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1.
Introduction
At last RAN4 meeting in Fukuoka (RAN4#75) a contribution with a text proposal about how to capture polarization properties with respect to RF Core requirement and conformance test requirement was presented [1]. This text proposal was not approved. The text proposal can be summarised as that OTA requirements shall be defined per polarization. This means for radiated transmit power that EIRP is declared and tested per polarization and for OTA sensitivity that EIS is declared and tested per polarization. This approach may result in extensive testing in terms of test time.
This contribution gives some background on how polarization properties for radiated transmit power can be captured for AAS base stations in an implementation neutral testing efficient and future proof manner.

2.


Discussion
Traditionally, characteristics associated to passive base station antennas are specified per polarization (e.g. gain, beam-width and beam-pointing direction). All requirements are associated with an antenna connector on the passive antenna. For AAS base stations RF core requirements captures the total performance of the integrated product in a “black-box” fashion. Therefore it is reasonable to work in a direction where the reference to the antenna connector is slowly abandoned. 
Defining the radiated requirement for radiated transmit power, EIRP should be defined as the power sum over two orthogonal polarizations. In the long term also complemented with a radiated requirement for beam parallelity.
2.1
Polarization

According to IEEE standard definitions of terms for antennas [2], the viewpoint taken for polarization is that this term can be used in three related meanings. It can apply for: to a field vector at some point in space, to a plane wave and to an antenna.
The polarization of a field vector specifies the shape, orientation ad sense of the ellipse that the extremity of the field vector describes as function of time. In a single-frequency plane wave, a specified field vector has the same polarization at every point in space. This is taken to be the polarization of the plane wave. 
The definition of the tilt angle of the polarization ellipse now requires that it be measured according to the right-hand rule, with the thumb pointing in a reference direction. For a plane wave, the reference direction is the direction of propagation. This is advantageous, since it removes any ambiguity about the specification of the orientation of the polarization ellipse. However, it should be noted that the polarization of the antenna is defined as that of the wave it radiates, whether it is used for transmitting or receiving. This means that for the receiving case, the coordinate system used to describe the polarization of the antenna and the incoming wave is oriented in opposite directions; see section 11 of IEEE Standard Test Procedures for Antennas [3]. There are two ways to handle this situation. One is to transform the polarization of the wave into the antenna’s coordinate system. The second is to define a receiving polarization for the antenna, which is that of the wave to which the antenna is polarization matched. This should not be taken to mean that one cannot use the antenna’s coordinate system, but rather that if it is done, it should be clearly specified as the polarization of the incoming wave referred to the antenna’s transmitting polarization. The term receiving polarization can also be applied to a nonreciprocal antenna that may only receive.

Polarization is defined as the orientation of the electric field of an electromagnetic wave. Polarization is in general described by an ellipse. Two special cases of elliptical polarization are linear polarization and circular polarization.

The interdependence of directivity and polarization has led IEEE to the inclusion of several terms, including partial directivity and partial radiation intensity. Partial directivity is defined to handle directivity per polarization (e.g. of the polarization of a dual polarized antenna element).  An electromagnetic wave can be broken down into two orthogonal components. Dual polarised passive base station antennas are traditionally characterized in terms of port-to-port isolation and co- and cross-polar radiation patterns. Traditionally, radiation patterns associated to passive base station antennas are characterized for a wanted polarization, e.g. + 45o or -45o in horizontal and vertical plane. A single column base station antenna consists of two antenna arrays, one for each polarization.

2.2
Total power

For AAS base stations with complex antennas with many radiation elements or sub-arrays, it is more suitable that radiation patterns are characterized by the total power patterns and virtual antenna port orthogonality. The requirement for radiated transmit power is capable of capturing total power, while a new requirement for virtual antenna port or beam orthogonally may be introduced later in future releases if required.  

The concept of evaluating the total power radiation pattern gives the possibility to utilize more degrees of freedom when a radiation pattern is created. Instead of using only spatially separated element also the polarization domain is included in the beam-forming, creating dual polarized beam-forming. For UE-specific beamforming where a codebook based pre-coding such as the one defined for E-UTRA is applied to a dual polarized antenna the resulting beam-forming will be dual polarized. The declared power per beam is therefore defined by:
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Where p1 and p2 denotes two orthogonal polarizations, see Figure 2.2-1. This definition of EIRP makes the specification and manufacturer declaration agnostic to polarization properties of the base station. The power available for randomly oriented UE(s) will be EIRP. Perfect orthogonality is created, but the polarization varies with spatial angle, as showed in Figure 2.2-1.
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Figure 2.2-1: Beam forming using polarization

Since the UE orientation is not defined it can be seen as random, which means that the rotation of polarization does not matter. Also the UE will utilize spatial diversity reception, in some case even with polarization diversity. The dual polarized beam forming offers more degrees of freedoms for creation of beam shaped for optimal coverage and more efficient power utilization. For a multi-column antenna for wide area deployment dual-polarized beam-forming is used to shape the beam for optimal sector coverage. 
The concept of defining the EIRP as the sum over two orthogonal polarizations will not discriminate any implementation with respect to polarization properties. In Figure 2.2-2 different antenna implementations with respect to polarization capabilities as visualized and total EIRP is evaluated.   
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Figure 2-2.2: AAS antenna implementation examples 
It is clear that total EIRP will capture the case where a dual polarized antenna is excited per polarization, where each beam is single polarized. Also the case where the beam is created from dual-polarized beam-forming is captured. If the radiated power is based on total EIRP both single polarized beams and dual polarized beams can be supported without any manufacturer declarations. Also the requirement will not mandate any polarization, the requirement is polarization neutral. Also from a testing perspective total EIRP is beneficial since the need for polarization matching procedure in the test phase is removed as described in a companion contribution about how to measure EIRP [3].

3.
Conclusion

This contribution have presented some background information about how to handle polarization characteristics for radiated transmit power. Currently, for non-AAS base stations the RAN4 RF core specifications does not capture anything about antenna polarization properties, however layer 1 specification in RAN1 have defined a codebook based pre-coding which results in dual polarized beam-forming. Currently there a no clear guidance in 3GPP how to capture polarization properties of RF core requirements and conformance test requirements. 

In this contribution we concluded that spatial beam characteristics should include polarization domain as part of the beam-forming. This means that EIRP as part of radiated transmit power requirement for AAS base stations shall be defined as the power sum of EIRP related to two orthogonal polarizations. A consequence is also that the RF core requirement and conformance test specification can be written in a polarization neutral manner without any need for additional manufacture declarations with respect to polarization capabilities. The total EIRP pattern includes polarization as a design parameter in the beam forming, together with element factors, element distances and array excitation.   
From a testing perspective, defining radiated transmit power based on total power will reduced test time, since polarization matching is not required.  

Proposal:

For radiated transmit power requirement define EIRP as the power sum over two orthogonal polarizations.
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