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1.
Introduction
This contribution introduces a measurement uncertainty (MU) contribution of “Uncertainty of network analyzer” for FR2 OTA test.
2.
Discussion
2.1
Total loss of system path at system calibration
At the previous discussion in RAN4 [1], it is preferred that the system calibration is carried out to reduce the influence of mismatch uncertainty as much as possible. At the same time, uncertainty of network analyzer was discussed based on the assumption of test setups for direct far-field (DFF) system. However currently since we mainly discuss an uncertainty based on the in-direct far field (IFF) system, and also because some of the assumptions were changed from last year, we revisited to the estimation of uncertainty of network analyzer.  
Figure 2.1-1 shows an example of system calibration with test system including switch unit, amplifier unit and OTA chamber. 

[image: image9.png]mpiication Unic

Chamber

Refarence
AT




Figure 2.1-1: Block diagram for system calibration

Compared to the previous design for DFF, main changes with IFF system are 1) measurement antenna gain, 2) path loss between the measurement antenna and power amplifier, 3) distance from measurement antenna to reflector. Those changes were mainly caused by increasing the quiet zone size to cover larger DUT.
As a result, based on the latest design of our own test system, estimation of insertion loss at switch unit, and amplification unit & chamber became 20.3 dB for switch unit, 38.4 dB for amplification unit & chamber. (Totally 58.7 dB which is 15.8 dB larger than previous estimation [2] for DFF.) at frequency of 43.5 GHz. 
	Now table 2.1-1 shows an uncertainty of VNA from each TE vendor under the condition of path loss above. 
　
	Anritsu
	Anritsu
	Keysight
	Keysight
	R&S

	　
	MS4647B
	MS46322B
	N5225B
	N5235B
	ZVA50

	VNA Output [dBm]
	7
	-3
	10
	-11
	10

	Path loss [dB]
	58.7

	VNA Input [dBm]
	-51.7 
	-61.7 
	-48.7 
	-69.7 
	-48.7 

	MU [dB]
	0.2
	0.15
	0.22
	4
	0.4


Table 2.1-1: Measurement uncertainty of VNA
 Specifications of VNAs are shown in Appendix A. From the result above, we propose 0.4 dB as the uncertainty of network analyzer at the in-band frequency range from 23.45 GHz to 44.3 GHz. 
Proposal 1: Define 0.4 dB as the MU value of “Uncertainty of network analyzer” at the FR2 in-band frequency range from 23.45 GHz to 44.3 GHz.  
However as can be seen from the specification of VNA in appendix A, the current estimated path loss is close to the boundary where the MU value might be increased to 1 dB, this MU value depends largely on the estimation of total path loss by each company. 
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. 
2.2
Assumption 
	#1
	Assumption 
	Description

	#2
	Frequency ranges under consideration
	23.45 GHz to 44.3 GHz

	#3
	Size of QZ for IFF
	30 cm

	#5
	Power range for EIRP measurements considered at the conducted reference plane
	N/A since this MU contribution is for calibration stage.

	#6
	Temperature variation impact
	Keysight: 25 +/- 5 degrees C (N5224A/N5235A)
R&S: 18 to 28 degrees C (ZVA50 )
Anritsu: 25 +/- 5 degrees C (MS4647B, MS46322B)

	#7
	UE power class
	N/A since this MU contribution is for calibration stage.

	#9
	Characterization for QoQZ for spurious measurements
	N/A




3. Conclusion
In this contribution, we introduced the MU contribution of “Uncertainty of network analyzer” for FR2 OTA test..
Proposal 1: Define 0.4 dB as the MU value of “Uncertainty of network analyzer” at the FR2 in-band frequency range from 23.45 GHz to 44.3 GHz.  
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.
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5.
Appendix

Appendix A: Specification of VNAs 
Table A-1: Output power of MS4647B (Anritsu)
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[image: image1.png]MsS4647B, 70 GHz Model, Power Range (dBm)

