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1 Introduction
The issue of polarization was introduced by contribution [1] in RAN4#74 in Athens. This contribution aims at further the discussion both by investigating the measurement method impact is more detail, and by deriving expressions supporting the claims in[1].
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, Polarization implications on OTA measurements
It has been shown [2] that any polarization can be described by a linear combination of any two orthogonal polarizations. Since the polarization mismatch factor of one of the polarizations incident to a particular antenna is cos2ϒ, it follows that the wave of orthogonal polarization incident to the same antenna has the mismatch factor sin2ϒ as shown in [3].  The same applies to the mismatch factors of one incident wave to two orthogonally polarized antennas.

Therefore, assuming the measurement antennas can provide two orthogonal polarizations, the complete carrier potential can be reconstructed both for transmission and reception, thereby allowing reception and transmission requirements to be stated without polarization concerns. 

Such reconstruction will affect the measurement procedures in ways described below. It is assumed that the measurement facility can transmit and receive power with orthogonal polarization in at least bore sight with a cross polar discrimination better than 30 dB. (This can easily be obtained and verified.)These two (known) polarizations are referred to as the “polarization P” (Parallel) and the “polarization O” (Orthogonal). While the denomination may suggest that the measurement antennas are linearly polarized, this is no requirement as long as they are orthogonal. It is also assumed that the DUT if dual polarization capable is designed with the intent of orthogonal polarizations. These (unknown) polarizations are referred to as “polarization A” and “polarization B”.

2.1 Transmission measurements
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Figure 1, Schematic test set-up for OTA transmit power measurements, showing polarization impacts.

2.1.1 Single polarization DUT

Beginning with the single polarization case, assuming that only polarization A exists in the DUT, the power uptake by the two measurement antennas is proportional to PDUT.A and a calibration factor, ktx, describing the path loss and cable losses in the measurement set-up (but not the polarization mismatch loss). (For simplicity, it is here assumed that the calibration factor is the same for both polarization measurement antennas. In reality it must compensate for the gain difference between the test antennas. In this text, the gain is assumed to be the same.)

Let Pin denote the total potential pick-up power from an antenna similar to the measurement antennas, but optimally polarized for the incident wave. Then:
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Where the P and O indices denote the power picked up by the P and O antennas respectively. The power picked up by the two orthogonal measurement antennas can thus simply be added in order to obtain the total incident wave power, Pin. The relation between Pin and PDUT.A is obtained through calibration of the measurement range. The power pick up from the two measurement antennas, can be measured sequentially or simultaneously without impact to the result (assuming that PDUT.A is kept constant during the measurement).

2.1.2 Dual polarization DUT

It is obvious that the same procedure is applicable to PDUT.B measurements.

If polarization A and polarization B are indeed orthogonal, the radiation pattern of the DUT will not be affected by simultaneous transmission of PDUT.A and PDUT.B, and hence it would be possible to measure both powers simultaneously giving:
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Where ktx is the calibration constant referred to above.
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Thus the total power would be proportional to the sum of PDUT.A and PDUT.B. (It can be noted that if the DUT antennas are truly orthogonal, then cos2γA = sin2γB and cos2γB = sin2γA.) If the DUT antennas are not completely orthogonal, there will be a (non-descript) antenna gain effect, affecting the EIRP, and hence it is not generally applicable to apply simultaneous measurement of the two polarizations. 
2.1.3 Polarization impact on 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 it 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 involved, it appears the most efficient way to measure two orthogonal polarisations and add the received powers. 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 DUT antennas per measurement, the power emitted from the antenna due to the respective transmitter set will be measured assuming perfect polarization matching (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 under the assumption of perfect polarization matching. 

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 ”polarization matched “ in the above sense is superfluous.
2.1.4 Summary Transmission

Polarization does not need to be declared or described for either defining the transmission requirements nor verifying the conformance of the requirements.

The unknown polarization DUT transmission can be measured with two orthogonally polarized measurement antennas, by adding the power received in the respective measurement antenna branches. 
Dual polarizations DUT are generally best handled by measuring each transmit polarization separately.
2.2 Reception measurements

As shown in [2], any polarization can be described as the linear combination of two orthogonal polarizations, and therefore it is impossible to illuminate the DUT with more than one polarization at a time.

In practice this will, in OTA sensitivity measurements for a single receive polarization, mean that the first test polarization measured will be used to find the sensitivity for this polarization. Comparing this sensitivity with the declared sensitivity of the device will indicate the mismatch factor. Thereafter, the orthogonal mismatch factor can be calculated, and based on that, the sensitivity required in the orthogonal test polarization can be calculated and tested.
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Figure 2, Schematic test set-up for OTA receive power measurements, showing polarization impacts.
Referring to figure 2, let PDUT.in be proportional to the power transmitted through the measurement antennas by the calibration factor krx. Disregarding polarization matching (i.e. assuming that the receive antenna is perfectly polarization matched to the incident wave), PDUT.in would be set at the stated EIS and the throughput/ BER would be measured to verify that the declared OTA sensitivity is met (or surpassed). 

2.2.1 Single polarization DUT

With the polarization mismatch taken into account, it can be assumed that PDUT.in will have to be raised above the declared EIS, EISnom, in order to meet the throughput/BER pass criterion. Starting with the case of single polarization receive antenna DUT, assume only polarization A in the DUT and let the test signal be transmitted through the polarization P antenna. Starting from the nominal EIS power level at PDUT.in the test signal power level is raised until the nominal throughput/BER is reached. 

Now,
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The index “DUT.A-P” indicates that the power received in branch A of the DUT emanates from the transmission through the measurement antenna with polarization P.

