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Introduction
Global in-channel TX tests for NR FR2 will need to be performed over-the-air. Traditional OTA measurements (e.g. TRP) involve two orthogonal linear polarizations, namely θ- and φ-polarization (according to [1] and [2]). NR FR2 testing will require many additional OTA measurements such as EVM that have traditionally been performed conducted.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Therefore, there is a need to specify an appropriate approach dealing with OTA measurement samples of both polarizations. This contribution will outline potential options. Additionally, exemplary EVM measurements with different signal strengths (and thus SNRs) are provided in order to show the advantages and limitations of each approach.
Discussion
According to [1] and [2], OTA transmitter measurements consider two orthogonal polarization planes. Consequently, to evaluate the EVM of the transmitter under test, there are two signals to be considered, namely the θ- and φ-polarized signals which are depicted in Figure 1b. Due to the black box approach, we have to assume a random polarization plane of the transmitter under test with respect to the θ- and φ-polarization plane of the dual-polarized measurement antenna. Figure 1a shows some exemplary polarizations of the transmitter under test and the two orthogonal polarizations of the measurement antenna. In this example, transmitter polarization configuration 1 and 3 will result in a perfect alignment with the θ- and φ-polarized components of the measurement antenna. Thus, each polarized component of the measurement antenna will provide the transmitter signal under test with different power levels to the measurement receiver. In case of weak signals, this will additionally result in different EVM values. This effect will be investigated in Section 3 of this contribution. Transmitter polarization configuration 2 and 4 of Figure 1b will result in theoretically identical power levels to each polarized component of the measurement antenna, since both of the two polarizations of the measurement antenna are always 45 degree off. Therefore, the power level at the measurement receiver will also be 3 dB lower compared to the power level in case of perfect polarization alignment (polarization configuration 1 and 3).
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[bookmark: _Ref499125062]Figure 1: Relative polarization at (a) DUT 
and (b) cross-polarized measurement antenna
Now, there are two fundamental approaches to assess the transmitter signal quality quantities (e.g. EVM) taking the unknown polarization of the transmitter under test into account:

1) Sequential measurements
This approach assesses the signal at the two orthogonal polarizations of the measurement antenna sequentially. In most OTA measurement setups, a switch is already available (e.g. for the two polarizations of a TRP measurement) which reduces the additional effort of this approach. Nevertheless, different DUT orientations might lead to different measurement results in case of signals close to the measurement receiver sensitivity.
Using this approach, an EVM requirement can be defined as a requirement which needs to be met by at least one of the two orthogonal polarizations of the measurement antenna.
2) Polarization optimization
This approach adapts the polarization plane of the measurement antenna to the polarization plane of the transmitter under test. The determined polarization is chosen for further signal quality assessment. This method would require an alignment of the measurement antenna polarization and the transmitter under test polarization. A simple mechanical implementation for this purpose would be to add a rotation unit to the measurement antenna. Then the best EVM value of a 180 degree rotation is used to check if the requirement is met. A major disadvantage of this approach might be the slow measurement speed and the required additional positioner hardware. On the other hand this approach can improve the received power by up to 3 dB compared to approach 1. This is especially beneficial when the measured EVM value is limited by the dynamic range at the measurement receiver and not by the imperfections of the actual DUT.
Observation 1:
The sequential measurement approach and the polarization optimization approach should be valid options for OTA EVM measurements.
Observation 2:
Both approaches should be considered for other global in-channel Tx tests.
Measurement Results
In the following section, we want to provide some exemplary EVM measurement results that show the feasibility of the described approaches. For these measurements, a vector signal generator (R&S SMW200A) and a signal and spectrum analyser (R&S FSW67) have been used. Different relative polarizations between the DUT and the cross-polarized measurement antenna have been simulated by changing the output power of the vector signal generator. Table 1 shows the different power combinations (i.e. power for θ- and φ- polarized components of the measurement antenna) and the corresponding EVM values for QPSK modulation and a moderate power level at the measurement antenna. Table 2 shows similar EVM measurements for a low power level and therefore lower SNR at the measurement receiver. The used power combinations are derived from the different relative polarization angles depicted in Figure 1. The cross-polarization isolation of the measurement antenna was assumed to be 18 dB which resulted in the power levels depicted in Table 1 and Table 2.
The EVM results with a moderate power level at the measurement antenna in Table 1 show that the minimum EVM of both measured polarizations is quite constant. This indicates that the loss in signal strength due to the non-perfect alignment of the polarizations is negligible for this specific EVM measurement (i.e. dynamic range is sufficient). In this case, the sequential measurement approach (approach 1) will result in reproducible measurements and the advantage of a polarization optimization (approach 2) will be negligible.
Table 1: Moderate Power (-25 dBm) EVM Measurement Results for QPSK
	Relative Polarization
	Power Θ [dBm]
	Power Φ [dBm]
	EVM Θ
[%]
	EVM Φ
[%]
	Min EVM
[%]

	1
	-43
	-25
	18.0
	14.9
	14.9

	2
	-28
	-28
	14.9
	15.0
	14.9

	3
	-25
	-43
	15.0
	17.9
	15.0

	4
	-28
	-28
	15.0
	15.0
	15.0




The EVM results with a low power level at the measurement antenna in Table 2 show that the minimum EVM of both measured polarized components is generally higher than in Table 1. The reason for this behaviour is the additional degradation of the signal due to low SNR at the measurement receiver. Additionally the minimum EVM varies for different relative polarizations of the transmitter under test and the measurement antenna. Therefore, the sequential measurement approach will lead to orientation-dependent measurement results. Assuming an EVM requirement of 17.5 % for QPSK, the DUT will fail using the relative polarizations 2 and 4, whereas the other relative polarizations will pass the DUT.
Using the polarization optimization approach will result in only slightly increased EVM values compared to the moderate power level case in Table 1. Additionally, the EVM measurement results will be consistent due to the adaption of the polarization of the measurement antenna to the polarization of the transmitter under test. This approach will pass the DUT for all possible polarizations.
Observation 3:
The polarization optimization approach shows an advantage only in low SNR scenarios in which the sequential measurement approach might fail a good UE.

Table 2: Low Power (-40 dBm) EVM Measurement Results for QPSK
	Relative Polarization
	Power Θ [dBm]
	Power Φ [dBm]
	EVM Θ
[%]
	EVM Φ
[%]
	Min EVM
[%]

	1
	-58
	-40
	54.3
	16.5
	16.5

	2
	-43
	-43
	18.0
	18.1
	18.1

	3
	-40
	-58
	16.5
	54.7
	16.5

	4
	-43
	-43
	18.0
	18.0
	18.0


Conclusion
This contribution discussed the impact of the unknown polarization of the transmitter under test on global in channel TX tests. Additionally, exemplary EVM measurements have been presented leading to the following observations:
Observation 1:
The sequential measurement approach and the polarization optimization approach should be valid options for OTA EVM measurements.
Observation 2:
Both approaches should be considered for other global in-channel Tx tests.
Observation 3:
The polarization optimization approach shows an advantage only in low SNR scenarios in which the sequential measurement approach might fail a good UE.
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