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1.
Discussion and Proposal
In previous RAN4 meeting several examples of array antenna models has been presented [1, 2, 3]. In this paper a generic model for generating far-field characteristics for array antenna is presented. The model and some results are collected as a text proposal. It is proposed that the attached text proposal is included in TR 37.840. 
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Study of AAS characteristics
<Text to be added> 
This section handles studies applicable for both transmitter and receiver characterises.

X.1
General review of characteristics

<Text to be added> 

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

< Editor’s comments: identify AAS specific characteristics >
X.2
Spatial characteristics

<Text to be added> 

< Editor’s comments: elaborate the transmitter spatial characteristics>
The spatial characteristics will describe capabilities of enabling spatial filtering and thereby reducing interference and increase the total cell capacity. 

The studies in this section will analyze grating lobes and scan-loss characteristics of an array antenna with large steering angles applied. 

The result can be used to visualize and understand spatial properties vital for AAS BS and further studies regarding e.g. interference and network capacity system simulations.

The reference coordinate system of the antenna model is a Cartesian right-handed coordinate system as defined in TR 36.814 section A.2.1.6.1. The z-axis is directed in the mechanical vertical direction of the antenna system, the x-axis is directed in the straight forward direction, and the y-axis is directed perpendicularly to the z- and x-axes, straight out from the side of the antenna system, see Figure X.2-1.

For the antenna pattern, the reference axis for the azimuth (horizontal) angle  is the x-axis, and the reference axis for vertical (polar) angle  is the z-axis. The azimuth angle  is defined for – to  measured of the x-axis and the vertical angle  ranging from 0 to  measured of the z-axis. The vector k denotes direction of propagation for a particular choice of spherical angles. The aperture of the array antenna is in the xy-plane as showed in Figure X.2-1.
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Figure X.2-1: Definition of antenna radiation pattern azimuth () and vertical () angles.
An antenna array is a set of N spatially separated antenna elements. The location of each antenna element can be described by a vector dn, where dn=[xn yn zn] and n=1..N.

The wave-vector k is defined to represent the magnitude of the phase change along the x-, y-, and z-axis as k=[kx ky kz]. In the far field the narrowband signal will have the characteristics of a plane wave. For a receiving antenna array the wave-vector is determined to:
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The spatial variation of the signal s(t) as function of time and position can then be written according to:
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The normalized field pattern for each antenna element can be described as function of the wave-vector noted f(k). Using superposition of single fed antenna elements the total array output is calculated as the sum from all elements as showed below.
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The output from the array antenna is weighted by wn, 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 (AF). The output is proportional to the transmitted signal, multiplied by the element factor (EF) and the AF. 

For an arbitrary array antenna the main beam direction can be controlled by applying a set of linear phase taper weights. The weights (wn) are calculated as function of tilt angles 0 and 0.
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In TR 36.814 [1] section A.2.1.1.1 the EF is defined as:
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, where the vertical and horizontal component is expressed separately as:
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The simulations were performed with the following parameter settings: The horizontal beam-width (
[image: image9.wmf]dB

3

j

) is set to 75 degrees, the horizontal front-back ratio (
[image: image10.wmf]m

A

) is set to 30 dB, the vertical beam-width (
[image: image11.wmf]dB

3

Q

) is set to 75 degrees, the vertical front-back ratio (
[image: image12.wmf]v

SLA

) is set to 30 dB and electrical antenna down-tilt (
[image: image13.wmf]etilt

Q

) is set to 0 degrees. 

The composite far-field pattern (in decibel) for an array antenna can be expressed as:
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X.3
Simulation results

<Text to be added> 

< Editor’s comments: some numerical results, for example, the comparison study at different reference points>
Antenna arrays for two typical configurations are studied covering macro and micro scenarios, as showed in Figure X.3-1.

For the macro scenario a configuration with four 10 element uniform linear array (ULA) placed together creating a 4x10 array is assumed. 

For the micro scenario a 4x4 element array is assumed. 
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Figure X.3-1: Array configuration for macro and micro scenarios

As showed in Figure X.3-1 the antenna elements are placed in the y-z plane with dn=[0 yn zn] for all elements. This means that the un-tilted lobe is pointing along the x-axis.

The array antenna model was setup for the two scenarios for two different element separations dy=dz=0.5 and dy=dz=0.9.

The simulation is performed for different tilt angles according to Table X.3-1.

	Beam steering
	tilt [degrees]
	tilt [degrees]

	1
	0
	0

	2
	0
	50

	3
	30
	0

	4
	30
	50


Table X.3-1: Beam steering parameters

X.3.1

Macro scenario
In Figure X.3.1-1 and X.3.1-2 the macro scenario far-field pattern is plotted for different array geometries.
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Figure X.3.1-1: Far-field plots for d=0.5.
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Figure X.3.1-2: Far-field plots for d=0.9.

The results in Figure X.3.1-2 shows for geometries with large element separation (dEl=dAz=0.9 that the grating lobe levels are very high for large tilt angles.

Given the far-field pattern and the element configuration it is possible to calculate the total directivity of the array antenna. As a result of high grating lobe levels the directivity is falling as function of tilt angle showed in Figure X.3.1-3. The scan-loss is an important factor to include into high level system simulations by using an appropriate antenna model. 
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Figure X.3.1-3: Directivity plots.

In Figure X.3.1-3 the scan-loss is plotted for vertical antenna element separation dEl=0.5 and azimuth antenna separation dAz=0.5, 0.9 for vertical down-tilt of 0-30 degrees.
X.3.2

Micro scenario

In Figure X.3.2-1 and X.3.2-2 the micro scenario far-field pattern is plotted for different array geometries.
[image: image20.png]6 [deg]

6 [deg]

Rect , dEI=0.5), dAz=0.5 1, VAilt=0°, Htilt=0°

20
40
60
80

100

120

140

160

180
-150 100 -50 0 50 100 150

¢ [deg]

Rect , dEI=0.5), dAz=0.5 1, Viilt=30°, Htilt=0°

20
40
60
80

100

120

140

160

180

-150 100 -50 0 50 100 150

6 [deg]

6 [deg]

Rect , dEI=0.5), dAz=0.5 3, Viilt=0°, Htilt=50°

20
40
60
80

100

120

140

160

180
-150  -100 -50 0 50 100 150

¢ [deg]

Rect , dEI=0.5), dAz=0.5 ), Viilt=30°, Htilt=50°

-150  -100 -50 0 50 100 150




Figure X.3.2-1: Far-field plots for d=0.5.
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Figure X.3.2-2: Far-field plots for d=0.9.

The results in Figure X.3.2-2 shows for geometries with large element separation (dEl=dAz=0.9 that the grating lobe levels are very high for large tilt angles.

Given the far-field pattern and the element configuration it is possible to calculate the total directivity of the array antenna. As a result of high grating lobe levels the directivity is falling as function of tilt angle showed in Figure X.3.2-3. 
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Figure X.3.2-3: Directivity plots.

In Figure X.3.2-3 the scan-loss is plotted for vertical antenna element separation dEl=0.5 and azimuth antenna separation dAz=0.5, 0.9 for vertical down-tilt of 0-30 degrees.

X.4
Requirements for AAS
<Text to be added> 
< Editor’s comments: concluding the requirements for AAS transmitters>

< Editor’s comments: concluding the reference point for the requirements for AAS transmitters>
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