Frequency Standard Option 51 Option 61° or 62

70 kHz to 0.01 GHz +10to -25 +9to-25 +8to -85

>0.01t02.5GHz +12to0 -25 +11to-25 +10to -85

>2.5t05GHz +6to -20 +5t0-20 +3to -80

>5t020GHz +5t0-20 +4to -20 +2to -80

>20to 38 GHz +6to-25 +4t0-25 +2t0-85

> 38 to 50 GHz? +510-25 +310-25 +1t0 -85

> 50 to 65 GHz 0to-25 -2t0-25 -4to0 -85

>65t067 GHz -2to-25 -3to-25 -5t0-85

> 67 to 70 GHz -3to-25 -6to-25 -10to -85
With Option 31°¢

70 kHz to 0.01 GHz +12t0-25 +11to-25 +10to -85

>0.01t02.5GHz +14to -25 +13to -25 +12t0 -85

>2.5t05GHz +8t0-20 +7t0-20 +5to -80

>5t020GHz +8to -20 +7to -20 +5to -80

>20to 38 GHz +8to-25 +6to-25 +4 to -85

> 38 to 50 GHz +7to-25 +5t0-25 +3t0-85

> 50 to 65 GHz +7to-25 +5t0-25 +3t0-85

>65t0 67 GHz +6to-25 +4t0-25 +2t0-85

> 67 to 70 GHz +4t0-25 +1to-25 -3t0-85

a. The Option 61 power range reported in this column applies to Port 1. For Port 2, use the figures from the Option 51 column.
b. Rated power is typical 49 GHz to 50 GHz.
c. With Option 8x, Test Port 2 maximum power is equivalent to the non-option 31 range (typical). 38 to 50 GHz range may degrade by up to 3 dB.



 
[image: image11.png]Output Power Settings
Performance is typical
Power Setting standard

High (default) 1 MHz to 8 GHz 5dBm
>8 GHz to 43.5 GHz -3dBm

Low 1MHz to 43.5 GHz -20 dBm




 Table A-2: Output power of MS46322B (Anritsu)
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Table A-3: Output power of N5224B/25B (Keysight)
[image: image2.png]Table 7a. Maximum Leveled Power (dBm), All Ports - Specification

Description Option 200, 400 Option 201, 401 Option 217, 417, 219, 419
10 MHz to 50 MHz 12 12 10
50 MHz to 16 GHz 13 13 1
16 GHz to 26.5 GHz 13 13 10
26.5 GHz to 30 GHz 13 12 9
30 GHz to 32 GHz 13 1l 7
32 GHz to 35 GHz 13 12 9
35 GHz to 43.5 GHz 10 9 4
43.5 GHz to 47 GHz 6 5 -1

47 GHz to 50 GHz -2 -5 -1





Table A-4: Output power of N5235B (Keysight)
[image: image3.png]Table 7b. Maximum Leveled Power (dBm), N5235B, All Ports’

Description Specification Typical
Option 200 Option 216 Option 200 Option 216

10 MHz to 45 MHz 0.000 0.000 4 4
45 MHz to 500 MHz 0.000 0.000 7 7
500 MHz to 8 GHz 4,000 2.000 9 9
8GHz t0 12.5 GHz 6.000 4,000 10 9
12.5 GHz to 20 GHz 2.000 0.000 9 7
20 GHz to 40 GHz -5.000 -8.000 5 2
40 GHz to 50 GHz -11.000 -15.000 0 -4

T Any port can be used as the source port.




Table A-5: Output power of ZVA50 (R&S)
[image: image4.png]Test port output

Power range

(without optional step attenuators
and without optional direct
generator/receiver access)

