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1.
Introduction

Based on the WF [1] and assumptions which were agreed at the previously held telecon on Nov. 2nd and Nov. 10th, we calculated measurement uncertainty (MU) values for mmWave test setup. 


2. 
Assumptions and results of MU calculation
2.1 Baseline assumptions
Baseline assumptions which were agreed in the teleconference and used in the calculation were as follows. Refer to section 3 for other supplemental assumptions.  
Frequency : 43.5 GHz

Maximum quiet zone size : 15 cm

System setup assumption : Use the worksheet as a baseline which was provided from R&S at the telecon on Nov. 2nd.

See figure 2.1-1 below for the block diagram.

D (size of DUT to derive the far field distance) : 5 cm and 15 cm

Corresponding far field distance : 73 cm (D=5cm) and 6.53 m (D=15cm)

Calculate MU values applying black box approach (antenna position on the DUT is unknown.)
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Figure 2.1-1 Block diagram of baseline test setup

2.2 MU value for EIRP with D=5cm

 Table 2.2-1 shows the calculation result of the MU value for EIRP with a case whose D = 5cm. For a purpose of comparison, we calculated values with 2 cases which we call “split calibration” and “system calibration”. Here the split calibration is a procedure which the calibration is carried out separately at the conducted part (including a switch unit as a test setup) and radiated part (including an amplification unit and a chamber as a test setup). And the system calibration is a procedure which the calibration is carried out on a whole system from end to end. Considering the system path loss approximately 45 dB, we assume that system calibration is possible and there is a benefit that we can get a better MU values since we do not need to include multiple mismatch contributions than the split calibration.
Table 2.2-1 MU value for EIRP with D = 5 cm
	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	Split calibration
	System calibration

	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	Stage 1-1: Calibration (conducted part)
	　
	　

	Mismatch (VNA and Switch unit port 1)
	U-shaped
	1.414
	0.3
	0.212
	0.3
	0.212

	Mismatch (VNA and Switch unit port 2)
	U-shaped
	1.414
	0.19
	0.134
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0.2
	0.100
	0
	0.000

	Stage 1-2: Calibration (radiated part)
	　
	　

	Mismatch (VNA and Reference antenna)
	U-shaped
	1.414
	0.2
	0.141
	0.2
	0.141

	Mismatch (VNA and Amplifier unit)
	U-shaped
	1.414
	0.22
	0.156
	0
	0.000

	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0.3
	0.173
	0.3
	0.173

	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0.2
	0.100
	0.2
	0.100

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500
	1
	0.500

	Quality of quiet zone
	Normal
	1
	0.85
	0.850
	0.85
	0.850

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.03
	0.017
	0.03
	0.017

	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.03
	0.017
	0.03
	0.017

	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.05
	0.029
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	0
	0.000
	0
	0.000

	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058
	0.1
	0.058

	Stage 2: DUT measurement
	　
	　

	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	Quality of quiet zone
	Normal
	1
	1.8
	1.800
	1.8
	1.800

	Mismatch of receiver chain (SS to SW Unit)
	U-shaped
	1.414
	2.72
	1.924
	2.72
	1.924

	Mismatch of receiver chain (SW Unit to Amplifier Unit)
	U-shaped
	1.414
	3.1
	2.192
	0
	0.000

	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000
	0
	0.000

	Uncertainty of the RF power measurement equipment
	Normal
	2
	2.15
	1.075
	2.15
	1.075

	Phase curvature
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	
	Misalignment of DUT
	Rectangular
	1.732
	0.02
	0.012
	0.02
	0.012

	
	Displacement of DUT
	Rectangular
	1.732
	0.05
	0.029
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	1.75
	0.875
	1.75
	0.875

	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231
	0.4
	0.231

	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587
	0.83
	0.587

	Total of the uncertainties
	　
	　
	　
	3.899
	　
	3.216

	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	7.642
	　
	6.303


2.3 MU value for EIS with D=5cm

 Table 2.3-1 shows the calculation result of the MU value for EIS with a case whose D = 5cm. Difference between the calculation result for EIRP in subsection 2.2 is uncertainty of the RF power measurement equipment.

