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1.
Introduction
Measurement uncertainty (MU) of network analyzer was discussed at the RAN5 #82 meeting in Athens, and the MU value for in-band range was agreed [1]. To complete the priority 2 test cases by May (RAN5#83), we discuss this MU value for spurious region (however up to 66 GHz) in this paper.
2.
Discussion

2.1
Uncertainty factors of VNA MU and other additional factors 
 As discussed in [1], there are multiple factors to constitute VNA MU as follows. Three from the top were studied to derive the MU at in-band range. And some additional factors for the case of spurious region especially at higher frequency range need to be discussed this time. Even though these factors are not purely connected to VNA, these should also be included in the same MU contribution as factors to consider a calibration process of a system path loss. 
(1) Transmission magnitude uncertainty with split calibration method
(2) Impact of temperature variation during calibration
(3) Impact of interpolation during calibration
(4) Uncertainty of a power sensor to calibrate an input RF power level of a signal generator. In a case that a down converter (mixer) of higher frequency signals is used in the conducted measurement path such as 40 GHz and higher, we use the spectrum analyzer and the signal generator to calibrate the path loss instead of VNA. Refer to appendix A for assumption of a block at the conducted part.
(5) Uncertainty of a power sensor to calibrate an input IF power level of a signal generator. Same reason with (4) above, another SG and power sensor for IF frequency is necessary. (40 GHz and higher)
(6) Linearity of a spectrum analyzer. Same reason with (4) and (5) above, linearity of the spectrum analyzer needs to be included in the case that the down converter is used in the conducted part. (40 GHz and higher)
Proposal 1: In addition to factors which we discussed for in-band region, include following factors at frequency range above 40 GHz and higher as Uncertainty of the Network Analyzer.
· Uncertainty of a power sensor to calibrate an input RF power level of a signal generator

· Uncertainty of a power sensor to calibrate an input IF power level of a signal generator

· Linearity of a spectrum analyzer

 We discuss on the analysis of each factor for spurious range from the next sub-clauses.
2.2
Transmission magnitude uncertainty with split calibration method 
 Like previously derived in [2], we estimated path losses of both conducted part and radiated (OTA) part based on the block diagrams in figure A-1, A-2 and A-3. Note that the parameters for each component are adjusted depending on the frequencies and also we used the specification of TC-TA85CP from R&S as a broadband measurement antenna this time. Gain of calibration reference antenna is 10 dB for all frequency range and the free space path loss is derived by 1 m between the measurement antenna and the reflector considering 30 cm DUT size. For detailed analysis of each block, refer to the supplemental material of companion paper [3]. Table 2.2-1 shows the results of path loss estimation for frequency points 12.75 GHz, 23.45 GHz and 66 GHz. For range from 23.45 to 40.8 GHz, there is a case that measurement path, setting and measurement antenna might be different from in-band even though the frequency is same. Therefore the actual value needs a further study.  
Table 2.2-1: Path loss estimation at 12.75 GHz, 23.45 GHz and 66 GHz

	
	Path loss

	Frequency [GHz]
	Conducted part [dB]
	Radiated part [dB]

	12.75
	12.6
	15.5

	23.45
	15.7
	20.5

	40.8
	FFS
	FFS

	66.0
	- (Note 1)
	40.5

	Note 1: Omitted since VNA is not used for the calibration.


From the result above, Table 2.2-2 shows the estimated transmission magnitude uncertainty of VNA (MS4647B).
Table 2.2-2: Transmission magnitude uncertainty of VNA at 12.75 GHz, 23.45 GHz and 66 GHz

	
	Transmission magnitude uncertainty

	Frequency [GHz]
	Conducted part [dB]
	Radiated part [dB]
	RSS [dB]

	12.75
	0.1
	0.1
	0.14

	23.45
	0.14
	0.14
	0.20

	40.8
	FFS
	FFS
	FFS

	66.0
	- (Note 1)
	0.25
	0.25

	Note 1: Omitted since VNA is not used for the calibration.


2.3
Impact of temperature variation while calibrating
 Measurement stability of VNAs over temperature is listed in Table 2.3-1. Since frequency range of each test equipment varies, we summarized them by frequency ranges which we agreed as points to evaluate the QoQZ for spurious.   
Table 2.3-1: Measurement stability over temperature 
	Frequency [GHz]
	Measurement stability [dB/oC] 
	Average[dB/℃]

	　
	Anritsu
	Keysight
	R&S
	

	　
	MS46522B
	MS4647B
	ME7838x
	N5234A
	N5224B
	N5290A
	ZVA67
	　

	6 to 12.75
	< 0.02
	< 0.02
	< 0.01
	< 0.01
	< 0.01
	< 0.01
	< 0.05
	0.019

	12.75 to 23.45
	< 0.01
	< 0.03
	< 0.01
	< 0.03
	< 0.015
	< 0.01
	< 0.05
	0.022

	40.8 to 66
	-
	< 0.03
	< 0.015
	< 0.03
	< 0.027
	< 0.01
	< 0.1
	0.039 (Note 1)

	Remarks
	Typical
<40GHz
	<70GHz
	Typical
	Typical
<50GHz
	Typical
<50GHz
	Typical
	Typical
<67GHz
	

	Note 1: Derived from RSS of MS4647B, ME7838x, N5290A and ZVA67.


Same as we did in [1], we get following results by multiplying 5 degrees to each average value.

0.019 [dB/℃]*5 ℃ = 0.095 dB (6 to 12.75 GHz)

0.022*5= 0.110 dB (12.75 to 23.45 GHz),
0.039*5= 0.195 dB (40.8 to 66 GHz)

For range from 23.45 GHz to 40.8 GHz, we assume that same value can be applied as [1]. Thus 0.26 dB.(23.45 to 40.8 GHz) 
2.4
Impact of interpolation while calibrating
We assume that the impact of interpolation can be same as in-band region.

