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1.
Introduction
At previous RAN4 meetings an array antenna model has been agreed and included in TR37.840 section 5.4.4 [1]. The model will be used for system simulations needed for the work finding new performance requirements for AAS BS. Early modelling of BS antennas was based on a vertical radiation pattern model described in TR36.942 [2] section 4.2.1.1 and with an extended model with support for both vertical and horizontal radiation pattern in TR36.814 [3] table A.2.1.1-2. When the AAS discussion was initiated demands for an array model was raised, since pattern variations caused by side-lobes and nulls needed further investigations. The array antenna model introduced in TR37.840 is based on super-position of multiple contributions from several identical radiating elements. Compared with the antenna model used in 3GPP so far (defined in TS36.814) the new array model capture side-lobe and beam-width characteristics as function of number of elements and element separation. The array model supports ULA with N elements (for single column array geometries) and URA with NxM elements (for multi-column array geometries). The model assumes all elements to be identical excluding factors such as ground plane effects and mutual coupling. The element factor is aligned with the passive antenna model.
In this contribution extension to the current array antenna model will be presented. Radiation pattern from the array antenna model will also be compared with radiation pattern from the passive model and from measured radiation pattern from real antennas available on the market. 
2.
Discussion

In figure 2-1 the radiation pattern from the array antenna model is compared with the pattern generated from the passive model.
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Figure 2-1: Passive antenna model versus array antenna model
For the array antenna model it is assumed a vertical ULA with 10 elements, where elements are separated 0.9. For the passive model the side lobe level was set to 20 dB according to according to TR36.814 table A.2.1.1-2 and the beam width was set to 5.5 degrees to match the array antenna pattern. The parameters for the array antenna model were set according to TR37.840 table 5.4.4.2-1. The main difference between the two patterns is the side lobe characteristics as expected. It is clear from figure 2-1 that varying side-lobe level and nulls not are captured by the antenna model supposed to be used for passive antennas. The challenge is to understand how this phenomenon such as nulls and varying side lobe levels will affect the over-all system performance. This work will continue in the coming AAS WI. 

As a sanity check measurement results are put together to visualise the radiation pattern generated by commercially available BS antennas. In figure 2-2 the vertical-cut of the radiation pattern from 5 passive BS antennas available on the market from different vendors are plotted. All antennas are 1.3 m long with comparable characteristics. The radiation pattern is measured at frequency band I. All measured antennas were set to 8 degrees electrical down-tilt. The vertical measurement grid was 0.5 degrees.
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Figure 2-2: Passive antenna patterns
In figure 2-2 the far-field pattern is maximum normalized meaning that absolute gain is not captured. It can be noticed that it is common to apply passive array weighting to optimize the side-lobe level under the main beam while side-lobe levels over the main beam is suppressed conserving antenna gain. It can also been seen that the depths of the nulls is limited. 
To visualize the difference between the array model and a real passive antenna the patterns are plotted together in figure 2-3. It is clear that the depth of null generated by the array model not is reflected in the radiation pattern of a measured antenna. 
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Figure 2-3: Real antenna versus array model
The result in figure 2-3 indicates that the depth of the nulls could be limited to a value in the range of 30 to 35 dB under the main-beam level. 
3.
Conclusion 

In the AAS SI work an array model in TR37.840 has been used for both legacy BS antennas and for AAS BS antennas. From the results in this contribution it can be noticed that the array antenna model will generate a main-beam (with approximately 5.5 degrees 3dB beam-width) and side-lobe levels aligned with commercial BS antennas. However the depth of nulls in the radiation pattern and the level of the first side-lobe are not aligned with measurement results. This can be explained, since real antennas will apply passive weighting to optimize side-lobe levels for coverage and gain conservation. Another reason why the null depth is limited is the mutual coupling between elements and ground plane effects. It can also be noticed from measurement results that the depth of the nulls is less than 40 dB under the main-beam level.
It is proposed to limit the depth of the nulls of the antenna pattern generated by the array model giving more realistic array antenna model. In the case where far-field pattern is maximum normalized the null-filling could be achieved by applying a threshold level similar to the one used for the element factor side lobe level.

The limitation could be applied as a threshold according to following expression:
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The new parameter called “null-filling depth” could be used to evaluate the impact of nulls in coming system simulations needed to define new performance requirement levels for AAS BS. 

As an example the null-filling level, Anf, is set to 30 dB, the radiation pattern from the array model is plotted together with measured pattern from a real antenna in figure 3-1. It shall be noted that the threshold level could be defined as dB relative maximum gain or dBi relative directivity.
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Figure 3-1: Array antenna pattern with side-lobe threshold
In the AAS WI it is important to define a parameterized array antenna model minimizing the characteristics gap between an AAS BS implementation and a modelled AAS BS.
Therefore we propose to consider the following extensions to the array antenna model:

· Add null-filling threshold as a parameter

· Normalize the pattern to directivity (as described in TR 37.840 Annex C.5).
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