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1.
Introduction

At RAN4 #82bis and 83 meeting, way forwards to derive measurement uncertainty (MU) contributions were agreed. [1, 2]
Based on the WFs, we further studied actual values for each MU contribution of Tx/Rx test, and introduce key contributions which came out from the study. 


2. Discussion
2.1 Total measurement uncertainty and its major contributions
Figure 1 shows a simplified test setup of Tx/Rx RF OTA measurement which uses a signal generator and a spectrum analyzer at a calibration stage. A positioner for DUT and an anechoic chamber are omitted from the figure.

[image: image1]
Figure 1. Test setup of OTA Tx/Rx measurement for mmWave UE

As listed in the following measurement uncertainty estimation tables from Appendix A.1 to A.4, there are some factors which may have major impacts on an estimation of measurement uncertainty for OTA test. And a total measurement uncertainty can be approximately 6 dB (both TRP/EIRP and TIS/EIS) at 28 GHz range because of those contributions such as a quality of quiet zone, uncertainty of the gain of the calibration antenna, and offset of DUT phase center from axis of rotation.  Therefore there is a need to study further these actual values and find solutions against them. 

In the estimation tables, contributions which we introduced above include values which we acquired and applied from our experiment, investigation of commercial products, and theoretic calculation. 

Observation 1: A total measurement uncertainty of OTA Tx/Rx RF test can be approximately 6 dB at 28 GHz range because of some contributions.
Observation 2: Following contributions may have a major impact on estimating a total measurement uncertainty for OTA test. 
· Quality of quiet zone (Both stage 1 and 2) 

· Uncertainty of the gain/efficiency of the calibration antenna
· Offset DUT phase center from axis of rotation
Proposal 1: Interested companies are highly encouraged to study each contribution above and propose values to derive representative total measurement uncertainty, or also propose solutions to reduce their influences.
In addition to the existing contributions, we found that we need to take into account of a following contribution as a new factor of NR OTA measurement.

· Influence of the cross polarization discrimination (XPD) 

2.2 Major contributions and their factors
 As listed above, following contributions are supposed to be majorities to decide the total measurement uncertainty for OTA Tx/Rx test.
· Quality of quiet zone (included in both stage 1 and 2) 

Since a frequency range of signals is high from 28 to 40 GHz, we assume a presence of positioner cannot be ignorable in a chamber compared to the previous frequency range for LTE. 
We temporarily applied the value as 2 dB from our experiment. However in relation to the influence above, there might also be an influence of parts which are used in a positioner. We need to study it separately to decide if we also need to include its impact on the total MU value. For example, we have a concern on a case that we measure a DUT from a direction which a part of positioner becomes a screen. (Like a case measuring from under the positioner / table in a conical cut test setup, or a direction towards a kind of pillar beside a positioner in a great circle test setup.) 

Anyway it depends on a measurement setup, a direction to measure, a shape of a positioner and a material. 
· Uncertainty of the gain/efficiency of the calibration antenna
Currently, facilities to provide a precise calibration service to measure a gain of calibration antenna are limited. Therefore this contribution can be major depending on a way to calibrate the calibration (reference) antenna for stage 1. 
· Offset DUT phase center from axis of rotation
To compare an influence of the contribution “Offset DUT phase center from axis of rotation”, we introduce total measurement uncertainty values with 2 conditions. Differences between A.1 and A.2, or A.3 and A.4 are values on condition that the position of antennas in a DUT is unknown or known. 

By this comparison, we can see this contribution is mainly decided by this difference. And at this moment, we assume that the contribution “Offset DUT phase center from axis of rotation” has one of the biggest impacts on the total MU value.
Observation 3: The contribution “Offset DUT phase center from axis of rotation” has one of the biggest impacts on the total MU value.

