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1.
Introduction

To progress the work in the SI “Study of RF and EMC requirements for Active Antenna System (AAS)” simulations models applicable for array antennas are required to find proper requirements for AAS BS. 
This paper presents simulation results based on current definitions in TR 36.814 [1] applied on an array antenna. The simulations cover two different array antenna configurations: macro and micro. The goal behind this simulation was to investigate grating lobes and scan-loss characteristics of an array antenna. 
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.
2. Discussion
As discussed in [2, 3, 4, 5, 6] the spatial characteristics are essential for an AAS BS. The spatial characteristics will describe capabilities enabling spatial filtering and thereby reducing interference and increase the total cell capacity. To be able to analyze network performance introducing the spatial domain a detailed antenna array model must be defined.
In [2, 5, 6] additional element models are described. The model in this paper is based on current element models defined in TR 36.814 [1].
2.1 Antenna model
The reference system of the antenna system 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 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 1.
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Figure 1: Definition of antenna radiation pattern azimuth () and vertical () angles.
An antenna array is a set of N spatially separated antenna elements. The array antenna has the ability to filter the electromagnetic environment it is operating in based on the spatial variation of the signal present. 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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(1)
The spatial variation of the signal s(t) as function of time and position can then be written according to:
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(2)
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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(3)
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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(4)
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 described in Equation 5 as function of tilt angles 0 and 0.
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(5)
In TR 36.814 [1] section A.2.1.1.1 the EF is defined as:
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(6)

, where the vertical and horizontal component is expressed separately as:
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(7)
The simulations were performed with the following parameter settings: The horizontal beam-width (
[image: image9.wmf]dB
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) is set to 75 degrees, the horizontal front-back ratio (
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) is set to 30 dB, the vertical beam-width (
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) is set to 75 degrees, the vertical front-back ratio (
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) is set to 30 dB and electrical antenna down-tilt (
[image: image13.wmf]etilt

Q

) is set to 0 degrees. 
Combining Equation 4 and 6 gives the composite far-field antenna pattern (in decibel) as:
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(8)

The combined radiation pattern is peak normalized and plotted in section 2.3. 
2.2 Array configuration
Antenna arrays for two typical configurations are studied covering macro and micro scenarios, as showed in Figure 2.
For the macro scenario a configuration with four 10 element uniform linear array (ULA) placed together creating a 4x10 array is assumed. With this configuration it is possible to simulate vertical antenna features such as beam tilting and lobe shaping. 

For the micro scenario a 4x4 element array is assumed. With this configuration it is possible to simulate spatial properties in both azimuth and vertical axes.
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Figure 2: Array configuration for macro and micro scenarios

As showed in Figure 2 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.
2.3 Results
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 1.

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

	1
	0
	0

	2
	0
	50

	3
	30
	0

	4
	30
	50


Table 1: Beam steering parameters

As seen in the far-field plots below the grating lobe response is changing as function of steering angles and element separation. 
2.3.1

Macro scenario
In Figure 3 and 4 the macro scenario far-field pattern is plotted for different array geometries.
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Figure 3: Far-field plots for d=0.5.
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Figure 4: Far-field plots for d=0.9.
The results in Figure 4 shows for geometries with large element separation (dEl=dAz=0.9 that the grating lobe level is 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 5. The scan-loss is an important factor to include into further high level system simulations by using an appropriate antenna model. 
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Figure 5: Directivity plots.
In Figure 5 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.
2.3.2

Micro scenario

In Figure 6 and 7 the micro scenario far-field pattern is plotted for different array geometries.
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Figure 6: Far-field plots for d=0.5.
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Figure 7: Far-field plots for d=0.9.
The results in Figure 7 shows for geometries with large element separation (dEl=dAz=0.9 that the grating lobe level is 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 8. 
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Figure 8: Directivity plots.

In Figure 8 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.
3.
Conclusion
This paper presents simulations results for two different scenarios with different array geometries. A vital conclusion is that when doing simulations including an AAS it is important to use an array antenna model capturing phenomenon such as side lobe suppression, directivity, grating lobes and beam width.

It can be seen from the results that effect of side lobe suppression and directivity will have direct impact on the network performance doing system simulations. 
It is recommended that the expression for combined pattern for an array antenna (Equation 8) to be included in the TR 37.840, together with relevant parameters and reference coordinate system. 
4.
References
1.
TR 36.814 v9.0.0, “Further Advancements for E-UTRA Physical Layer Aspects”, 3GPP

2.
R4-121835, “Modelling Active Antennas”, Kathrein

3.
R4-120908, “Proposal to modelling active antennas”, Kathrein

4.
R4-121644, “On AAS transmitter spatial domain distribution of emissions”, Ericsson

5.
R4-121215, “Active Antenna Modelling”, Alcatel-Lucent

6.
R4-121624, “TP for simulation assumptions for AAS”, Huawei







































3GPP


_1396850426.unknown

_1398245787.doc



[image: image1]









k







(







z







y







x




















_1398246475.unknown

_1398502240.unknown

_1398177733.unknown

_1398178167.unknown

_1398177788.unknown

_1398172888.unknown

_1396775837.unknown

_1396777309.unknown

_1396777322.unknown

_1396703345.unknown

_1396703439.unknown

_1394961704.unknown

