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1.
Introduction
During the previous RAN4 meeting, the discussion on spatial EVM for AAS was initiated. In this paper, we further elaborate on EVM considering the mechanisms which contribute to EVM and the difference between UTRA and E-UTRA. In addition we show some preliminary result for spatial EVM.
2.
Discussion

In existing BS specifications, the EVM consist of both linear and non-linear distortion. Group delay variation in the filters is a kind of linear distortion while phase noise and peak reduction algorithms induced distortion is categorized as non-linear distortion. The EVM requirements for E-UTRA are defined in such that the test equipment should contain an equalizer to remove the linear contributions to EVM while for UTRA equalization is not allowed.

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. 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 will in some cases actually be uncorrelated. 

One of the contributors to EVM is the peak reduction scheme employed. If the same signal is fed to all antennas we can expect the EVM contribution from different antennas to be correlated. However due to differences in implementation, difference in signals fed to the antennas and contributions from noise sources there will be variations in how large portion of the EVM that is actually correlated between the antennas. This will in turn affect the EVM seem in the side-lobes or the nulls.
Considering the variations in the peak reduction scheme also called clipping which is one of the main contributing mechanisms to EVM, we further investigate the spatial distribution of EVM for a 10-element antenna array.
Since normally only the magnitude of the signal is undergoing the peak reduction process, the phase of the clip distortion is unchanged and follows the carrier phase itself. This means that the clip distortion in this case, follows the beam shaping in the same manner as the carrier itself. The result will be that the same EVM figure will be measured all over the angular sphere as what is measured at each individual antenna port. 

A simple simulation is presented below, where a 10-element linear and uniform array antenna is undergoing clipping at a certain magnitude threshold. It is seen that although the phase of the carrier in each branch varies with the port number, the EVM as a function of angle will in fact be constant as shown in figure 1.

The amplitude taper will have a uniform distribution as described below, and the clip threshold is set to 0.5 in relation to a normalized amplitude of 1.
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Figure 1
Spatial EVM with uniform amplitude tapering weights

The outcome would somewhat be different if the clip contributions are not identical from the different array elements. In this case we have tapered the actual antenna weights instead of having a uniform distribution and the spatial EVM is shown in figure 2. The amplitude taper weights were assumed to be as following:
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Figure 2
Spatial EVM with non-uniform amplitude tapering weights
It can be seen that in the null regions in the radiation pattern and side lobes from a linear array antenna with individual array element clipping, the EVM may rise to very high values. The reason is mainly 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. 

We recognize this behaviour regardless of the actual implementation of the peak reduction schemes, and stress the importance to further study this characteristic. 
There are however cases where we may relax this spatial distribution of EVM behaviour. Viewing a linear uniform array antenna, that is with equal amplitude tapering on all radio branches and given an only down-tilt to the beam by means of applying a progressive phase shift to the carrier, then the clip distortion will in fact be identical from all of the sub-arrays. 

Given the complexity, different level of correlations which would also have tapering weight dependency, the linear and non-linear distortion depending on the RAT as well as implementation specific behaviour, we would propose to further investigate the spatial EVM for AAS. 
Given the complex nature of EVM and the fact that spatial properties would add to complexity, spatial EVM would need further studies. One possible approach would be to address the spatial EVM in depth in future AAS WI to ensure that the study item could be finalized in timely manner without excessive delays.

3.
Summary and proposal

In this paper, some aspects of spatial EVM were further discussed and simulation results for peak reduction schemes for a 10-element linear antenna array with uniform and non-uniform amplitude weights were presented. 
For the uniform weights case, we observed that the EVM would be beam formed as the wanted signal indicating a constant EVM over the entire angular sphere, while for non-uniform amplitude weights, due to non-correlated contributions from different array elements, the EVM would increase in side lobes and nulls.
Proposal:

Acknowledging the complex nature of spatial EVM, we promote further studied but propose to finalize the studies within the future WI for AAS to ensure finalization of the AAS study item without excessive delays.
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