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1. Introduction

As agreed in RAN#82 meeting, NR eMIMO WID [1] includes the objective as follows:
· Extend specification support in the following areas [RAN1]

•
Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)

•
Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)  
As agreed in RAN#85 meeting, NR eMIMO WID [2] includes the objective as follows for RAN4 core requirements:

· Specify core requirements associated with the items specified by [RAN4]

•     Specify RRM requirements
•
Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements   

•
Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 

The way forward on power transmission for eMIMO was approved during RAN4#92bis [3]:
	· Focus on Single layer transmission with two and/or one logical antenna ports configuration

· Consider test configurations for measurements.

· For Mode 1, Consider verification of the feature including test configurations, at least including rank=1 TPMI=2, i.e.  [image: image2.png]=
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· For Mode 2, consider following verification points:

· [Rank1, 2 ports, TPMI 0/1 to achieve full power.]

·  (Note: New feature for capability 3 UE for 2 port transmission. However  can be circumvent by single port transmission as in Rel-15)

· Further test point are not precluded


In this contribution we continue to discuss the RF requirements for the uplink full power transmission.
2. Discussion
For a PUSCH transmission 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 ports supported by UE in Rel-15. And the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. As a result it’s not feasible to achieve full power transmission in case of uplink transmission with multiple power amplifiers for non-coherent or partially non-coherent UEs using TPMI precoder 0 and 1 configurations. 
Observation 1: Full power transmission is restricted by power scaling for non-coherent or partially non-coherent UE with single-layer transmission using two ports in Rel-15.
The non-coherent and partial/non-coherent UE capabilities for Full Tx power UL transmission operating on mode 1 and mode 2 were specified in RAN1 agreements as follows:
	UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability.


As mentioned in WF [3], RAN4 discussion focus on single layer transmission with two or one logical antenna ports configuration. It’s likely to achieve full power transmission for non-coherent or partially non-coherent UEs with capability 2 and 3 in Rel-16. 
For mode 1 further agreements related to RAN4 were reached in in RAN1#98 meeting as follow:

	Agreements
For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission


For mode 1 non-coherent UE using TPMI =2 ( [image: image4.png]=
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) configurations has capable of achieving the maximum full power. The UE with two antenna ports in mode 1 can transmit over 2Tx ports simultaneously therefore the power from the two ports should be summed.
Proposal 1: The non-coherent UE configured Rank 1 TPMI = 2 precoder on single layer transmission operating on mode 1 has capable of achieving the full power as a consequence verification could be done simultaneously over two ports therefore the power from the two ports should be summed in Rel-16.
For mode 2 some further agreements related to RAN4 were reached in in RAN1#98 meeting as follow:
	Agreements

For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}

FFS: Details on UE capability signalling


For mode 2, the non-coherent UE could be configured in transmission over single or two ports. And single port transmission could be mapped to two physical antennas. With two physical antennas UE could support full power transmission by the two mapped physical antennas. 
Proposal 2: The non-coherent UE with single logical port operating on mode 2 could support full power transmission as a result verification could be done simultaneously over two mapped physical antennas and sum the power from these two antennas.
In case of non-coherent with two ports, each of logical ports is mapped to each of physical antennas. Thus power scaling factor should be equal to 1 for the reported TPMI precoders that supports full power transmission whereas different from scaling factor rule in Rel-15. In this operation mode the power scaling is 1 for TPMI 0 and 1 so that the UE could support full power transmission over one of the two physical antennas. 
Proposal 3: The non-coherent UE with two logical ports operating on mode 2 could support full power  transmissionpower transmission as a result verification could be done over one of the two physical antennas.
3. Conclusion

We discuss the potential impact of NR eMIMO on RF requirements from uplink full power transmission aspect.
Observation 1: Full power transmission is restricted by power scaling for non-coherent or partially non-coherent UEs with single-layer transmission using two ports in Rel-15.
Proposal 1: The non-coherent UE configured Rank 1 TPMI = 2 precoder on single layer transmission operating on mode 1 has capable of achieving the full power as a consequence verification could be done simultaneously over two ports therefore the power from the two ports should be summed in Rel-16.
Proposal 2: The non-coherent UE with single logical port operating on mode 2 could support full power transmission as a result verification could be done simultaneously over two mapped physical antennas and sum the power from these two antennas.
Proposal 3: The non-coherent UE with two logical ports operating on mode 2 could support full power transmission as a result verification could be done over one of the two physical antennas.
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