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1.
Introduction
During previous RAN4, the discussion on spatial EVM for AAS was initiated. Some aspects of spatial EVM such as the mechanisms which contribute to EVM, difference between UTRA and E-UTRA as well as some preliminary result for spatial EVM was presented [1]. In this paper, we additionally show spatial distribution of EVM noise.

2.
Discussion

EVM in active antenna arrays will give rise to unwanted in-band emissions that in general do not follow the beam forming or beam shaping that one might anticipate. This is due to the fact that the individual EVM contributions from the different radios supporting each element array separately will in general not be identical but rather in some cases actually being uncorrelated. 

In [1], the impact of correlated and uncorrelated contributions from peak reduction (clipping) distortion which is one of the main contributing mechanisms to EVM for a 10-element antenna array was further investigated. It was shown that for a uniform amplitude taper distribution, the EVM as a function of angle would be constant indicating that the clipping distortion follows the beam shaping in the same manner as the carrier.
Using a non-uniform amplitude tapering weights will result in non-identical clipping contributions resulting in high EVM values over the angular space in particular in side lobes and nulls. This behaviour is thus due to the fact that the EVM contributions may not any longer be considered as correlated among array elements and as a result does not give the usual beam forming characteristics as a coherent antenna array system. 

In this paper, assuming the 10-element antenna array and non-uniform amplitude tapering weights, we also present the EVM noise in itself over the angular domain. The non-uniform amplitude taper weights are described below, and the clip threshold is set to 0.5 in relation to normalized amplitude of 1.
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Figure 1
Spatial EVM noise for a non-uniform amplitude taper array
It can be observed that EVM noise which is an absolute value is not peaking over the angular domain indicating that the poor spatial EVM (relative value) in the side lobes and nulls rather would depend on low signal level in side lobes and nulls.
Considering an example application of vertical down tilt, this would translate to poor performance for users close to the AAS base-stations which needs further investigation on how it can be addressed and mitigated. 

The results also shows the importance of properly capturing the spatial domain aspects and give a hint that maybe EVM is not the most relevant metric for defining the signal quality at least for side lobes and nulls.

Thus, we encourage further investigation on spatial EVM also considering other applications.

3.
Summary 

In this paper, we further elaborate on some more aspects of spatial EVM and show simulation results for EVM noise for a 10-element linear antenna array with non-uniform amplitude weights. 
The results indicate that due to non-correlated contributions from different array elements, the spatial EVM would increase in side lobes and nulls but the EVM noise in the angular domain is fairly low. As a conclusion, the poor EVM value would thus depend on low signal level in side lobes and nulls and not on excessive increase in EVM noise.
The result indicate the importance of capturing the spatial domain aspects for AAS, possibly the need for other metrics to define the signal quality for the AAS BS as well as further investigation to address and mitigate the issues discussed above.
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