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1 Introduction
In the last meeting, good progress has been made on AAS antenna modelling. However there are still some open issues. This contribution gives evaluation results on antenna pattern and geometry distributions for diverse AAS configurations, such as number of column, vertical radiating element spacing, weight vector etc. Based on the evaluation results, some proposals on AAS antenna modelling are presented.
2 Discussion
2.1 Horizontal Configuration
In RAN4#62bis, it was decided that the study item shall include two dimensional antenna models for the simulation of radiation characteristics of active antennas. As shown in Figure 1, we compared the AAS pattern between single and multi-column.
For single column antenna, we apply the present 3GPP antenna pattern defined for horizontal domain [6]:



	  ,
For multi-column antenna, we apply the following formula,




Where , 
Figure 1 shows an example of the horizontal pattern for a 4-column array with wn=[0.35 1 1 -0.6]. For multi-column configuration, it can be observed that there are few side lobes and the side lobe level is below -30dB. Compared to the single-column pattern defined in [6], the horizontal side lobe for multi-column configuration is negligible. In order to simplify the standardization work, the horizontal configuration with single column is preferred.
[image: ]
Figure 1 Comparison between single and multi-column patterns
Proposal 1：The horizontal configuration with single column is preferred for further evaluation work.
2.2 Vertical radiating element spacing
In this section, we compare the antenna array patterns and geometry distributions with different configurations of vertical radiating element spacing. The antenna model based on suppression approach [2][4][5] is used in this section which is also given in appendix.
[image: ][image: ]
Figure 2 Antenna patterns and geometry distributions with different vertical element spacing, tilt=0deg
[image: ][image: ]
Figure 3 Antenna patterns and geometry distributions with different vertical element spacing, tilt=10deg
As shown in Figure2 and 3, the main lobe width with 0.5 lambda spacing is larger than that of 0.9 lambda. At the same time, more side lobes are observed for the case of 0.9 lambda spacing. Similar results can also be found in [4]. The inherent phase ambiguity with spacing larger than 0.5 lambda may degrade the performance of beamforming and MU-MIMO in vertical dimension. For the geometry distribution, the performance of 0.5 lambda spacing is better than that of 0.9 lambda when the downtilt is 0deg. The performance is approximately the same when the downtilt is 10deg. Furthermore, as the selection of element spacing has great impact on antenna array size, the configuration with 0.5 lambda radiating element spacing is also preferred from deployment perspective. 

Proposal 2：Spacing of 0.5 lambda should be included for further evaluation work.
2.3 Weight vector
More standardization work is needed if we introduce the non-constant weight. In addition, the use of non-constant weight and the inefficient utilization of transmit power herein may probably result in a loss in coverage. Hence, we propose to use the constant-module weight vector.
Proposal 3：Constant-module weight is preferred for further evaluation work.
2.4 Modified parameterized pattern
The parameterized pattern in [1] can only model the pattern with specified combination of configurations (element pattern, vertical spacing and weight), which is not flexible and the modelling is not as accurate as expected. As shown in figure 4, the radiation pattern proposed in [1] only has right half part. Similar results can also be found in [7]. Therefore, the parameterized model proposed in [1] needs to be modified. 
The formula proposed in [1] is as following:






Modified Side Lobe is as below :


The radiation pattern proposed in[1] and the modified pattern are compared in Figure 5. 
[image: ]
Figure 4 Modified parameterized pattern
In Figure 5, we compared the antenna patterns between parameterized approach and superposition approach [2][4][5]. It is observed that the AAS antenna patterns with diverse configurations can’t be covered by a single formula. Therefore the parameterized approach is not flexible and precise. Based on the discussion above, the superposition approach is preferred for antenna pattern modeling. If the parameterized pattern is to be used, the modified version is recommended.
[image: ][image: ]
Figure 5 Patterns compared between parameterized and superposition
Proposal 4：Superposition approach is slightly preferred. If the parameterized pattern is to be used, the modified version is recommended..
3 Conclusion
Based on the discussion we propose:
Proposal 1：The horizontal configuration with single column is preferred for further evaluation work.
Proposal 2：Spacing of 0.5 lambda should be included for further evaluation work.
Proposal 3：Constant-module weight is preferred for further evaluation work.
Proposal 4：Superposition approach is slightly preferred. If the parameterized pattern is to be used, the modified version is recommended.
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5 Appendix A
5.1 Antenna array pattern
Composite 3D pattern is given by

  
the horizontal azimuth pattern: 



, , 
and the elevation pattern:



  



,,

The electrical antenna down tilt is defined via the weighting vector . 


,   

   
5.2 System level simulation assumptions
System level simulation assumptions
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Channel model
	ITU UMa

	Vertical radiating element spacing
	0.5λ，0.9λ

	BS height
	25m

	UE height
	1.5m

	Column number
	Single column
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