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Background
In this contribution we consider the signle-antenna fallback requirements for UL-MIMO for TxD and the ULFPTx modes.
First a gerenal background: TxD was agreed as a possible implementation of PC2 with two 23 dBm PA, discussions started already 2018. This would allow UE vendors implement PC2 without a 26 dBm PA, which is indeed mplementation freedom. However, for support of single-port transmission, this comes at a cost,
1. degraded RX performance due the signal cancellation for correlated transmissions (see e.g. [1])
2. larger TX MPR
3. larger tolerances in the configured maximum power with 2TX implementations
4. degraded UL estimates due to virtualized SRS/PUSCH (and possibly inconsistent virtualization for codebook transmission)
Hence, while a possible implementation, TxD should not become the “default” for support of UL-MIMO with a ‘higher’ power class, some of the modes should support the power class for at least one connector by means of a full-power rated PA to avoid the issues listed above.
The RAN1 specifications do indeed allow implementation flexibility, but the intention with the full-power UL-MIMO was that 
· Mode 2 with full-power TPMI should support a full-power rated PA 
· Mode 1 allows full-power support by means of two half-power rated PAs
· Mode 0 supports full-power PA
for two TX connectors. It is recognized that Mode 2 can also support dynamic switching between one-port and two-port SRS. Moreover, for UL MIMO Rel-15 the UE can support a power class for single-port transmission by
· indicating of TxD (implemented with two half-power rated PAs)
· not indicating TxD (implemented with at least one full-power PA).
Hence there is still substantial implementation freedom, while the performance of some of the full-power features would not compromised by manating these to meet the requirements per connector, or alternatively, restricting the use of the TxD indication for some of the modes -- some of the modes are not ‘expected’ to indicate TxD anyway as discussed in the WF [2].
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: 
· “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 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 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.
[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. Hence a 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. 
Specification fo single-port fallback requirements 
The requirement that a Mode 2 with full-power TPMI shall meet the power-class requirement per connector is captured by the following additional requirement for single-port fallback:
A UE indicating the feature ul-FullPwrMode2-TPMIGroup-r16 for a band entry 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.
that should be met regardless of any TxD indication (even if not expected). 
The fallback requirements for TxD or Mode 1 is specified as an exception of the default requirement per connector:
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 the feature ul-FullPwrMode1-r16 for a band entry, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 
A UE indicating the feature ul-FullPwrMode2-TPMIGroup-r16 for a band entry 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.
Mode 0 should be verified according to the default requirement.
[bookmark: _Hlk95679222]Alternatively, a restriction in the RAN2 specifications (38.306) that UE indicating support of the features ul-FullPwrMode-r16 (Mode 0) or ul-FullPwrMode2-TPMIGroup-r16 for a band entry does not indicate txDiversity-r16 for this band. These features are indicated per FeatureSetUplink (FS) corresponding to a band entry of a band combination; all operating bands supported by a UE are also indicated as ‘band combinations’ with their associated features. This could be captured in 38.306 as follows:
	txDiversity-r16
Indicates whether the UE supports transparent Tx diversity requirements as specified in the suffix G clauses of TS 38.101-1 [2] (see also clauses 4.2 and 4.3 of TS38.101-1 [2]). UE does not include the txDiversity-r16 for a band for which support of the features ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 is indicated for this band entry in band combinations.
	Band
	No
	N/A
	FR1 only



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
· For Mode 0 and Mode 2 with full-power TPMI
· 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.
· Alternatively, a restriction in the RAN2 specifications (38.306) that UE indicating support of the features ul-FullPwrMode-r16 (Mode 0) or ul-FullPwrMode2-TPMIGroup-r16 for a band entry does not indicate txDiversity-r16 for this band.
· 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.
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