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1. Introduction

During RAN4 NR-AH-1801 R4-1800848 was presented, outlining the measurement uncertainty contributors for EIRP/TRP measurement for a near field test range at mmWave.  This contribution expands on the previous contribution providing values for the measurement uncertainty terms.  For the standard uncertainties that are common to the baseline far field set up the value has been set to that used in Table B.1.1.3-1 of TR38.810 [7].   The uncertainty contributors have been simplified from the previous contribution and can be seen in Table 1.
2.        Uncertainty contributors

In table 1, the list of uncertainty contributors for a multi-probe spherical Near Field set up is shown:
Table 1: Near Field Test Range Uncertainty contributors for UE EIRP/TRP measurements
	UID
	Description of uncertainty contribution
	Details in paragraph

	
	Stage 1, EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement

	1
	Axis Alignment
	2-1

	2
	Probe XPD 
	2-2

	3
	Probe Polarization Amplitude and Phase 
	2-3

	4
	Probe Array Uniformity 
	2-4

	5
	Probe Pattern Effect 
	2-5

	6
	Multiple Reflections:  Coupling between Measurement Antenna and DUT
	2-6

	7
	Quiet Zone ripple 
	2-7

	8
	Measurement Distance 
	2-8

	9
	NF to FF truncation
	2-9

	10
	Mismatch of receiver chain
	2-10

	11
	Uncertainty of the RF power measurement equipment (NOTE 2)
	2-11

	12
	Amplifier uncertainties
	2-12

	13
	Phase Recovery Non-Linearity over signal bandwidth
	2-13

	14
	Phase Drift and Noise 
	2-14

	15
	Leakage and Crosstalk
	2-15

	16
	Random uncertainty
	2-16

	
	Stage 2, Calibration measurement

	17
	Uncertainty of the Network Analyzer
	2-17

	18
	Amplifier uncertainties
	2-18

	19
	Mismatch of receiver chain
	2-19

	20
	Mismatch in the connection of the calibration antenna
	2-20

	21
	Measurement Distance
	2-21

	22
	Quiet Zone ripple
	2-22

	23
	Uncertainty of the absolute gain of the calibration antenna
	2-23


2-1
Axes Alignment
Includes the following mechanical alignment errors:
· The uncertainty related with the lateral displacement between the horizontal and vertical axes of the DUT positioner.
· The differences from 90° of the angle between the horizontal and vertical axes.  

· The horizontal mis-pointing of the horizontal axis to the probe reference point for Theta=0°.

These mechanical errors can result in sampling the field on a non-ideal sphere.   

This uncertainty can be considered to have a normal distribution.
2-2
Probe XPD
 This factor takes into account the uncertainty caused due to the finite cross polar discrimination (XPD) between the two polarization ports of the measurement probe. The XPD of the probe antenna is TBD, as defined in antenna datasheet.  Refer to B.1.1.4.10 [7].  If the Probe Polarization Amplitude and Phase is measured and corrected for then this uncertainty term can be considered to be zero.
2-3
Probe Polarization Amplitude and Phase 
 The amplitude and phase of the probe polarization coefficients should be measured. This uncertainty is assumed to have a normal distribution.
2-4
Probe Array Uniformity (for multi -probe systems only)
This is the uncertainty due to the fact that different probes are used for each physical position. Different probes have different radiation patterns. Generally, the probe array is calibrated so that the uniformity of the probes is achieved.   This uncertainty term must be considered if the amplitude and phase of each probe is not identical or corrected for.  This uncertainty is assumed to have a normal distribution
2-5
Probe Pattern Effect 
The probe/s pattern/s is assumed to be known so that the DUT measurement in near field can be corrected when performing the near field to far field transform.   If the probe pattern is known, then the uncertainty term is zero.  There is no direct dependence between the DUT pattern and the probe pattern in near field measurements. This uncertainty is assumed to have a normal distribution.

2-6
Multiple Reflections :  Coupling Measurement Antenna and DUT
The multiple reflections occur when a portion of the transmitted signal is reflected form the receiving antenna back to the transmitting antenna and re-reflected by the transmitting antenna back to the receiving antenna. This uncertainty can be determined by multiple measurements of the DUT when at different distance from the probes. This uncertainty is assumed to have a normal distribution.

