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In RAN4 Adhoc#1807 meeting in Montreal, WF [1] for FR2 Measurement Uncertainty (MU) was approved. Companies are encouraged to investigate factors contributing to OTA system MU including the quality of the quiet zone, the MU associated with the measurement equipment, and the MU associated with other components of the test setup 
This contribution provides some MU values for quality of quiet zone and some values for FR2 OTA measurement uncertainty values for a CATR system.
Description
This contribution references MU budget Table 10.3.1.1.3.5-1 (EIRP measurement) and Table 10.3.2.2.4-1 in TR37.842 (EIS measurement) in TR37.842.  The Uncertainty Sources are:  
· Quiet zone ripple (for EIRP UID 5 and UID 16; for EIS UID 5 and UID 14)
· Standing wave between DUT and measurement antenna (for EIRP UID 3, UID 15; for EIS UID 2 and UID 18)
· Mismatch uncertainty, Insertion loss variation (for EIRP UID 7, and UID 8; for EIS UID 8 and UID 9)
· Switching Uncertainty (for EIRP UID 17, for EIS UID 19)
· Test Equipment uncertainty for Power measurement equipment (Spectrum Analyzer), RF Signal Generator, and Network Analyzer (for EIRP UID 2 and UID 6; for EIS UID 3 and UID 7)

Quiet Zone Quality (for EIRP UID 5 and UID 16; for EIS UID 5 and UID 14)
 Quiet Zone quality of a CATR is characterized by amplitude and phase variations that deviate from an ideal plane wave. There are two primary sources for these variations: (1) Imperfect reflections from the CATR reflector, and (2) reflections from the walls, floor and ceiling of the chamber. 
In attempting to perform analysis similar to what has been done before, we attempted to follow the methodology described in TR 37.842, Annex B2-5. However, this method appears to be proposing to use total amplitude variation as an uncertainty value, which will be extremely pessimistic. We have developed a different method that may more accurately reflect error, but which probably deserves further discussion. We therefore propose the following.
Proposal 1: RAN4 should further discuss the methodology for assessing uncertainty due to Quiet Zone ripple and consider updating the procedure described in TR 37.842, Annex B2-5 for use in TR 37.843.
The methodology we used, and which could be considered for inclusion in TR 37.843, is described below.
To determine quiet zone (QZ) variations due to the reflector, a set of volumetric QZ data was measured in a CATR with a 50cm quiet zone, at frequencies of 28GHz and 41GHz. These data were collected with a probe antenna whose directivity filters out the effects of reflections from the chamber walls, so that effect will be analyzed separately. From this data, the objective is to determine how much error is introduced by these fields relative to an ideal plane wave.  To do this, we impress an aperture function onto the fields to yield a voltage that would be measured by an antenna with that aperture distribution within the QZ. We then compare that result with the same function under ideal plane-wave conditions. The difference between these two voltages gives us an error term.
Since we are dealing with peak signal levels, we allow the aperture functions to lie in a plane normal to the range axis. We compute errors for both 28 and 41 GHz and at multiple downrange positions. The worst-case error computed among all frequencies and positions is considered to be the uncertainty value.
For the aperture functions, we use three different geometries: in the Calibration measurement we assume the presence of (1) a WR-28 standard gain horn (SGH) of dimensions 2.72” x 2.23” at 28GHz, and (2) a WR-22 SGH of dimensions 2.18” x 1.79” at 41 GHz.  In the DUT measurement we assume a DUT aperture of 50cm (19.7”) x 12.5cm (4.9”). The worst-case aperture function is likely to have a uniform current distribution, so we use that in our analysis. To allow for the possibility that there is a distribution that behaves more poorly than the uniform one, we add some margin to the final result.
The worst-case error value obtained via this method for the calibration measurement is 0.035 dB. To account for variations in manufacturing of reflectors, limited span of downrange measurements, and the possibility that the uniform aperture function is not the worst-case AUT model for this particular set of QZ fields, we add margin to this result, leading to a proposed uncertainty value of 0.07 dB.
For the DUT measurement step, the worst-case error was computed as 0.038 dB. To account for certain variations described above, we add some margin and propose an uncertainty value of 0.08 dB.
The previous analysis largely ignored reflections from chamber walls, so a separate analysis accounts for those. Analysis of the variations caused by reflections from the walls, floor and ceiling of the chamber is based on the reflectivity of the absorber treatment used to line the interior of the chamber. This analysis is based on the work in [2] and yields an uncertainty value of 0.015 dB.  

