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Introduction
This contribution reviews the MU elements and values for PC1 devices.
Measurement Grid Based MUs
In the last meeting, antenna assumptions for PC1 devices were agreed in [1]. Based on these antenna assumptions, measurement grids and underlying assumptions for MU were defined in [2] and [3]. 
Similar to PC3 devices, for PC1 devices it was assumed that the standard deviation does not exceed 0.25dB [2].
	In order to make a reasonable trade-off between measurement uncertainties, at least the following number of points shall be included in the measurement grid for TRP measurements PC1 UEs based on the assumption that the standard deviation does not exceed 0.25dB.


It is therefore proposed to define the MU element “Influence of TRP measurement grid” with a standard uncertainty of 0.25dB with the systematic error of MU element “Systematic error due to TRP calculation/quadrature” set to 0.
[bookmark: _Ref31104953]Proposal 1: define the PC1 MU element “Influence of TRP measurement grid” with a standard uncertainty of 0.25dB with the systematic error of PC1 MU element “Systematic error due to TRP calculation/quadrature” set to 0
For PC1 devices, the beam peak search measurement grid definition relaxed the systematic error of “Beam Peak Search” to 0.7dB (when compared to 0.5dB for PC3 devices). 
	Taking into account simulation results above and in order to make a reasonable trade-off with measurement uncertainties, it is recommended to use for beam peak search the following measurement grids leading to a systematic error of “Beam Peak Search” of 0.7 dB


[bookmark: _Ref31104960]Proposal 2: define the systematic error of PC1 MU element “Systematic error related to beam peak search” to be 0.7dB. 
The spherical coverage grid analyses defined the MU element “Influence of spherical coverage grid” to be 0.05dB; similar to PC3 devices, the DL step size for PC1 devices was set to 0.2dB which matches the MU element “Systematic error related to EIS spherical coverage”
	In order to make a reasonable trade-off with measurement uncertainties, it is recommended to use the following recommendation in terms of min. number of grid points, standard deviation, and mean error for spherical coverage grids: 
· constant density grid (using the charged particle implementation) with at least 200 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· constant step size grid with at least 266 grid points: standard deviation (MU element ‘Influence of spherical coverage grid’) of 0.05dB and 0.01dB Mean Error
· the MU element ‘Systematic error related to EIS spherical coverage’ is the DL step size, i.e., 0.2dB.