2-7
Quiet Zone ripple 
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. The MU term additionally includes the amplitude variations effect of offsetting the directive antenna array inside a DUT from the centre of the quiet zone as well as the directivity MU, i.e., the variation of antenna gains in the different direct line-of-sight links. An additional MU term related to phase variation and phase ripple effects which depends on measurement distance is FFS, this might require an augmentation of the quality of the quiet zone validation procedure
2-8
Measurement Distance
This is the knowledge of the distance between the intersection point of the horizontal and vertical axis and probe reference point. This uncertainty is assumed to have a normal distribution.

2-9
NF to FF truncation
The measured near field is expanded using a finite set of spherical modes. The number of modes is linked to number of samples. The filtering effect generated by the finite number of modes can improve measurement results by removing signals from outside the physical area of the DUT. Care must be taken in order to make sure the removed signals are not from the DUT itself. This term also includes the uncertainty related to the scan area truncation.  This uncertainty is usually negligible.  This uncertainty is assumed to have a normal distribution.  
2-10
Mismatch of receiver chain
If the same test configuration (including the measurement receiver; the probe antenna and other elements) is used in both the measurement and calibration stage, this uncertainty is considered systematic and constant and therefore has a 0.00dB value.

If it is not the case, this uncertainty contribution needs to be taken into account and should be measured or determined by the method described in [4]. This uncertainty is assumed to have a U-shaped distribution

2-11
Uncertainty of the RF power measurement equipment 
The receiving device is used to measure the received signal level in the EIRP tests as an absolute level. These receiving devices are spectrum analysers, communication analysers, or power meters. The uncertainty value will be indicated in the manufacturer's data sheet. It needs to be ensured that appropriate manufacturer's uncertainty contributions are specified for the settings used such as bandwidth and absolute level. If a power meter is used zero offset, zero drift and measurement noise need to be included.
2-12
Amplifier uncertainties
This uncertainty is due to the stability, linearity and noise figure of the amplifier.  See B.1.1.4.8 [7] for further details.
2-13
Phase Recovery Non-Linearity over signal bandwidth
This uncertainty originates from the non-linearity of the phase recovery for wide band signal. The phase recovery can be due to either phase non-linearity of the receiver and/or the DUT itself. The method to quantify the non-linarites is FFS.
2-14
Phase Drift and Noise
This uncertainty is due to the noise level and drift of the test range and should be determined or measured at the DUT location. The noise level is usually measured with a Spectrum Analyzer. This uncertainty is assumed to have a normal distribution.
2-15
Leakage and Crosstalk This uncertainty can be addressed by measurements on the actual system setup. The leakage and crosstalk cannot be separated from the random amplitude and phase errors so that the relative importance should be determined. This uncertainty is assumed to have a normal distribution.
2-16
Random uncertainty
This contribution is used to account for all the unknown, unquantifiable, etc. uncertainties associated with the measurements.  See  B.1.1.4.9 [7] for further details.

2-17
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.
2-18
Amplifier Uncertainties 

This uncertainty is due to the stability, linearity and noise figure of the amplifier. If the same amplifier is in the test set up for the calibration and the measurement this term only needs to be considered once.  See B.1.1.4.8 [7] for further details.

2-19
Mismatch of receiver chain
If the same test configuration (including the measurement receiver; the probe antenna and other elements) is used in both the measurement and calibration stage, this uncertainty is considered systematic and constant and therefore has a 0.00dB value.

If it is not the case, this uncertainty contribution needs to be taken into account and should be measured or determined by the method described in [4]. This uncertainty is assumed to have a U-shaped distribution

2-20
Mismatch in the connection of the calibration antenna
This is the uncertainty from the mismatch in the connection between the system coax cable and the calibration antenna. It should be measured or determined by the method described in [4]. This uncertainty is assumed to have a U-shaped distribution.

2-21
Measurement Distance

Gain is defined at the phase center of the antenna.   If the phase center of the calibration antenna is not aligned at the center of the set up for the calibration then there will be uncertainty related to the measurement distance.  The phase center of a horn antenna moves with frequency along the taper length of the antenna therefore during the calibration the phase center of all frequencies will not be aligned with the setup center.   The associated uncertainty term can be estimated using the following formula:

+/-20log((measurement distance – d)/measurement distance) [1]

Where d is the maximum positional uncertainty. For a Horn antenna this is equal to 0.5 the length of the taper.  This uncertainty is considered to have a rectangular distribution so the standard uncertainty is calculated by dividing the uncertainty by √3.

The same equation applies to log periodic antennas with ‘d’ being 0.5 the length of the boom.

