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Background
In this contribution we consider the signle-antenna fallback requirements for UL-MIMO for TxD and the ULFPTx modes.
For 2 TX connectors, the fall-back behaviour should be set by whether the UE virtualizes to reach MOP in one port transmission vs. whether the UE supports full power on one or more Tx chains.  More specifically, 
· “Default” are the requirements in 6.2 per connector, where the UE can reach full power on a Tx chain.
· Mode 2 with full-power TPMI shall meet the requirements in 6.2 (per connector) with MPR for 1Tx for at least one Tx connector, regardless of any TxD indication, since UEs with full power TPMI support should be able to transmit full power on a Tx chain.
· Mode 0 shall meet 6.2 for both connectors, since such UEs will support full power on both Tx chains.
· UEs supporting UL-MIMO with TxD and/or ULFPTx Mode 1 will meet the requirements in 6.2G, i.e. where the power is summed over two connectors and the 2Tx requirements for TxD, allowing 0.5-1 dB relaxation by the MPR notwithstanding the larger power tolerances for TxD.
· UEs that support Mode 2 without support of full-power TPMI are not specified in Table 6.2D.1-3 for two-port transmission so are therefore not specified for single-antenna port fallback.
The antenna virtualzation should be consistent for SRS and PUSCH transmissions, which motivates the requirement that Mode 2 with full-power TPMI shall meet the fallback requirement for at least one connector. For Mode 2 without full-power TPMI, requirements are not specified for two-port transmissions so fallback requirements for this capability are not required.
[bookmark: _Hlk54348724]Importance of consistent antenna virtualization
The requirement that Mode 0 UEs or UEs supporting a full power TPMI in ULFPTx Mode 2 meet the power class with a single connector is driven by the need for consistent virtualization among DCI 0_0 and 0_1 and among single and two port SRS transmission.  
One potential implementation that could be considered is to virtualize two antenna port transmission by transmitting one port as the sum of the Tx chains, and the other as the difference of the two chains.  Since in this implementation, the UE virtualizes to form an SRS port, two SRS ports must be transmitted in the same symbol on a Tx chain, which will degrade the PAPR of SRS transmission.  Furthermore, the UE must use the same virtualization for PUSCH.  With such a virtualization for PUSCH, each Tx chain will carry two layers in the case of rank 2 transmission.  Therefore the PAPR of PUSCH and PUCCH are degraded, which is contrary to the desire to support UL full power transmission in the UE.   We conclude then that UEs with a full power TPMI should meet the power class with transmission on a single connector, and similarly that Mode 0 UEs support full power on either connector.
Another aspect to consider is consistent single port operation in DCI 0_0 and 0_1.  If a UE is configured with one port, it must transmit PUSCH in the same way it transmits SRS.  Since DCI 0_0 is single port transmission, then transmitting with DCI 0_0 and 0_1 should result in the same PUSCH.  Therefore, DCI 0_0 and 0_1 should use the same number of connectors and requirements for single port transmission.
Hence a UE configured for Mode 2 will full-power TPMI shall the meet the power class requirement for at least one connector (i.e. without virtualization) – it can transmit a single-layer/single antenna-port PUSCH without virtualizing as explained above. This is captured by the following additional requirement in fallback:
A UE indicating ul-FullPwrMode2-TPMIGroup-r16 shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.

Fallback requirements for different UL-MIMO modes
In view of the above, we make the following proposal
Proposal 1: for 2 TX connectors, the single-antenna fallback requirements for UL-MIMO for TxD and the ULFPTx modes should be set as follows
· “Default” are the requirements in 6.2 per connector, where the UE can reach full power for a TX connector
· Mode 2 with full-power TPMI shall meet the requirements in 6.2 with MPR for 1 TX for at least one Tx connector, regardless of any TxD indication, since UEs with full power TPMI support should be able to transmit full power on a Tx connector
· Mode 0 shall meet 6.2 for both connectors, since such UEs will support full power on both Tx chains.
· UEs supporting UL-MIMO with TxD and/or ULFPTx Mode 1 shall meet the requirements in 6.2G
· UEs that support Mode 2 without support of full-power TPMI are not specified in Table 6.2D.1-3 for two-port transmission so are therefore not specified for single-antenna port fallback.
This can be captured as follows in the 38.101-1 [1]

For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. 
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
	ULFPTx Mode
	Transmission scheme
	DCI format 
	Modulation
	Number of layers
	Number of Tx Port
	TPMI index

	Mode-1
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM NOTE3
	1
	2
	2

	Mode-2
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0 or 1NOTE2

	Mode-full power
	Codebook based uplink
	DCI format 0_1
	DFT-s-OFDM, CP-OFDM
	1
	2
	0,1

	NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ULFPTxModes set to Mode-1, all the transmitter requirement for CP-OFDM based modulation is not needed to be verified if the requirement for UL MIMO has been validated.



If the UE not indicating Tx diversity [xx, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for at least one antenna connector for the power class as indicated by the ue-PowerClass field in capability signalling with the following exceptions: for UEs indicating [txDiversity-r16] or ul-FullPwrMode1-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 
A UE indicating ul-FullPwrMode2-TPMIGroup-r16 shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.
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