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1 Introduction
As part of the conformance phase for AAS and NR, evaluation of measurement techniques and uncertainties for the new OTA requirements has commenced. In [1], a top-level procedure for evaluation of EVM using a near field approach was presented. The proposed procedure will presumably be elaborated in more detail in subsequent meetings. In this document we present some observations and questions that apply specifically for near field based EVM evaluation that should be considered further.
2 Discussion
EVM is a metric relating to the purity of the transmitted signal. It is defined as the difference between an idealistic signal model and the actually transmitted signal:
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 is the ideal signal reconstructed by the measurement equipment in accordance with relevant Tx models,
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 is the modified signal under test
The actually transmitted signal is modified in the test equipment in order to remove predictable distortions as described in annex E of 36.104. In essence, the transmitted signal can be modelled as a pure signal and distortion sources.
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The distortion may arise from a number of different effects, depending on the BS architecture. These effects often include intermodulations due to PA non-linearity, filtered distortion due to clipping algorithms applied to improve the PAPR at the PA input, phase noise from transmitter oscillators, transmitter noise, filtering applied to achieve spectrum utilization etc.
The OTA EVM requirement is defined as a directional requirement in the far field. It must be possible to meet the EVM requirement in any direction within the OTA conformance range of directions. However, it is not a requirement to meet the EVM requirement in all directions simultaneously; beamforming settings are likely to be adjusted to meet EVM in each direction, and when the EVM is met in one direction it does not need to be met in other directions at the same time. 

Up to 5 test directions are used for EVM testing. In practice, this means that during testing, a beam is first pointed in the first direction and the EVM tested, then the beamforming settings are adjusted, and the beam is pointed in another direction and then tested, and so on.
It is important to note that not all directions in the OTA conformance range for which EVM must be met will always correspond to the centers of beams. In some cases, the array may not fully steer a beam to the edge of the OTA conformance range; for example, elevation steering may be limited. In these cases, some parts of the OTA conformance range may be away from the main lobe. Alternatively, if a grid of beams is implemented (due to e.g. analogue beamforming (more likely for FR2) or codebook based precoding) then some directions may lie in between beam centers. In the case of the two above examples, EVM can still be met without all directions corresponding to the beam peak.
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Furthermore, it can easily be the case that the transmitter distortion does not have the same spatial pattern as the wanted signal (see also 5.4.4.1.1 and annex C5 of [2]) Some sources of distortion will be uncorrelated between transmitters (for example, transmitter noise or phase noise in the case of distributed LO). This kind of distortion will be radiated with the element pattern. For other types of distortion, the phase and amplitude weighting will differ to the wanted signal. This may occur, for example if the PA operating point differs between different transmitters (due to e.g. amplitude weighting) and thus the degree of clipping or IM differ.


[image: image6]
In the boresight direction, it may be argued that if the wanted beam is pointed in boresight then the EVM can never exceed the per transmitter EVM, since it can only have less beamforming gain than the wanted signal direction.

In other directions, however it is not clear how the OTA EVM will relate to the transmitter EVM. If the EVM in a particular direction is achieved outside of the beam center (e.g. in a direction in which there is no steering, or between beams in a grid) then the gain on the distortion could actually exceed that on the wanted signal in some circumstances, leading to a lower EVM than the per transmitter EVM.
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For the near field measurement technique described in [1], there are a few basic steps:

1. Measure the near field EIRP pattern and transform to the far field

2. Measure the EVM in the near field

3. Calculate the EVM in the far field

Step 1 is similar to the EIRP accuracy requirement. For NR, it is important to take into account the wider bandwidths of the test signals; phase variation over the bandwidth may impact the result of the NF to FF transformation.
Observation 1: The applicability of the NF to FF transformation over wider bandwidths should be clarified
For step 2, it is unclear from [1] what exactly is measured; whether the near field measurement of EVM implies that the measurement is a “TRP” measurement (i.e. the average EVM at each transmitter) or has some kind of directional implication. If it has a directional implication, it is unclear how the gain and phase part of the transmitter distortion could be estimated, since the distortion may by nature be random and not have identifiable reference symbols etc.
Observation 2: What exactly is measured when EVM is measured in the near field (i.e. whether it is an average EVM or something else) should be clarified
One understanding  of step 2, is that the per transmitter EVM is measured and then the EIRP based “far field” EVM is predicted in step 3 based on the EIRP far field pattern (in fact, the underlying assumption here would be that the EVM spatial pattern is completely correlated with the wanted signal spatial pattern, and thus the EVM would anyhow be identical in every direction according to this model). If this is the case, however then the reported EVM will not correspond to the actually achieved EVM due to the difference in wanted signal and distortion spatial patterns and may be an underestimate of the achieved EVM.

Another understanding is that the EVM is proposed to be measured in the near field using the same test directions as used in the far field. This procedure would work satisfactorily for a passive antenna system in which the ideal signal and distortion are beamformed in the same manner, but if the beamforming pattern of the wanted signal and distortion differ then the measured EVM would vary with the distance from the DUT in the near field.
Observation 3: Assumption of equality between the spatial patterns of the wanted signal and transmitter distortion for EVM can lead to incorrect reporting of EVM, including under-reporting.
3 Conclusion

In this contribution some questions and issues are raised in regard to the near field based approach to characterizing EVM:
Observation 1: The applicability of the NF to FF transformation over wider bandwidths should be clarified
Observation 2: What exactly is measured when EVM is measured in the near field (i.e. whether it is an average EVM or something else) should be clarified
Observation3: Assumption of equality between the spatial patterns of the wanted signal and transmitter distortion for EVM can lead to incorrect reporting of EVM, including under-reporting.
We welcome further clarification of the proposed procedures and how the non-uniform pattern of the distortion pattern of an AAS may be considered.
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