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1.
Introduction
As was discussed during the Study Item and further elaborated on within the Work Item, the EVM requirements need to be addressed and adapted to potential AAS products with integrated antennas. It can be discussed whether the EVM characteristics change when observing from a point in far-field as opposed to the antenna point.  In this paper, one main approach is presented for how to deal with the EVM and bridge the gap between the current conducted spec and the properties of AAS products with integrated antennas.
2.
Discussion
EVM arises from imperfections in the implementation. Examples of such imperfections are phase noise, distortion, and interference. This will create deviations between the actual signal, that may have been corrupted, and the ideal constellation diagram. Hence, resulting in incorrect demodulation and decreased radio performance.
The EVM requirement(s) of today are stated in 37.104 [1] for conducted levels at the antenna port. Now, In the below a reasoning is provided for how the antenna gain of the AAS product could affect the resulting received radiation at the transceiver boundary. For further discussion, it may be noted that that the real EVM performance is likely to be somewhere between the two extreme cases described in this paper. 

Given that most of the energy is radiated in the main lobe of an AAS, the wanted signals will combine coherently to add constructively in far-field. This will also be true for the distortion, which will add in a similar manner in the main lobe direction, typically somewhat less than the wanted signals since the AAS system will be optimized for the actual signals and not the distortions. This is illustrated in Figure 1 as two far-field interpretations of the resulting EVM for wanted signals (solid black), and distortions (dashed black).
[image: image1.png]



Figure 1. Schematic illustration of far-field radiation when combining wanted signals coherently (solid black line), while distortion is also added coherently (dashed black line)

On the other hand, the distortion may be close to completely un-correlated., in which case, since the sum of uncorrelated distortions will on average be the same regardless of direction in space, the distorting EVM will result in a uniform distribution as seen from far-field. This indicates that the EVM requirements at the conducted level not only hold but may also stand as upper limits when transformed and translated into far-field. To exemplify this, Figure 2, illustrates how the uncorrelated distortion (dashed black line) would appear in contrast to the constructive sum of wanted signals (solid black line) with regards to EVM.
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Figure 2. Schematic illustration of far-field radiation when combining wanted signals coherently (solid black line), while distortion is added un-coherently (dashed black line)

As an example of the above, assume an 8-port base-station where the EVM is measured and calculated conducted at each port. Given that we only consider the main lobe direction, typically the 8 ports will combine coherently into one radiated measurement over the air. The distortions that contribute to the EVM at each of the ports, on the other hand, will most probably not add coherently because of design being optimized for the actual wanted signal. This will result in the distortions from the 8 ports being combined completely uncorrelated or partially correlated. For sure, the distortion will not be fully combined coherently. Hence, if measured radiated over the air in the main lobe, the distortion will be suppressed relative to the wanted signal as seen from the same point in space, as opposed to the distortion relative to each signal at each of the 8 ports. This would indicate that the current EVM requirements should hold when considering the far-field region for applications with a distinct main lobe
Proposal 1: Assume that the conducted EVM requirements hold also in the far-field region, since in the main lobe the experienced EVM will always be lower than or equal to the conducted value. In Release 12, keep EVM as a conducted requirement with the current value.
3.
Conclusion

In this paper the impact of the antenna gain applied to the current EVM has been discussed briefly. It was found that for Integrated AAS products there is a possibility to keep the current EVM requirements because of the effect that comes from constructive and/or un-coherent addition of signals and distortion. The recommendation is to maintain the conducted EVM requirements of today also for AAS products. 
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