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1 Introduction
In RAN4#79  [1] discussed the merits of using an EIRP type requirement in the main beam for the OTA EVM speciation.
It concluded that in azimuth this was probably an appropriate requirement but in elevation more work was needed to see the effect of the possible varying EVM in the side lobes close to the BS.
This document further examines the effect close to the BS.

2 Discussion

There were no agreed upon simulation campaigns to study EVM in the REL12/13 AAS work. For the purposes of comparison in this discussion the same network as used for the blocking and ACLR is used with a single UE in each cell.

The UE’s in the centre 3 sectors are analyzed, throughput is estimated from table A2 in 36.942 [2]. 
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Figure 1. Network simulated for EVM
The UE’s in the other cells are only used n order to set the steering angle of the BS in the interfering BS’s when steering is used. 10,000 drops are used for each case resulting in throughputs for 30,000 UE’s.
The baseline for the analysis is a correlated antenna pattern (non-AAS) with 8% EVM. 
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Figure 2. Throughput CDF for 0% and 8% EVM
Compared to 0% EVM this represents an average throughput degradation of 7%. The 8% correlated EVM is used as a base line for the rest of the analysis.

2.1.1 Non-correlated EVM

When the EVM becomes non-correlated with the wanted signal then its radiation pattern is that of the element rather than the array as a whole. The effect of this on EVM was shown in [1].
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Figure 3. 10 Element array, beam pattern and non-correlated EVM distribution (8% EVM)

It was noted that as some links between the BS and UE’s close to the BS in elevation will be in the side lobes and hence may be affected by this variation in EVM. The effect of this can be seen in the throughput analysis.
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Figure 4. Throughput CDF for 8% correlated and 8% uncorrelated EVM
The throughput for 8% correlated and uncorrelated are very similar – the uncorrelated throughput is a small improvement in average throughput of 3.1%.

Both these analysis use the REL13 conducted assumption where each TAB connector must meet the 8% EVM requirement. OTA this is the same as a TRP requirement for EVM. The consistency of the throughput (compared to non-AAS) justifies the requirement which was placed on the conducted interface,

2.1.2 OTA EIRP requirements

The purpose of this document is to investigate if using a EIRP requirement in the centre of the main beam is justified when specifying an all OTA requirement. Specifically in the elevation domain.

The antenna used in the simulations is a single column – so only offers AAS functionality in the elevation domain and hence is suitable for such an investigation.

The antenna has 10 elements (and 10 transmitter units are assumed). When considering EVM in the centre of the main beam if the conducted assumption is followed and the co-channel interference in uncorrelated the co-channel interference is reduced by 10log(N) where N is the number of active element (in this case 10).

The co-channel interference is reduced by 10dB or from 8% to ~2.5%, this reduction in EVM in the main lobe is responsible for the improvement in throughput seen in Figure 4.

If an EIRP  OTA requirement is used in the centre of the main lobe then this level will be maintained at 8%. 
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Figure 5. Throughput CDF for 8% correlated and 8% uncorrelated in beam centre EVM
In this case the EIRP requirement can be seen to have degraded the performance, the average throughput is 9.8% lower than the baseline.

This is due to the degradation of the EVM in the side lobes being used for communication for UE’s close to the BS.

2.1.3 UE beam Steering

One of the benefits of an AAS is its ability to steer beams towards individual UE’s. This can be done in azimuth and elevation. If it is done in elevation then the main lobe can be pointed at each UE, and hence the EVM at each UE  will not suffer the same degradation as the it does when the side lobes are used.

Applying beam steering to every BS in the network yields the following:
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Figure 6. Throughput CDF for 8% correlated and 8% uncorrelated in beam centre EVM
Once again as predicted a large improvement can be seen in network throughput, an average increase of 13%. 
2.1.4 EIRP requirement

The analysis shows:
· In a system capable of user beam steering, and EIRP type EVM  requirement is acceptable as the steering ensures the high quality (low EVM ) signal in the main beam is used for communication with the UE.

· In a system not capable of beam steering in elevation it can be assumed the co-channel interference has the same pattern as the wanted signal and the EVM is flat across the elevation plane.

· In a system not capable of beam steering but not user beam steering an EIRP type EVM requirement can result in a degradation in throughput.

In the case where user beam forming was possible, the EVM could be achieved by pointing the main beam at the required direction.

The existing radiated output power EIRP declarations already incorporate descriptions of steering range
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Figure 8. : Diagram showing an example of requirement declaration. (ref : TR 37.842)
It is likely that these could be used to set the requirement on EVM.

For the 3rd point the reason the EIRP requirement fails is because there is intended coverage area which does not meet the EVM requirements
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Figure 7:  range of steering angels in elevation
In the simulation the coverage area from the BS in terms of electrical steering angles from the AAS are from approx -6 ° to 30°.

However it should be considered if this is a likely architecture? If the AAS has multiple transceivers in the elevation domain then it would seem likely the purpose of these would be to apply beam steering.
3 Summary
The effect of varying EVM in the elevation domain has been investigated by the simulating EVM in a simple network.
It has been shown that an EIRP type EVM requirement (in the centre of the main beam) is acceptable when the AAS is capable of user level beam steering. In order to ensure this is true for all UE’s the beam steering range should be greater than the intended coverage range

If the AAS has no beam steering capability in the elevation domain then it can be assumed that the co-channel noise is coherent and hence the EVM will be flat over the elevation domain. In such as case it is acceptable to test at any point, but clearly the centre of the main beam makes most sense.

If the BS has beam steering capability in elevation but is not capable of user beam steering then it would need to meet an average EVM in the specified coverage are or possibly a TRP type requirement. In order to facilitate such a requirement the spatial declarations will have to be expanded to incorporate a coverage area. However this implementation seems unlikely so it can perhaps be discounted.
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Example. EIRP accuracy compliance directions set











 
