This value also depends on a measurement distance, a size of a DUT and a design of a measurement antenna. And it includes factors such as an uncertainty of path loss and an uncertainty caused by an error of angle from a measurement antenna. 
To reduce the influence of this contribution, we think there are at least 2 solutions at this moment.

a) Broaden a beam profile of a measurement antenna.
b) Clarify a position of antennas in a DUT.
As for the solution a), there is a trade-off that an antenna gain would be reduced. Therefore we propose the following proposal 2.
 Proposal 2: A position of antennas in a DUT shall be clarified to reduce an influence of the contribution “Offset DUT phase center from axis of rotation”.
· Influence of the cross polarization discrimination (XPD) 

XPD is the proportion of signal that is transmitted in the orthogonal polarization to that which is required. For example, suppose a measurement antenna with 20 dB XPD receives 0 dBm H-polarization signal as a required beam, then there is a -20 dBm signal element of V-polarization in an actual measured result. In that case the measurement uncertainty value can be derived as 0.83 dB by the following calculation. 
Suppose a power of a required signal is 1, an amplitude of cross polarized signal is :
10 ^ (XPD/20) = 10^(-20/20) = 0.1
Then the measurement uncertainty for this contribution would be : 

20 log (1 + 0.1) = 0.83 dB
Note that the value was derived on an assumption that the orthogonal polarization signal overlaps with the same phase on the required signal.
This contribution is relatively smaller than other contributions described above. But if a design of a measurement antenna is not good enough and XPD becomes for example 15 dB or less, then this contribution may also become not ignorable.


3.
Conclusion
Based on the WFs [1, 2], we further studied actual values for each MU contribution of Tx/Rx test and introduced key contributions which came out from the study.

Observation 1: A total measurement uncertainty of OTA Tx/Rx RF test can be approximately 6 dB because of some contributions.
Observation 2:  Following contributions may have a major impact on estimating a total measurement uncertainty for OTA test.

· Quality of quiet zone (Both stage 1 and 2) 

· Uncertainty of the gain/efficiency of the calibration antenna
· Offset DUT phase center from axis of rotation
Observation 3: The contribution “Offset DUT phase center from axis of rotation” has one of the biggest impacts on the total MU value.

Proposal 1: Interested companies are highly encouraged to study each contribution above and propose values to derive representative total measurement uncertainty, or also propose solutions to reduce their influences.

Proposal 2: A position of antennas in a DUT shall be clarified to reduce an influence of the contribution “Offset DUT phase center from axis of rotation”.
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5. Appendix

Refer to the tables below for more detailed estimation of total measurement uncertainties on TRP/EIRP and TRS/EIS.
Appendix A.1 Estimation of Measurement Uncertainty (TRP/EIRP): Condition 1 – Antenna position in DUT is unknown
	Contributions
	Uncertainty
Value[dB]
	Probabilistic
Distribution
	Divisor
	Standard
Uncertainty
1σ[%]
	Remarks

	Stage 1(Calibration)
	　
	　
	　
	　
	　

	1) Cable loss measurement uncertainty (Reference antenna feed cable loss measurement uncertainty)
	　
	　
	　
	　
	　

	 E.22 Cable loss measurement uncertainty
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	2) Uncertainty from impedance mismatch between the signal generator and the calibration antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	3) Impedance mismatch uncertainty between the measurement receiver and the probe antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	4) Signal generator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.23 Signal generator: uncertainty of the absolute output level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	5) Signal generator: output level stability
	　
	　
	　
	　
	　

	 E.24 Signal generator: output level stability
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	6) Influence of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.2 Calibration antenna cable
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Influence of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	8) Insertion loss of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.25 Insertion loss: Calibration antenna feed cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Insertion loss of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.62dB
	U-shaped
	1.414 
	5.257%
	　

	11) Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	12) Insertion loss of the calibration antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.26 Insertion loss: Calibration antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Insertion loss of the probe antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Uncertainty of the absolute level of the measurement receiver
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	15) Uncertainty of the absolute gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	16) Uncertainty of the absolute gain of the calibration antenna
	　
	　
	　
	　
	　

