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1.
Introduction
This contribution introduces a measurement uncertainty (MU) contribution of “Insertion loss variation” for FR2 OTA test.
2.
Discussion
2.1
Description of “Insertion loss variation”
The description of the MU contribution “Insertion loss variation” can be seen in TR 38.903 [1] as follows.
---Extract from TR 38.903---
B.2.1.11
Insertion loss Variation

This uncertainty contribution comes from introducing an additional cable which is not present for both the calibration and DUT measurement. If the cables remain the same for the calibration and DUT measurement, then the contribution should be set to zero.

If an additional cable is added for one part of the test, the insertion loss must be accounted for in the measurement results. If the insertion loss is measured the uncertainty contribution will be the combined uncertainty related to the insertion loss measurement. The insertion loss can also be taken from the datasheet and assumed to have a rectangular distribution.

---End of extract---
Considering a procedure of the OTA measurement, this factor can be applied in a case that an additional cable is used between a reference antenna and VNA during the calibration stage, as described in Figure A-1 in Appendix A. In that case a cable loss must be measured separately by a test equipment such as power meter and signal generator, or VNA. Since it is natural that we assume the measurement would be conducted by VNA, we propose that this MU value is derived from an uncertainty of the network analyzer.  
Observation 1: A cable which is used between a calibration antenna and a feed through at the chamber can be assumed as a factor of insertion loss variation.

Proposal 1: Derive the uncertainty of insertion loss variation based on the uncertainty of the VNA.  
In Figure A-1, the additional cable used between point B and C in the anechoic chamber needs to be measured separately. Suppose the length of an additional cable is less than 2 m, then expected cable losses are shown in table 2.1-1. Also table 2.1-2 shows the estimated uncertainty based on a comparison of specifications of VNAs from three TE vendors (Keysight, R&S, Anritsu), described in Figure B-1 to B-6 in Appendix B. 
Table 2.1-1: Typical insertion loss of cable

	Manufacturer
	Cable type
	Connector type
	Frequency
[GHz]
	Length [m]
	Cable loss [dB]
	Connector loss [dB]
	Total loss [dB]

	Junkosha
	MWX241
	K (up to 40GHz)
	40
	2
	6.0
	0.4
	6.4

	Junkosha
	MWX261
	V (up to 67GHz)
	67
	2
	11.4
	1.1
	12.4

	Junkosha
	MWX001
	W (up to 110GHz)
	110
	2
	28.3
	1.4
	29.6


Table 2.1-2: Uncertainty of VNA
	
	
	Keysight
	Rohde & Schwarz
	Anritsu

	
	
	N5225A
	N5251A
	ZVA50
	ZVA110
	MS4647B
	ME7838A

	Total loss
[dB]
	Frequency 
[GHz]
	Uncertainty [dB]

	6.4
	Up to 40
	0.2
	0.2
	0.2
	0.4
	0.13
	

	12.4
	Up to 67
	
	0.17
	
	0.4
	0.24
	0.12

	29.6
	Up to 110
	
	0.19
	
	0.4
	
	0.13


 Considering a boundary to decide uncertainty, 40 GHz which is the upper limit of the connector type K can be a candidate to separate the uncertainty value.
Proposal 2: Define 0.2 dB as an uncertainty value of “Insertion loss variation” at frequency range up to 40.8 GHz and 0.4 dB at frequency range over 40.8 GHz to 110 GHz.
2.2
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	6 GHz to 110 GHz

	#3
	Size of QZ for IFF
	N/A since this MU contribution is only for the cable loss measurement.

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A since this MU contribution is only for the cable loss measurement.

	#6
	Temperature variation impact
	Keysight: 23+/- 3 degrees C (N5224A/N5251A)
R&S: 18 to 28 degrees C (ZVA50,ZVA110 )
Anritsu: 25+/- 5 degrees C (MS4647B, ME7838A)

	#7
	UE power class
	N/A since this MU contribution is only for the cable loss measurement.

	#9
	Characterization for QoQZ for spurious measurements
	N/A since this MU contribution is only for the cable loss measurement.




3. Conclusion
In this contribution, we introduced the MU contribution of “Insertion loss variation” for FR2 OTA test.
Observation 1: A cable which is used between a calibration antenna and a feed through at the chamber can be assumed as a factor of insertion loss variation.

Proposal 1: Derive the uncertainty of insertion loss variation based on the uncertainty of the VNA.  

Proposal 2: Define 0.2 dB as an uncertainty value of “Insertion loss variation” at frequency range up to 40.8 GHz and 0.4 dB at frequency range over 40 GHz to 110 GHz.
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Appendix

Appendix A: Example of system calibration procedure with additional cable 
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Figure A-1: Example of calibration procedure 1 & 2

Appendix B: Transmission magnitude uncertainty 
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Figure B-1: Transmission magnitude uncertainty (Keysight N5225A)
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Figure B-2: Transmission magnitude uncertainty (Keysight N5251A)
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Figure B-3: Transmission magnitude uncertainty (R&S ZVA50)
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Figure B-4: Trace stability (R&S ZVA110) (To be confirmed)
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Figure B-5: Transmission magnitude uncertainty (Anritsu MS4647B)
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Figure B-6: Transmission magnitude uncertainty (Anritsu ME7838A)
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