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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.
The MU table reflects the new values which were agreed in [R4-1713812]


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 0.7m which gives a path loss of 62.0dB (and horn gain 17dBi to be added to this)
· NOTE: In the MU tables provided below, this optimization is not included. The values in all tables are based on a CATR which can meet 15cm DUT dimension spec.
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) is enough compared to the direct FF baseline method which requires 35dB gain amplifier. 
· In the MU table for EIRP/TRP, the value of 35dB gain amplifier is used since this was agreed to be used in Testability group offline ad-hoc. 
· In the MU table for the EIS table amplifier of 25dB gain was used which is optimised for CATR. This is because no discussions have been done in Testability offline discussions for EIS.
Calibration of switching conducted path of the test system [2]
[image: ]
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 5cm and 15cm DUT for EIRP and TRP
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Related parameter / factor

	
	
	5 cm EIRP
	15cm EIRP
	5cm TRP
	15cm TRP
	

	Calibration

	Impedance mismatch
	VNA / Amplifier i/p
	0
	0
	0
	0
	Included in DUT measurement

	Quality of quiet zone 
	Anechoic Chamber
	1.5
	1.5
	1.0
	1.0
	 QZ with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties (Optional)
	PA/LNA
	0
	0
	0
	0
	Included in DUT measurements 

	Uncertainty of the Network Analyzer
	VNA
	0.2
	0.2
	0.2
	0.2
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

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

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.2
	0.2
	0.2
	0.2
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	DUT Measurement

	Mismatch 
	
	1.9
	1.9
	1.9
	1.9
	VSWR

	Uncertainty of the RF power measurement equipment
	
	1.08
	1.08
	1.08
	1.08
	Absolute level accuracy / Linearity / Frequency characteristic

	Meas distance uncertainty
	
	0
	0
	0
	0
	N/A since no reduction of range length required

	Phase curvature
	N/A
	0
	0
	0
	0
	Not applicable

	Amplifier uncertainties
	PA/LNA
	0.8
	0.8
	0.8
	0.8
	Value agreed for Direct FF setup is 1dB. CATR has lower path loss, so lower gain amplifier can be used.

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

	Influence of the XPD
	Measurement antenna
	0.48
	0.48
	0.48
	0.48
	XPD

	Random uncertainty
	
	0.23
	0.23
	0.23
	0.23
	Randomness of operation

	Expanded Uncertainty (1.96*sigma) [dB]
	6.13
	6.13
	5.29
	5.29
	





2.11 EIS Measurement
 MU table for EIS wasn’t discussed in the offline discussions. The terms below take the terms which are common from the EIRP/TRP discussions and keeps the optimized value for CATR based system for the terms which are different than in Table 1.
Table 3. Related MU contributions assuming system calibration with VNA combining OTA part and conductive part of the test system for 5cm and 15cm DUT for EIS
	Description of uncertainty contribution
	Related components
	Standard Uncertainty [dB]
	Comment on Related parameter / factor

	
	
	5cm EIS
	15cm EIS
	

	Calibration

	Impedance mismatch
	VNA / Amplifier i/p
	0
	0
	Included in DUT measurement

	Quality of quiet zone 
	Anechoic Chamber
	1.5
	1.5
	 QZ with 1dB taper, +/-0.5dB ripple

	Amplifier uncertainties 
	PA/LNA
	0
	0
	Included in DUT measurements 

	Uncertainty of the Network Analyzer
	VNA
	0.2
	0.2
	Directivity / Load match / Source match / Frequency response / Dynamic accuracy

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

	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	Reference antenna / 
Measurement antenna
	0.2
	0.2
	Directivity of antenna / Path loss. 10dBi antenna gain with approx. 45deg HPBW and angular positioning variation <4deg

	DUT Measurement

	Mismatch 
	
	1.9
	1.9
	VSWR

	Uncertainty of the RF power Source
	
	0.7
	0.7
	Absolute level accuracy / Linearity / Frequency characteristic

	Meas distance uncertainty
	
	0
	0
	N/A since no reduction of range length required

	Phase curvature
	N/A
	0
	0
	Not applicable

	Amplifier uncertainties
	PA/LNA 
	0.8
	0.8
	Value agreed for Direct FF setup is 1dB. CATR has lower path loss, so lower gain amplifier can be used.

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

	Influence of the XPD
	Measurement antenna
	0.48
	0.48
	XPD

	Random uncertainty
	
	0.23
	0.23
	Randomness of operation

	Expanded Uncertainty (1.96*sigma) [dB]
	5.03
	5.03
	



Below table shows comparison of the baseline FF method to the CATR,
	43 GHz
	Far field baseline
	CATR

	
	D = 5 cm
	D = 15 cm
	D = 5 cm
	D = 15 cm

	EIRP MU @ 23 dBm
	6.71 dB
	11.87 dB
	6.64 dB
	6.64 dB

	Range length
	0.7 m
	6.3 m
	0.7 m
	0.7 m

	Total pathloss 
(inc. 17 dBi probe gain)
	45 dB
	64 dB
	45 dB
	45 dB

	Notes
	Assumes whitebox
	Assumes blackbox
	Assumes blackbox
	Assumes blackbox



The table highlights that the baseline method can only be used in case of whitebox approach in which only one antenna module is active at any given time.


3.	Conclusion
 In this contribution, we introduced our views on OTA measurement setup, test procedures and calculation details to derive a common NR MU values for CATR system.
Observation 1: According to the Testability Offline discussion only 5cm DUT can be tested and 15cm DUT based of FF distance is not feasible. But in CATR system, iirrespective of the size of the QZ or device dimension the MU remains unchanged
Observation 2: The MU terms can still be optimized for the CATR based system due to lower path loss.
Proposal 1: Use compact antenna test range (CATR) as an alternate measurement system for RF Test
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