Page 1

[bookmark: _Hlk1171550][bookmark: _GoBack]3GPP TSG-RAN5 #82	R5-191616
Athens, Greece, 25th Feb- 1st Mar 2019
Title:				On Calibration VNA uncertainty
Source:			Keysight Technologies
Agenda Item:			5.3.8.17
Document for:			Endorsement 

1.	Introduction
Latest version of TR38.903 ([1] + [2]) still has square brackets on VNA calibration uncertainty term for MOP and REFSENS test cases. Additionally, one discussion paper ([3]) was already presented during TSG-RAN WG5 Meeting #4-5G-NR Ad-hoc discussing different calibration strategy (whole system vs conducted + radiated part of the test system). In this contribution, some performance analysis was done for network analysers available in the market.
This contribution provides company views on these topics and makes proposals to conclude this discussion.
2.	Discussion
2.1	Calibration VNA MU factor dependencies
In [3], the following observations were made:
	2.1	Total loss of system path at system calibration
As introduced the updated estimation of insertion loss at the last meeting in Spokane [R5-187230], total insertion loss of the system (including switch unit part, amplification unit part and chamber part) is 58.7 dB for IFF test system at frequency of 43.5GHz.
…
When an end-to-end system calibration approach is used, the absolute levels are related to the total system losses of the measurement path. When a split calibration approach is used, separate MU contributions need to be determined, which means RSS of uncertainty value of VNA with two calibration steps needs to be incorporated in the total MU value.
Proposal 2: Capture following texts in TR 38.903 to clarify a concept to apply MU value of “Uncertainty of network analyzer” in the MU budget tables.
---- Texts to be captured in TR 38.903 ---  
When an end-to-end system calibration approach is used, the absolute levels are related to the total system losses of the measurement path. When a split calibration approach is used, separate MU contributions need to be determined
· u_cond: transmission magnitude uncertainty for the conducted portion of the calibration; the absolute levels are related to the total system losses for the portion of the system calibrated 
· u_rad: transmission magnitude uncertainty for the radiated portion of the calibration; the absolute levels are related to the total system losses for the portion of the system calibrated
The total MU of the network analyser for the split calibration is the RSS’ed value of u_cond and u_rad.
---- End of texts ----



In [4], the following observation was made:
	Observation 1: MU value of “Uncertainty of network analyzer” has a dependency on the estimation of total path loss by each company and it has a possibility to be 1 dB.



According to our view, Calibration VNA MU factor will depend on:
· Implementation dependent test system path loss 
· Implementation dependent test system calibration strategy:
· Whether total or split calibration
· In case of split calibration, the split reference plane
· VNA test output level port configured to calibrate each path
· Implementation dependent VNA manufacturer and model:
· Dynamic range
· Output test port level
· Accuracy
· Implementation dependent VNA calibration kit
· How much temperature changes from cal process (using calibration kit) till the path loses measurement is completed.
Aspects related to path could have a dependency with the test case (also implementation dependent).
Observation 1: Calibration VNA MU factor has many dependencies with TE design

2.2 	Network analyzer market analysis
A market analysis has been carried out on network analyzers through its application to 5G NR FR2 RF in-band measurements calibration use case (frequencies between 24 GHz and 43.5 GHz) assuming a potential test system implementation and comparing total system calibration and split system calibration on conducted and radiated (refer to Table 1).
VNA datasheet analysis must be done carefully so:
· Accuracy data is extracted for the appropriate port power
· Output test power range is not exceeded
· Dynamic range is not exceeded
· Warranted specifications values are used (typical ones could be valid if at least 95% confidence level is considered)
Table 1: VNA Calibration MU factor for total system and total split calibration strategies at mmWave frequencies
	VNA
	Total system calibration 
VNA MU Factor [dB]
	Total Split calibration VNA MU Factor [dB]

	1
	0.7
	1.02

	2
	1.1
	0.48

	3
	4
	0.84

	4
	0.6
	0.21

	5
	0.5
	0.64

	6
	N/A
	1.53

	
	
	

	
	
	
	
	


Observation 2: There is a huge variation in performance for the VNAs available in the market.
Observation 3: Whether split calibration is lower than total system calibration VNA MU factor depends on the vector analyser manufacturer and model
Proposal 1: Consider VNA calibration MU factor as the average of total split calibration VNA in table 1 without corner case highlighted in red (i.e. 0.64 dB). It will be consistent with mismatch MU which was already defined for a split calibration scenario.

2.3	Impact of temperature variation while calibrating
Most of the VNAs specify the accuracy performance within a temperature range if the temperature does not change more than 1 degree since calibration:
	VNA_A: 
“This data is valid between +18 °C and +28 °C, provided the temperature has not varied by more than 1 K after calibration “


 
	VNA_B: 
“Corrected System Performance, All Options Specification are valid for temperatures of 23°±3°C and < 1° C deviation from the calibration temperature.”


