capability.
Based on the alternatives listed in [1], for codebook-based MIMO transmission, each antenna may consume 1/M of max available transmit power and the total power for PUSCH is therefore scaled by β = N/M, where N is number of activated antennas that are associated with any PUSCH layer, M is one of the alternatives.
In our interpretation, the maximum number of PUSCH layers supported by the UE is limited to UE’s buffer capacity, compute capability, and some other possible issues. For a UE supports multiple SRS ports in one SRS resource and maximum 1 PUSCH layers for codebook based transmission, per-PA full power capacity is required for UE with non-coherent capability while per-PA full power capability is not required for fully coherence capability. Therefore, if M is the “the maximum number of PUSCH layers supported by the UE”, different PA capability is required for different MIMO capability UEs. It is not consistent to the agreement that achieved in RAN1 #94bis meeting that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability. Alternative 1 should be precluded.
For alternative 2, 2 SRS ports are configured in the SRS resource for codebook based transmission to the UE support maximum 4 SRS ports in one SRS resource, UE cannot transmit PUSCH with full transmit power even when full rank transmission is scheduled. In fact, if the maximum number of SRS ports in one SRS resource supported by the UE is 4, the UE has at least 4 PAs. When 2 SRS ports are configured in the SRS resource for codebook based transmission, each SRS port can be virtualized by 2 PAs, which means full transmit power can be achieved by the UE at least for rank 2. It is not necessary to restrict UE’s transmit power in such situation. Therefore, alternative 3 is preferred. 
Proposal 1: Replace “number of configured antenna ports for the transmission scheme” with “nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’” for codebook based transmission.

2.2 Non-Codebook based UL transmission
For non-codebook transmission, a SRS port is virtualized and can be mapped to all physical antennas. Using rank-1 transmission with a single selected SRS port as an example, the SRS port can be mapped to all PA at the gNB and it should be able to use all available power at the gNB. Given that PA implementation and SRS virtualization are both gNB implementation, our understanding is that max transmission power should be able to be achieved at all ranks. This restriction can be easily lifted by removing the unnecessary power scaling procedure in Rel.15. By doing this, all ranks are able to meet full power transmission.  

Proposal 2: For non-codebook based UL transmission, power scaling is removed and full power is achieved by all ranks.
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