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	2.00dB
	Normal
	2.000 
	29.245%
	　

	17) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	18) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34dB
	Rectangular
	1.732 
	4.636%
	Note 1, 2

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	Stage 2(Measurement)
	　
	　
	　
	　
	　

	1) Mismatch of receiver chain
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	2) Insertion loss of receiver chain
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.5 Insertion loss of the RF relays (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	3) Influence of the probe antenna cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	4) Uncertainty of the absolute antenna gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	Influence of the cross polarization discrimination (XPD)
	0.83dB
	Rectangular
	1.732 
	12.159%
	Note 3 

	5) Measurement Receiver: uncertainty of the absolute level (gNB emulator uncertainties)
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	2.14dB
	Normal
	2.000 
	31.887%
	Note 4

	6) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	5.24dB
	Rectangular
	1.732 
	135.377%
	Note 1, 5 

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	7) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	8) DUT Tx-power drift
	　
	　
	　
	　
	　

	 E.11 Tx-power drift of DUT
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Uncertainty related to the use of phantom
	　
	　
	　
	　
	　

	 E.12 Uncertainty related to the use of phantom
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Coarse sampling grid
	　
	　
	　
	　
	　

	 E.13 Coarse sampling grid
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	11) Repeatability
	　
	　
	　
	　
	　

	 E.14 Random uncertainty
	0.40dB
	Rectangular
	1.732 
	5.570%
	　

	Combined standard uncertainty [%]
	　
	　
	　
	167.695%
	　

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	　
	　
	　
	328.683%
	　

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	　
	　
	　
	6.321dB
	　

	Note 1: Including uncertainty of path loss and uncertainty caused by an error of angle from a measurement antenna towards antenna in a DUT. 

Note 2: Calculated value based on a condition that an offset of antenna position is 5 mm and measurement distance between DUT and measurement antenna is 60 cm.

Note 3: Suppose XPD is 20 dB and the orthogonal polarization signal with the same phase can be observed with the required signal.
Note 4: Including an accuracy of absolute level, linearity, and frequency characteristic within a band.
Note 5: Calculated value based on a condition that an offset of antenna position is 10 cm and measurement distance between DUT and measurement antenna is 60 cm. 


Appendix A.2 Estimation of Measurement Uncertainty (TRP/EIRP): Condition 2 – Antenna position in DUT is known

	Contributions
	Uncertainty
Value[dB]
	Probabilistic
Distribution
	Divisor
	Standard
Uncertainty
1σ[%]
	Remarks

	Stage 1(Calibration)
	　
	　
	　
	　
	　

	1) Cable loss measurement uncertainty (Reference antenna feed cable loss measurement uncertainty)
	　
	　
	　
	　
	　

	 E.22 Cable loss measurement uncertainty
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	2) Uncertainty from impedance mismatch between the signal generator and the calibration antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	3) Impedance mismatch uncertainty between the measurement receiver and the probe antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	4) Signal generator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.23 Signal generator: uncertainty of the absolute output level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	5) Signal generator: output level stability
	　
	　
	　
	　
	　

	 E.24 Signal generator: output level stability
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	6) Influence of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.2 Calibration antenna cable
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Influence of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	8) Insertion loss of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.25 Insertion loss: Calibration antenna feed cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Insertion loss of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.62dB
	U-shaped
	1.414 
	5.257%
	　

	11) Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	12) Insertion loss of the calibration antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.26 Insertion loss: Calibration antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Insertion loss of the probe antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Uncertainty of the absolute level of the measurement receiver
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	15) Uncertainty of the absolute gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	16) Uncertainty of the absolute gain of the calibration antenna
	　
	　
	　
	　
	　

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	2.00dB
	Normal
	2.000 
	29.245%
	　

	17) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	18) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation (Reference antenna positioning misalignment)
	0.34dB
	Rectangular
	1.732 
	4.636%
	Note 1, 2 