For a dipole antenna, given that the phase center of the antenna is easily aligned with the center of the set up the measurement uncertainty is zero.

As an example a horn with a taper length of 50 mm, at 43.5 GHz and a measurement distance of 72.55 cm the uncertainty term is 0.62, with a rectangular distribution the standard uncertainty is 0.358 dB. [8]
2-22      Quiet Zone ripple

The procedure used to determine the quality of the Quiet Zone for the DUT captures the ripple in a spherical manner, with the test evaluating the ripple in all directions about the DUT location.

During the calibration process the calibration/reference antenna will point at the measurement antenna therefore the quality of the quiet zone determined in B.1.1.4.3 [7] overestimates the impact that the ripple will have on the range reference/calibration measurement.  

When using a calibrated reference horn the resulting signal level ripple shall be:

sin(((0.5*flared section in mm)/D)*0.90)*max ripple [1]

Where D is the radius of the quiet zone in which the max ripple was determined.

When using a calibrated log periodic antenna the resulting signal level ripple shall be: 

sin(((0.5*boom length in mm)/D)*0.90)*max ripple [1]

Where D is the radius of the quiet zone in which the max ripple was determined.

When using a calibrated reference dipole the resulting signal level ripple shall be:

Max ripple/√3 [1]

For this uncertainty term the max ripple shall have the path loss compensated and the result for EIRP used for the calculations above.

As an example when using this equation on a horn with a flared section of 50 mm, with the max ripple as currently estimated as 1.5 dB the uncertainty for this term is equal to 0.4433 dB and with the distribution applied the standard uncertainty is 0.4433 dB/(SQRT(3)) which yields 0.256 dB.  [8]

2-23      Uncertainty of the absolute gain of the calibration antenna
The calibration antenna only appears in Stage 2. 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.
In Table 2, the Uncertainty Value, distribution and standard uncertainty is provided for the uncertainty sources in table 1:

Table 2: Near Field Test Range Measurement Uncertainty for UE TX measurement
	Description of uncertainty contribution
	Uncertainty Value
	Distribution of the probability
	Standard Uncertainty (1 )

	Axis Alignment
	0
	Normal
	0

	Probe XPD 
	0
	Normal
	0

	Probe Polarization Amplitude and Phase
	0.11
	Normal
	0.055

	Probe Array Uniformity (if not corrected for above)
	0
	Normal
	0

	Probe Pattern Effect (need if not pure FF)
	0
	Normal
	0

	Multiple Reflections:  Coupling Measurement Antenna and DUT
	0
	Normal
	0

	Quiet Zone ripple (NOTE 1)
	1.5
	Actual
	[1.5]

	Measurement Distance (no impact)
	0
	Rectangular
	0

	NF to FF truncation
	0.006
	Normal
	[0.003]

	Mismatch of receiver chain
	2.74
	U-shaped
	[1.94]

	Uncertainty of the RF power measurement equipment (NOTE 2)
	2.16
	Normal
	[1.08]

	Amplifier uncertainties
	2
	Normal
	1

	Phase Recovery Non-Linearity over signal bandwidth
	0.2
	Normal
	[0.1]

	Phase Drift and Noise  (NOTE 2)
	0.04
	Normal
	[0.02]

	Leakage and Crosstalk
	0
	Normal
	0

	Random uncertainty
	0.4
	Rectangular
	[0.23]

	CALIBRATION

	Uncertainty of the Network Analyzer
	0.4
	Normal
	0.2

	Amplifier uncertainties
	0
	Normal
	0

	Mismatch of receiver chain
	0
	U-shaped
	0

	Mismatch in the connection of the calibration antenna
	0.0987
	U-shaped
	0.07

	Measurement Distance
	0
	Rectangular
	0

	Quiet Zone ripple
	0.443
	Rectangular
	[0.256]

	Uncertainty of the absolute gain of the calibration antenna
	1.6
	Normal
	[0.80]

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.88

	TRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.46

	NOTE 1: The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is [1dB]; for EIRP, the standard uncertainty of quiet zone is [1.5dB].

	NOTE 2: The assessment assumes maximum DUT output power.


3.        Conclusions

The list of uncertainty contributors the standard uncertainties associated with a Near Field Test Range for EIRP/TRP type of measurements has been reported.  
Proposal: We ask to approve this uncertainty contributors list for EIRP/TRP type of measurements in a Near Field Test Range.
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