 
	VNA_C: 
“Error-Corrected Specifications For error-corrected specifications, over 23 °C ± 3 °C, with < 1 °C variation from calibration temperature”


 
Observation 4: It is high likely that temperature changes occur while performing the calibration of a given system path since VNA kit calibration. Some margin should be considered to account for those potential temperature variations. 
Some VNAs specify measurement stability with temperature at mmWave frequencies as shown in Table 1:
Table 1: VNA measurement stability with temperature at mmWave frequencies
	
	VNA1
	VNA2
	VNA3
	VNA4
	VNA5
	VNA6
	Mean

	Temperature dependence
	<0.1dB/K
	<0.02 dB/K
	<0.08 dB/K
	<0.02 dB/ºC
	<0.03 dB/ºC
	<0.06 dB/ºC

	<0.052 dB/ºC


Proposal 2: Add RSS to Calibration VNA MU factor a contribution of temperature stability of (0.26 dB = 0.052 dB/ºC * 5ºC) to account for temperature changes between kit calibration and path losses measurements assuming rectangular distribution.

2.4 Impact of interpolation while calibrating
There are 2 aspects of interpolation that must be taken in to account:
· Interpolation between calibration kit measurements and path measurements. This term could be easily avoided using the same frequencies for kit calibration and path measurements.

· Interpolation between path loss calibration with VNA and tested frequencies in case not all frequencies are calibrated.
	VNA_#a: 
“Frequency points, measurement bandwidth and sweep time have to be identical for measurement and calibration (no interpolation allowed).


 
	VNA_#b: 
“Interpolation Mode: All specifications are with Interpolation Mode Off”.


 
Proposal 3: Add RSS to Calibration VNA MU factor a contribution of interpolation between the frequencies used for calibration and tested frequencies in the test case of 0.2 dB.

2.5 Final proposals
Proposal 4: Define Calibration VNA MU factor as 0.73 dB:
	MU value [dB]
	Distribution
	Divisor
	MU component

	VNA uncertainty
	0.64
	Normal
	2
	0.32

	Temperature variation
	0.26
	Uniform
	1.732
	0.15

	Interpolation
	0.2
	Uniform
	1.732
	0.12

	SQRT (RSS addition)
	0.37

	Extended MU
	0.73


Proposal 5: Change the definition of the Uncertainty of the network analyser to consider temperature variation and interpolation:
[bookmark: _Toc532998421]B.2.1.14	Uncertainty of the Network Analyzer
This contribution originates from all uncertainties involved transmission magnitude measurement (including drift and frequency flatness, temperature variation from kit calibration to path losses measurement as well as interpolation of calibration data if test frequencies were not calibrated during path loss characterization) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet. It needs to be ensured that appropriate manufacturer's uncertainty contribution is specified for the absolute levels measured. 


3. Conclusion
In this contribution, we provided company views on 
The following observations and proposals were done:
Observation 1: Calibration VNA MU factor has many dependencies with TE design. 
Observation 2: There is a huge variation in performance for the VNAs available in the market.
Observation 3: Whether split calibration is lower than total system calibration VNA MU factor depends on the vector analyser manufacturer and model.
Proposal 1: Consider VNA calibration MU factor as the average of total split calibration VNA in table 1 without corner cases highlighted in red (i.e. 0.64 dB). It will be consistent with mismatch MU which was already defined for a split calibration scenario.
Observation 4: It is high likely that temperature changes while performing the calibration of a given system path since VNA kit calibration. Some margin should be considered to account for those potential temperature variations. 
Proposal 2: Add RSS to Calibration VNA MU factor a contribution of temperature stability of (0.26 dB = 0.052 dB/ºC * 5ºC) to account for temperature changes between kit calibration and path losses measurements assuming rectangular distribution.
Proposal 3: Add RSS to Calibration VNA MU factor a contribution of interpolation between the frequencies used for calibration and tested frequencies in the test case of 0.2 dB.
Proposal 4: Define Calibration VNA MU factor as 0.73 dB:
	MU value [dB]
	Distribution
	Divisor
	MU component

	VNA uncertainty
	0.64
	Normal
	2
	0.32

	Temperature variation
	0.26
	Uniform
	1.732
	0.15

	Interpolation
	0.2
	Uniform
	1.732
	0.12

	SQRT (RSS addition)
	0.37

	Extended MU
	0.73


Proposal 5: Change the definition of the Uncertainty of the network analyser to consider temperature variation and interpolation:
B.2.1.14	Uncertainty of the Network Analyzer
This contribution originates from all uncertainties involved transmission magnitude measurement (including drift and frequency flatness, temperature variation from kit calibration to path losses measurement as well as interpolation of calibration data if test frequencies were not calibrated during path loss characterization) with a network analyzer. The uncertainty value will be indicated in the manufacturer's data sheet. It needs to be ensured that appropriate manufacturer's uncertainty contribution is specified for the absolute levels measured. 
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