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1. Introduction

Polarization is a property fundamental for all antennas, including passive and active base station antennas. For base stations the polarization domain is exploited for both DL and UL to be able to archive optimal coverage. It is vital to find AAS RF core requirements and AAS conformance test requirements that are defined in a manner that testing is time wise effective without restricting any implementation.  
At the meeting in Beijing (RAN4#76) a contribution about polarization properties with respect to radiated requirements was submitted [1], but not presented due to lack of meeting time. At the meeting in Beijing the polarization aspect related to OTA sensitivity was captured in agreed text proposal for section 7.2 in TR 37.842, therefore this contribution only relevant for radiated transmit power requirement for AAS base stations.

This contribution presents a proposal for how polarization characteristics can be captured in TR 37.842, AAS RF core specification and AAS conformance test specification with respect to the definition of radiated transmit power requirement applicable for AAS base stations.
2. Discussion

For AAS base stations RAN4 has decided to set a requirement on radiated transmit power at supported beams. The requirement is based on declared EIRP per beam, where the minimum requirement is defined as an accuracy interval around the declared EIRP level, as described in TR 37.842, section 7.1. 

Currently the definition of radiated transmit power does not mention polarization aspects, which means that the declared EIRP could be per polarization (presumable one of two orthogonal supported polarization) or total EIRP (the power sum of two orthogonal polarizations).

Different types of AAS base station array implementations are showed in Figure 2-1. 
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Figure 2-1: AAS antenna implementation examples 

It can be concluded that the only way to defined a requirement for radiated transmit power in a polarization agnostic fashion is to assume that EIRP is defined as total power, otherwise manufacturer declarations related to polarization properties are required. Declaration of polarization characteristics will be implementation specific, which makes it difficult to find a way of declaring polarization properties without limiting implementations.  

As shown in Figure 2-2, a beam could be generated by means of two orthogonal polarizations. In fact the polarization domain could be seen as included in the concept of beam-forming.  
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Figure 2-2: Beam forming using polarization
Using the polarization domain in beam-forming makes it possible to create beams, where the total EIRP pattern is beamed formed. 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. As noticed in Figure 2-2 the polarization will rotate as function of angle. The rotation does not matter since the orientation of the UE is not known. Typically UEs are equipped with two receiver branches and exploit dual polarized antennas to compensate for the orientation with respect to the impinging signal. 
The concept of evaluating the total power radiation pattern gives the possibility to utilize all degrees of freedom when a radiation pattern is created. Instead of using only spatially separated elements with a specific polarization also the polarization domain is included in the beam-forming, creating dual polarized beam-forming. This concept of using the polarization domain for beam-forming is used for E-UTRA as a result of UE-specific beamforming where codebook based pre-coding is used in some transmission modes.
Total EIRP is defined as:
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, where p1 and p2 denotes two orthogonal polarizations. 
This definition of EIRP makes the specification and manufacturer declaration agnostic to polarization properties of the base station. The total EIRP will not discriminate any implementation with respect to polarization properties.   
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 [2] as part of testing radiated transmit power for AAS base stations.
Also, it shall be noted that IEEE [3] refer to the total power as: 
A plane wave can be resolved into two component waves corresponding to two orthogonal polarizations. The total power flux density of the plane wave at a given point in space is equal to the sum of the power flux densities in the orthogonal component waves.

When IEEE does an exception they use the nomenclature adding “partial” before the antenna property, such as partial directivity. It is suggested to follow the IEEE definitions as long as possible for AAS base station specification, which should mean that unless otherwise stated EIRP is always total EIRP. 

3. Conclusion

Currently there is no clear guidance in 3GPP RAN4 how to capture polarization properties of RF core requirements and conformance test requirements. Since radiated transmit power and OTA sensitivity is seen as requirement capturing antenna, radio and base band it is reasonable to that RAN4 should determine how polarization properties should be handled when RF core requirements and test procedures are defined.

Currently, for non-AAS base stations the RAN4 RF core specifications does not capture anything about antenna characteristics, such as antenna polarization properties however the layer 1 specification in RAN1 have defined a codebook based pre-coding which results in dual polarized beam-forming. Also, not captured in 3GPP specifications cell-specific dual polarized beam forming is used in commercial networks. 

From a testing perspective, defining the radiated transmit power requirement based on total power will reduced test time, since polarization matching is not required in the measurement phase. Polarization matching is handled in conformance test specification. If both polarizations are measured the polarization matching will only occur in the details describing the calibration of test range.

The concept of total EIRP is used based on following observations:

· Dual polarized beam-forming is already used.
· The radiated transmit power requirement is polarization agnostic.
· Potential to do time efficient testing, excluding polarization matching in measurement phase.

· Following IEEE guidance regarding plane waves.

There is no common principle that can be adopted for radiated requirements when they are defined.  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 the 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.   

Proposal:
1. The RF core specification does not need to mention polarization at all with respect to radiated transmit power.
2. In the conformance test specification polarization aspects must be captured individually in test method descriptions, procedures and measurement uncertainty budgets. 
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