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1.
Introduction
At the last RAN5 meeting in Spokane, we agreed to introduce a new measurement uncertainty contribution called “Multiple measurement antenna uncertainty” [1] to include an influence of antenna switching in our MU budget tables.  In this contribution we propose MU values for mechanical feed antenna positioning (switching) based on the evaluation results provided from a cable manufacturer.
2.
Discussion
2.1
Variation of cable insertion loss with bending test
 Figure 2.1-1 to Figure 2.1-4 show sample results of bending test with four kinds of cables which have upper frequency limit of 40, 50, 67 and 110 GHz. Test conditions are as follows and an image of the test setup is shown in Figure A-1 in Appendix A.

Manufacturer:

Junkosha
Bend angle:
 

+/- 90 degrees
Bend speed: 


25 to 30 times / minutes
Bend radius:


60 mm
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Figure 2.1-1: Variation of insertion loss after +/- 90 deg. bending test (40 GHz upper limit cable)
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Figure 2.1-2: Variation of insertion loss after +/- 90 deg. bending test (50 GHz upper limit cable)
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Figure 2.1-3: Variation of insertion loss after +/- 90 deg. bending test (67 GHz upper limit cable)
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Figure 2.1-4: Variation of insertion loss after +/- 90 deg. bending test (110 GHz upper limit cable)
 As can be seen from the results, total amount of shifts between plots of 0 times and maximum-time bends (e.g. 50000 times for the cable in figure 2.1-1) show the degradation of insertion loss varies from 0.2 dB to 0.4 dB after the test.
Table 2.1-1: Degradation of insertion loss

	Upper frequency limit 
	Total # of bending test
	Degradation of I.L.

	40 GHz
	50000
	0.2 dB

	50 GHz
	70000
	0.3 dB

	67 GHz
	25000
	0.4 dB

	110 GHz
	300
	0.3 dB


We assume whether this degradation of insertion loss should be included in the budget table depends on a policy that our customer or we often carry out a calibration or not. Since we assume that the calibration process is carried out such as once a year as one of the annual calibration service, we think the variation of the cable characterization due to aging needs to be counted in the MU budget table.
 If we think about a policy of calibration with a test system, it is possible that we can calibrate out the increase of insertion loss due to the aging by carrying out a calibration often. But it also forces our customers to maintain an extra calibration tools such as a reference AUT and a very expensive test equipment, and also forces a long time preparation before they can start their measurement, or maybe those tools also need to be calibrated annually.

So we think there are pros/cons in each way and thus we would like to choose the solution to add an extra MU related to the aging by bending the cables many times. Considering the test result of a cable up to 110 GHz in Table 2.1-1, which is the most severe result, and also since the results of other cables are relatively stable with more than 25000 times bends, we just focus on the result of the cable with 110 GHz. Now from the result in Table 2.1-1, degradation of insertion loss for 110 GHz cable is peak-to-peak which should be converted to the double sided MU number as uncertainty value. Therefore +/- 0.15 dB should be proposed. And also since the number of sample under test is limited, it is difficult to decide a distribution at this moment and thus [Actual] is tentatively proposed as distribution.     
 Proposal 1: Define 0.15 dB as MU value of “Multiple antenna measurement uncertainty” in the case of mechanical feed antenna positioning with a distribution of [Actual].
An example of the actual budget table is as follows.
---Extracted from TR 38.903 and modified---

Table B.3.2-3: Uncertainty assessment for EIRP and TRP measurement (f=23.45GHz, 32.125GHz, 40.8GHz, DUT size = 30 cm)

	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment (NOTE 7)
	[0.10]
	Normal
	2.00
	[0.05]

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 1, NOTE 9)
	[0.5] 

	Actual
	1.00
	[0.5] 

	4
	Mismatch (NOTE 2, NOTE 7)
	[1.30]
	Actual
	1.00
	[1.30]

	Unchanged part omitted

	14
	Influence of beam peak search grid (NOTE 5)
	0.5
	Actual
	1
	0.5

	15
	Multiple measurement antenna uncertainty
	0.15 10)
	[Actual]
	1
	0.15 10)

	16
	DUT repositioning
	
	
	
	

	Stage 1: Calibration measurement

	17
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	18
	Amplifier Uncertainties (NOTE 7)
	[0.00]
	Normal
	2.00
	[0.00]

	Unchanged part omitted

	24
	Quality of quiet zone for calibration process (NOTE 1, NOTE 9)
	[0.2] 

	Actual
	1.00
	[0.2] 

	25
	Standing wave between reference calibration antenna and measurement antenna (NOTE 7)
	0.00
	U-shaped
	1.41
	0.00

	26
	Influence of the calibration antenna feed cable (NOTE 7)
	[0.00]
	Normal
	2.00
	[0.00]

	27
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	
	Systematic uncertainties (NOTE 6)
	Value

	28
	Systematic error due to TRP calculation/quadrature (NOTE 4)
	0.00

	29
	Influence of noise (Minimum peak EIRP @23.45 GHz) (NOTE 8)
	[0.02]

	29
	Influence of noise (Minimum peak EIRP @32.125 GHz) (NOTE 8)
	[0.05]

	29
	Influence of noise (Minimum peak EIRP @40.8 GHz) (NOTE 8)
	[0.42]

	Total measurement uncertainty 
	Value

	EIRP Expanded uncertainty (@23.45 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.27]

	EIRP Expanded uncertainty (@32.125 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.30]

	EIRP Expanded uncertainty (@40.8 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.67]

	TRP Expanded uncertainty (@23.45 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.19]

	TRP Expanded uncertainty (@32.125 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.22]

	TRP Expanded uncertainty (@40.8 GHz) (1.96σ - confidence interval of 95 %) [dB]
	[4.59]

	NOTE 1:
The quality of quiet zone is the same for EIRP and TRP.

NOTE 2:
The analysis was done only for the case of operating at max output power, in-band, non-CA.

NOTE 3:
The assessment assumes maximum DUT output power.

NOTE 4:
This contributor shall only be considered for TRP measurements.
NOTE 5:
This contributor shall only be considered for EIRP measurements.

NOTE 6:
In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.

NOTE 7:
Values extracted from TR 38.810 v2.6.1 in square brackets pending for further analysis.

NOTE 8:
These new terms are yet to be approved to use in the Uncertainty Assessment and needs further technical analysis.

NOTE 9:
Value based on procedure defined in Annex D.2 of TR 38.810 for Quiet Zone size of 30 cm.
NOTE 10: 
Applies to the system which has a structure of mechanical feed antenna positioning.



--- End of extract ---
2.3
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	40 GHz, 50 GHz, 67 GHz, 110 GHz

	#3
	Size of QZ for IFF
	N/A

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

	#6
	Temperature variation impact
	25 +/- 5 degrees C (depends on test system spec.)

	#7
	UE power class
	N/A

	#9
	Characterization for QoQZ for spurious measurements
	N/A




3. Conclusion
In this contribution, we proposed the MU value for multiple measurement antenna uncertainty in the case of mechanical feed antenna positioning (switching) based on the evaluation results provided from a cable manufacturer.
Proposal 1: Define 0.15 dB as MU value of “Multiple antenna measurement uncertainty” in the case of mechanical feed antenna positioning with a distribution of [Actual].
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Appendix A: Cable bending test
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Figure A-1: Example of cable bending test setup (https://www.yuasa-system.jp/test/l-fb/)

Degradation of insertion loss�after the multiple bending test
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