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1.	Introduction
The EVM requirement for single layer UL is stable and is based on established practice in LTE. The requirement for 2-layer UL is however not adequately thought through [1] because the ‘per connector’ specification curtails an important design freedom allowed by RAN1 design.
This contribution builds on the proposal [1] for EVM measurement for 2L UL while simultaneously introducing consistency with RAN1 design and maintaining continuity with the single layer UL requirement. 
2. 	Discussion
The validity of the existing EVM requirement for 2L UL MIMO EVM (EVM is measured at each connector) was previously challenged in [1] owing to implicit restriction of UE from exercising a design freedom per RAN1 design. The current RAN4 requirement mandates a 1:1 relationship between a UE’s antenna connectors and its SRS ports, while RAN1 design allows the UE to implement other mappings also. This discrepancy was identified by multiple companies, for example, ‘RAN4 should not impose a new requirement that an antenna port map to an antenna connector’ [5].
While preserving RAN1 design freedom, the EVM for 2L UL can only be calculated after diagonalization of the channel, i.e. after resolution into constituent layers. The EVM metric is therefore more accurately a ‘per-layer metric’, rather than a per connector metric. The per layer metric is also more relevant to the network because it plays a direct role in determining MCS. We therefore believe the core requirement for EVM should be updated to be ‘per layer’. Note that this proposal is independent of method chosen to diagonalize the channel.
Proposal 1: For 2L UL, EVM and EVM equalizer spectrum flatness shall be evaluated per layer regardless of diagonalization method chosen by RAN4. 
2.1	2L UL MIMO demodulation scheme with diagonalization
The demodulation algorithm that incorporates diagonalization in figure 2.1-1 [1] is based on a 2x2 ZF equalizer and therefore achieves the principal goal of accommodating UEs that do not use a 1:1 mapping. 
Concerns were raised about invertibility of the channel estimate matrix generated by the 2x2 LSE method, and those are indeed valid for short duration non-sequence-based signals. The concern is however not applicable for slot-length signals. See analysis in [4]. The analysis in [4] is made in an FR2 context but is directly applicable here because the basic demodulation algorithm is identical to the FR1 proposal.
[image: ]
Figure 2.1-1: Demodulation scheme for 2L UL, reproduced from [1]
Proposal 2: The reference receiver for the 2L UL MIMO EVM test case for slot length signals shall simultaneously measure the UE’s UL at both antenna connectors and implement a 2x2 LSE-based zero-forcing equalizer to diagonalize the channel.
For ‘short-duration’ signals, further consideration is required:
· Physical signals like SRS, DMRS, some PUCCH formats etc are sequence based. These signals would use the same pathway as the DMRS based channel estimate in the top part of the figure. No special consideration is required for this category. 
· Some sub-slot-length signals (2/4/7 symbol PUSCH, PUCCH, PRACH msg3) are not sequence based. The 2x2 LSE-based method is not robust in situations where the averaging interval for the LSE estimate is short. As the LSE averaging interval decreases, the probability of a rank 1 (non-invertible) LSE channel estimate increases [4]. In extreme cases, channel estimate may have to be limited to the DMRS symbol alone. This method must be developed to have acceptable accuracy and uncertainty. The critical averaging interval length below which it is safer to deploy DMRS-based inversion rather than 2x2 LSE estimate-based inversion is FFS
· Custom implementations by TE to provide per-symbol EVM is left up to TE implementation
Proposal 3: The minimum number of OFDM symbols to apply a 2x2 LSE-based zero-forcing equalizer is FFS. 
Diagonalization based on demodulation of DMRS alone can be used for non-sequence-based signals of shorter duration. Details are FFS. Resolution of this detail while important is not a gating event for adoption of proposal 1. We do not favour adopting this method for slot-length signals because of concerns with EVM calculation accuracy itself stemming noisy channel estimation [4].
2.1	2L UL MIMO EVM and EVM equalizer spectrum flatness
The EVM equalizer flatness is a requirement on how much equalization a UE can use and therefore, intimately tied to the EVM equalizer itself. Consequently, both must be discussed as a package. If proposal 1 cannot be agreed, despite the obvious error, it is possible to back calculate per connector EVM by using the calculated channel estimate ‘F’ for transformation:

Recall also from [1] that per layer EVM equalizer coefficients were proposed as norm of the row vectors:
, Or: 
Where A is the equalization matrix:
; 
‘Per connector’ EVM equalizer coefficients could be quantified as norm of the column vectors:


It is however not clear what physical significance these per-connector quantities have and therefore not preferred.
2.2	Backward compatibility 
One possible concern is the impact of the new requirement on UEs designed to the existing requirement. Note that the old requirement (EVM is measured per connector) forces the UE to adopt a 1:1 port mapping, i.e an identity matrix. The new requirement and method can be viewed as generalizing the old method in a way to enable a UE with a non-identity port-mapping matrix. Legacy UEs would automatically meet the new requirement because they represent the simplest port mapping arrangement among those that would be allowed per proposals.
Table 2.2-1 captures the possibilities and outcomes of an EVM test on different types of compliant UEs across the proposed change. ‘Compliance’ here is meant in the sense of the SNR seen by the receiver after demodulation and diagonalization of the channel.
	
	UE designed to old RAN4 EVM requirements
	UE with port mapping different than 1:1

	Legacy TE and existing RAN4 requirement
	Compliant
	Non-compliant in general case.

	Proposed TE method + ‘per layer’
	Compliant
	Compliant

	Proposed TE method + ‘per connector’ transformation
	Compliant
	Unknown significance of EVM equalizer coefficients



Observation 1: Legacy UEs that meet the old 2L EVM requirement will also meet the new requirement with the new TE method. 
Observation 2: Legacy TE built to the old 2L EVM requirement can cause false failures of compliant UEs. 
3. 	Conclusion
Proposal 1: For 2L UL, EVM and EVM equalizer spectrum flatness shall be evaluated per layer regardless of diagonalization method chosen by RAN4. 
Proposal 2: The reference receiver for the 2L UL MIMO EVM test case for slot length signals shall simultaneously measure the UE’s UL at both antenna connectors and implement a 2x2 LSE-based zero-forcing equalizer to diagonalize the channel.
Proposal 3: The minimum number of OFDM symbols to apply a 2x2 LSE-based zero-forcing equalizer is FFS. 
Backward compatibility was also analysed across the proposed changes:
Observation 1: Legacy UEs that meet the old 2L EVM requirement will also meet the new requirement with the new TE method. 
Observation 2: Legacy TE built to the old 2L EVM requirement can cause false failures of compliant UEs. 
Proposal 1 and supporting changes are captured in a companion CR [3].
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