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1 Introduction
The polarisation of an electromagnetic wave can be defined as the axis of the electrical field variation in space and time.

If the axis is confined in one plane (also containing the wave propagation direction) the polarisation is said to be linear. If the axis direction describes a full circle during the duration of one period and over the distance of one wavelength in the propagation direction, the polarisation is said to be circular.
All cases of polarisation can be described by a superposition of a circular and a linear polarisation. This general case is referred to as elliptic polarisation. How elliptical the polarisation is described by the axial ratio, which is the relation between the major axis and the minor axis of the ellipse (1 for pure circular and infinite of pure linear).
Both circular and linear polarisations have orthogonal counter polarisations. In the linear polarisation case, the orthogonal polarisation is the perpendicular polarisation plane containing the propagation direction. In the case of circular polarisation, the orthogonal variants are right hand and left hand rotation, where right rotation is defined as clockwise rotation in the wave propagation direction and left hand correspondingly counter clockwise.
The polarisation of an antenna is the polarisation of the radiated wave when the antenna is excited. (It is generally not the same in all transmission directions.)
When receiving, the antenna will be able to extract maximum of signal power if its polarisation coincides exactly with that of the incident wave. When the polarisations do not coincide, only the electrical field component parallel to the antenna polarisation will generate signal power. The power corresponding to the orthogonal field component will not generate any signal at the antenna port. This is referred to as polarisation loss or polarisation mismatch. Incident waves with perfect polarisation match are referred to as co-polar, and incident waves with infinite polarisation loss are referred to as cross-polar (sometimes X-polar).
It follows from the above that orthogonally polarised antennas can discriminate between two incident waves of orthogonal polarisation, and thus that the two signals if taken at the same position and generated from the same source at some distance in a scattering environment, would exhibit independent fading conditions and represent separate channels. Hence they are useful diversity channels.  Since the industry originally used vertical linear polarisation, this was the reference when developing dual polarisation. Just adding the horizontal linear polarisation turned out to be less effective since the scattering environment has a tendency to direct more power to the vertical polarisation than to the horizontal polarisation, causing an average power difference between the diversity channels, which is detrimental to the diversity gain. As a consequence, the perpendicular linear polarisations are now generally slanted ±45°, yielding equal average power in the two diversity branches, but maintaining the same orthogonality.
In the standardisation of base stations, the antenna properties have so far never needed any consideration. The requirements have been defined on the transmitter or receiver connector, and the antenna is only considered a part of the general signal path.
With the introduction of OTA requirements, this concern will shift. This contribution introduces a discussion on the implications of polarisation concern to the way the requirements can be posed and conformance can be tested.

2 Discussion
While OTA testing is a novelty for infrastructure devices, it has been introduced for UE already. [1] describes a number of measurement methods accepted for OTA sensitivity and OTA transmitted power. While the actual concerns for UE and AAS BS differ, there is much that can be reused from the work already made.
The output power of the UE is measured as total radiated power, TRP, which is defined as the radiated power integrated over a sphere enclosing the DUT and over two orthogonal polarizations. Equally, the sensitivity of the UE is measured as the total isotropic sensitivity, TIS, which is defined as the average EIS of all possible AoA.
[1] defines measurement procedures for a number of measurement methods possible for evaluating TRP and TIS respectively. But the aim of this contribution is only to discuss the general polarisation aspects. Measurement procedures are left for separate discussions.

