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1.
Introduction

Based on the way forward for NR MU [1], and using agreed terms from this paper proposes further details and MU contributors for TRP/EIRP and EIS measurements. In the offline calls [3,4] it was agreed that two MUs will be derived, one based on 5 cm DUT dimension and one based on 15 cm DUT dimension.


2. Discussion
 Based on the WF [1] and [3,4] the UE RF MU calculations are down scoped as follows: 

· The group will study the MUs as part of this SI at the highest frequency of the agreed range 2 frequency range, i.e., 43.5GHz (assumed to be the worst cases)
· It is agreed to RSS the standard uncertainties (1-sigma) in dB
· It is agreed that MU calculations will focus only for the following conditions:

· In-Band measurements

· Non-CA cases

· For EIRP/EIS/TRP metric

· The MU assumptions of this SI are based on a smartphone DUT [RAN4 #82bis R4-1704396] with max quiet zone size of 5cm and 15cm in diameter. Implication:

· For 5cm: Focal length of CATR to create a 5cm quite zone is 0.4m which gives a path loss of 57.0dB (and horn gain 17dBi to be added to this)
· For 15 cm: Focal length of CATR to create a 5cm quite zone is 0.4m which gives a path loss of 62.0dB (and horn gain 17dBi to be added to this)
Below is the system setup drawing agreed to calculate the MU [Assumptions_R2 referred in 5]. 
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Figure 1. Baseline measurement setup to be used for MU calculations [2]
The calibration process is to be done with a VNA and measurements can be done either directly using a gNB emulator or using Signal analyzer. Using a multiport VNA, the calibration process can be done faster compared to power meter / based approach. Aspects which affect the overall measurement accuracy which are yet to be highlighted are 

· Sampling grid

Observation 1: The sampling grid for TRP measurements is still to be defined
2.1 EIRP based metric
For EIRP/TRP based metric the process outlined in [5] can be used to calculate the MU contribution due to amplitude deviation. Impact of phase deviation in the quiet zone on TRP is FFS. The procedure for phase characterization in QZ is proposed in [6]. 
2.11 Calibration 
Depending on the power level of the measurement either the path with PA/LNA or path without PA / LNA is used. 
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Figure 2. Calibration stage for OTA portion [2]
Since the amplifier uncertainities are added to the chamber portion, the qz calibration of the chamber will have higher MU compared to the case if the VNA was connected only to the chamber. The MU due to amplifier depends on the range length, which contributes to the path loss. 

For a 5 cm DUT, a low gain amplifier (10dB) is enough thus having very low mismatch factors.

For a 15 cm DUT, moderate gain amplifier is required (25dB) which is complicated will contibute significantly to to MU and also wil lincrease NF which will affect the 
Calibration of switching conducted path of the test system [2]
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Figure 3. Calibration stage for conducted portion [2]

Table 1. Related MU contributions assuming system calibration with VNA combining OTA part and conductive part of the test system for 15cm DUT for EIRP
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Related parameter / factor

	Calibration of OTA Part

	Impedance mismatch
	VNA / Amplifier i/p
	0
	Combined to Amplifier uncertainty

	
	
	
	

	Quality of quiet zone 
	Anechoic Chamber
	1.1
	 QZ satisfied the condition for farfield with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties (Optional)
	PA/LNA
	0.7
	Src RL 20dB, amplifier i/p RL 10dB, Gain 25dB, Isolation 30 dB, o/p RL 7dB, Load RL 15dB. 

	Uncertainty of the Network Analyzer
	VNA
	0.4
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	0.8
	Antenna gain

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.34
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	Polarization mismatch
	Reflector
	0.27
	Cross polarization introduced by reflector

	Calibration of Conducted Part

	Uncertainty of the conducted part of the system
	Switch box
	
	

	Uncertainty of VNA
	VNA
	0.4
	

	New Terms related to OTA Calibration (not approved yet)

	Influence of the XPD (New)
	Measurement antenna
	TBD
	XPD

	Others (e.g. Cable twist) (New)
	Twisting of the cable
	TBD
	Insertion loss

	Sampling Grid
	
	TBD
	

	DUT Measurement

	Quality of quiet zone
	Anechoic Chamber
	
	

	Mismatch in the Tx and Rx chain
	
	0.5
	VSWR

	Uncertainty of the RF power measurement equipment
	gNB emulator
	0.9
	Absolute level accuracy / Linearity / Frequency characteristic

	Phase curvature
	N/A
	0
	Not applicable since FF distance is based on Fraunhofer distance for DUT dimension

	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	0.5
	Path loss variation and error in DUT boresight identification. FF based on DUT dimension (15cm) assumed. Black box approach 

	Amplifier uncertainties
	PA/LNA 
	0
	Taken into account in calibration stage

	Multi-path reflections
	DUT-Reflector
	0.27
	30dB back scattering from DUT to reflector to Feed horn

	Influence of the XPD
	Measurement antenna
	0.27
	XPD

	New terms in Measurement which are not agreed yet

	DUT repositioning MU
	DUT repositioning to measure backlobe
	
	New term not yet agreed.

