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1. Introduction

At the last RAN4 meeting (RAN4#88 in Gothenburg) concern related to the description of polarization aspects related to base station OTA requirements were raised in the discussion. Traditionally, before the 3GPP AAS/eAAS WI antenna characteristics was not part of the base station RF core specification. But since the introduction of OTA requirements for AAS base stations in Release 13 classical antenna characteristics such polarization is captured by the AAS base station RF core specification. 

Polarization is a fundamental characteristic of all types of antennas ranging from simple passive antenna (e.g. dipole, horn, etc.) to advanced active antennas (e.g. AAS base stations). Since the beginning, UTRA and E-UTRA base stations have exploited the polarization domain for both down-link transmission and up-link transmission. In Release 13, when OTA requirements were introduced, a lot effort was spent on developing relevant AAS BS RF core requirements that are defined so that over all test time is realistic without restricting any future AAS base station design implementation. Because of OTA requirements, polarization is now included in the requirement definitions for both RF core and conformance testing specifications.   

This contribution presents a summary of how polarization aspects is captured for all OTA RF core requirements for AAS base station and how polarization also affects conformance test procedures. 
2. Discussion

Polarization is an important factor for antennas used for radio communication. Both radio communication antennas and electromagnetic waves are said to have a polarization. According to IEEE standard definitions of terms for antennas [1], the viewpoint taken for polarization is that this term can be used in three related meanings; 

I. Polarization can refer to a field vector at some point in space. The polarization of a field vector specifies the shape, orientation, and sense of the ellipse that the extremity of the field vector describes as function of time. A detailed description can be found in antenna theory text books [2].
II. Polarization can refer to a plane wave (e.g. relevant for parameters such as EIRP and EIS). 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.
III. Polarization can refer to an antenna (e.g. the orientation of antenna elements in base station antennas; +45 degrees and -45 degrees slanted angle). For an antenna, 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].

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. 
OTA RF core requirements for NR type 1-H, 1-O and 2-O will be defined based on EIRP for the down link transmission and EIS for OTA sensitivity and partial EIS for OTA reference sensitivity and related requirements for the reception.  
For RF core requirements, where partial EIS is specified ideal polarization match between the wanted signal and the test object is assumed. But for conformance testing polarization matching is crucial to achieve acceptable measurement uncertainty. Polarization match between the test object and a received signal will result in an error to be accounted for in the measurement uncertainty evaluation. 

The relations between conducted and radiated parameters for transmission is visualised in Figure 2-1.
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Figure 2-1: Relations between transmission parameters
Based on the relations given in Figure 2-1, TRP is always referring to the total radiated power without any association to polarization. In the case for EIRP, it can be referred to as total EIRP or partial EIRP. The relation between total EIRP and partial EIRP can be expressed as: EIRP = EIRPp1 + EIRPp2, where p1 and p2 is associated to two orthogonal polarizations. Therefore, radiated power is specified as total EIRP and tested as the sum of partial EIRP values. The test procedure can be divided into two main tracks as:

1. Partial EIRP is tested for two orthogonal polarizations at the time. In between measurements the measurement antenna is mechanically rotated to achieve polarization matching. The total EIRP is then extracted by summing the two measured results together. Using this approach, errors due to polarization matching needs considerations. 

2. Total EIRP is measured by measuring two orthogonal polarizations simultaneously. Using this approach errors due to polarization matching can be left out.  

A similar parameterization can be done for receiver parameters. Considering EIS as a pure power level without association to a link quality level, the parameters relations in Figure 2-2 can be established. In 3GPP RAN4, TRS is used for UE but not for BS. 
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Figure 2-2: Relations between reception parameters

The receiver is characterized by showing compliance to specified EIS level at each supported polarization. This means that the test must be conducted two times for a base station supporting two polarizations (+45 degrees and -45 degrees), where the impinging wanted signal is mechanically polarization matched to the test object. 
The polarization characteristics is handled differently for different requirements. For some of the essential requirements the polarization aspects are described as;

1. For OTA sensitivity, the mechanically matching procedure can be left out since the base station itself will achieve polarization matching as part of the base band signal combining (e.g. MRC or similar algorithm). Here, the test can be done for two orthogonal polarizations tested separately. The requirement is met if the EIS level is met for both polarizations. 
2. For OTA reference sensitivity, it is stated than the requirement is defined per supported polarization, which mandates a polarization matching procedure between the test object the impinging wanted signal during testing. The wanted signal defined by OTA reference sensitivity requirement is used for OTA in-band blocking and out-of-band blocking requirements.
3. For OTA in-band blocking, the wanted signal and the interferer signal is polarization matched to the supported polarizations of the test object. For a dual polarized test object, the test is repeated two times with different polarizations to meet compliance. 
4. For OTA out-of-band blocking the wanted signal is matched to the test object supported polarization(s). The interferer signal is polarization aligned with the same polarization as the in-band signal.
5. RAN4 have defined a set of requirements that are associated to a co-location scenario between base stations. For those the polarization aspects are included in the concept of using a co-location reference antenna. The intension with those requirements is to mimic a real co-location scenario.
6. Transmitter requirements is based on EIRP and TRP, which means that total power is considered for two orthogonal polarizations.

3. Conclusion

Going through OTA requirements for AAS base stations it is clear that there are no common approach to use for all requirements when it comes to polarization aspects. Polarization can be specified as directivity of partial directivity. Partial directivity is associated to a certain polarization supported by an antenna (e.g. the supported element polarization)
For the big portion of OTA receiver requirements, they are defined per supported polarization. For OTA reference sensitivity and OTA in-band blocking and others, it should be described that the wanted signal should be mechanically polarization matched to the supported polarization of the test object following the definitions given by IEEE. 

For out-of-band blocking the interferer signal should be mechanically fixed to the matching in-band wanted signal.    

For co-location requirements the polarization aspects are included in the description of the co-location requirements in clause 4.
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