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1 Introduction

During RAN4#86bis, a TP on measurement uncertainties for directional requirements was approved [1]. For EVM, a tentative conclusion that the MU is the same as for the conducted requirement, which is a 1% linear addition to the EVM requirement, based on the assumption that the “residual” EVM of the measurement equipment and chamber comes to 2.06%. It was noted in the TP that the impact of beam pointing error and of scattering within the chamber may need some further investigation.
This paper provides a simple investigation of these factors and some more observations relating to the EVM requirement for 1024QAM now included in the E-UTRA specification.
2 Discussion

The transmitted signal may be considered as an ideal signal, together with a number of distortion sources.
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Figure 1: EVM model
Distortion may arise due to different effects, including pre-signal conditioning algorithms such as clipping, phase noise, PA non-linearity etc. Depending on the distortion source, the distortions may or may not be correlated between different transmitters within an array. The ideal signal aims to be fully coherent between different transmitters. The discrepancy between the coherency of the distortions and ideal signal can lead to different spatial patterns of ideal signal and distortion, which causes a spatially varying EVM.

The possibilities for spatial variance of the ideal signal and distortion are very large and difficult to analyze analytically. As a simplification, a border case is assumed in which the ideal signal is fully beamformed with an 8*8 array, whilst the distortion signal does not experience beamforming and is thus radiated with an element pattern.
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Figure 2: Assumption on ideal signal and distortion spatial pattern
It is assumed that the EVM is measured at the centre of the beam. If there is a misalignment between the test antenna and BS, then the EVM is mistakenly not measured at the beam centre; in this case, the beamforming gain for the ideal signal is reduced to a larger extent than the distortion signal.
Figure 3 shows how the measured EVM would vary for a system that achieves 3.5% EVM in the reference direction with an 8*8 array. Assuming that the alignment error is randomly distributed, the impact to EVM due to the pointing error measuring at the wrong point would add in a root square sum case to the other uncertainties. Thus, up to 1-2% error can be tolerated. This allows for a very significant misalignment even in this worst case; thus, it can be concluded that for 3.5% EVM, the impact of misalignment in terms of measuring the wrong EVM direction is not significant.
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Figure 3: Impact of misalignment between beam centre and test antenna considering EVM variation in the analyzed scenario
The impact of scattering in the chamber is something similar to experiencing a multipath channel. The chamber size is likely to be sufficiently small that all reflections will fall within the first 2.5% of the cyclic prefix of the OFDM signals. Thus, at either extreme of the EVM window, delayed reflections of previous symbols will not be present, and the chamber will not create any ISI. 
An E-UTRA channel may be up to 20MHz wide. For a 20MHz coherence bandwidth, the delay spread may be up to 50ns, which corresponds to 15m path difference. Thus, it seems reasonable to assume that for E-UTRA, any frequency impact of scattering will not have an impact within the signal bandwidth.

For NR, then bandwidth may be up to 100MHz for an individual channel. There could be some potential for scattering causing a slight frequency ripple within NR channels. In principle, this should be removed by the in-built equalization model of the EVM requirement.

Figure 4 indicates the impact to a 3.5% EVM of scattering in an extreme case that all reflected energy causes distortion to the signal. The X axis is the ratio of main path power to reflected power. Due to the reasons explained above, it is extremely unlikely that the distortions would cause reflection. If this extreme would occur, the analysis suggests that down up to -35 to -40dB reflections would not cause distortion; if reflections would be stronger then the measured EVM could increase (but likely would not). 
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Figure 4: Worst possible impact of scattering, if all scattered energy would be manifested as distortion
In release 15, an EVM requirement of 2.5% for 1024QAM has been introduced. For this 2.5% level, if the measurement setup residual EVM would remain as 2.06% as in the TP analysis, then with a root square sum, the measured EVM for a system achieving 2.5% would be 3.2%. This is still within a 1% TT, but with lower margin.
The impact of a beam alignment error for an 8*8 array in the analyzed case is depicted in figure 5. As with 3.5%, there appears to be sufficient margin in this worst case to allow for beam alignment error.
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Figure 5: Misalignment impact where the EVM is 2.5%
The impact of reflections in the chamber is in principle the same when measuring 2.5% EVM; there is not likely to be ISI and the coherence bandwidth for any frequency dependent fading will be larger than the channel bandwidth.
3 Conclusion

Based on the observations in this paper, we conclude that the impact of beam alignment and scattering on EVM measurement will not be significant for E-UTRA. Some further checking for NR, where the cyclic prefix lengths are shorter (for the larger SCS) and signal bandwidths larger, and also considering FR2 may be useful.
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