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1.	Introduction
TX EVM for UL MIMO is specified in v15.9 separately at each connector when the UE is configured for 2-layer transmissions. The TPMI matrix is chosen so each layer is routed exclusively to a unique port. Now, the relationship between ‘port’ and ‘antenna connector’ is a function of UE implementation, but the testing requirement forces a direct one-to-one relationship. This creates a problem by imposing a requirement for the UE implementation that is not justified by system needs.  
We first highlighted this problem in [1]. In this contribution we propose possible solutions.
2. 	Discussion
In [1] we presented simulation data to prove that interference from the ‘other layer’ is handled by the MIMO demodulator much more gracefully than uncorrelated noise. 
Figures 2.0-1 shows CNR for 70% and 90% throughput for various ‘’ values corresponding to [-35, -20, -15, -12] dB of UE crosstalk in UL, as reproduced from [1]. Crosstalk is equivalent to 20log10(). The receiving gNB antenna is assumed to first have no crosstalk and then, a moderate amount of crosstalk (-10.5dB). In the high CNR regime typical of 256QAM operation, even our conservative UE crosstalk estimate causes negligible CNR degradation. Addition of gNB antenna crosstalk in addition to UE crosstalk does drop the throughput curves slightly (~0.4dB CNR hit), but it remains insensitive to UE crosstalk over the studied range. 
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Figure 2.0-1: CNR requirement in MCS 21 in the presence of layer crosstalk [1]
For reasonable gNB antenna implementations, it is evident that UE crosstalk increase from -12 to -35 dB is tracked out by an MMSE MIMO receiver to within 0.2dB of added impairment at high CNR conditions. 
Observation 1: An MMSE MIMO receiver’s throughput is much less sensitive to crosstalk than it is to uncorrelated noise
2.1	EVM test conditions
The RAN4 rank 2 MIMO EVM test is a single layer test performed independently at each connector. As captured in [1], any crosstalk from the chain assigned to transport the other layer is construed by the TE as uncorrelated noise at the measured antenna connector. The RAN4 test hence presents an incorrect view of signal quality for rank 2 UL. The impact is negligible at low MCS, but starts to become significant at high MCS.
Observation 2: RAN4 EVM test for UL MIMO per v15.9 treats crosstalk as uncorrelated noise
2.2	Proposal to resolve
The root cause of the unrealistic EVM view during UL MIMO operation is the single receiver topology used by the TE to demodulate 2L uplink. The proper solution to the problem is to use a MIMO receiver to measure MIMO throughput and signal quality metrics. In the standard, the requirement to adopt proper TE architecture would be captured by changing wording from ‘per connector’ to per ‘layer’.
The ‘per layer’ approach remains our preferred solution because it mimics deployment conditions more accurately than the RAN4 test. We have included the preferred approach discussed here in a dCR form in an accompanying contribution [2]. 
We however recognize the technical challenge associated with MIMO receivers. An alternative approach is to disable the crosstalk mechanism by reverting to single layer UL and verifying the UE’s capability to transmit equally well on both of its chains. We do not prefer this approach, but we are willing to adopt in the short term. This strategy is used in FR2, see TS38.101-2 section 6.4D.2, excerpted from TS38.101-2 v15.9 in figure 2.2-1
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Figure 2.2-1: Short-term alternative test condition for FR1, as excerpted from FR2
3	Conclusion
We studied UL EVM studies in MIMO mode and found:
Observation 1: An MMSE MIMO receiver’s throughput is much less sensitive to crosstalk than it is to uncorrelated noise
But….
Observation 2: RAN4 EVM test for UL MIMO per v15.9 treats crosstalk as uncorrelated noise
The root cause of this unrealistic EVM view during UL MIMO operation is the single receiver topology used by the TE to demodulate 2L uplink. The proper solution to the problem is to use a MIMO receiver to measure MIMO throughput and signal quality metrics. In the accompanying dCR [2], we propose that TE be upgraded to better capture network behaviour of the UEs.
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6.4D.0 General

For a UE supporting UL MIMO, the transmit modulation quality requirements in clause 6.4 apply. The requirements
apply when the UE is configured for 2-layer UL MIMO transmission as specified in Table 6.2D.1.3-3

The requirement may altematively be verified in each of the single layer UL MIMO configurations as specified in Table
64D.0-1.

Table 6.4D.0-1: Alternative UL MIMO configuration for transmit signal quality tests

Transmission scheme DCl format TPMI Index
Codebook based uplink DCI format 0_1 0
Codebook based uplink 'DCI format 0_1 1