	QZ Quality Uncertainty for Calibration Measurement

	Source of Uncertainty
	Proposed Uncertainty

	Reflector
	0.070 dB

	Room Reflections
	0.015 dB

	Combined
	0.072 dB



The following table summarizes the uncertainties for the DUT Measurement.
	QZ Quality Uncertainty for DUT Measurement

	Source of Uncertainty
	Proposed Uncertainty

	Reflector
	0.080 dB

	Room Reflections
	0.015 dB

	Combined
	0.081 dB



Proposal 2: for Quiet Zone quality for CATR FR2, use following values;
· For measurement, 0.081 dB (for EIRP UID 5; for EIS UID 5)
· For calibration, 0.072 dB (for EIRP UID 16; for EIS UID 14)

Standing wave between DUT and measurement antenna (for EIRP UID 3, UID 15; for EIS UID 2 and UID 18)
The calculated uncertainty associated with standing waves between the DUT and the measurement antenna is based on analysis of reflections from the DUT and measurement antenna.  These were modeled from the mismatch between the probe antenna and the feed network (to the measurement equipment), the return loss of the DUT’s feed network, the gains of the DUT and the probe antenna, and the path loss of the CATR.  
The worst-case error occurred at the lower frequency end of FR2 (24GHz) with the smallest size Quiet Zone one might reasonably consider for NR Base Station test.
For our analysis, we assume a return loss of 5 dB for both antennas, a probe gain of no more than 12 dBi, and a DUT gain of no more than 26 dBi.
Proposal 3: Standing wave uncertainty is 0.03 dB (for EIRP UID 3, UID 15, for EIS UID 2 and UID 18)


Mismatch uncertainty, Insertion loss variation (for EIRP UID 7 and UID 8; for EIS UID 8 and UID 9)
Mismatch uncertainty and insertion loss variation are terms found in the Calibration measurement part of Table 10.3.1.1.3.5-1 (EIRP measurement) and Table 10.3.2.2.4-1 in TR37.842 (EIS measurement) in TR37.842. Details of the measurements can be found in Annexes B and C of TR37.842. The Calibration procedures are detailed in TR37.842 Clause 10.3.1.1.3 and Clause 10.3.2.1.2
The general configuration for EIRP calibration is shown in Figure 1.
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Figure 1. 


The general configuration for EIS calibration is shown in Figure 2.
 [image: ]
Figure 2.

The general configuration for DUT measurement is shown in Figure 3.
[image: ]
Figure 3.

The mismatch uncertainty values are calculated using the method of combining mismatch uncertainties for a cascade of components [4], [5].  The values derived include interactions between all components in a particular chain, for example the Signal Generator (source), through cables and switches to the probe antenna (load).  
Further analysis allows for the elimination of uncertainty terms which are common between calibration and measurement stages.  In this way the overall system measurement uncertainty can be reduced [4,5].  We propose to use the uncertainty values associated with this analysis method.
The reflection and transmission properties of the components of the receiver and transmitter chain (Figures 1,2) are shown in Table 1.