R&S°ZVA8

300 kHz to 50 MHz

—40 dBm to +10 dBm,
typ. —45 dBm to +14 dBm

50 MHz to 4 GHz

—40 dBm to +13 dBm,
typ. —45 dBm to +15 dBm

4 GHz to 7 GHz

—40 dBm to +10 dBm,
typ. —45 dBm to +13 dBm

7 GHz to 8 GHz

—40 dBm to +8 dBm,
typ. —45 dBm to +12 dBm

R&S®ZVA24

10 MHz to 13 GHz

—30 dBm to +13 dBm ?,
typ. —40 dBm to +18 dBm

13 GHz to 24 GHz

—30 dBm to +10 dBm,
typ. —40 dBm to +16 dBm

R&S®ZVA40

10 MHz to 50 MHz

—30 dBm to +10 dBm *,
typ. —40 dBm to +15 dBm

50 MHz to 20 GHz

—30 dBm to +13 dBm,
typ. —40 dBm to +18 dBm

20 GHz to 32 GHz

—30 dBm to +10 dBm,
typ. —40 dBm to +15 dBm

32 GHz to 40 GHz

—30 dBm to +9 dBm,
typ. —40 dBm to +12 dBm

40 GHz t0 43.5 GHz

typ. 40 dBm to +12 dBm

R&S®ZVAS50

10 MHz to 50 MHz

—30 dBm to +10 dBm,
typ. —40 dBm to +15 dBm

50 MHz to 20 GHz

—30 dBm to +13 dBm,
typ. —40 dBm to +18 dBm

20 GHz to 35 GHz

—30 dBm to +12 dBm,
typ. —40 dBm to +15 dBm

35 GHz to 50 GHz

—30 dBm to +10 dBm,
typ. —40 dBm to +12 dBm

R&S®ZVA67

10 MHz to 50 MHz

—30 dBm to +10 dBm,
typ. —40 dBm to +15 dBm

50 MHz to 20 GHz

—30 dBm to +13 dBm,
typ. —40 dBm to +18 dBm

20 GHz to 32 GHz

—30 dBm to +10 dBm,
typ. —40 dBm to +15 dBm

32 GHz to 50 GHz

—30 dBm to +8 dBm,
typ. —40 dBm to +12 dBm

50 GHz to 60 GHz

—30 dBm to +5 dBm,
typ. —40 dBm to +6 dBm

60 GHz to 64 GHz

—30 dBm to +4 dBm,
typ. —40 dBm to +6 dBm

64 GHz to 67 GHz

—30 dBm to +2 dBm,
typ. —40 dBm to +6 dBm

67 GHz to 70 GHz

typ. =30 dBm to +2 dBm




 


Figure A-1: Transmission magnitude uncertainty of MS4647B (Anritsu)
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Figure A-2: Transmission magnitude uncertainty of MS46322B (Anritsu)
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Figure A-3: Transmission magnitude uncertainty of N5225A (Keysight)
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Figure A-4: Transmission magnitude uncertainty of N5235A (Keysight)

Table A-6: Transmission magnitude uncertainty of ZVA50 (R&S)

[image: image8.png]R&S®ZVA50

10 MHz to 50 MHz for +15 dB to =30 dB <1dBor<6°
50 MHz to 250 MHz for +15 dB to —30 dB <0.2dBor<2°
for —=30 dB to —45 dB <1dBor<6°
250 MHz to 700 MHz for +15 dB to +5 dB <0.3dBor<3°
for +5 dB to —65 dB <0.2dBor<2°
for —65 dB to —80 dB <1dBor<6°
700 MHz to 2 GHz for +15 dB to +5 dB <0.3dBor<3°
for +5 dB to —50 dB <0.1dBor<1°
for —50 dB to —65 dB <0.2dBor<2°
for —65 dB to —80 dB <1dBor<6°
2 GHz to 24 GHz for +15 dB to +5 dB <0.3dBor<3°
for +5 dB to —55 dB <0.1dBor<1°
for -55 dB to —70 dB <0.2dBor<2°
for —70 dB to -85 dB <1dBor<6°
24 GHz to 32 GHz for +15 dB to +5 dB <0.3dBor<3°
for +5 dB to 45 dB <0.2dEor<2°
for —45 dB to —60 dB <0.3dBor<3°
for —-60 dB to —75 dB <1dBor<6°
32 GHz to 40 GHz for +15 dB to +5 dB <0.4dBor<4°
for +5 dB to —40 dB <0.2dBor<2°
for —40 dB to -55 dB <0.4dBor<4°
for -55 dB to —70 dB <1dBor<6°
40 GHz to 50 GHz for +15 dB to +5 dB <0.4dBor<4°
for +5 dB to —35 dB <0.2dBor<2°
for =35 dB to —50 dB <0.4dBor<4°
for -50 dB to —65 dB <1dBor<6°





Page 1

