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1. Introduction
In TR36.873 [1] two different models are considered for the derivation of the radiation field patterns F in - and -direction based on a defined radiation power pattern A. Furthermore these models shall be used to generate the field patterns for dual-polarized antenna elements.
Both models utilize the so-called slant angle  to generate vertically polarized (), horizontally polarized (), or cross-polarized () antenna elements.
Model-1 is based on the idea that the differently polarized antennas can be modelled by rotating a radiator with a defined polarization slant along the boresight direction.
As it is assumed that the radiation power pattern is independent of the antennas polarization slant, there is only a single radiation power pattern defined in [1]. Furthermore it is assumed that in case of a vertically polarized antenna element, the -component of the radiation field pattern is zero, i.e. an ideal vertically polarized antenna. The radiation field patterns for the two orthogonal field components are then given by 
	
	(1)

	and
	

	
	(2)


where,


Model 2 – a constant polarization model – assumes that the polarization slant can be modelled as angle-independent in both azimuth  and elevation , such that the field patterns with respect to the vertical and horizontal polarization of the antenna element are given by and , respectively.
This assumption is based on observations made in [2], where the polarization parallelity (PP) of cross-polarized () antennas is analyzed, while PP is defined as
	
	(3)


with  and 
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	Figure 1: Polarization parallelity (PP) results presented in [2]



Based on Fig. 1, the following conclusions were drawn:
1) Typical base station antennas have a PP close to zero for all 
2) The angle-independent model (Model 2) is a better approximation of real-life antenna polarization properties.
This contribution shall motivate a re-evaluation of these conclusions based on a discussion of the utilized PP metric as well as by real measured 3D radiation field patterns.

2. New measurement results for antenna polarization
An indicator for the orthogonality between two complex field vectors  and  is simply given by the inner product of these two vectors 
	
	(4)


We assume that (4) was the basis for the PP metric definition proposed in [2]. When comparing (3) and (4), we obviously see that there is a difference because of the squared magnitude of the inner product between the two vectors, which may potentially lead to wrong interpretations. In particular, the squared magnitude shifts the results closer to zero, i.e. perfect orthogonality. Therefore, we propose to re-define the PP as
	
	(5)



Fig. 2 illustrates the difference between the PPs defined in (3) and (5) for the two ports () of a dual-polarized patch antenna element deployed in an array antenna that was measured in an anechoic chamber. It is shown that over the azimuth and elevation range of [-100°, 100°] and [-90°, 90°], respectively, the polarization orthogonality is significantly overestimated (large blue-shaded area where the values are close to zero or less than -20 dB) when using the PP metric proposed in [2]. Moreover, from the two right hand plots it can be observed that only in the region around the main beam direction low values close to zero (lower than -15 dB) are obtained. However, for the majority of directions, the PP is relatively high and the antennas have worse polarization orthogonality. As a result from Fig 2, we can conclude that only horizontal or vertical cuts (like proposed in [2]) of the radiation patterns are not sufficient to characterize the complete polarization behavior of the antenna elements.
Observation 1: Real-life dual-polarized antennas tend to maintain orthogonal polarization only in a region around the main beam direction. For other directions than the main beam, the antennas have worse polarization orthogonality.
Similar conclusions can be drawn when analyzing the two ports of dual-polarized patch antenna elements from different array antennas as shown in Fig 4. 
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	Polarization parallelity as proposed in [2] (linear scale)
	Polarization parallelity as proposed in (5) (linear scale)
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	Polarization parallelity as proposed in [2] (in dB)
	Polarization parallelity as proposed in (5) (in dB)

	
Figure 2: Comparison of polarization parallelity metrics (linear scale and logarithmic scale) for measured dual-polarized patch antenna element.



3. Polarized antenna model comparison
The antenna model that is currently predominantly used for performance evaluations, i.e. Model-2 in [1] (Section 7.1.1), shows perfect polarization orthogonality (the PP is zero) for all - and  directions. 
Observation 2: The currently predominantly used polarized antenna model (Model-2) lacks realistic behavior as it overestimates the polarization orthogonality.
Moreover, Fig. 3 exemplifies the PP using (5) based on Model-1 for a () dual-polarized antenna element ( purely vertically polarized antenna port and its-rotated counterpart). Some similarities in this figure can be seen with the PP of a real antenna presented in Fig. 2. However, it also turns out that the behavior of a realistic dual-polarized antenna element cannot be correctly modelled. 
Proposal 1: Due to the superior model behavior of Model-1 over Model-2, Model-1 shall be used for evaluations until a new polarized antenna model is developed.
Proposal 2: A new polarized antenna model shall be developed that incorporates the non-ideal behavior of realistic antennas.
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Figure 3: PP using (5) and Model-2 for a (, ) dual-polarized antenna element ( purely vertically polarized antenna port and its-rotated counterpart)



4. Conclusion
The current antenna models do not correctly reflect the polarization effects beside the antenna-boresight directions. Therefore, we propose that a new polarization model is required that reflects the effects of cross-polarization over the full angle range with respect to azimuth and elevation more accurately.
Based on our evaluations we conclude with the following observations and proposals:
Observation 1: Real-life antennas tend to maintain orthogonal polarization only in a region around the main beam direction. For other directions than the main beam, the antennas show less polarization orthogonality.
Observation 2: The currently predominantly used polarized antenna model (Model-2) lacks realistic behavior as it overestimates the polarization orthogonality.
Proposal 1: Due to the superior model behavior of Model-1 over Model-2, Model-1 shall be used for evaluations until a new polarized antenna model is developed.
Proposal 2: A new polarized antenna model shall be developed that incorporates the non-ideal behavior of realistic antennas.
5. [bookmark: _GoBack]Appendix
Fig 4 shows examples of the PP using (5) for realistic dual-polarized antenna elements deployed in real-life array antennas.
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	Figure 4: Polarization parallelity for measured dual-polarized antenna elements utilized in different array antennas.
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