	Device/Component
	VSWR
	Transmission loss (dB)
	Comment
	Reference

	Probe Antenna
	2.0
	
	
	

	Cable
	1.4
	16
	457cm (180”) long
	Pasternack PE360-180

	Switch
	1.7
	0.95
	
	Keysight 87222E

	Cable
	1.4
	1.68
	60cm long
	Maury SC-292-MM-24

	Switch
	1.7
	0.95
	
	Keysight 87222E

	Cable
	1.4
	1.68
	60cm long
	Maury SC-292-MM-24

	Switch
	1.7
	0.95
	
	Keysight 87222E

	Cable
	1.4
	1.68
	60cm long
	Maury SC-292-MM-24

	Switch
	1.7
	0.95
	
	Keysight 87222E

	Cable
	1.4
	1.68
	60cm long
	Maury SC-292-MM-24

	Network Analyzer 
	1.577
	
	
	



Note that the Optional Power Amplifier and Low Noise Amplifier shown in Figures 1-3 are not used in this example.  Power budget calculations suggest that neither amplifier is required for these measurements. 
The Insertion Loss variation uncertainty (EIRP UID 8, EIS UID 9) is the residual uncertainty associated with the loss of a cable which is measured by the network analyzer in the Calibration stage, and subsequently connected from the VNA to the SGH. We propose that this uncertainty can arise from the difference in mismatch uncertainty between characterizing the cable loss with the network analyzer, and the mismatch uncertainty when one end of the cable is connected to the SGH.  A secondary and much smaller effect is that of insertion loss repeatability, which is dominated by the cable connectors.
The residual uncertainty calculated in this manner is 0.12 dB
Proposal 4: 
· Mismatch uncertainty of Rx chain: 0.74 dB (EIRP UID 7)
· Mismatch uncertainty of Tx chain: 0.74 dB (EIS UID 8)
· Insertion loss variation of Tx or Rx chain: 0.12 dB (for EIRP UID 8; for EIS UID 9)

Switching Uncertainty (for EIRP UID 17; for EIS UID 19)
Switching uncertainty is associated with the electromechanical switches used to route RF signals to measurement instruments during calibration measurements and DUT measurements.  It is assumed that the specified insertion loss repeatability of the switches in the Switch Matrix are combined by the RSS method to provide this uncertainty value.
In any switched path in Figures 1, 2 or 3 there will be four switches.  The insertion loss repeatability of one Keysight 87222E switch is 0.05dB (typical). 
Combined insertion loss repeatability is   = 0.1 dB

Proposal 5: Switching uncertainty: 0.1 dB (for EIRP UID 17, for EIS UID 19)




Test Equipment uncertainty (for EIRP UID 2 and UID 6, for EIS UID 3 and UID 7)
At RAN4#87 in Busan, Keysight provided FR2 Test Equipment uncertainty values [3]. For EIRP and EIS measurements, we propose to use a high performance Spectrum Analyzer and a high performance Signal Generator respectively. For these instruments and the Network Analyzer used during calibration, we propose the following uncertainty values: 
Proposal 6: Test Equipment Uncertainty for FR2 frequency of 26GHz < f < 50GHz
· Power Measurement Equipment Spectrum Analyzer: 1.28dB 
· Signal Generator: 1.23dB 
· Network Analyzer: 0.2dB 
		

Proposal
Proposal 1: 	RAN4 should further discuss the methodology for assessing uncertainty due to Quiet Zone ripple and consider updating the procedure described in TR 37.842, Annex B2-5 for use in TR 37.843.
Proposal 2: 		QZ Quality (DUT measurement): 0.081dB (for EIRP UID 5, for EIS UID 5)
		QZ Quality (Calibration Measurement): 0.072 dB (for EIRP UID 16, for EIS UID 14)
Proposal 3:	Standing wave uncertainty is 0.03dB (for EIRP UID 3, UID 15, for EIS UID 2 and UID 18)
Proposal 4:	Mismatch uncertainty of Rx chain: 0.74 dB (for EIRP UID 7)
				Mismatch uncertainty of Tx chain: 0.74 dB (for EIS UID 8)
[bookmark: _GoBack]Insertion loss variation of Tx or Rx chain: 0.12 dB (for EIRP UID 8, for EIS UID 9)
Proposal 5:	Switching uncertainty: 0.1dB (for EIRP UID 17, for EIS UID 19)
Proposal 6:	Power Measurement Equipment (Spectrum Analyzer): 1.28 dB (for EIRP UID 2)
Signal Generator: 1.23 dB (for EIS UID 3)
Network Analyzer: 0.2 dB (for EIRP UID 6; for EIS UID 7)
	EIRP uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value
FR2
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui [dB]
FR2