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	Stage 2(Measurement)
	　
	　
	　
	　
	　

	1) Mismatch of receiver chain
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	2) Insertion loss of receiver chain
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.5 Insertion loss of the RF relays (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	3) Influence of the probe antenna cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	4) Uncertainty of the absolute antenna gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	Influence of the cross polarization discrimination (XPD)
	0.83dB
	Rectangular
	1.732 
	12.159%
	Note 3

	5) Measurement Receiver: uncertainty of the absolute level (gNB emulator uncertainties)
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	2.14dB
	Normal
	2.000 
	31.887%
	Note 4

	6) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation (positioning misalignment)
	0.31dB
	Rectangular
	1.732 
	4.244%
	Note 1, 2 

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	7) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	8) DUT Tx-power drift
	　
	　
	　
	　
	　

	 E.11 Tx-power drift of DUT
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Uncertainty related to the use of phantom
	　
	　
	　
	　
	　

	 E.12 Uncertainty related to the use of phantom
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Coarse sampling grid
	　
	　
	　
	　
	　

	 E.13 Coarse sampling grid
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	11) Repeatability
	　
	　
	　
	　
	　

	 E.14 Random uncertainty
	0.40dB
	Rectangular
	1.732 
	5.570%
	　

	Combined standard uncertainty [%]
	　
	　
	　
	99.059%
	　

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	　
	　
	　
	194.156%
	　

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	　
	　
	　
	4.686dB
	　

	Note 1: Including uncertainty of path loss and uncertainty caused by an error of angle from a measurement antenna towards antenna in a DUT. 

Note 2: Calculated value based on a condition that an offset of antenna position is 5 mm and measurement distance between DUT and measurement antenna is 60 cm.

Note 3: Suppose XPD is 20 dB and the orthogonal polarization signal with the same phase can be observed with the required signal.
Note 4: Including an accuracy of absolute level, linearity, and frequency characteristic within a band.


Appendix A.3 Estimation of Measurement Uncertainty (TRS/EIS): Condition 1 – Antenna position in DUT is unknown

	Contributions
	Uncertainty
Value[dB]
	Probabilistic
Distribution
	Divisor
	Standard
Uncertainty
1σ[%]
	Remarks

	Stage 1(Calibration)
	　
	　
	　
	　
	　

	1) Cable loss measurement uncertainty
	　
	　
	　
	　
	　

	 E.22 Cable loss measurement uncertainty
	0.20dB
	Rectangular
	1.732 
	2.721%
	　

	2) Uncertainty from impedance mismatch between the measurement receiver and the calibration antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	1.90dB
	U-shaped
	1.414 
	17.317%
	　

	3) Impedance mismatch uncertainty between the signal generator and the probe antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	4) Signal generator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.23 Signal generator: uncertainty of the absolute output level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	5) Signal generator: output level stability
	　
	　
	　
	　
	　

	 E.24 Signal generator: output level stability
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	6) Influence of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.2 Calibration antenna cable
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Influence of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	8) Insertion loss of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.25 Insertion loss: Calibration antenna feed cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Insertion loss of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	11) Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	12) Insertion loss of the calibration antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.26 Insertion loss: Calibration antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Insertion loss of the probe antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Uncertainty of the absolute level of the measurement receiver
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	15) Uncertainty of the absolute gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	16) Uncertainty of the absolute gain of the calibration antenna
	　
	　
	　
	　
	　

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	2.00dB
	Normal
	2.000 
	29.245%
	　

	17) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	18) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation
	0.34dB
	Rectangular
	1.732 
	4.636%
	Note 1, 2

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	Stage 2(Measurement)
	　
	　
	　
	　
	　

	1) Mismatch of transmitter chain
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	2) Insertion loss of transmitter chain
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.5 Insertion loss of the RF relays (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	3) Influence of the probe antenna cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	4) Uncertainty of the absolute antenna gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	Influence of the cross polarization discrimination (XPD)
	0.83dB
	Rectangular
	1.732 
	12.159%
	Note 3

