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Introduction
In the last meeting a TP to the TR 38.884 has been approved [1] including two Methods for enhanced UL transmit signal quality measurements. During discussions in the meeting a WF [2] has been agreed how to further evaluate and down select one of the methods. In this contribution we provide further analysis of the Method 1 in the TR.
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 Background
In this contribution we focus on providing results for the evaluation of Method 1 in TR 38.884 [3].
For reference the block diagram for Method 1 is shown below
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Figure 1: EVM calculation block diagram for 2-Layer UL MIMO
As part of the WF [2] the following agreements have been captured at RAN4#98e-bis:

Assumptions:
· Test waveforms constructed with:
· Flat signal PSD
· Injected AWGN
· Signal configuration:
· [50] contiguous RBs
· CP-OFDM (QPSK – 64QAM) PUSCH, rank 2
· UL RMC as defined in appendix of 38.101-2
Criteria:
· Calculated EVM accuracy for different SNR cases due to AWGN
· The allowable EVM measurement error also need to be considered
· Calculated EVM repeatability for above cases over 10 sub-frames average per standard for PUSCH 
· Sensitivity of calculated EVM to DMRS configuration 
· Sensitivity of calculated EVM to frequency domain smoothing
· Sensitivity of calculated EVM to scheduled number of PUSCH symbols
· Handling of non-invertible matrix cases
· Implementation challenges
 Analysis of Method 1
For the evaluation of the Method 1 we have looked at several different scenarios for the EVM measurement.
As a baseline to compare the UL MIMO measurement to we use a single layer EVM measurement according to 38.521-2 Annex E, with the same parameters (modulation, SNR, etc.) as for the UL MIMO evaluation.
As a first step we looked at the EVM performance for QPSK and 64 QAM over different SNR points, as shown in figures 1 and 2 below.
When using UL RMCs according to 38.521-2 Annex A (with 3 DMRS symbols) it can be seen from both blue curves that no significant increase in EVM can be observed. The difference between the optimal EVM for SISO transmission and the Method 1 when using 3 DMRS symbols is around 0.2 dB. Even when worsening the conditions and using RMCs with only a single DMRS symbol the difference is still minor with about 0.5 dB.
Observation 1: The EVM measurement for UL MIMO using Method 1 has comparable performance to the SISO EVM measurement.
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Figure 2: EVM results for 2 layer UL MIMO with QPSK
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Figure 3: EVM results for 2 layer UL MIMO with 64QAM
One of the main motivations for analyzing a new EVM calculation method in FR2 was the fact the measurement antennas inside the test system and the DUT are typically misaligned. Thus a methodology was needed to remove the effect of this misalignment.
In Figure 4 below we compare two measurements, the blue curve where the DUT and measurement antennas are perfectly aligned while using antenna ports (0,1) and the red curve where there is 45° offset between the measurement and DUT antennas while using antenna ports (0,2). 
In both cases the EVM results are identical and the alignment of the DUT and the measurement antennas has no effect on the EVM measurement. The same result can be observed for any other angular relationships or any combination of antenna ports, however for readability of the graph we only show two curves.
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Figure 4: EVM results for different antenna misllignments
Observation 2: Neither the angular relationship between the DUT and the measurement antennas, nor the used antenna ports for the transmission have an effect on the EVM measurement results when using Method 1.
In summary, for Method 1 from TR 38.884 the following facts can be observed:
· Comparable performance to existing SISO EVM measurements for the defined UL RMCs
· Same results for all different angular relations between DUT and measurement antenna
· Same results for all different antenna port configurations
· No matrix invertibility issues 
· Ease of implementation, since it reuses existing algorithms which are well established in TS 38.521-2 Annex E
Thus we propose to adopt Method 1 as the reference EVM calculation method for FR2 UL MIMO measurements.
Proposal: Adopt Method 1 as the reference EVM calculation method for FR2 UL MIMO measurements.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we further discuss the details on the receiver architecture for FR2 to perform transmit signal quality measurements for either 1- or 2-layer transmissions.
Observation 1: The EVM measurement for UL MIMO using Method 1 has comparable performance to the SISO EVM measurement.
Observation 2: Neither the angular relationship between the DUT and the measurement antennas, nor the used antenna ports for the transmission have an effect on the EVM measurement results when using Method 1.
Proposal: Adopt Method 1 as the reference EVM calculation method for FR2 UL MIMO measurements.
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