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1
Introduction
In the WF [1], framework of MU task in RAN4 was agreed that MU elements and descriptions should be defined in RAN4 NR MIMO OTA SI. Initial views on MU assessment was discussed in the paper [2]. Given that the approved 16 probes MPAC system is a similar to LTE MIMO OTA, some conclusions for LTE can be reused. 

In this paper, we further refine the MU table based on experience on LTE and NR MU work. This text proposal aims to add the MU elements and descriptions in the TR 38.827.
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3
Text Proposal

The following text changes are proposed.
========================== Start of change 1==========================

B.1
Measurement uncertainty budget for FR1


B.1.1
Measurement Uncertainty assessment for MPAC

Table B.1.1-1: Measurement uncertainty budget for MPAC
	UID
	Description of uncertainty contribution
	Example value (410MHz<f≤3GHz) 
	Example value (3GHz <f≤7.125GHz) 
	Distribution of the probability
	Details in 

	Stage 2: DUT measurement

	1
	Mismatch for measurement process
	
	
	U-Shaped
	B.1.2.1

	2
	Measure distance uncertainty
	
	
	Normal
	B.1.2.2

	3
	Quality of quiet zone
	
	
	Rectangular
	B.1.2.3

	4
	Base Station simulator 
	
	
	Rectangular
	B.1.2.4

	5
	Channel Emulator 

-absolute value

-stability
	
	
	Normal
	B.1.2.5

	6
	Amplifier uncertainties
	
	
	Rectangular
	B.1.2.6

	7
	Random uncertainty
	
	
	Normal
	B.1.2.7

	8
	Throughput measurement: output level step resolution
	
	
	Rectangular
	B.1.2.8

	9
	DUT sensitivity drift
	
	
	Rectangular
	B.1.2.9

	10
	Signal flatness
	
	
	Normal
	B.1.2.10

	Stage 1: Calibration measurement

	11
	Mismatch for calibration process

- loopback cable path

- system input path

- reference antenna
	
	
	U-Shaped
	B.1.2.11

	12
	Reference antenna positioning misalignment
	
	
	Normal
	B.1.2.12

	13
	Quality of quiet zone 
	
	
	Rectangular
	B.1.2.3

	14
	Total uncertainty of the Network Analyzer
	
	
	Rectangular
	B.1.2.13

	15
	Uncertainty of an absolute gain of the calibration antenna
	
	
	Normal
	B.1.2.14

	16
	Offset of the Phase Center of the Reference Antenna 
	
	
	Normal
	B.1.2.15


B.1.2
Measurement error contribution descriptions for MPAC

B.1.2.1
Mismatch for measurement process 

This term comes from the mismatch between the system input cables connecting to the base station simulator output port.
B.1.2.2
Measure distance uncertainty 

The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the DUT. Given that 1.2m is defined as the minimum range length for FR1 MPAC system, this term could be set as 0 dB.  
B.1.2.3
Quality of quiet zone 

The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. For FR1 quality of quiet zone measurement, reference antenna of sleeve dipole or magnetic loop is always used. The standard uncertainty shall be calculated by dividing the maximum ripple by √3, as measured in a volume greater than half a wavelength in diameter. This element is considered to be rectangularly distributed.
B.1.2.4
Base Station simulator 
gNB emulator is used to drive a signal to the channel emulator and then to the device under test. Generally there occurs uncertainty contribution from absolute level accuracy, non-linearity and frequency characteristic of the gNB emulator.

For practical reasons, in a case that a VNA is used as a calibration equipment, gNB emulator is connected to the system after the calibration measurement is performed by the VNA. Hence, the uncertainty on the absolute level of gNB emulator (transmitter device) cannot be assumed as systematic. This uncertainty should be calculated from the manufacturer’s data in logs with a rectangular distribution, unless otherwise informed. Furthermore, the uncertainty of the non-linearity is included in the absolute level uncertainty.
B.1.2.5
Channel Emulator 
The channel emulator is also working as a signal source in the NR MIMO OTA system, therefore there occurs uncertainty contribution from absolute level accuracy, non-linearity, frequency characteristic and stability of the channel emulator. These uncertainty contributions shall be taken from the manufacturer’s data sheet. 
B.1.2.6
Amplifier uncertainties

Any components in the setup can potentially introduce measurement uncertainty. It is then needed to determine the uncertainty contributors associated with the use of such components. For the case of external amplifiers, the following uncertainties should be considered but the applicability is contingent to the measurement implementation and calibration procedure.