	5) Base station simulator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.17 Base station simulator: uncertainty of the absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	

	6) BER measurement: output level step resolution
	　
	　
	　
	　
	　

	 E.18 BER measurement: output level step resolution
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Statistical uncertainty of BER measurement
	　
	　
	　
	　
	　

	 E.19 Statistical uncertainty of the BER measurement
	0.12dB
	Rectangular
	1.732 
	1.618%
	　

	8) BER data rate normalization
	　
	　
	　
	　
	　

	 E.20 BER normalization uncertainty
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation
	5.24dB
	Rectangular
	1.732 
	135.377%
	Note 1 , 4

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	11) DUT sensitivity drift
	　
	　
	　
	　
	　

	 E.21 DUT sensitivity drift
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	12) Uncertainty related to the use of phantom
	　
	　
	　
	　
	　

	 E.12 Uncertainty related to the use of phantom
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Coarse sampling grid
	　
	　
	　
	　
	　

	 E.13 Coarse sampling grid
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Repeatability
	　
	　
	　
	　
	　

	 E.14 Random uncertainty
	0.40dB
	Rectangular
	1.732 
	5.570%
	　

	Combined standard uncertainty [%]
	　
	　
	　
	166.777%
	　

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	　
	　
	　
	326.882%
	　

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	　
	　
	　
	6.303dB
	　

	Note 1: Including uncertainty of path loss and uncertainty caused by an error of angle from a measurement antenna towards antenna in a DUT. 

Note 2: Calculated value based on a condition that an offset of antenna position is 5 mm and measurement distance between DUT and measurement antenna is 60 cm.

Note 3: Suppose XPD is 20 dB and the orthogonal polarization signal with the same phase can be observed with the required signal.
Note 4: Calculated value based on a condition that an offset of antenna position is 10 cm and measurement distance between DUT and measurement antenna is 60 cm.


Appendix A.4 Estimation of Measurement Uncertainty (TRS/EIS): Condition 2 – Antenna position in DUT is known

	Contributions
	Uncertainty
Value[dB]
	Probabilistic
Distribution
	Divisor
	Standard
Uncertainty
1σ[%]
	Remarks

	Stage 1(Calibration)
	　
	　
	　
	　
	　

	1) Cable loss measurement uncertainty
	　
	　
	　
	　
	　

	 E.22 Cable loss measurement uncertainty
	0.20dB
	Rectangular
	1.732 
	2.721%
	　

	2) Uncertainty from impedance mismatch between the measurement receiver and the calibration antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	1.90dB
	U-shaped
	1.414 
	17.317%
	　

	3) Impedance mismatch uncertainty between the signal generator and the probe antenna
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	4) Signal generator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.23 Signal generator: uncertainty of the absolute output level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	5) Signal generator: output level stability
	　
	　
	　
	　
	　

	 E.24 Signal generator: output level stability
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	6) Influence of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.2 Calibration antenna cable
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Influence of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	8) Insertion loss of the calibration antenna feed cable
	　
	　
	　
	　
	　

	 E.25 Insertion loss: Calibration antenna feed cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Insertion loss of the probe antenna feed cable
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	11) Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	12) Insertion loss of the calibration antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.26 Insertion loss: Calibration antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Insertion loss of the probe antenna attenuator (if used)
	　
	　
	　
	　
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Uncertainty of the absolute level of the measurement receiver
	　
	　
	　
	　
	　

	 E.8 Measurement Receiver: uncertainty of absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	15) Uncertainty of the absolute gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	16) Uncertainty of the absolute gain of the calibration antenna
	　
	　
	　
	　
	　

	 E.16 Uncertainty of the gain/efficiency of the calibration antenna
	2.00dB
	Normal
	2.000 
	29.245%
	　

	17) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	18) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation
	0.34dB
	Rectangular
	1.732 
	4.636%
	Note 1, 2