OTA transmitted power accuracy

In the case of AAS BS, the requirement is phrased as the EIRP accuracy applicable in a limited set of angular directions. Nothing is mentioned about the polarisation, but appears reasonable that the requirement is intended to apply for one transmitter set, i.e. generating one polarisation. 
It is difficult to identify any value in 3GPP mandating certain polarisations for AAS BS transmission. A possible way is to let the manufacturer declare the exact polarisation and design test cases verifying that the polarization match is within certain limits, but given the complexity described in the introduction, it appears the most efficient way to measure two orthogonal polarisations and add the signals. Note that the result will correspond to the power emitted at the radiated polarisation if the measured polarisations are truly orthogonal, since the orthogonal components of any polarisation will generate zero signals. It is also much easier to verify that a set of measurement antennas exhibit orthogonal polarisation in a controlled environment than to verify co-polarity to an unknown polarisation. Hence polarisation loss uncertainty is minimised and measurement accuracy enhanced.
By exciting one set of antennas per measurement, the power emitted from the antenna due to the respective transmitter set will be measured as the total power (in the sense that all the power in the transmitted wave is captured without polarisation loss). This implies that it is not necessary to define the polarisation of an AAS BS in order to define or measure the radiated output power (as e.g. EIRP). Thus, the requirement can be both defined and verified as “total power”. 
It can be said to be implied by the definition of EIRP that the observation antenna is polarisation matched to the transmitting antenna, so defining the EIRP as “total power” in the above sense is superfluous.
(It should also be noted the term “total power” is used in some BS specifications in the sense of the composite power over all the active carriers in a multi carrier transmitter.)

OTA sensitivity

In the case of sensitivity, it is not possible to generate a stimulus signal of more than one polarisation at the time. It follows by the introduction text that any simultaneously transmitted polarisation of the same signals will add by superposition into a new polarisation. It is possible to vary the polarisation during the test, but it is important to control the variation, at least in a statistical sense, so that there is no net effective polarisation during the trough-put test, adding bias. It is also possible to make two consecutive tests using orthogonal polarisations and from there calculate the total sensitivity (as the “parallel” sensitivities of the two polarisations). However, the latter option will be more time consuming than just testing a fixed sensitivity, since the first polarisation sensitivity needs to be found by measurement. The second polarisation sensitivity test level can be calculated by means of the requirement and the result from the first test.
There are suggestions in [1] on how the sensitivity may be partly tested by the application of a stimulus signal of a higher power level. This may be a way to approach the “correct” test level also in the case of AAS OTA sensitivity testing, but the sensitivity will be tested in a very limited number of AoA, and hence the test will need to be performed at close to the correct level.

Another way to approach the OTA sensitivity test would be to generate the stimulus signal with a polarisation that has constant polarisation loss relative the DUT antenna during rotation. One such example would be the application of perfect circular polarisation into a linearly polarised DUT antenna (which would generate a 3 dB polarisation loss). This approach would make it possible to make only one test, but it would require the manufacturer to declare the polarisation.
While the tests of OTA sensitivity seem to require more discussion with regard to the polarisation issue, it appears clear that the core requirement can be defined without any polarisation information. I.e. the OTA sensitivity requirement can be defined as “total power”.

It can be said to be implied by the definition of the EIS that the incident electromagnetic wave is polarisation matched to the receiving antenna.

3 Conclusion
· OTA signal level core requirements may always be stated under the implicit assumption of polarisation matching observation device. (“total power”)
· Tx signal level measurements may always be made using two orthogonal polarisations recorded simultaneously. (“total power”)
· OTA Rx measurements are by necessity measured with a polarization of the stimulus signal. (Total power may recorded by sampling two orthogonal polarization stimulus signals in sequence at each spatial/direction sampling point.)
· Using a stimulus signal with polarization such that the polarization loss is constant under rotation of the DUT (e.g. circular polarization against linear polarization devices and vice versa) may be an option worth investigating further. The polarization loss would here be compensated by a corresponding increase in stimulus signal (3 dB in the case above).
· More discussion is required regarding the conformance testing of OTA sensitivity concerning polarization.
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5 Terminology

The terminology used in this contribution is taken from TR37.842 or R4-147669. 

Additional explanations of terms can be found below:

AoA



Angle of Arrival
DUT
Device Under Test

TIS
Total Isotropic Sensitivity, the EIS averaged over all AoA.
Total power
The composite power of two orthogonal polarisations. (Note that “total power” is used for other meanings in some BS specifications.)
Transmitter set
A set of transmitters intended to generate a composite signal corresponding to e.g. one polarisation.

TRP
Total Radiated Power, the composite power transmitted from the DUT summed over all directions and polarisations.