-
Stability

-
An uncertainty contribution comes from the output level stability of the amplifier. Even if the amplifier is part of the system for both measurement and calibration, the uncertainty due to the stability shall be considered. This uncertainty can be either measured or determined by the manufacturers’ data sheet for the operating conditions in which the system will be required to operate.

-
Linearity

-
An uncertainty contribution comes from the linearity of the amplifier since in most cases calibration and measurements are performed at two different input/output power levels. This uncertainty can be either measured or determined by the manufacturers’ data sheet.

-
Noise Figure

-
When the signal goes into an amplifier, noise is added so that the SNR at the output is reduced with regard to the SNR of the signal at the input. This added noise introduces error on the signal which affects the Error Rate of the receiver thus the EVM (Error Vector Magnitude). An uncertainty can be calculated through the following formula:
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-
Where SNR is the signal to noise ratio in dB at the signal level used during the sensitivity measurement. 

-
Mismatch

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, the mismatch uncertainty at its input and output shall be either measured or determined by the method described in [7].

-
Gain

-
If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, this uncertainty shall be considered.
B.1.2.7
Random uncertainty

This contribution is used to account for all the unknown, unquantifiable, etc. uncertainties associated with the measurements. 
Random uncertainty MU contributions are normally distributed. The random uncertainty term, by definition, cannot be measured, or even isolated completely. A value of 0.2dB aligned with LTE is suggested.
B.1.2.8
Throughput measurement: output level step resolution 

The cause of this uncertainty contributor is due to the step size in the power level used in the throughput measurement stage. Depending on the system provider implementation, the power level adjustment is based on changing the output power of BS simulator or channel model emulator. Fixed 0.5dB step is defined for NR MIMO OTA testing, an uncertainty contribution of 0.25dB with a rectangular distribution should be reported. 
B.1.2.9
DUT sensitivity drift 

Due to statistical uncertainty of throughput measurement, drift in the TRMS can not be monitored. An uncertainty value of 0.2dB can be used, or the TRMS drift should be measured, with a setup corresponding to the actual MIMO OTA measurement.
B.1.2.10
Signal flatness 

For wireless technologies with wide channel bandwidths, the test system might not have a flat frequency response across the entire channel. While the range calibration corrects for any variation of frequency response as a function of the center frequency of the channel, the broadband radiated power measured or delivered to the test zone will be a function of the entire channel bandwidth as opposed to just the center frequency. Thus, any deviation of the rest of the channel from the signal level at the center frequency will result in an error in the measured result. The determination of the MU element is FFS.
B.1.2.11
Mismatch for calibration process 

During calibration stage, there will be impendence mismatch between the various RF cables and components used within the system. Standing waves are created by the reflections between any two components and uncertainty in the signal level will be generated.  In general, three mismatch for calibration process should be considered:
· Loopback cable path: This item comes from the mismatch between the reference cable and the loopback cable during the loopback cable measurement step.
· System input path: This item comes from the mismatch between the loopback cable and the system input cable (generally the output cable after BS simulator). The reflectivity of the source output port is measured at the end of the loopback cable connecting to the system input cable.
· Reference antenna: This item comes from the mismatch between the VNA input port and the reference antenna. The reflectivity of the VNA input port is measured at the end of the reference cable connecting to the reference antenna.
B.1.2.12
Reference antenna positioning misalignment  
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero. 
B.1.2.13
Total Uncertainty of the Network Analyzer

This contribution originates from all uncertainties involved transmission magnitude measurement (including drift and frequency flatness) with a network analyser. 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. 

B.1.2.14
Uncertainty of an absolute gain of the calibration antenna

The calibration antenna only appears in calibration phase (Stage 1). Therefore, the gain uncertainty has to be taken into account. This uncertainty will come from a calibration report with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standards.

B.1.2.15
Offset of the Phase Center of the Reference Antenna
During range reference measurement, if a directional antenna is used, the uncertainty in the accuracy of positioning its phase center on the axis of rotation will directly generate an uncertainty in this part of the measurement. In practical measurement, sleeve dipoles and loops are used for FR1 calibration, then the uncertainty of this element should be 0 dB, since the phase center offset is negligible.  
========================== End of change 1 ==========================