The power setting of the signal to be transmitted via the polarization O antenna can now be calculated so that.
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Where 

[image: image14.png]



If the throughput/BER is met, or surpassed, at this received power level (transmission through the polarization P antenna shall be switched off), then the DUT fulfils the declared EIS requirement.

 A proof for this is sketched using the equivalent circuit in figure 5 below.
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Figure 3, schematic circuit diagram modelling the polarization mismatch at sensitivity measurements

From the circuit diagram, we can see that the measured sensitivity points correspond to the two individual measurements made above.
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2.2.2 Single polarization DUT alternative methods

There are suggestions in [5] 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.

It can be imagined that the polarization of the DUT is declared by the manufacturer and that the sensitivity is tested with a matching polarization antenna. 

While this would reduce the time needed for the throughput measurement itself, it would impose a significant calibration exercise in order to verify that the tested polarization is indeed matching the manufacturer declaration. 

Whether receiver polarization declaration and subsequent calibration is easier than sensitivity calibration for a fixed polarization and subsequent sensitivity testing for the orthogonal calibration is not investigated in this contribution. 
While further contributions on the topic of single polarization receiver DUT are welcomed, it can be assumed that the majority of the AAS BS will be designed with dual polarization receivers. This would be in line with the current BS deployed and it would also improve the potential benefit of the AAS concept in the field substantially. In the following it will be demonstrated that dual polarization DUT do not only hold the promise of better performance in the field. They also seem to promise substantially easier OTA sensitivity testing.
2.2.3 Dual polarization DUT

DUT with dual polarization can be assumed capable of performing maximum ratio combining (MRC) [4].

MRC combines the input signals of the two polarizations with optimum phase, weighted with their respective signal to noise ratio. This results in the total sensitivity recorded being independent of the polarization mismatch. Hence each test signal polarization can be directly tested at the nominal EIS level. (It is assumed that the test is made in the absence of interferers.)
A proof is sketched as follows:

Assume that the power transmitted through antenna P is set so that PDUT.in is exactly corresponding to EISnom as declared.

Two branch MRC can be described as:
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Where S1 is the signal level in branch 1, S2 is the signal level in branch 2, w1 and w2 are the corresponding (complex) weighting factors chosen so that the signal to noise ratio is maximized for Stot.

Provided the noise floor in the two channels is the same, it can be shown that (for normalized power gain) this happens with 
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And 
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Where ξ is the phase difference between S1 and S2 at the point of combination.

Identifying above gives:[image: image21.png]= Poyrincos?ys .15 = Pours_» = Pourincos?ys




Recalling (from [3]) that if the DUT antennas are truly orthogonal, then cos2γA = sin2γB and cos2γB = sin2γA, gives:
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Thus, the throughput/BER measured at EISnom with polarization P on the incident wave will correspond exactly to the throughput at one branch with optimum polarization, if polarization A and polarization B are orthogonal. The same applies through reciprocity for an incident wave at the same power with polarization O. If polarizations A and B are non-orthogonal, one of the polarizations P or O will perform better while the other will perform correspondingly worse. Therefore, OTA sensitivity must be tested for both polarization P and polarization O. However, throughput/BER for polarization A and polarization B do not need separate testing at every incident wave polarization. If an AAS BS capable of MRC is passing the OTA sensitivity requirements for two incident waves, each with orthogonal polarizations, it passes the requirement for any conceivable polarization. 
2.2.4 Polarization impact on the OTA sensitivity requirement
Whilst the tests of OTA sensitivity may 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 assuming perfect polarization matching. 

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.

2.2.5 Summary Reception

The OTA sensitivity requirement can be defined without regard to polarization. I.e. the requirement is set assuming perfect polarization matching between the DUT and the incident signal electromagnetic wave.

For single polarization AAS OTA sensitivity, the sensitivity for two orthogonally polarized incident waves must be found. The polarization matched sensitivity is calculated as “the parallel” of the two sensitivity values recorded for the orthogonal polarizations.

For dual polarization AAS OTA sensitivity, MRC and orthogonal polarization receive antennas can be assumed. The polarization matched sensitivity is achieved for any incident wave polarization in such case. To verify this assumption OTA sensitivity must be tested with two orthogonal polarizations on the incident waves. The test result for these two tests apply to both Rx polarizations of the DUT.
In neither case is it necessary to find the matching polarization for the AAS.
3 Conclusion
· OTA signal level core requirements may always be stated under the implicit assumption of polarisation matching observation device or stimulus signal. 
· OTA Tx signal level measurements may always be made using two orthogonal polarisations recorded simultaneously. The requirement shall be compared to the power sum of the two orthogonal polarization measurement antennas.
· Each Tx polarization shall be measured separately.
· OTA Rx measurements are by necessity measured with a polarization of the stimulus signal. 
· For dual polarization receiver AAS BS, the OTA sensitivity can be tested directly at the declared receive level. This assumes that the AAS BS is capable of MRC and that the test environment is free from interferers. Two orthogonal polarizations of the stimulus signal shall be tested. The test results apply for both receiver polarizations of the DUT.
· For single polarization receiver AAS BS, the testing of OTA sensitivity may require further thinking. However, the value of dual polarization for AAS BS reception suggests that the single receiver testing may not be sufficiently common to warrant considerable efforts in reducing the test time.
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5 Terminology

The terminology used in this contribution is taken from TR37.842 or [6]. 

Additional explanations of terms can be found below:

DUT





Device Under Test 
EISnom





The manufacturer declared equivalent isotropic sensitivity.

MRC





Maximum Ratio Combining

OTA
Over The Air
Transmitter set
A set of transmitters intended to generate a composite signal corresponding to e.g. one polarisation.
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