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1.	Introduction
There has been discussion on the EVM requirement as well as the emissions requirement for a UE when it is configured for 2L UL transmission.
For the EVM requirement, a WF [1] resolves to clarify intent of test and reference planes. We provide responses with rationale. 
For the UE emissions requirement for UL MIMO, in RAN4#94Bis-e TSG-WG4 came to an agreement [4] that emission apply for UE level. This agreement has been captured in the Rel-16 standard, however, these are not reflected in the Rel-15 standard yet. In this paper, we discuss reasons for this situation and propose corrective actions.
2. 	Discussion
2.1	2L UL MIMO EVM requirement
2.1.1	Is the ‘1 by 1’ port to antenna connector assumption valid?
The WF [1] first seeks to determine “…necessity of the 1 by 1 mapping between logical antenna ports and physical antenna connectors”. RAN1 design does not preclude any specific relationship between ‘port’ and ‘antenna connector’. Their interconnection is intended to be a degree of freedom for UE implementation. This flexibility is necessary for some UE implementations. One example is how FR2 UEs are required to meet EIRP requirements when they are configured for a single SRS port. Another example is mode 2 ULFPTx, a Rel-16 feature, which is consistent with this degree of freedom, i.e where multiple Tx chains may be virtualized to a single port. The ‘1 by 1’ mapping is merely one implementation allowed by RAN1 design, but it is not the only mapping allowed.
Observation 1: RAN1 design does not mandate a 1 by 1 mapping between logical antenna ports and physical antenna connectors, so the procedure implied by the RAN4 UL MIMO EVM requirement should not either.
2.1.2	Is the RAN4 EVM requirement in v15.11 valid for 2L UL?
The RAN4 EVM requirement is currently verified by a single Rx chain TE ‘at each connector’, with the expectation that only layer shows up at each connector. The requirement coupled with the test method therefore implicitly forces a direct one-to-one relationship between ‘port’ and ‘connector’, which conflicts with observation 1, and hence the requirement itself, as written in V15.11, is not valid.
Observation 2: The 2L UL MIMO RAN4 EVM requirement in v15.11 is not valid because the test method restricts the UE’s choice to map ‘port’ to ‘connector’
2.1.3	Reference point (at logical antenna port or at physical antenna connector) for EVM measurement
Observation 2 highlights the problem with the UL MIMO EVM requirement in V15.11: The TE is allowed to presume how the UE maps its logical ports to physical antenna connectors (1:1) and further, can penalize any mapping that deviates from its presumption. 
The existing 2L UL MIMO EVM requirement must therefore be carefully reconsidered. The only solution that preserves RAN1 intent is for the TE to reconstruct the layers while allowing for any legal UE port to antenna connector mapping implementation. Layer reconstruction involves diagonalization of EVM test channel matrix and coherent combining on a SC by SC basis. The EVM metric can only be calculated for these reconstructed layers in the TE. This detail however is buried, and the intent incorrectly communicated to TE vendors because of ‘per connector’ wording. For this reason, ‘per layer’ is not a preference, but a necessity. In deployment conditions, a smart scheduler would be able to set MCS individually for each layer based on layer EVM, making it relevant.
Proposal 1: The 2L UL MIMO RAN4 EVM requirement shall be evaluated per layer.
2.1.4	TE Receiver topology for EVM measurement
There has also been meaningful discussion on TE receiver topology [2]. It is important for the TE to be able to correctly diagonalize the channel for robustness to various UE mapping implementations. The study in [2] suggests that a linear ZF demodulator is capable of diagonalizing the channel and identifying the noise impairment associated with each layer. Also, a ZF equalizer is simple, and is a good performer in high SNR cases with well-conditioned channel matrices. 
Proposal 2:  Use the linear zero-forcing 2L MIMO equalizer to define and measure the transmit EVM for multi-layer MIMO transmission
2.2	Emissions
Full power uplink MIMO WI (eMIMO) concluded in the last meeting agreed in the CR [5] to change the emissions for Rel-16 to define emissions in UE level. In practice in the TS the language change is as follows: [bookmark: _Toc21344422][bookmark: _Toc29801909][bookmark: _Toc29802333][bookmark: _Toc29802958][bookmark: _Toc36107700][bookmark: _Toc37251474][bookmark: _Toc45888354][bookmark: _Toc45888953]6.5D.3	Spurious emission for UL MIMO
For UE supporting UL MIMO, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products is defined as the sum of the emissions from both UEare specified at each transmit antenna connectors.

The eMIMO was a Rel-16 WI so the change made under it would not have been appropriate for Rel-15. Ran4 made agreement [4] earlier to change the Rel-15 UL MIMO for the emissions part but this change was not made. We provided a CR to make the changes according to agreements written in WF [4] in RAN4#95-e but this was not agreed at that time. Since UE has to be compliant with regulatory requirements where emission requirements are derived from, the Rel-15 specification should be changed to reflect emission at the same reference plane as the output power. 
Proposal 3: Change the emissions definition in Rel-15 TS 38.101-1 to reflect Rel-16 TS 38.101-1.   
CR with appropriate changes is a provided in [7]
3	Conclusion
Observation 1: RAN1 design does not mandate a 1 by 1 mapping between logical antenna ports and physical antenna connectors, so the procedure implied by the RAN4 UL MIMO EVM requirement should not either.
Observation 2: The 2L UL MIMO RAN4 EVM requirement in v15.11 is not valid because the test method restricts the UE’s choice to map ‘port’ to ‘connector’
Proposal 1: The 2L UL MIMO RAN4 EVM requirement shall be evaluated per layer.
Proposal 2:  Use the linear zero-forcing 2L MIMO equalizer to define and measure the transmit EVM for multi-layer MIMO transmission
Proposal 3: Change the emissions definition in Rel-15 TS 38.101-1 to reflect Rel-16 TS 38.101-1.   
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