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Introduction
The use of simultaneous transmission/reception of (combined) signals has been brought up in online and offline discussions and the concerns from a test equipment/test system perspective have been voiced several times. This contribution addresses some of these concerns.
Status Quo: Dual Polarization Testing performed Sequentially
EIRP, EIRP Spherical Coverage, TRP, as well as EIS and EIS spherical coverage test procedures all assume the combination of two orthogonal polarizations in a sequential fashion, e.g., 
· Peak EIRP Measurement procedure in Clause 5.2.3.3.2 [1]
7) Calculate total EIRP (PolLink) = EIRP(PolMeas= PolLink) + EIRP(PolMeas= PolLink)
· TRP equations/quadrature equation in Annex G.1.2 [1]
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· Peak EIS Measurement Procedure in Clause 5.2.3.3.4 [1]
6)	Calculate the resulting averaged EIS as

	EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1
· TX Beam Peak direction search and EIRP Spherical Coverage in Clause 5.2.1.3.7 [1]
7)	Calculate total EIRP(PolLink=)  = EIRP(PolMeas= PolLink=)  + EIRP(PolMeas= PolLink=) 
and 
The EIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using total EIRP for all grid points.
· RX Beam Peak direction search and EIS Spherical Coverage in Clause 5.2.1.3.8 [1]
6)	Calculate the resulting averaged EIS as:

	EIS = 2*[1/EIS(PolMeas= PolLink=)  +1/EIS(PolMeas= PolLink=)]-1
			and
The EIStarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using total EIS for all grid points.
Introduction of Simultaneous Transmission/Reception
In the SR of the NR testability SI [2], the following main session agreement was listed
· For the test procedure for Tx peak beam search and EIRP spherical coverage, during the test at the each points in the measurement grid it is not precluded that DUT can transmit the power through two polarizations simultaneously
We need to consider to enable two polarizations transmissions from TE. If it is not feasible, we need to consider whether polarization gain shall be considered as part of core requirements. 
together with a remaining open issue for UE RF
· RF test methods
· FFS whether to modify the Tx peak beam search and EIRP spherical coverage measurement test procedure to enable two polarizations transmissions from TE.

The idea to transmit on two polarizations simultaneously from the measurement antenna is to guarantee that the UE transmits on both polarizations simultaneously and benefit from the polarization diversity.
For two polarizations to be combined simultaneously in a controlled fashion, the RF front ends of the call box have to be synchronized and phase stable with fixed phase differences. However, the need for fixed phase differences between call box input/output ports has not been made a requirement in 3GPP for UE RF testing and therefore has not yet been taken into account for 5G call box architectures. 
[bookmark: _Ref814299]Observation 1: The need for fixed phase differences between call box input/output ports has not been made a requirement in 3GPP for UE RF testing and therefore has not yet been taken into account for 5G call box architectures. 
For LTE MIMO OTA testing, i.e., demodulation testing including fading, the stability and phase relationship between callbox ports has been clarified for instance in [3]
2.2.2.3 Channel Emulator Input Phase Calibration 
The use of highly correlated channel models such as the SCME UMa model introduces a unique set of problems. One is the phase relationship between the LTE streams from the base station. While the average power doesn’t vary as a function of the input phase in the test volume of the MPAC, the LTE MIMO receiver is capable of detecting a difference that can result in a shift of the EUT measured performances. The effect is a variation of the throughput up and down when a constant average power is at the EUT. The maximum throughput performances are seen when the base station LTE signals are in-phase or 180 degrees out-of-phase with minimums at ±90 degrees. Thus, it is necessary to ensure that the relative phase between the two communication tester outputs as applied to the digital channel model inputs is zero. However, since the phase relationship of the communication tester signal generators and the channel emulator receivers cannot be guaranteed, it is not possible to simply correct for the phase differences of the input cables. Instead, the system shall be calibrated and corrected for the input phase offsets just prior to the start of the test, since any changes in frequency or other related settings may change the phase relationship of the outputs and inputs. For communication testers that are unable to maintain a constant phase relationship between the outputs when signaling is disabled, care shall be taken to ensure that the communication tester downlink signal remains enabled throughout the entire test.
In [3], suitable calibration techniques are discussed to perform the phase calibrations in a manual or automated fashion using external equipment such as channel emulators. 
Assuming the phase differences between the RF ports of the call box and the centre of the quiet zone are known and also phase stable over time, those phase differences could be compensated inside the call box. Since the conducted paths include active components such as amplifiers and miscellaneous other switch box components, very accurate phase stability of the conducted paths might be challenging. 
In summary, it can be observed that performing phase calibrations before and/or during each UE RF test is impractical.
[bookmark: _Ref812319]Observation 2: Performing phase calibrations before and/or during each UE RF test is impractical.
In lieu of a phase calibration, combining two signals with arbitrary phase differences between them will yield an unpredictable polarization state of the resulting signal as the signal is either linearly, right handed circularly, left-handed circularly or even elliptically polarized. The measured results could therefore be vastly different depending on the (uncertain) polarization state introduced by the test system.
[bookmark: _Ref812324]Observation 3: Combining two signals with arbitrary phase differences between them results in an either linearly, right handed circularly, left-handed circularly or even elliptically polarized signal which could yield significant differences in the measurement results. 
Assuming the TE could control the phase differences accurately and two signals were simultaneously transmitted on two orthogonal polarizations of the measurement antenna, the resulting signal would be linearly polarized and tilted by 45o with respect to the respective polarization planes. This resulting polarization could then be matched with one polarization plane of the UE antenna and therefore not force the UE to transmit on both polarizations. 
[bookmark: _Ref812331][bookmark: _Ref1033723]Observation 4: Transmitting signals simultaneously from the measurement antenna will not necessarily guarantee the UE to always transmit on both polarizations simultaneously 
[bookmark: _Ref1127058]Proposal 1: Avoid the simultaneous transmission/reception of (combined) signals on multiple polarizations.
Conclusion
The following observations and proposals were made in this contribution
Observation 1: The need for fixed phase differences between call box input/output ports has not been made a requirement in 3GPP for UE RF testing and therefore has not yet been taken into account for 5G call box architectures.
Observation 2: Performing phase calibrations before and/or during each UE RF test is impractical.
Observation 3: Combining two signals with arbitrary phase differences between them results in an either linearly, right handed circularly, left-handed circularly or even elliptically polarized signal which could yield significant differences in the measurement results.
Observation 4: Transmitting signals simultaneously from the measurement antenna will not necessarily guarantee the UE to always transmit on both polarizations simultaneously
[bookmark: _GoBack]Proposal 1: Avoid the simultaneous transmission/reception of (combined) signals on multiple polarizations.
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