Therefore 0.2dB*√2 = 0.28 dB is applied.
2.5
Uncertainty of a power sensor to calibrate an input RF power level
As explained in 2.1 above, uncertainty of a power sensor to calibrate an input RF power level (<= 66 GHz) is derived from our product (ML2438A + customized sensor).  Included factors are as follows.
· Power meter accuracy

· Sensor linearity

· Noise 

· Zero set & drift

· Cal factor uncertainty

· Temperature accuracy
RSS of the factors above is 0.53 dB at frequency below <= 66 GHz.
2.6
Uncertainty of a power sensor to calibrate an input IF power level to a mixer
Similar to 2.5 above, we derived the uncertainty of a power sensor to calibrate an IF power level to a mixer.
RSS of the factors is 0.39 dB at frequency below <= 40 GHz.

2.7
Linearity of a spectrum analyzer
0.1 dB is taken from our spectrum analyzer MS2850A.
2.8
Summary of Network Analyzer MU
Summarizing results from 2.2 to 2.7 above, MU value of UID 20: Uncertainty of the Network Analyzer is described as follows.

Table 2.8-1: Network Analyzer MU (6 to 12.75 GHz)

	
	MU value [dB]
	Distribution
	Divisor
	MU component [dB]

	(1)
Transmission magnitude uncertainty with split calibration method
	0.14
	Normal
	2
	0.07

	(2) Impact of temperature variation during calibration
	0.095
	Uniform
	1.732
	0.05

	(3) Impact of interpolation during calibration
	0.28
	Uniform
	1.732
	0.16

	Route Square Sum [dB]
	0.18

	Expanded MU (1.96) [dB] 
	0.36


Table 2.8-2: Network Analyzer MU (12.75 to 23.45 GHz)

	
	MU value [dB]
	Distribution
	Divisor
	MU component [dB]

	(1)
Transmission magnitude uncertainty with split calibration method
	0.20
	Normal
	2
	0.10

	(2) Impact of temperature variation during calibration
	0.110
	Uniform
	1.732
	0.06

	(3) Impact of interpolation during calibration
	0.28
	Uniform
	1.732
	0.16

	Route Square Sum [dB]
	0.20

	Expanded MU (1.96) [dB] 
	0.39


Table 2.8-3: Network Analyzer MU (23.45 to 40.8 GHz)

	
	MU value [dB]
	Distribution
	Divisor
	MU component [dB]

	(1)
Transmission magnitude uncertainty with split calibration method
	FFS
	Normal
	2
	FFS

	(2) Impact of temperature variation during calibration
	0.26
	Uniform
	1.732
	0.15

	(4) Impact of interpolation during calibration
	0.28
	Uniform
	1.732
	0.16

	Route Square Sum [dB]
	FFS

	Expanded MU (1.96) [dB] 
	FFS


Table 2.8-4: Network Analyzer MU (40.8 to 66 GHz)

	
	MU value [dB]
	Distribution
	Divisor
	MU component [dB]

	(1)
Transmission magnitude uncertainty with split calibration method
	0.25
	Normal
	2
	0.13

	(2) Impact of temperature variation during calibration
	0.195
	Uniform
	1.732
	0.11

	(3) Impact of interpolation during calibration
	0.28
	Uniform
	1.732
	0.16

	(4) Uncertainty of a power sensor to calibrate an input RF power level
	0.53
	Normal
	2
	0.27

	(5) Uncertainty of a power sensor to calibrate an input IF power level
	0.39
	Normal
	2
	0.20

	(6) Linearity of a spectrum analyzer
	0.10
	Normal
	2
	0.05

	Route Square Sum [dB]
	0.41

	Expanded MU (1.96) [dB] 
	0.80


Proposal 2: For Uncertainty of the Network Analyzer at spurious region with both 15 cm and 30 cm DUT size, apply [0.4] dB for frequency range from 6 GHz to 23.45 GHz, [0.8] dB for a range from 40.8 GHz to 66 GHz. FFS for frequency range from 23.45 GHz to 40.8 GHz and range higher than 66 GHz.  
2.9
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	6 GHz to 23.45 GHz, 40.8 GHz to 66 GHz 

	#3
	Size of QZ for IFF
	15 cm, 30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A

	#6
	Temperature variation impact
	+18 to +28 degrees C or +15 to +25 degrees C

	#7
	UE power class
	N/A

	#9
	Characterization for QoQZ for spurious measurements
	N/A




3. Conclusion
In this contribution we discussed MU value of VNA for spurious region up to 66 GHz.
Proposal 1: In addition to factors which we discussed for in-band region, include following factors at frequency range above 40 GHz and higher as Uncertainty of the Network Analyzer.

· Uncertainty of a power sensor to calibrate an input RF power level of a signal generator

· Uncertainty of a power sensor to calibrate an input IF power level of a signal generator

· Linearity of a spectrum analyzer

Proposal 2: For Uncertainty of the Network Analyzer at spurious region with both 15 cm and 30 cm DUT size, apply [0.4] dB for frequency range from 6 GHz to 23.45 GHz, [0.8] dB for a range from 40.8 GHz to 66 GHz. FFS for frequency range from 23.45 GHz to 40.8 GHz and range higher than 66 GHz.  
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5. Appendix

Appendix A: Block diagram of OTA part and conducted part during the calibration stage
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Figure A-1: Block diagram of OTA part
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Figure A-2: Block diagram of conducted part from 6 GHz to 40 GHz
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Figure A-3: Block diagram of conducted part more than 40 GHz and higher frequency
Appendix B: Specification of VNAs 
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Figure B-1: Transmission magnitude uncertainty of MS4647B (Anritsu)
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