	Random uncertainty
	
	TBD
	Randomness of operation

	Total uncertainty 
	2.1
	

	Expanded Uncertainty (1.96*sigma) [dB]
	4.1
	


Table 2. Related MU contributions for output power at calibration stage 2 with VNA combining OTA part and conductive part of the test system for 5cm DUT
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Related parameter / factor

	Calibration of OTA Part

	Impedance mismatch
	VNA / Amplifier i/p
	0
	Combined to Amplifier uncertainty

	
	
	
	

	Quality of quiet zone 
	Anechoic Chamber
	1.1
	 QZ satisfied the condition for farfield with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties (Optional)
	PA/LNA
	0.4
	Src RL 20dB, amplifier i/p RL 10dB, Gain 10dB, Isolation 30 dB, o/p RL 7dB, Load RL 15dB. 

	Uncertainty of the Network Analyzer
	VNA
	0.4
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	0.8
	Antenna gain

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.34
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	Polarization mismatch
	Reflector
	0.27
	Cross polarization introduced by reflector

	Calibration of Conducted Part

	Uncertainty of the conducted part of the system
	Switch box
	
	

	Uncertainty of VNA
	VNA
	0.4
	

	New Terms related to OTA Calibration (not approved yet)

	Influence of the XPD (New)
	Measurement antenna
	TBD
	XPD

	Others (e.g. Cable twist) (New)
	Twisting of the cable
	TBD
	Insertion loss

	Sampling Grid
	
	TBD
	

	DUT Measurement

	Quality of quiet zone
	Anechoic Chamber
	
	

	Mismatch in the Tx and Rx chain
	
	0.5
	VSWR

	Uncertainty of the RF power measurement equipment
	gNB emulator
	0.9
	Absolute level accuracy / Linearity / Frequency characteristic

	Phase curvature
	N/A
	0
	Not applicable since FF distance is based on Fraunhofer distance for DUT dimension

	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	0.5
	Path loss variation and error in DUT boresight identification. FF based on DUT dimension (15cm) assumed. Black box approach 

	Amplifier uncertainties
	PA/LNA 
	0
	Taken into account in calibration stage

	Multi-path reflections
	DUT-Reflector
	0.27
	30dB back scattering from DUT to reflector to Feed horn

	Influence of the XPD
	Measurement antenna
	0.27
	XPD

	New terms in Measurement which are not agreed yet

	DUT repositioning MU
	DUT repositioning to measure backlobe
	
	New term not yet agreed.

	Random uncertainty
	
	TBD
	Randomness of operation

	Total uncertainty 
	1.9
	

	Expanded Uncertainty (1.96*sigma) [dB]
	3.9
	


2.11 EIS Measurement

 The measurement setup for DUT measurement for REFSENS and maximum input power is almost the same as Figure 3. Therefore, the MU contributions are also the same with table 2 except for the PA.
Table 1. Related MU contributions assuming system calibration with VNA combining OTA part and conductive part of the test system for 15cm DUT for EIRP
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Related parameter / factor

	Calibration of OTA Part

	Impedance mismatch
	VNA / Amplifier i/p
	0
	Combined to Amplifier uncertainty

	
	
	
	

	Quality of quiet zone 
	Anechoic Chamber
	1.1
	 QZ satisfied the condition for farfield with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties (Optional)
	PA/LNA
	0.7
	Src RL 20dB, amplifier i/p RL 10dB, Gain 25dB, Isolation 30 dB, o/p RL 7dB, Load RL 15dB. 

	Uncertainty of the Network Analyzer
	VNA
	0.4
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	0.8
	Antenna gain

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.34
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	Polarization mismatch
	Reflector
	0.27
	Cross polarization introduced by reflector

	Calibration of Conducted Part

	Uncertainty of the conducted part of the system
	Switch box
	
	

	Uncertainty of VNA
	VNA
	0.4
	

	New Terms related to OTA Calibration (not approved yet)

	Influence of the XPD (New)
	Measurement antenna
	TBD
	XPD

	Others (e.g. Cable twist) (New)
	Twisting of the cable
	TBD
	Insertion loss

	Sampling Grid
	
	TBD
	

	DUT Measurement

	Quality of quiet zone
	Anechoic Chamber
	
	