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	Stage 2(Measurement)
	　
	　
	　
	　
	　

	1) Mismatch of transmitter chain
	　
	　
	　
	　
	　

	 E.1 Mismatch uncertainty between measurement receiver and the probe antenna
	0.00dB
	U-shaped
	1.414 
	0.000%
	　

	2) Insertion loss of transmitter chain
	　
	　
	　
	　
	　

	 E.3 Insertion loss of the probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.4 Insertion loss of the probe antenna attenuator (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.5 Insertion loss of the RF relays (if used)
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	3) Influence of the probe antenna cable
	　
	　
	　
	　
	　

	 E.6 Influence of the antenna cable
	　
	　
	　
	　
	　

	 E.6.1 Probe antenna cable
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	4) Uncertainty of the absolute antenna gain of the probe antenna
	　
	　
	　
	　
	　

	 E.7 Absolute gain of the probe antenna
	0.00dB
	Normal
	2.000 
	0.000%
	　

	Influence of the cross polarization discrimination (XPD)
	0.83dB
	Rectangular
	1.732 
	12.159%
	Note 3

	5) Base station simulator: uncertainty of the absolute output level
	　
	　
	　
	　
	　

	 E.17 Base station simulator: uncertainty of the absolute level
	1.50dB
	Normal
	2.000 
	20.627%
	　

	6) BER measurement: output level step resolution
	　
	　
	　
	　
	　

	 E.18 BER measurement: output level step resolution
	0.10dB
	Rectangular
	1.732 
	1.345%
	　

	7) Statistical uncertainty of BER measurement
	　
	　
	　
	　
	　

	 E.19 Statistical uncertainty of the BER measurement
	0.12dB
	Rectangular
	1.732 
	1.618%
	　

	8) BER data rate normalization
	　
	　
	　
	　
	　

	 E.20 BER normalization uncertainty
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	9) Measurement distance
	　
	　
	　
	　
	　

	 E.9 Measurement distance
	　
	　
	　
	　
	　

	 E.9.1 Offset DUT phase center from axis of rotation
	0.31dB
	Rectangular
	1.732 
	4.244%
	Note 1,4 

	 E.9.2 Mutual coupling
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	 E.9.3Phase curvature
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	10) Quality of quiet zone
	　
	　
	　
	　
	　

	 E.10 Quality of quiet zone
	2.00dB
	Normal
	1.000 
	58.489%
	　

	11) DUT sensitivity drift
	　
	　
	　
	　
	　

	 E.21 DUT sensitivity drift
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	12) Uncertainty related to the use of phantom
	　
	　
	　
	　
	　

	 E.12 Uncertainty related to the use of phantom
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	13) Coarse sampling grid
	　
	　
	　
	　
	　

	 E.13 Coarse sampling grid
	0.00dB
	Rectangular
	1.732 
	0.000%
	　

	14) Repeatability
	　
	　
	　
	　
	　

	 E.14 Random uncertainty
	0.40dB
	Rectangular
	1.732 
	5.570%
	　

	Combined standard uncertainty [%]
	　
	　
	　
	97.496%
	　

	Expanded uncertainty [%] (Confidence interval of 95%) k=1.96
	　
	　
	　
	191.093%
	　

	Expanded uncertainty [dB] (Confidence interval of 95%) k=1.96
	　
	　
	　
	4.640dB
	　

	Note 1: Including uncertainty of path loss and uncertainty caused by an error of angle from a measurement antenna towards antenna in a DUT. 

Note 2: Calculated value based on a condition that an offset of antenna position is 5 mm and measurement distance between DUT and measurement antenna is 60 cm.

Note 3: Suppose XPD is 20 dB and the orthogonal polarization signal with the same phase can be observed with the required signal.
Note 4: Calculated value based on a condition that an offset of antenna position is 10 cm and measurement distance between DUT and measurement antenna is 60 cm.
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