Table 2.3-1 MU value for EIS with D = 5 cm

	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	Split calibration
	System calibration

	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	Stage 1-1: Calibration (conducted part)
	　
	　

	Mismatch (VNA and Switch unit port 1)
	U-shaped
	1.414
	0.3
	0.212
	0.3
	0.212

	Mismatch (VNA and Switch unit port 2)
	U-shaped
	1.414
	0.19
	0.134
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0.2
	0.100
	0
	0.000

	Stage 1-2: Calibration (radiated part)
	　
	　

	Mismatch (VNA and Reference antenna)
	U-shaped
	1.414
	0.2
	0.141
	0.2
	0.141

	Mismatch (VNA and Amplifier unit)
	U-shaped
	1.414
	0.22
	0.156
	0
	0.000

	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0.3
	0.173
	0.3
	0.173

	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	0.2
	0.100
	0.2
	0.100

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500
	1
	0.500

	Quality of quiet zone
	Normal
	1
	0.85
	0.850
	0.85
	0.850

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.03
	0.017
	0.03
	0.017

	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.03
	0.017
	0.03
	0.017

	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.05
	0.029
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	0
	0.000
	0
	0.000

	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058
	0.1
	0.058

	Stage 2: DUT measurement
	　
	　

	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000
	0
	0.000

	Quality of quiet zone
	Normal
	1
	1.8
	1.800
	1.8
	1.800

	Mismatch of receiver chain (SS to SW Unit)
	U-shaped
	1.414
	2.72
	1.924
	2.72
	1.924

	Mismatch of receiver chain (SW Unit to Amplifier Unit)
	U-shaped
	1.414
	3.1
	2.192
	0
	0.000

	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000
	0
	0.000

	Uncertainty of the RF power measurement equipment
	Normal
	2
	2.12
	1.060
	2.12
	1.060

	Phase curvature
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	0
	0.000
	0
	0.000

	
	Misalignment of DUT
	Rectangular
	1.732
	0.02
	0.012
	0.02
	0.012

	
	Displacement of DUT
	Rectangular
	1.732
	0.05
	0.029
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	1.75
	0.875
	1.75
	0.875

	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231
	0.4
	0.231

	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587
	0.83
	0.587

	Total of the uncertainties
	　
	　
	　
	3.895
	　
	3.211

	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	7.634
	　
	6.294


2.4 MU value for EIRP with D = 15 cm

 We faced an issue while calculating a level diagram of a test case with D = 15 cm.

Figure 2.4-1 shows a part of level diagram when we measure minimum output power from DUT (-13 dBm).

[image: image2]
Figure 2.4-1 Level diagram in a chamber at minimum output power measurement
 As shown in the figure above, a signal level before going into the amplifier is -79.5 dBm. Then if we assume that the measurement is carried out with 400 MHz channel bandwidth, this level can be calculated as -165.5 dBm/Hz (-79.5 dBm + 10 * log (1/400 MHz), which means only 8.5 dB above the thermal noise level and the signal level can soon be the same level with the noise level due to the cable loss between the measurement antenna and an amplifier, and also by an influence of NF of the amplifier.

 Therefore in a case that D=15 cm, we cannot apply the MU value to the minimum output power test case because of the testability issue.

Observation 1: In a case that D = 15 cm, MU value cannot be applied to the minimum output power test case because of the extremely high free space path loss and the signal level reaches almost same level as the thermal noise level.  
 Now even when the maximum output power test case, calculated MU values becomes unrealistic level because of an extremely high free space path loss within the chamber and also with the long cables in it. (More than 100 dB loss.)
 Table 2.4-1 shows the calculation result of the MU value with D = 15cm. As you can see the MU values of VNA, it becomes more than 10 dB even with the state of the art test equipment due to the extremely high path loss such as 100 dB. And if we try to lower that uncertainty value to somehow around 0.5dB, it requires an amplifier with a gain of approximately 70 dB, which is not practical at all.
Table 2.4-1 MU value for EIRP with D = 15 cm 

	Description of uncertainty contribution
	Probabilistic Distribution
	Divisor
	Split calibration

	
	
	
	Uncertainty value[dB]
	Standard uncertainty
[dB]

	Stage 1-1: Calibration (conducted part)

	Mismatch (VNA and Switch unit port 1)
	U-shaped
	1.414
	0.3
	0.212

	Mismatch (VNA and Switch unit port 2)
	U-shaped
	1.414
	0.19
	0.134

	Uncertainty of the Network Analyzer
	Normal
	2
	0.2
	0.100

	Stage 1-2: Calibration (radiated part)

