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1.
Discussion and Proposal
In previous RAN4 meeting, the spatial domain aspects of the receiver were discussed and simulation results for example antennas were presented. In this paper, the modified results are collected as text proposal for AAS report.
It is proposed that the attached text proposal is included in TR 37.840. 
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Study of AAS receiver characteristics
<Text to be added> 

7.1
General review of receiver characteristics

<Text to be added> 

< Editor’s comments: general comparison with traditional BS >

< Editor’s comments: identify AAS specific characteristics >
7.2
Receiver spatial characteristics

<Text to be added> 

< Editor’s comments: elaborate the spatial characteristics>
AAS sub-arrays experience different spatial selectivity compared to fixed beam antennas. Furthermore, a sub-array may experience a differing spatial selectivity to the AAS array as a whole. In figure 7.2-1, a visualization of spatial selectivity loss in AAS is given where an interfering UE close to antenna would pose higher interferer level towards a sub-array compared to full antenna beam. 

Since the receiver spatial characteristics of the sub-arrays would influence the minimum coupling loss and thus receive requirements for AAS, the spatial aspects of the receiver and its possible impact in terms of minimum coupling loss of an example AAS implementation based on several sub-arrays compared to a fixed beam antenna was investigated. In sub-clause 7.3 simulations of simple example antenna indicate that the height, direction and distance would influence coupling loss and consequently the blocking interferer level. 
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Figure 7.2-1, Visualization of spatial selectivity loss in AAS
7.3
Simulation results

<Text to be added> 

< Editor’s comments: some numerical results, for example, the comparison study at different reference points>
Simulation results for the minimum coupling loss of an example antenna array at 2 GHz and compared to various number of array elements for various cases are presented in the following sub-clauses.

7.3.1
Antenna patterns for individual arrays

The example antenna patterns used for a 1,2, 4 and 8 element array are shown in following figures, respectively. Note that the element separation was set to 0.7 lambda.
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Figure 7.3.1-1, Single-element array, AF= array factor, EF= Element factor, FF=AF*EF= far field pattern

                          
[image: image3.emf]   


Figure 7.3.1-2, Two-element array, 
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Figure 7.3.1-3, Four-element array.  
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Figure 7.3.1-4, Eight-element array.  

7.3.2 Coupling loss – Comparison of the number of elements
Considering the example antenna (2 GHz) and taking into account  1,2, 4 and 8 element arrays, the coupling loss for 1, 2, 4, 8 element-arrays are compared for the down tilt angles of  0(, 5( and 15 ( respectively is given in figure 7.3.2-1 to  7.3.2-4. Base station antenna height was set to h=23 m.
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Figure 7.3.2-1, Coupling loss, 0 degree tilt for an antenna with 1, 2, 4 and 8 radiation elements. 
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Figure 7.3.2-2, Coupling loss, 5 degree tilt for an antenna with 1, 2, 4 and 8 radiation elements. 
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Figure 7.3.2-3, Coupling loss, 10 degree tilt for 1, 2, 4 and 8 radiation elements. 
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Figure 7.3.2-4, Coupling loss, 15 degree tilt for 2, 4 and 8 radiation elements. 

The simulation results indicate that there is a distance and tilt dependent minimum coupling loss comparing a full antenna beam and also 2, 4 and 8-element arrays. 
7.3.3 Coupling loss, Comparison of the tilt angle, BS antenna height 23 m
Further simulations on the coupling loss for the 1,2, 4 and 8 element (at 2 GHz) for different BS antenna heights and additional tilt angles are also shown below. 
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Figure 7.3.3-1, Coupling loss for 0-30 deg down tilt of a 1-element patch array antenna at 2 GHz. Antenna mounted at a height h= 23 m.  Free space loss also included.
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Figure 7.3.3-2, coupling loss for 0-30 deg down tilt of a 2-element patch array antenna at 2 GHz. 
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Figure 7.3.3-3, coupling loss for 0-30 deg down tilt of a 4-element patch array antenna at 2 GHz. 
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Figure 7.3.3-4, coupling loss for 0-30 deg down tilt of an 8-element patch array antenna at 2 GHz.
7.3.4 Coupling loss, Comparison of the tilt angle, BS antenna height 10 m

The lower BS antenna height of 10 m resembles micro cell application.
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Figure 7.3.4-1, Coupling loss for 0-30 deg down tilt of a 2-element patch array antenna at 2 GHz. Antenna mounted at a height h= 10m. 
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Figure 7.3.4-2, coupling loss for 0-30 deg down tilt of a 4-element patch array antenna at 2 GHz. 
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Figure 7.3.4-3, coupling loss for 0-30 deg down tilt of an 8-element patch array antenna at 2 GHz. 

Considering the presented simulations, it become apparent that the AAS applications and spatial domain properties would highly affect the MCL and consequently the receive requirements and should be considered when deriving the AAS receiver requirements to ensure that the performance and integrity of AAS BS is maintained. 
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