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1 Introduction

During RAN4#78bis, following initial discussions on AAS rel-14 requirements a WF suggested to focus on certain topics at this meeting [1]. One of the requirements for focus is EVM. This document continues the discussion started at RAN4#78bis [2].
2 Discussion
2.1 Spatial variation of EVM
EVM can be modelled as a combination of the wanted signal and additive distortion to the wanted signal. [2] outlined how, for an active antenna, the spatial pattern of the wanted signal created by beamforming and the pattern of the distortion can differ. This difference may be due to low correlation of the distortion signal between transmitters, or the effective beamforming weights applying to the distortion signal differing from those of the wanted signal, as described in [2]. If the wanted signal and the distortion signal differ due to either of these two mechanisms then the spatial pattern of EVM, which is in effect a ratio of wanted signal and unwanted distortion will vary spatially. This differs from the manner in which EVM is manifested with a passive antenna system; for a passive antenna system wanted signal and unwanted distortion are subjected to the same (passive) beamforming pattern and the EVM does not vary in space.
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Figure 1: Example of spatial variation of wanted signal and self-interference and the impact to EVM
With an active system, EVM can vary from low values close to the centre of the main lobe of the wanted signal to high values in sidelobes and nulls of the wanted signal. The impact of EVM depends on the SINR experienced by the UE. If the SINR is high (i.e. the wanted signal is very strong compared to noise/interference from other sources) then imperfections in the unwanted signal will have a relatively large effect. Where the SINR is low, on the other hand, the interference and noise from other sources are relatively speaking much larger than the self-interference. It might be expected that at nulls and sidelobes of the wanted signal at which the wanted signal is low, the SINR will be low and hence the EVM level will be of low importance.
2.2 Examples of EVM behavior with 1D and 2D beamforming
It is of interest to consider the scenario with respect to EVM for some example array configurations and MIMO operating modes.

Firstly, a single passive column is considered that is single polarized and for which there is a single transmitter. Beamforming is passive. Such an array would of course be a very poor example of an advanced AAS basestation, but is considered here for completeness.
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Figure 2: First example basestation
The array would by necessity only be able to be operated with TM1. The SINR experienced by UEs served by such a basestation would depend on their distance from the cell centre and the antenna gain at their position. In the horizontal domain, the boresight of the antenna would coincide with the horizontal axis furthest from the sector edges. Hence it is to be expected that maximum SINR will be experienced in boresight. In the vertical domain, the boresight of the antenna will be downtilted such that it points towards the cell edge. Thus UEs aligned with the boresight would be positioned at points within the cell that would also experience significant inter-cell interference. On the other hand, UEs closer to the cell centre would experience lower inter-cell interference, but be within a sidelobe of the antenna.

[image: image3]
Figure 2: Example of users being served by a fixed vertical beam
Whether UEs at the cell edge or the cell centre, or both, would experience high SINR would depend very much on factors such as cell size, inter-site distance and adjacent cell activity etc. However in any case, since for a passive antenna the EVM does not vary in space the EVM would be sufficient for any UE experiencing high SINR, whether the UE would be at the cell centre or near to the cell edge.

As a second example, an array consisting of 4 cross-polarized columns is considered, with 8 transmitters. Such an array is capable of horizontal beamforming and represents state of the art release 12 MIMO capability. It is to be expected that such an array would operate TM9 with 8 CSI-RS ports.
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Figure 4: Example of 4 column array
In the horizontal domain, the array would apply precoding in order to maximize SINR to each served UE. If applying precoding based beamforming, then the precoder might not place each UE exactly in the centre of the main lobe, but presumably any decently functioning PMI selection algorithm would not place the UE within a null or sidelobe. It can thus be expected that for horizontal beamforming, the most significant EVM to consider will be EVM within the main lobe of a beam. A question that could be further considered might be whether setting a requirement on EVM at the centre of the main lobe would sufficiently capture the EVM performance during MIMO operation.

In the vertical domain, similarly to the single column case high SINR may be achieved for UEs that are close to the basestation but not within the main lobe. Since there is only passive beamforming in the vertical domain, it can be expected that EVM will not vary in the vertical domain and thus EVM in the vertical main lobe would be sufficient for such UEs.

