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1.
Discussion and Proposal
In previous RAN4 meeting a contribution with AAS spatial performance simulation results was presented [1]. The model and some results were collected as a text proposal [2]. The text proposal was not agreed due to miss alignment with simulation assumptions. 

This contribution is a revised and compressed version of the previous version. In this version all simulations results are based on assumption agreed at the last meeting [3]. This contribution presents a generic model for generating far-field characteristics for an array antenna with large tilt angles applied. The model holds vital information related to how far-field pattern can be normalized when determining the array antenna gain. The antenna gain is needed for system and link simulations where AAS BS is included.
The antenna model and related simulation results are collected as a text proposal. It is proposed that the attached text is included in TR 37.840. 
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[Text Proposal]
7.2.x
Scan-loss
<Text to be added> 

< Editor’s comments: Section to be added handling array antenna directivity characteristics >
The spatial characteristics will describe capabilities of enabling spatial filtering and thereby reducing interference and increase the total cell capacity. The directivity is a vital property of an array antenna. The directivity of an array antenna will depend on element separation, element characteristics and applied tilt angles. 

The simulations in this section will analyze radiation pattern and directivity of an array antenna when large tilt angles are applied. The directivity of an antenna is crucial property to capture in link- and system level simulations analyzing receiver in-band blocking or cell capacity. 
The element factor models the properties of the element pattern of the radiating element in the far-field.  In the following analysis the element factor is defined by: 
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 is defined in section X. 

The configuration of the array antenna is defined by the position matrix: 
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The wave-vector 
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 is defined to represent the magnitude of the phase change along the x-, y-, and z-axis as:
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. In the far-field the narrowband signal will have the characteristics of a plane wave. For an array antenna with elements placed in the yz-plane the wave-vector is:
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Using superposition of single fed antenna elements the composite array far-field pattern is calculated as the sum from all elements as showed below.
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The composite far-field pattern is weighted by
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, and summed together to produce the antenna array output. If the antenna elements are identical (this is a simplification and not true for an active array implementation, where elements will interact with each other) the array output reduces to:
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The quantity in parenthesis is referred to as the array factor. The radiation pattern plotted in logarithmic scale as
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For a 10 element ULA antenna the main beam direction can be controlled by applying a set of linear phase taper weights. The weights are calculated as function of tilt angle
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The directivity for an array antenna is calculated as: 
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, where 
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 is the maximum value of the far-field pattern.

To evaluate the directivity as function of tilt angles an array model consisting of 10 elements is prepared. The elements are placed along the z-axis forming a 10 element ULA antenna. The main beam is tilted electrically by applying linear phase taper weights.  Since the directivity of an array antenna is depended of the element separation distance, the directivity will be calculated for tree different configurations with element separation of 0.5, 0.7 and 0.9.

To visualize side lobe and grating lobe response as function of element separation and tilting the radiation pattern is plotted as maximum normalized far-field pattern for 0, 20 and 40 degrees down tilt angles in for array configuration with element separation of 0.5 and 0.9. 
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Figure 7.2.x-1: Radiation pattern for element separation of 0.5

As seen in Figure 7.2.x-1 the radiation pattern is dominated by the main beam for array antennas with 0.5 element separation.
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 Figure 7.2.x-2: Radiation pattern for element separation of 0.9


In Figure 7.2.x-2 the element separation distance is increased to 0.9. It can be noticed that with this configuration the antenna is more susceptible to generate grating lobes when tilt is applied. The grating lobes will impact antenna directivity by radiating energy is unwanted directions.

The directivity of the antenna will depend on the tilt angle and element separation as showed in Figure 7.2.x-3.


[image: image17.png]Directivity in dBi

20

19

18

2

2

15

14

Directivity

—dEI=0.5%
—dEI=0.7%

——dEI=0.92 ||

13
0

10

15

Il
20 25 30
Tilt angle in degrees

35

40

45

50

18-Jun-2012 Antenna definition: 10ULA




Figure 7.2.x-3: Directivity as function of tilt angle.

The directivity loss due to large tilt angles is known as scan-loss, Figure 7.2.x-2 show scan-loss characteristics for a 10 element ULA antenna different element separations and tilt-angles. Since the gain of an antenna is directly associated to the directivity is it important to capture the scan-loss characteristics in link level and system level simulation studies.

 [The end of text proposal]
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