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1.
Introduction
At previous RAN4 meetings it was agreed to re-use the parameterized antenna model defined in TR 36.814 [1], Annex A.2.1 for a single antenna element. The antenna element model will be used as a building block creating an antenna array model for coexistence simulations as described in TR 37.840 [2].
In TR 37.840, section 5.4.4.2 parameters defining the antenna element characteristics are stated. This contribution will present an analysis of the directivity of a single antenna element based on currently defined parameter values.
The conclusion is collected in a text proposal for the TR. It is proposed to update Table 5.4.4.2-2 aligning assumed element gain with calculated directivity.
2.
Discussion

According to TR 37.840, section 5.4.4.2 the radiation pattern for a single antenna element for vertical and horizontal plane is defined as:
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Where the composite element pattern is calculated as:
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Since the vertical and horizontal contribution is maximum normalized the composite radiation pattern is adjusted with a gain factor (
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Together with the parameterized model corresponding parameter values are defined in Table 5.4.4.2.-1. The parameters related to the element characteristics are listed below. 
	Horizontal 3dB beam-width
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	Vertical 3dB beam-width
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	Element gain
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For a ULA antenna with element separation of 0.9 the vertical beam-width is typical greater than 65 degrees. The horizontal beam-width is defined by a 3-sector site configuration and often set to 65 degrees. For a passive array antenna the horizontal beam-width is set to 65 degrees by using baffles. The vertical beam-width is normally not limited by baffles since the element separation will then be affected, resulting in a vertical beam-width in the range of 70-90 degrees. 
The electrical far-field pattern generated by a single antenna element can be expressed as: 
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 is the far-field pattern in dB.

The directivity of a single antenna element is defined as: 
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 is the maximum value of the far-field pattern.

The directivity is plotted in Figure 1 as function of vertical beam-width (
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) and horizontal beam-width (
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). From Figure 1 the directivity variation can be identified to be in the interval 8-13 dBi depending of element beam-width configuration. 
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Figure 1. Element directivity
For an element configuration with beam-widths of 65 degrees for both horizontal and vertical domain, as assumed for simulations of coexistence in TR 37.840, Table 5.4.4.2.-1 the directivity for a single element is 9.8 dBi.
According to IEEE “standard definitions of terms for antennas” [3] the antenna gain is equal to the directivity if no dissipative loss is present. Currently the loss associated with the array antenna is assumed to be 0 dB, while the directivity calculations and assumed element gain of 8 dBi indicates a loss of 1.8 dB, according to the definition of antenna gain.  

3.
Conclusion
The calculated directivity will not add up with assumed element beam-widths. As a result from this an antenna array loss of 1.8 dB will be introduced. 

The misalignment can be mitigated by changing element gain, beam-widths or introduce an antenna array loss that corresponds to the assumed gain and calculated directivity.

We propose to set the array antenna loss to 1.8 dB and keep the element gain to 8 dBi and beam-widths set to 65 degrees.
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5.4.4.2
Summarized parameters 
The parameters for the 3D antenna model are defined in Table 5.4.4.2-1 and Table 5.4.4.2-2 below:
Table 5.4.4.2-1 Element pattern 
	Horizontal Radiation Pattern 
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	horizontal 3dB bandwidth
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	Front to back ratio
	Am = 30dB

	Vertical Pattern  method
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	Vertical 3dB bandwidth
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	Side Lobe lower level
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	3D element Pattern 
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	Maximum directional gain of the element 
	GE,max  = 8dBi   (Note 1)

	Note 1: Valid only for horizontal and vertical element beam width of 65˚.


Table 5.4.4.2-2 Composite array pattern for single column
	Configuration
	Single column (10 elements)

	Vertical radiating element spacing 
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	Composite Array radiation pattern in dB 
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the weighting is given by
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the super position vector is given by
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	Maximum array gain for a single column array
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	Active Array Loss
	1.8 dB

	Cable loss with Passive Antenna system
	1 dB

	Note 1: Value of 0.9λ is used for simulation purposes so the AAS gain is comparable with the passive antenna system. Other value may be used in practice.


Table 5.4.4.2-3 Composite array pattern for multiple column
[The end of text proposal]
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