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1 Introduction
In RAN4#78bis a WF [1] was approved to focus on certain core requirements which should be further studied for this meeting.
The 3rd bullet on the list was the EVM requirements. These were commented upon is a number of documents [2]

 REF _Ref450313019 \r \h 
[3] submitted to RAN4#78bis.

This paper further investigates the impact of translating the EVM requirements to the OTA domain.

2 Discussion

As with all the measurements translating the conducted requirements to OTA requirements means investigating whether a TRP type requirement or an EIRP requirement is most suitable and if EIRP then how the specific directions for the EIRP are defined.
The conclusion of [3] was that as EVM relates to individual link performance it should be specified in certain directions and that further consideration needs to be given on selecting which lobes and beams to define EVM in.

Whilst we agree that only the EVM between the AAS BS and an individual UE is of importance, it is not clear how the lobes which are of importance can be defined.
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Figure 1. 10 Element array, beam pattern and non-correlated EVM distribution (8% EVM)

It is well understood that the effect in Figure 1 occurs when the EVM source is non-correlated, There is an improvement in the main beam and a degradation of EVM in the side lobes and nulls.

The important thing is how EVM effects throughput, clearly if the majority of the throughput is in the main lobe then it is justifiable to only consider EVM in the main lobe. 
On first inspection it would seem there 3 things which require further inspection

· EVM distribution in elevation
· EVM distribution in azimuth

· EVM distribution for synthesised beams.

2.1 EVM distribution in Elevation

For a wide area BS it is assumed that the antenna (or AAS in this case) is mounted at a significant height. Along with this some form of downtilt is used to ensure the power of the main lobe is concentrated in the intended cell radius.
Using the example parameters from the AAS SI [4], the EIRP distribution over the cell (at the centre of the azimuth beam width) is as follows:
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Figure 2. EIRP distribution 

Assuming a UE can receive a signal down to approx 100dBm then this fives a cell radius of approx 1km.

It can be seen that up to a distance of ~150m power is distributed not via the main love but via the side lobes. In this area however the model of the antenna pattern is likely to not be very accurate, whilst the mathematical antenna pattern has clear nulls, in reality these nulls would not be so deep and the dominant path between a UE and the BS would be via a reflection rather than line of sight in the null.
Modeling of these affects has not yet been established so it would not a be a simple task to get a definitive answer to the magnitude of these effects on throughput. However as the effects are all close to the BS it represents only a small area of the cell, a random placement of UE’s in a simulation would result in a low probability of a UE being in this area.

The current REL13 conducted requirements for EVM is effectively a TRP type requirement it hence assumes that if EVM is non-correlated then the effect of any possible degradation in the side lobes is made up by improvements in the main lobe. 
If the requirement were translated to an EIRP requirement the spatial effect of EVM on throughput would need further simulation.

2.2 EVM distribution in Azimuth

Coverage in azimuth differs in nature from elevation, in azimuth the intention is that coverage is provided by the main lobe and the side lobes are as small as possible to avoid interference with neighbouring cells.

In the simulation assumptions in the AAS SI and WI  the intention was to compare ASS with non-AAS in standard cell patterns. As such a single column was unused. In such cases the azimuth beam width was formed by the element pattern rather than any array factor. As such the EVM was inherently correlated and would be the same in all directions.

In this scenario it is therefore justifiable to only consider EVM at the centre of eh main lobe.

2.2.1 Azimuth beam forming

Assuming that even with AAS cell distribution will not change significantly from the dominant 3 sector model we use today. Azimuth beam forming will likely be employed with a cell, for si call user specific beams.

In such cases the beams will be subject to array beam forming and hence the EVM may vary depending on direction. However also in such cases the purpose of forming the beam is so it can be pointed at the specific UE and hence only the EVM in the main beam need be considered.
In azimuth therefore it seems likely that only the main beam EVM is of interest.

2.3 EVM distribution for synthesized beams

As was disused in the previous section, it seems likely that for cell specific signals at least beams will need to cover the same cell areas as current passive antennas. It is likely therefore that a azimuth beam forming AAS will use a synthesized wide beam for cell wide signals

Using a phase distribution only to synthesize as wide beam:
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Figure 3. 4 element, 0.6λ element separation, 0.7π quadratic phase distribution, 
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Figure 4. 4 element, 0.6λ element separation, 0.7π quadratic phase distribution, uncorrelated EVM (8%)

The EVM distribution for the main lobe for the synthesised beam is not as improved as a max gain (equal phase distribution) beam. And within the main lobe there are some directions which have poorer performance than the correlated condition.

In this particular case the result at the centre of the beam is the same as the TRP result (8%) and hence an EIRP requirement in the centre of the main beam would be sufficient.

2.4 Azimuth User level beam forming

Once again a synthesized wide beam would only be used for cell specific signals, these are generally generated with more robust modulation and have a much higher EVM allowance. Hence it could be argued that if user specific high gain beams are capable of meeting the EVM required for the 64QAM modulation then the cell specific signal EVM will be more than sufficient.  
3 Summary
In this paper the issue of EVM was further examined by considering a number of beam forming patterns in elevation and azimuth which are commonly used for network simulations.

It has been found:

In elevation not only the main beam is used for communication – further study would be needed investigating the effect of an EIRP EVM requirement on the system throughput

In azimuth both cell beam forming and user level beam forming were investigated and it seems likely that a EIRP EVM requirement in azimuth would be give an acceptable level of minimum performance comparable with the existing conducted EVM requirements.

As it would be difficult to have different types of requirement (TRP or EIRP) in elevation and azimuth further work would be needed studying the effect of elevation beam forming and throughput due to EVM . In order to do this some reasonable assumptions of the behavior in the nulls close to the BS would need to be agreed.
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