[bookmark: _Ref31104966]Proposal 3: define the PC1 MU element “Influence of spherical coverage grid” with a standard uncertainty of 0.05dB with the systematic error of PC1 MU element “Systematic error related to EIS spherical coverage” set to 0.2dB
QoQZ
The QoQZ procedure for PC3 devices was defined with reference antenna pattern masks (directivity, HPBW) that are somewhat similar to expected antenna pattern. Typical PC1 antenna patterns are expected to be significantly more directive than typical PC3 antenna patterns, e.g., the worst-case pattern assumption for measurement grid analyses was based on an 8x2 antenna array for PC3, while a 12x12 antenna array was assumed for PC1 as illustrated in Figure 1.
[image: ] [image: ]
[bookmark: _Ref31056529]Figure 1: Worst case PC3 (left) and PC1 (right) antenna patterns
[bookmark: _Hlk31090256]Performing the QoQZ validations with highly directive antennas would require a much finer discretization of the antenna orientations/angles to illuminate the chamber uniformly. It is not expected that such QoQZ procedure with more directive antennas and more reference antenna orientations is going to yield a significant difference in QoQZ MU. To avoid multiple extensive chamber validations, it is proposed to use the existing QoQZ validations outlined in [4], specifically Annex O, for PC1 devices. It is subsequently proposed to apply the QoQZ MU values agreed for PC3 [5] to PC1. 
[bookmark: _Ref31104973]Proposal 4: Use the existing QoQZ validations outlined in [4], specifically Annex O, for PC1 devices
[bookmark: _Ref31104978]Proposal 5: Apply the QoQZ MU values agreed for PC3 [5] to PC1
MU Elements dependent on DUT Antenna Pattern
The MU elements, other than those related to the measurement grid, depending on the antenna pattern have been identified in [6]: 
Positioning misalignment
DUT repositioning (EIRP/EIS)
The approach to determine the positioning misalignment MU is based on the approach outlined in [7] with a maximum deviation from the beam peak direction due to positioning misalignment to be 0.25o. The simulation results shown in Figure 2 show that the error based on the positioning misalignment is very small with maximum error between the theoretical beam peak and the pattern at the misaligned beam peak direction 0.02dB.
[image: ]
[bookmark: _Ref534369233]Figure 2: Histogram of maximum beam peak errors for a maximum misalignment error of 0.25o.
It is therefore proposed to define the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB.
[bookmark: _Ref31104987]Proposal 6: define the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB
The approach to determine the DUT repositioning for EIRP/EIS metrics is based on the approach outlined in [8] with a maximum deviation from the beam peak direction due to DUT re-positioning to be 1o. The simulation results shown in Figure 3 show that the error based on the positioning misalignment is very small with maximum error between the theoretical beam peak and the pattern at the misaligned beam peak direction 0.35dB.
[image: ]
[bookmark: _Ref31098959]Figure 3: Histogram of maximum beam peak errors for a maximum misalignment error of 1o.
[bookmark: _Ref31104992]Proposal 7: define the standard uncertainty of the “DUT repositioning” MU element for PC1 to be 0.35dB for EIRP and EIS metrics
MU Elements dependent on DUT Antenna Gain
The MU elements depending on the DUT Antenna gain are primarily related to the test equipment MUs and the Influence of Noise MUs since the UL/DL power spectral density is changed due to the increase in DUT Antenna Gain. As illustrated in Figure 1, the difference in peak gain between antenna assumptions for PC3 (8x2) and PC1 (12x12) is ~10dB which is similar to the 12dB difference in the MOP (Max EIRP, TRP) requirements in [9]. 
After a brief review of previous contributions of test equipment MUs, e.g., [10][11][12], including some supporting background data, it can be concluded that the test equipment MUs (Uncertainty of the RF power measurement equipment , Uncertainty of the Network Analyzer, gNB emulator uncertainty) for PC1 should re-use the test equipment MUs for PC3.
[bookmark: _Ref31104997]Proposal 8: Re-use the test equipment MU values from PC3 for the following list of MU elements for PC1: Uncertainty of the RF power measurement equipment, Uncertainty of the Network Analyzer, gNB emulator uncertainty
The Influence of Noise MU values need to be re-investigated using the updated DUT antenna gain assumptions. For spherical coverage MU evaluation, UE vendors need to “provide an acceptable assumption for the CDF curve for Maximum Output Power (EIRP spherical coverage)” (quote from AP#82.22).
[bookmark: _Ref31105740]Proposal 9: Create an Action Point to UE vendors to provide an acceptable PC1 assumption for the CDF curve for MOP EIRP spherical coverage 
MU Elements independent on DUT Antenna Pattern and Gain
The following list of MU elements should be considered independent on Antenna Pattern and respective gain/directivity and should therefore be re-used from the PC3 MU tables:
Measure Distance Uncertainty
Mismatch
Standing wave between the DUT and measurement antenna
Phase curvature
Amplifier Uncertainties
Random Uncertainty
Influence of XPD
Insertion Loss Variation
RF leakage (from measurement antenna to the receiver/transmitter)
DUT repositioning (TRP, spherical coverage): already included in the measurement grid MU
Multiple measurement antenna uncertainty
Uncertainty of the absolute gain of the calibration antenna
Phase centre offset of calibration antenna
Phase centre offset of calibration antenna
Standing wave between reference calibration antenna and measurement antenna
Influence of the calibration antenna feed cable
Insertion Loss Variation
Is therefore proposed to re-use the MU values from PC3 for the above list of MU elements for PC1.
[bookmark: _Ref31105002]Proposal 10: Re-Use the MU values from PC3 for the following list of MU elements for PC1: Measure Distance Uncertainty, Mismatch, Standing wave between the DUT and measurement antenna, Phase curvature, 	Amplifier Uncertainties, Random Uncertainty, Influence of XPD, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter), DUT repositioning (TRP, spherical coverage), Multiple measurement antenna uncertainty, Uncertainty of the absolute gain of the calibration antenna, Phase centre offset of calibration antenna, Phase centre offset of calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, Insertion Loss Variation
Conclusion
The following observations and proposals were made in this contribution
Proposal 1: define the PC1 MU element “Influence of TRP measurement grid” with a standard uncertainty of 0.25dB with the systematic error of PC1 MU element “Systematic error due to TRP calculation/quadrature” set to 0
Proposal 2: define the systematic error of PC1 MU element “Systematic error related to beam peak search” to be 0.7dB.
Proposal 3: define the PC1 MU element “Influence of spherical coverage grid” with a standard uncertainty of 0.05dB with the systematic error of PC1 MU element “Systematic error related to EIS spherical coverage” set to 0.2dB
Proposal 4: Use the existing QoQZ validations outlined in [4], specifically Annex O, for PC1 devices
Proposal 5: Apply the QoQZ MU values agreed for PC3 [5] to PC1
Proposal 6: define the standard uncertainty of the “Positioning misalignment” MU element for PC1 to be 0.02dB
Proposal 7: define the standard uncertainty of the “DUT repositioning” MU element for PC1 to be 0.35dB for EIRP and EIS metrics
Proposal 8: Re-use the test equipment MU values from PC3 for the following list of MU elements for PC1: Uncertainty of the RF power measurement equipment, Uncertainty of the Network Analyzer, gNB emulator uncertainty
Proposal 9: Create an Action Point to UE vendors to provide an acceptable PC1 assumption for the CDF curve for MOP EIRP spherical coverage
Proposal 10: Re-Use the MU values from PC3 for the following list of MU elements for PC1: Measure Distance Uncertainty, Mismatch, Standing wave between the DUT and measurement antenna, Phase curvature, 	Amplifier Uncertainties, Random Uncertainty, Influence of XPD, Insertion Loss Variation, RF leakage (from measurement antenna to the receiver/transmitter), DUT repositioning (TRP, spherical coverage), Multiple measurement antenna uncertainty, Uncertainty of the absolute gain of the calibration antenna, Phase centre offset of calibration antenna, Phase centre offset of calibration antenna, Standing wave between reference calibration antenna and measurement antenna, Influence of the calibration antenna feed cable, Insertion Loss Variation
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