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1 Introduction

A companion contribution [1] provides some initial analysis and proposal for focus as part of the new AAS WI. This document presents some more detailed initial considerations on EVM with the aim of starting a discussion on how to formulate an OTA EVM requirement.
2 Recap on EVM conducted requirement
EVM is intended as a means for setting a minimum requirement on the suppression of self-interference by the transmitter Self-interference may arise for a number of reasons, including but not limited to PA nonlinearities leading to intermodulations, the impact of signal conditioning algorithms such as clipping, DAC conversion, phase noise, frequency and time errors, transmitter noise. If multiple beams or layers are transmitted, then inter-beam interference or leakage between layers that are intended to be orthogonal (e.g. on opposite polarizations) could potentially be considered as part of EVM, although these are not captured by the conducted requirement.

At high SINR, self-interference from the transceiver may become a dominant factor that limits the achievable data rate. The impact of EVM is to cause blurring of the modulation constellation, which will reduce the probability of receiving signals correctly.
[image: image1.emf]
Figure 1: Illustration of distortion to a modulation constellation due to self-interference.
EVM is a statistical measure of the difference between an actually transmitted signal and an ideal version of that 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.

EVM is related to SINR as SINR=-20log(EVM/100).
Potentially, however receiver algorithms may be able to mitigate some of the causes of self-interference; in particular frequency and time error and linear frequency domain distortions. For E-UTRA, EVM is defined and measured after some pre-defined and simple signal processing is performed in the measurement equipment:
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Figure 2: EVM measurement setup (taken from 36.104)
The measurement equipment processing emulates the ability of a real receiver to mitigate frequency and time errors and frequency domain linear distortions, and thus a better metric on the non-recoverable distortion to the transmitted signal is obtained.

It is important to note that although the specification describes signal processing in the test equipment before EVM is measured, the requirement is still based on the transmitted signal from the basestation only; i.e. the reference point is the BS transmitter and is not somewhere within any receiver. Also, the definition of the EVM metric does not preclude other types of equalization and receiver algorithms being used in real UE implementations. The UE designer can take into account that means by which the minimum signal quality is reached and then design any algorithms he desires such that UE requirements are met and UE performance is optimized.

Conducted EVM is specified on individual TAB connectors.

3 Spatial aspects of EVM
In a passive antenna system, beamforming is achieved by relative phase settings between antenna elements. Since both the wanted signal and distortions to the wanted signal are generated in the same transmitter and then distributed to multiple antenna elements by passive beamforming, it is quite reasonable to assume that in all cases, both the wanted signal and the distortion have undergone the same passive beamforming and thus will have the same antenna pattern.

In an AAS BS, beamforming may be produced by means of transmitting a wanted signal from multiple transmitters with beam specific phase and amplitude weightings. Unlike a passive antenna system, in-carrier distortions are generated individually for each active branch. If the correlation and phase properties of the distortion are not exactly the same, then the spatial pattern of the distortion can potentially differ from that of the wanted signal.
The underlying sources of EVM may in some cases lead to distortions that are uncorrelated between transmitters. If the distortions are fully uncorrelated between transmitters then the distortion will not be beamformed and will be transmitted with the element radiation pattern, whilst the wanted signal will be beamformed (depending on the excitation pattern and element pattern), as illustrated in figure 3. If EVM would be calculated in each direction, then a highly variable EVM would be observed in this case, as illustrated in figure 5.
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Figure 3: Spatial pattern of a wanted signal and uncorrelated self-interference from a simplified 9 element ULA
Of course, some sources of distortion will be correlated. However the amplitude and phase at each transmitter relative to the wanted signal may not be the same as those of the wanted signal. This might in particular be the case where amplitude weightings are applied to the wanted signal. Different amplitude weightings would lead to different need for clipping, different PA operating points etc. in the different PA chains which would alter the amplitude and phase properties of the distortion in each case. Figure 4 illustrates a case in which the distortion is fully correlated, but the phase weights are not the same as for the wanted signal due to different levels of PA power and clipping leading to different distortion characteristics at each transmitter.
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Figure 4: Wanted signal and self-interference, in which self-interference is correlated but phase progression differs to the wanted signal
EVM is a relative measure relating to the wanted signal and the distortion. If the spatial pattern of the wanted signal and the distortion are not aligned, then clearly any EVM that is defined at individual points in space will vary significantly. An example of the size of variation is depicted in figure 5, which shows direction EVM for the uncorrelated self-interference scenario depicted in figure 3.
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Figure 5: Spatial EVM from a simple 9 element ULA with uncorrelated self-interference
4 OTA EVM requirement

