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Discussions  

1. Spatial 3D Model
Spatial modeling of the AAS antenna has been discussed and shown to be an important aspect to be considered in deriving the RF requirements for AAS. The radiation pattern for both the horizontal and vertical plane have been included and agreed in [1]. Furthermore, 3D antenna models have also been proposed [2]-[4]. A parametric based antenna pattern has been proposed in [2] while the models as proposed in [3] [4] [5] are based on analytical representations of the propagation signals.

To effectively and accurately account for the spatial interactions and impact on the network performance, the use of 3D antenna pattern is invaluable. In [3], a 3D AAA antenna model based on coherent combining of radiated signals is proposed. It follows similar approach as specified for 2D arrays in TR 25.996 and TR 36.814. Results for different regular AAA arrays (4 x 10 and 4 x 4) with TX elements on the yz plane are plotted. 
In [4], the correlation coefficient of the signal S(t) of the elements are included. This correlation is introduced only for a vertical antenna array i.e. only the elevation angle has impact on the array gain. This is in contrast to the full correlation assumption in [3] and also previous models found in TR 36.814. Compared to [3], the proposed model extension to an M x N antenna array is still needed.  

In both [3] and [4], all the antenna elements are identical, with the same antenna pattern, for simplicity of the model. In [4], a constant correlation parameter is assumed for all the vertical antenna elements. A single set of weights corresponding to each of the N antenna elements are also assumed. Both models would need to be extended for modelling of AAS implementations where different elements are used to serve UEs in the cell at different vertical and azimuth direction with a different element pattern and a different set of antenna weights. However, for the purpose of defining the RF requirements for AAS, simplified assumptions should be adopted to maintain a tractable analysis. 

Currently, 2D spatial channel model is a reasonable simplified approach for modeling practical propagation under the following assumptions:

· The cell radius is relatively large such that statistically most of the users are distributed with very small elevation angles, which can approximately be ignored in the channel modeling for simplicity. 

· The antenna array geometry is mainly focused on the one dimensional linear arrays, which can only resolve the azimuth angles and the not the elevation angles. 

With the addition to the 3D antenna model, channel model with departure and arrival angles have to be modeled using not only the azimuth angle in XY-plane, but also the elevation angle with respect to the Z axis. Since the geometry of the antenna array is modeled in the 3D antenna model, the phase shifts between signals from different elements are dependent on the projections of the antenna element position vectors onto the departure (arrival) wave direction vectors in 3D space. 

2. Conclusion  
With 3-D antenna array model for two-dimensional antenna array geometry and the inclusion of signal correlation between the array elements, the ability to resolve the angle of elevation becomes important. Therefore, channel model with resolvable paths in both the azimuth angles and the elevation angles should be considered to complete the spatial signal propagation for AAS.
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