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Background
Regarding the relation of the TxD with full power capability the way forward [1] states:
Clarify the relationship between transparent TxD capability signalling and full Tx power capability
· Proposals
· Option 1: No dependency
· Option 2: A UE can support only one of the two capabilities 
· Agreements: 
· FFS

In this contribution we consider the relation between full-power UL-MIMO and the TxD capability and the fallback behaviour of full-power modes that must virtualize antennas to meet the requirement of the advertised power class.
[bookmark: _Hlk54348724]Relation to TxD
First we reiterate that
Proposal 1: RAN4 is to confirm which multi-antenna features have UE behavior and performance that is unaffected by TxD capability.
A UE with two half power Tx chains supporting full power Mode 1 must virtualize the antennas to meet the advertised NR power class for the band (the ue-PowerClass field) when scheduled with DCI 0_0 (while recognizing that a UE could have ful-power TX chains and support Mode 1). Moreover, a UE using Mode 1 to attain full power according to the power class for PUSCH transmission must also use virtualization to meet the power class for PUCCH transmissions. Hence a UE supporting Mode 1 is likely to indicate TxD capability in addition.
A UE supporting full power Mode 2 can use virtualization to attain full power, but this shall not be required for UEs supporting Mode 2 with full-power TPMI. This UE can meet the power class for PUCCH transmissions without TxD.
The behaviour of full power UL-MIMO is not modified when the UE is indicating TxD capability in addition if
--  MPR is unaffected  
-- SRS transmissions with usage ‘antennaSwitching’ is according to the full-power mode supported (i.e. antenna switching with a full-power PA with Mode 2 even if support of TxD capability is indicated)
For TxD, the UE should not virtualize SRS transmissions, that is, it should use one of its half-power PAs, see [2]. This implies a 3 dB lower power for SRS transmissions as compared to the Mode 2 case for the purpose of DL CSI acquisition. The antenna switching behaviour should follow that for the full-power UL-MIMO mode when configured (Mode 2 in this case).
The UEs shall be able to virtualize antennas with a full-power mode without support of the TxD capability.
Proposal 2: Clarify in the RAN2 specification that the ul-FullPowerTransmission capability is not conditioned on indication of txDiversity-16 for any full-power mode.


Single-antenna fallback for FP Mode 1 and Mode 2 
Before discussing the specification of the fall-back behaviour with single-antenna port transmissions it may be useful to discuss the expected behaviour for different modes. We assume a UE indicating PC2 in its NR band capability (the ue-PowerClass).

a. ‘non-coherent’ (not FP), 1 SRS resource set with nrofSRS-Ports = 2 for all resources with use ‘codebook’
DCI 0_0 and DCI 0_1 with single antenna-port: 26 dBm per layer, no scaling, split over one antenna port with non-zero PUSCH, total power 26 dBm
The UE can use virtualisation (TxD) to attain full power (only 26 dBm per TX antenna)
-- There is no one-port SRS (only for Mode 2), so the network has to guess what the effective channel for one port looks like
 
b. FP Mode 1, 1 SRS resource set with nrofSRS-Ports = 2 for all resources with use ‘codebook’
DCI 0_0 and DCI 0_1 the single antenna-port: 26 dBm per layer, no scaling, split over one antenna port with non-zero PUSCH, total power 26 dBm
The UE must use virtualization to attain full power (only 26 dBm per TX antenna)
-- There is no one-port SRS (only for Mode 2), so the network has to guess what effective channel for one port looks like  
 
c. FP mode 2, 1 SRS resource set with two SRS resources one with nrofSRS-Ports = 1 and another with nrofSRS-Ports = 2 with use ‘codebook’
DCI 0_0 and DCI 0_1 the single antenna-port: 26 dBm per layer, no scaling, split over one antenna port with non-zero PUSCH, total power 26 dBm
The UE can use virtualisation to attain full power for Mode-2, virtualization is only supported for SRI indicating one SRS port 
The UE can use virtualisation to attain full power with DCI 0_0 or DCI 0_1 on the single antenna-port, not needed if the UE supports a full-power TPMI ([1 0] or [0 1])

The modification of current specifications needed would be as follows:















< start of changes >
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 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 the power class as indicated by the ue-PowerClass field in capability signalling unless otherwise stated. For UEs supporting ULFPTx Mode-1 or ULFPTx Mode-2 without full-power TPMI, the requirement in clause [6.2.1 for TxD] for the power class as indicated by the ue-PowerClass when the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 and ul-FullPowerTransmission is provided.
< end of changes >
UEs capable of Mode-2 with full-power TPMI (implemented with a full-power PA) would meet the requirements in 6.2.1. Mode-full power (Mode-0) is covered by the general fall-back requirement; the requirements in clause 6.2.1 are met at the antenna connectors.
It is remarked that the UE shall comply with the advertised power class for all transmissions.

Proposal 
We propose that
Proposal 1: RAN4 is to confirm which multi-antenna features have UE behavior and performance that is unaffected by TxD capability.
Proposal 2: Clarify in the RAN2 specification that the ul-FullPowerTransmission capability is not conditioned on indication of txDiversity-16 for any full-power mode.
Proposal 3: for single-antenna fallback for full-power modes the following exception for full-power modes: “For UEs supporting ULFPTx Mode-1 or ULFPTx Mode-2 without full-power TPMI, the requirement in clause [6.2.1 for TxD] for the power class as indicated by the ue-PowerClass when the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 and ul-FullPowerTransmission is provided.”
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