	Stage 2: DUT measurement

	1
	Misalignment DUT & pointing error
	-
	Exp. normal
	2
	1 
	-

	2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	1.28
	 Gaussian
	1
	 1
	1.28

	3
	Standing wave between DUT and test range antenna
	0.03
	U-shaped
	√2
	1 
	0.02

	4
	RF leakage, test range antenna cable connector terminated.
	-
	Normal
	1
	1 
	-

	5
	QZ ripple with DUT
	0.081
	Normal 
	1
	1
	0.081

	Stage 1: Calibration measurement

	6
	Network Analyzer
	0.2
	Normal
	1
	1
	0.2

	7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.74
	U-shaped
	√2
	1 
	0.52

	8
	Insertion loss variation in receiver chain
	0.12
	Rectangular
	√3
	1
	0.07

	9
	RF leakage, test range antenna cable connector terminated.
	-
	Normal
	1
	1 
	-

	10
	Influence of the calibration antenna feed cable
	-
	U-shaped
	√2
	1
	-

	11
	SGH Calibration uncertainty
	-
	Rectangular
	√3
	1
	-

	12
	Misalignment positioning system
	-
	Exp. normal 
	2
	1
	-

	13
	Misalignment SGH and pointing error
	-
	Exp. normal
	2
	1
	-

	14
	Rotary joints
	-
	U-shaped
	√2
	1
	-

	15
	Standing wave between SGH and test range antenna
	0.03
	U-shaped
	√2
	1 
	0.02  

	16
	QZ ripple with SGH
	0.072
	Normal
	1
	1
	0.07

	17
	Switching uncertainty
	0.1
	Rectangular
	√3
	1
	0.06

	Combined standard uncertainty (1σ) [dB]


	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]


	





	EIS uncertainty budget

	UID
	Uncertainty Source
	Uncertainty value
FR2
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui  [dB]
FR2

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	-
	Exp. normal
	2
	1 
	-

	2
	Standing wave between DUT and test range antenna
	0.03
	U-shaped
	√2
	1 
	0.02

	3
	RF signal generator
	1.23
	 Gaussian
	1
	1
	1.23

	4
	RF leakage & dynamic range, test range antenna cable connector terminated.
	-
	Normal
	1
	1 
	-

	5
	QZ ripple with DUT
	0.081
	Normal 
	1
	1
	0.081

	6
	Miscellaneous uncertainty
	0
	Normal
	1
	1
	-

	Stage 1: Calibration measurement

	7
	Network Analyzer
	0.30
	Normal
	1
	1
	0.30

	8
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.74
	U-shaped
	√2
	1 
	0.52

	9
	Insertion loss of transmitter chain
	0.12
	Rectangular
	√3
	1
	0.07

	10
	RF leakage,  (SGH connector terminated & test range antenna connector cable terminated)
	-
	Normal
	1
	1 
	-

	11
	Flexing cables & connector repeatability
	-
	U-shaped
	√2
	1
	-

	12
	SGH Calibration uncertainty
	-
	Rectangular
	√3
	1
	-

	13
	Misalignment  positioning system
	-
	Exp. normal 
	2
	1
	-

	14
	QZ ripple with SGH
	0.072
	Normal
	1
	1
	0.072

	15
	Rotary joints
	-
	U-shaped
	√2
	1
	-

	16
	Misalignment  SGH and pointing error
	-
	Exp. normal
	2
	1
	-

	17
	Misalignment calibration system
	-
	Exp. normal 
	2
	1
	-

	18
	Standing wave between SGH and test range antenna
	0.03
	U-shaped
	√2
	1 
	0.02

	19
	Switching uncertainty
	0.1
	Rectangular
	√3
	1
	0.06

	Combined standard uncertainty (1σ) [dB]


	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
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