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1 Introduction
In RAN1#74bis, a TP [1] for mechanical tilt is discussed.  It is proposed to reuse the field pattern model in [2] to calculate the 3D channel coefficients.  It is concluded that further offline discussion are needed.  In [3] and [4], issues related to the polarized antenna modeling in [2] were discussed.  Those issues suggest that the polarized antenna modeling in [2] may be insufficient for 3D channel modeling.  In this contribution, we discuss the field pattern model for polarized antennas.
2 Previous Discussions on Polarized Antenna Modeling
The polarized antenna modeling was previous discussed since RAN1#56bis through RAN1#74bis for LTE-A self-evaluation.  Two models were proposed to model the field pattern of a slant vertical polarized antenna:
· Alt-1: Slant ideal dipole antenna model [6].  The field pattern in the horizontal cut in the (antenna array) local coordinate system (LCS) is defined as

where  is the azimuth in the LCS,  is the predefined antenna gain pattern,  is the slant angle from the -axis of the LCS.
· Alt-2: Angle independent model [7][8].  The field pattern in the horizontal cut is defined as

Both Alt-1 and Alt-2 were compared with measured pattern of practical antennas.  It was identified in [7] that with Alt-1 the changes in polarization tilt are slightly larger than that measured from real-world antennas.  It was also identified that neither Alt-1 nor Alt-2 can capture the changes in ellipticity.  However, due to the power loss caused by the angle-dependent term , the composite antenna gain pattern in Alt-1 is different from the expected one, i.e., .  In order to make the composite gain pattern comply with the predefined one, Alt-2 was adopted and captured in [2].  
Since the dependency of impinging/outgoing angles is removed, using Alt-2 to generate channel coefficients may lead to some unreasonable observations.  The simulation results in [3] show that instead of an evenly distributed PMI reporting, certain PMI is dominating for a 2 TX cross-polarized array and a 2 RX co-polarized array configuration.  It is shown in [4] that if the boresight of the eNB array and that of the UE array are aligned, the channel gain is vanished under the LOS assumption.  For 3D channel modeling, both azimuth and elevation are modeled.  If we simply reuse Alt-2, not only the dependency of azimuth but also that of elevation will be removed.  Hence, a refined field pattern should be developed to provide more accurate 3D fast fading model.
3 Spherical Rotation-Based Polarized Antenna Model
In [10][1], the field pattern after mechanical tilting is derived by applying the rotation of 3D coordinates and the projection of spherical coordinate basis.  In this section, we follow the same approach to derive the field pattern of a slant linear vertical polarized antenna.  As shown in Figure 1, denote  as the element LCS and  is parallel to the boresight direction.  Denote as the spherical coordinate basis in the element LCS.  
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Figure 1: Definition of angles and spherical basis vectors when the element local coordinate system has been rotated an angle α around the x-axis of the array coordinate system.
Assume the polarized antenna is obtained by rotating a vertical polarized antenna about the -axis and denote the rotation angle as .  The field pattern after rotation can be modeled as
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where  is the azimuth and zenith in the array coordinate system,
	
	
	(2)

	
	
	(3)


 and  are the field pattern of the vertical polarized antenna element in its LCS,
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 characterizes the projection of  on , which is given by
	
	
	(5)


Substituting (4) into (1), we have
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Note that the field pattern in (6) is an angle-dependent model.  Clearly, the composite antenna gain pattern with this model complies with the predefined one.  When , the model in (6) reduces to the field pattern of a vertical polarized antenna.
Next, we show that the issue raised in [4] can be addressed with this new field pattern model.  As shown in Figure 2, we consider the same cases discussed in [4].  We assume an omnidirectional gain pattern and consider a single LOS ray parallel to the horizontal plane, i.e. .  Since the transmit antenna and receive antenna are orthogonal in both cases and there’s only single LOS propagation ray, the channel gain should be zero.  It has been shown in [4] that the reuse of field pattern model Alt-2 results in an incorrect channel gain for Case 1.  
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Figure 2: Case 1 – the eNB boresight and the UE boresight are pointing to the same direction.
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Figure 3: Case 2 – the eNB boresight and the UE boresight are pointing to the opposite directions.



Following eq.(25) in [11] and using the rotation based polarized antenna model in (6), the channel gain is given by
	
	
	(7)


Note that for both cases, we have  and .  Consequently, we have .  The channel gain in each case is summarized in Table 1.  It shows that using the rotation based model can result in correct channel gain for both cases.
Table 1: Channel gain with different boresight alignment.
	
	
	
	
	

	Case 1
	
	
	
	0

	Case 2
	
	
	
	0


Proposal: Capture the rotation based polarized antenna model in TR36.873.
4 Conclusion
In summary, we discuss the modeling of polarized antennas and show that the rotation based model can address some problems of reusing the angle-independent polarized antenna model. 
Proposal: Capture the rotation based polarized antenna model in TR36.873.
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