As a third example, an 8x8 2D array is considered that is capable of performing 2D MIMO.
A 2D MIMO beamforming algorithm, whether using CSI-RS or beamformed CSI-RS will aim to maximize SINR. In the horizontal domain, similarly to the previous example the beamforming should ensure that SINR is maximized for the scheduled UE; hence it is reasonable to assume that the centre of the beam will be directed towards the UE. In the vertical domain, beamforming will also be applied. Similarly to the horizontal case, the beamforming will maximize SINR and hence in general each scheduled UE will be close to the centre of the beam. Unlike the two previous examples, also UEs that are close to the basestation will not be within sidelobes of a beam, but will have a beam steered towards them.
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Figure 5 Example of beam adjustment in the vertical domain
From these examples, two observations are made:

Observation 1: When a UE is served in a sidelobe rather than the main lobe of a beam, it is in situations in which the beamforming is passive and hence the EVM is equal at all points in space (in the considered dimension).

Observation 2: When EVM varies spatially, it is of importance close to the centre of a beam if beamforming is performing properly. Whether the EVM at the exact centre of a beam is sufficient to predict performance for all MIMO modes can be considered further.

2.3 Specification issues for an OTA EVM requirement

The EVM requirement needs to be considered in the context of beams and beamforming. Potentially, the beam declarations for the EIRP accuracy requirement can be re-used for the EVM requirement. The release 13 AAS specification does not make any kind of explicit connection between the declared beams and the full range of MIMO operating modes of the basestation. A decision should be made as to whether at least some of the declared beams can be considered representative, or whether further beam declarations are needed for EVM.
The release 13 declarations include beams with the largest beamwidth and beams with the narrowest beamwidth. Consideration is needed as to which of these beams the EVM requirement should be applied to. The widest beamwidths are likely to be used for transmitting information across the whole cell rather than specific UEs. Cell wide information is low data rate and subject to a large degree of error protection coding since it must be received even at the cell edge. Thus cell wide information does not require high EVM for reception, and by implication the widest beamwidths may not need to be subject to the EVM requirement. On the other hand, the narrowest beamwidth is very likely to be used for reaching individual users and EVM performance will be of importance. Whether EVM requirements should be applied to more than the beam with the narrowest beamwidth needs further consideration.
Having established the beam (s) for which EVM should be declared, a subsequent issue for consideration is whether the EVM requirement and test should be stated only with the beam in the reference beam direction or should be stated also at the maximum steering directions. If the beam(s) used for EVM are the same as those for EIRP accuracy, then setting and testing the requirement at the maximum steering directions is not likely to imply significant additional testing complexity.
A further question arises as to whether for each beam and each steering direction, the EVM requirement should be stated and tested only at the beam centre or also at other positions. Of course, testing EVM at positions other than the beam centre implies a certain amount of additional testing.

2.4 Conformance testing considerations

During the conformance phase of the work, a test procedure for EVM will need to be created. In principle, some or all of the test environments studied for EIRP accuracy verification will also be usable for EVM. Since EVM is a relative measure, re-evaluation of the measurement uncertainty and test tolerance may be beneficial. A further consideration is that in order for the test to be performed at maximum capability, it is necessary for the BS to be operating at a reference maximum power level. The reference level may need to be specified as TRP rather than EIRP in order to avoid complications regarding the dependency of EIRP on beamwidth.
3 Conclusion

This paper considers some initial analysis of the questions to be answered for the EVM requirement. For basestations in which a part of the beam steering is passive, then users at high SINR may not necessarily be in the centre of the beam. However with no active beamforming, EVM will be the same across the whole of the beam and thus specifying and testing EVM at the beam centre will be sufficient. Where there is active beamforming, the aim of the beamforming algorithm is to maximize SINR and beams will be steered such that the scheduler user is at or near the beam centre. The analysis does not fully answer the question as to whether, for all MIMO operating modes a requirement placed at the beam centre is sufficient.

EVM should thus be specified directionally based on declared beams. The beams declared for EIRP accuracy may be re-usable, however further discussion is needed on whether the EVM requirement should be applicable for all beamwidths, and whether there would be a need to declare any additional beam for the EVM requirement than those declared for the EIRP accuracy requirement. There is also a need to decide on whether EVM should be specified and tested at maximum beam steering directions.
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