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1 Introduction 
In the previous RAN4 meeting #62, the adaptation of the existing antenna model to include active antenna array has been presented in [1]. Weights based approach towards the vertical or elevation plane pattern for an active array has been proposed. In this contribution, we provide further consideration and our views on this approach. An alternative with less computation complexities is proposed and the differences and usage of the proposed model are explained in the next section. 
2 Discussions

In [1], a fairly general antenna model applicable to uniformly spaced linear array has been proposed, complete with sidelobes modelling. However, it is antenna array elements’ weights based rather than parametric. A parametric approach has the following advantages:

· Simpler implementation and modelling;

· Avoid discussions on the specific weights which is closely related to the array designs and implementations. As pointed out in [1], different weights for the antenna model needs to be determined.

· Standardizing numerous possible sets of weights needed to cover a reasonable pattern space may be cumbersome. Furthermore, different implementations of the AAS may favour different types of weight sets, e.g. phase only sidelobe suppression versus conventional power tapering. 
Due to the above reasons, there are benefits to use a less complex model that is needed to support simulation of the active antenna array performance. A parametric based approach is defined by basic pattern parameters such as pattern beamwidth, tilt, and sidelobe levels. This approach avoids the additional complication associated with weight-based modelling as listed above. In the next two sections, this parametric approach is presented. 
2.1 Main Beam Modelling

The antenna pattern model in TR 36.814 has been used extensively thus far in numerous simulations studies. Both horizontal and vertical patterns are described in Table A.2.1.1-2. However, as pointed in past discussions and one of the main reasons for this Study Item, it is not particularly suited for active antenna array, especially the elevation pattern of the active array has much sharper roll-off than typical BTS antenna azimuth pattern. 

We therefore propose an extension to the original 3GPP model by adding a 4th order term to the quadratic 3GPP model that provides approximation accuracy down to 20dB level, making it suitable for elevation array pattern approximation. Allowing a direct adaptation, while maintaining an accurate modelling of the antenna pattern, would keep the computational complexity low, compared to the proposed model in [1]. 

An adaptation of the vertical pattern in Table A.2.1.1-2, denoted here as Fext (θ), is given in equation (1) below:
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(1)

where θ is elevation angle, θtilt is the direction of the peak, and BWV is vertical array beamwidth. SLL is the Side Lobe Level in dB. 

In Figure 1, we compare (1), denoted as “4th order”, with existing antenna model from TR36.814 (denoted by “3gpp”) and the pattern from [1] (denoted as “pattern”). In the “pattern” model, a 10-element array pattern with 0.9λ inter-element distance and Kathrein proposed weights [1] are used. Sidelobe level of 30dB is used for the 3GPP pattern.. 

With 3GPP model array pattern is approximated well to the level of -10dB from the peak, which may be insufficient when advanced vertical domain features are considered, i.g. vertical sectorization or beamforming. 4th order model performs well down to -20dB levels. 

[image: image2.emf]-15 -12 -9 -6 -3 0 3 6 9 12 15

-40

-35

-30

-25

-20

-15

-10

-5

0

Array pattern 10el. Kathrein weights

Elevation (deg)

Gain (dB)

 

 

pattern

4th order

3gpp


Figure 1:
Pattern comparison of 10-element array pattern [1], 3GPP and the proposed extended 4th order 3GPP model. 

Further extension to the different sidelobe levels on the two sides of the main beam can be implemented simply using  (2). 
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(2)

2.2 Side Beam Modelling  

Further improvement of the 3D pattern approximation over the +/-20º or +/-30º angular range centered at the peak can be achieved by reusing the 2nd order beam shape for modelling of individual sidelobes. 
In Figure 1a, the pattern of a uniformly spaced linear array with uniform weights is plotted. It is observed that given the beamwidth of BW deg, the first sidelobe is located at 1.6BW from the peak with the following sidelobes spaced 1.1BW. Sidelobe beamwidth is 0.6BW, for the first sidelobe, gradually increasing for the subsequent sidelobes. These numeric coefficients (1.6, 1.1, and 0.6) vary depending on side lobe levels; however their variation is limited and can be taken into account.  
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Figure 1a:
Uniform 10-element Linear Array pattern.

The Nth sidelobe can be further defined as in (3)
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(3)

where SLL(N) is the relative gain of sidelobe N. Combining (2) and (3), the complete representation of the entire pattern is therefore can be defined by
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(4)

where BL is a constant level of the backlobe, typically 30dB - 35dB. Further improvement in the approximation accuracy can be achieved if linear dependence on first sidelobe level is introduced in sidelobe beamwidth, currently 0.5BWV in (4), and sidelobe spacing, currently 1.1BW as shown in (5). 
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(5)

Further comparisons of the elevation patterns are provided in Figure 2a, Figure 2b, and Figure 2c. 
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Figure 3a:

Array pattern based on Kathrein weights compared to 3GPP and proposed models

Array pattern. 10-element 
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Figure 3b: 
Array pattern 10-element, phase only weights, 20dB sidelobe supression
[image: image10.emf]-30-27-24-21-18-15-12-9 -6 -3 0 3 6 9 12151821242730

-40

-35

-30

-25

-20

-15

-10

-5

0

Array pattern 10el. Uniform weights

Elevation (deg)

Gain (dB)

 

 

pattern

extended

3gpp


Figure 3c: 
Array pattern based on uniform weights compared to 3GPP and proposed models.

3 Summary

In this contribution, we have shown that it is possible to devise a parametric approximation for the elevation plane antenna array pattern to various degrees of accuracy as required by particular simulation scenario, from constant asymmetric side lobe level to almost exact match of the first several sidelobes on both sides of the beam. The proposed antenna pattern for the elevation plane is an extension of the existing 3GPP model given in Av(θ) in equation (4). In addition, two alternatives for the sidelobes levels are proposed in (3) and (5).

The benefits on this proposed model is its simplicity and ease of accurate modelling the elevation plane of the active antenna array and at the same time allowing the vendors to more freely agree on a antenna pattern without the unnecessary discussions on the detail weights implementation of the array elements. It is also worth pointing out that a simple and effective model encourages interest parties to participate in the simulation effort needed to determine the RF requirements. 

Suitable text proposal for approval can be drafted upon further discussions. 
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