4.1 Definition of the requirement

As discussed in the previous section, if EVM would be defined at individual points in space based on the wanted signal and distortion levels at that point in space, then the EVM would vary significantly with azimuth and elevation. Alternatively, EVM could be defined based on the whole sphere.
EVM is a metric aimed at capturing individual link quality. This differs from other types of unwanted emissions (such as adjacent channel emissions, spurious emissions etc.) in that other types of emissions impact other systems distributed around the basestation rather than a wanted link. For this reason, there exists a good motivation to set the EVM requirement at one or more specific directions in space (i.e. EIRP in specific directions of wanted signal and distortion rather than TRP of the wanted signal and distortion).
Care must be taken in selecting the spatial directions in which the EVM requirement is defined. In some regions, the EVM may be irrelevant. For example, in a null of a beam the wanted signal will be very low and hence the SINR very high. Requiring an EVM level to be met in null directions would be irrelevant. This is illustrated in figure 6. The figure shows in the red curve the achieved SINR when the antenna pattern of figure 1 radiates and achieves 15dB SINR in the main lobe. The blue curve shows the impact of the self-interference, whose EVM is depicted in figure 5 on SINR. As expected, the self-interference somewhat degrades the SINR in the main lobe. However the large swings in EVM in other spatial directions do not cause corresponding swings in SINR, because where the EVM is high the SINR is already low.
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Figure 6: Impact of uncorrelated self-interference on SINR for a simple 9 element ULA and 15dB SIND in the main lobe.
Thus there is a need to consider carefully where EVM should be defined. An obvious position is the centre of a main lobe. This will be the only relevant place for defining EVM for user specific beamforming. The direction of the centre of a main lobe will need to be clarified and a relationship to the EIRP accuracy requirement identified. Questions to answer for example would be whether the EVM is defined for all declared beams or just for some specific ones (intended for UE specific beamforming), whether the EVM is applicable in the reference direction or in all of the EIRP accuracy directions set, whether the EVM is applicable only at the centre of the main lobe of the beam.
Furthermore, for some types of beamforming the right direction for the EVM may be more difficult to clarify. For example, for an AAS transmitting with TM4 from 2 cross polarized antennas without coherent transmitters, the instantaneous direction of a beam in real operation will depend on applied PMI and may not be at the centre of the beams of each of the individual columns.
4.2 Reference condition assumptions
Currently, conducted EVM is tested with maximum power applied to the TAB connector. It is appropriate to apply maximum power since this is the situation in which the transmitter is most stressed and self-interference is worst case.
For OTA EVM, it is likely that the testing should also be carried out at maximum power for the same reasons. How “maximum power” is defined needs further consideration. Maximum power may be a maximum achievable EIRP if the EVM is directional, or may be a maximum TRP.

An aspect of self-interference that is not captured by the conducted requirements is orthogonality between polarizations. A means to transmit on both polarizations and capture interactions between polarizations needs to be considered for the OTA EVM requirement.

5 Conclusion

This paper has presented some initial considerations on EVM. Since EVM relates to individual link performance, EVM should be specified in certain directions. However it is not relevant to require EVM to be met in all directions. Further consideration needs to be given on selecting which lobes and beams to define EVM in.
Regarding reference conditions, an appropriate power reference needs to be defined, and some thought is needed on whether and how to ensure that the impact of polarization orthogonality are appropriately captured.
6 References

[1] Ericsson, “Overview and priorities for AAS Rel-14”, R4-162087, RAN4#78bis, April 2016

6/6


_1243902102.unknown

_1249370622.unknown

_1252735934.doc

[image: image1]

Pre-/post FFT time / frequency synchronization







Reference point for EVM measurement







Symbol detection /decoding







Per-subcarrier Amplitude/phase correction







FFT







Remove CP







BS TX












_1243901028.unknown

_1243902080.unknown

_1243712168.unknown

_1236511212.unknown