	Mismatch (VNA and Reference antenna)
	U-shaped
	1.414
	0.2
	0.141

	Mismatch (VNA and Amplifier unit)
	U-shaped
	1.414
	0.22
	0.156

	Reference antenna feed cable loss measurement uncertainty
	Rectangular
	1.732
	0.3
	0.173

	Uncertainty of an absolute gain of the measurement antenna
	Normal
	2
	0
	0.000

	Uncertainty of the Network Analyzer
	Normal
	2
	10
	5.000

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Normal
	2
	1
	0.500

	Quality of quiet zone
	Normal
	1
	0.85
	0.850

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Misalignment of calibration antenna
	Rectangular
	1.732
	0.03
	0.017

	
	Misalignment of measurement antenna
	Rectangular
	1.732
	0.03
	0.017

	
	Displacement of cal. antenna
	Rectangular
	1.732
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	0
	0.000

	Others( eg. Cable twist )
	Rectangular
	1.732
	0.1
	0.058

	Stage 2: DUT measurement

	Measure distance uncertainty
	Rectangular
	1.732
	0
	0.000

	Quality of quiet zone
	Normal
	1
	1.8
	1.800

	Mismatch of receiver chain (SS to SW Unit)
	U-shaped
	1.414
	2.72
	1.924

	Mismatch of receiver chain (SW Unit to Amplifier Unit)
	U-shaped
	1.414
	3.1
	2.192

	Absolute antenna gain uncertainty of the measurement antenna
	Normal
	2
	0
	0.000

	Uncertainty of the RF power measurement equipment
	Normal
	2
	2.15
	1.075

	Phase curvature
	U-shaped
	1.414
	0
	0.000

	Offset of DUT phase centre from axis of rotation
	Black box test approach
	U-shaped
	1.414
	0
	0.000

	
	Misalignment of DUT
	Rectangular
	1.732
	0.02
	0.012

	
	Displacement of DUT
	Rectangular
	1.732
	0.05
	0.029

	Amplifier uncertainties
	Normal
	2
	1.75
	0.875

	Random uncertainty
	Rectangular
	1.732
	0.4
	0.231

	Influence of the XPD
	U-shaped
	1.414
	0.83
	0.587

	Total of the uncertainties
	　
	　
	　
	6.340

	Expanded uncertainty(1.96*sigma) [dB]
	　
	　
	　
	12.426


Observation 2: Total MU values becomes unrealistic when D = 15 cm due to the extremely high path loss and also the losses with long cables which are used in the chamber. 

3. 
Supplemental assumptions on MU contributions

  Here we show our assumptions on some MU contributions in the tables above. 
Mismatch (VNA and Switch unit port 1) 
 Source match = 28 with VNA, VSWR= 2.5 for switch box with an assumption that the VSWR of splitter is dominant.

Mismatch (VNA and Switch unit port 2)
 Load match = 32 with VNA, VSWR = 2.5 for switch box.
Uncertainty of the Network analyzer for a case of D=5

 Used the MU value 0.2 dB from the datasheet of MS4647B with an expected condition of approx. 20 dB path loss.

Mismatch (VNA and Reference antenna)
 VSWR = 1.8 with reference antenna. 
Mismatch (VNA and Amplifier unit)

 Roughly applied 3dB VSWR from a datasheet of an average amplifier. 
Quality of quiet zone (Calibration stage / Measurement stage) 
 Evaluation result at 28 GHz with 60 cm range length. Used A-INFO LB-28-15 for evaluation antenna. Also tentatively applied same value to the calculation of MU value for D = 15 cm case.  
Misalignment of calibration antenna / measurement antenna (calibration stage)
 0.4 degree misalignment by 5mm off center from AoA with the 80 cm range length. 80 cm was derived based on the idea of [2].
Displacement of calibration antenna
 5mm displacement

Mismatch of receiver chain (SS to SW Unit)
 VSWR =2.5 for SS

Offset of DUT phase centre from axis of rotation – Black box test approach
 MU value is included in the evaluation result of quiet zone for measurement stage.



4.
Conclusion
Based on the WF [1] and assumptions agreed in the previous telecon between the RAN4 #84bis and #85, updated calculation result of MU values are provided with 2 conditions, which are D = 5 cm and D = 15 cm.
Observation 1: In a case that D = 15 cm, MU value cannot be applied to the minimum output power test case because of the extremely high free space path loss and the signal level reaches almost same level as the thermal noise level.  
Observation 2: Total MU values becomes unrealistic when D = 15 cm due to the extremely high path loss and also the losses with long cables which are used in the chamber.
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