	Mismatch in the Tx and Rx chain
	
	0.5
	VSWR

	Uncertainty of the RF power measurement equipment
	gNB emulator
	0.7
	Absolute level accuracy / Linearity / Frequency characteristic

	Phase curvature
	N/A
	0
	Not applicable since FF distance is based on Fraunhofer distance for DUT dimension

	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	0.5
	Path loss variation and error in DUT boresight identification. FF based on DUT dimension (15cm) assumed. Black box approach 

	Amplifier uncertainties
	PA/LNA 
	0
	Taken into account in calibration stage

	Multi-path reflections
	DUT-Reflector
	0.27
	30dB back scattering from DUT to reflector to Feed horn

	Influence of the XPD
	Measurement antenna
	0.27
	XPD

	New terms in Measurement which are not agreed yet

	DUT repositioning MU
	DUT repositioning to measure backlobe
	
	New term not yet agreed.

	Random uncertainty
	
	TBD
	Randomness of operation

	Total uncertainty 
	1.9
	

	Expanded Uncertainty (1.96*sigma) [dB]
	3.9
	


Table 2. Related MU contributions for output power at calibration stage 2 with VNA combining OTA part and conductive part of the test system for 5cm DUT
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Related parameter / factor

	Calibration of OTA Part

	Impedance mismatch
	VNA / Amplifier i/p
	0
	Combined to Amplifier uncertainty

	
	
	
	

	Quality of quiet zone 
	Anechoic Chamber
	1.1
	 QZ satisfied the condition for farfield with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties (Optional)
	PA/LNA
	0.4
	Src RL 20dB, amplifier i/p RL 10dB, Gain 10dB, Isolation 30 dB, o/p RL 7dB, Load RL 15dB. 

	Uncertainty of the Network Analyzer
	VNA
	0.4
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

	Uncertainty of an absolute gain/ radiation efficiency of the calibration antenna
	Reference antenna
	0.8
	Antenna gain

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.34
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	Polarization mismatch
	Reflector
	0.27
	Cross polarization introduced by reflector

	Calibration of Conducted Part

	Uncertainty of the conducted part of the system
	Switch box
	
	

	Uncertainty of VNA
	VNA
	0.4
	

	New Terms related to OTA Calibration (not approved yet)

	Influence of the XPD (New)
	Measurement antenna
	TBD
	XPD

	Others (e.g. Cable twist) (New)
	Twisting of the cable
	TBD
	Insertion loss

	Sampling Grid
	
	TBD
	

	DUT Measurement

	Quality of quiet zone
	Anechoic Chamber
	
	

	Mismatch in the Tx and Rx chain
	
	0.5
	VSWR

	Uncertainty of the RF power measurement equipment
	gNB emulator
	0.7
	Absolute level accuracy / Linearity / Frequency characteristic

	Phase curvature
	N/A
	0
	Not applicable since FF distance is based on Fraunhofer distance for DUT dimension

	Offset of DUT phase centre from axis of rotation
	DUT / Measurement antenna
	0.5
	Path loss variation and error in DUT boresight identification. FF based on DUT dimension (15cm) assumed. Black box approach 

	Amplifier uncertainties
	PA/LNA 
	0
	Taken into account in calibration stage

	Multi-path reflections
	DUT-Reflector
	0.27
	30dB back scattering from DUT to reflector to Feed horn

	Influence of the XPD
	Measurement antenna
	0.27
	XPD

	New terms in Measurement which are not agreed yet

	DUT repositioning MU
	DUT repositioning to measure backlobe
	
	New term not yet agreed.

	Random uncertainty
	
	TBD
	Randomness of operation

	Total uncertainty 
	1.9
	

	Expanded Uncertainty (1.96*sigma) [dB]
	3.75
	




3.
Conclusion
 In this contribution, we introduced our views on an assumption of OTA measurement setup, test procedures and calculation details to derive a common NR MU values.
Observation 1: The sampling grid for TRP measurements is still to be defined

Observation 2:Irrespective of the size of the QZ the MU is less than 4 dB


4. References

[1] R4-1710077, “WF on NR MU and test tolerance”, CATR, RAN4 NR adhoc #3, Nagoya
[2] R4-1710499, “OTA measurement assumptions for mmWave MU calculation”, Anritsu RAN4 Meeting #84bis, Dubrovnik
[3] R4-1713006, NR MU offline call#1 meeting minutes, CATR
[4] R4-1713008, “NR MU offline call#2 meeting minutes”, CATR, 
[5] R4-1711278 Rohde & Schwarz “TP (TR38.810) on Quality of the Quiet Zone Characterization for FR2

[6] R4-1712661 Keysight Technologies " Quiet zone characterization”
