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1. Introduction

In TR36.873 [1], two different models are considered for the derivation of the radiation field patterns  in - and -direction for single and dual-polarized antenna elements. Both models are based on a defined radiation power pattern  [2] and utilize the so-called slant angle  to generate vertically polarized (), horizontally polarized (), or cross-polarized () antenna elements.

In Model-1, the two field patterns of a polarized antenna element are generated by rotating a purely vertically polarized radiator along the boresight direction with a defined polarization slant . The two field patterns of the vertically polarized radiator are defined by 

	and .
	(1)



In Model-2, the polarization slant is modelled as angle-independent in both azimuth  and elevation , such that the field patterns with respect to the vertical and horizontal polarization of a rotated antenna element are given by and , respectively. Note that due to the  and  terms in the two radiation field patterns, the cross-polar field component is always zero for polarization slants of  and 

In [3], the polarization parallelity has been evaluated for typical base station antennas. It was shown that real-life dual-polarized antennas tend to maintain orthogonal polarization only in a small region in main beam direction. Outside the main lobe, antennas typically have worse polarization orthogonality. Moreover, it was shown that both models (Model-1 and Model-2) do not correctly characterize the polarization behavior of realistic dual-polarized antenna elements and a new model is required.

In this work, we present a new model to generate the two field components of dual-polarized antenna elements for a given power pattern. In detail, we adopt Model-1 and replace the two field patterns of the vertically polarized radiator defined in (1) by more realistic expressions.

2. Simple model for polarized antennas
The qualitative behavior of a single antenna element used in typical dual-polarized base station arrays can be achieved by a λ/2-dipole (red) with a λ×λ flat reflector of distance λ/4, as shown in Fig. 1 (a). The antenna could also be extended by a second dipole (blue) which is oriented orthogonally with respect to the first λ/2-dipole to reproduce the typical field patterns of a dual-polarized antenna element. Fig. 1 (b) and (c) show the partial radiation power patterns of the two field components obtained by an antenna simulation (HFSS).
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Fig. 1: Simulated partial radiation power patterns of a λ/2 dipole (red) in front of a λ × λ reflector at a distance of λ /4.



Based on the obtained result shown in Fig.1 (c), a simple mathematical model describing the shape of the cross-polarized component (see, Fig. 1 (c)) can be derived as

	,
	(2)



where K is a variable gain, R is the exponent and  is a small positive constant. The three parameters (K, R, ) can jointly be optimized to minimize the approximation error to the simulated field pattern, or to fit to the pattern of a realistic antenna element. Table 1 lists some plausible parameter ranges for (K, R, ). 

Table 1: Parameter ranges for (K, R, ).
	Parameter
	Range

	K
	[0,10]

	R
	[1,2]

	
	[



Based on (2), we propose two expressions for the radiation field patterns of a vertically polarized antenna element to be used in Model-1. The radiation field patterns in theta- and phi-direction for  (vertically polarized radiator) are given by

	
	(3)

	and
	

	
	(4)



where the total radiation power pattern of the antenna element is given by 

	+ 
	(5)



with  being defined in [1], [2], and (K, R, ) being parameters whose values are defined in Table 1. Note that when setting to zero, we obtain the field patterns of the ideally vertically polarized radiator in (1).

Fig. 2 shows the field patterns  and  and the radiation power pattern  of the modelled vertically polarized radiator.
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	(c) 

	Fig. 2: Partial radiation field patterns in theta- and phi-direction and radiation power pattern of a vertically polarized radiator as defined in (2)-(5) with (K=3, R=1, ).



3. Evaluation Results
To validate the proposed polarization antenna model, the cross-polarization discrimination (XPD) that directly addresses the power leakage from the intended polarization plane to the cross-polarized plane of the antenna is evaluated. The XPD of the vertically polarized antenna element is defined by

	[dB].

	(6)


Fig. 3 shows the XPDs obtained from the antenna model (2)-(5) and the HFSS design shown in Fig. 1. A qualitative similar behavior between both plots in Fig. 3 is observed when setting the parameters (K,R,) of the model to K=3, R=1, . Both patterns are characterized by a similar rhombus-shaped region having a high XPD and four local regions where the XPD is relatively low. We oberve that the XPD is large in the main lobe direction, but at other azimuth and co-elevation angles away from the main lobe, the XPD significantly decreases to low values. At such directions, the majority of the energy is radiated in the orthogonal polarization instead of the intended polarization. 
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Fig. 3: XPD [dB] of the modelled vertically polarized () antenna element (left) compared to the HFSS simulation (right).



[bookmark: _GoBack]Fig. 4 shows the XPDs evaluated from measurements of different base station antenna elements. We observe a similar shape of the patterns compared to Fig. 3 showing the effectiveness of the proposed model. 

Observation 1: The proposed new antenna model used for the vertically polarized radiator in Model-1 shows a realistic polarization behavior over the whole azimuth and elevation range.
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Fig. 4: XPDs in [dB] for vertically polarized () antenna elements used in typical base station arrays.



Fig. 5 shows the polarization parallelity defined in [3, equation (5)] for a ) dual-polarized antenna element obtained by Model-1 using (2)-(5) and a dual-polarized patch antenna deployed in an array antenna. Comparing both plots in Fig. 5, it turns out that the qualitative behavior of a realistic dual-polarized antenna can correctly be modelled. 

Observation 2: Based on the proposed antenna model, Model-1 allows a more realistic modelling of dual-polarized antenna elements.

Based on the above observations, we propose the following:

Proposal 1: Extend Model-1 in TR 38.901 to include the proposed polarized antenna model.
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Fig. 5: Polarization parallelity for a (, ) dual-polarized antenna element obtained by Model-1 using the new field patterns from (2)-(5) (left) compared to a measured dual-polarized antenna element (right). 



4. Conclusion
The current two antenna models defined in [1] do not correctly reflect the polarization effects beside the antenna-boresight directions. Therefore, a new polarization model has been proposed that yields more realistic polarization effects of an antenna element in combination with Model-1.

Based on our evaluations we conclude with the following proposal and observations.

Observation 1: The proposed new antenna model used for the vertically polarized radiator in Model-1 shows a realistic polarization behavior over the whole azimuth and elevation range.

Observation 2: Based on the proposed antenna model, Model-1 allows a more realistic modelling of dual-polarized antenna elements.

Proposal 1: Extend Model-1 in TR 38.901 to include the proposed polarized antenna model.
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