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<< Unchanged sections skipped >>
Annex B: Acceptable uncertainty of test system for test cases defined in TS 38.521-2 for radiative testing

This annex contains suggested uncertainties for each test case in TS 38.521-2.

B.1 Uncertainty budget calculation principle
B.1.1 Uncertainty budget calculation principle for DFF
The uncertainty tables should be presented with two stages:

-
Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement

-
Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.

The MU budget should comprise of a minimum 5 headings:

1)
The uncertainty source,

2)
Uncertainty value,

3)
Distribution of the probability,

4)
Divisor based on distribution shape,

5)
Calculated standard uncertainty (based on uncertainty value and divisor).
B.1.2 Uncertainty budget calculation principle for IFF
The same as defined in B.1.1.
<< Start of changes >>
B.1.3 Uncertainty budget calculation principle for NF
The same as defined in B.1.1 with the exception of Stage 2, only the actually measurement of the DUT transmitter is performed.

<< Unchanged sections skipped >>
B.2.3 Measurement error contribution descriptions for NF

B.2.3.1
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.

B.2.3.2
Influence of the XPD

Refer to B.2.1.10 [7].  If the Probe Polarization Amplitude and Phase is measured and corrected for then this uncertainty term can be considered to be zero.

B.2.3.3
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.

B.2.3.4
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

B.2.3.5
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.

B.2.3.6
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.

B.2.3.7
Quality of the Quiet Zone 

See B.2.1.3 [1]

B.2.3.8
Measurement Distance uncertainty

See B.2.1.2 [1]

B.2.3.9
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.  

B.2.3.10

Mismatch 

See B.2.1.4 [1]

B.2.3.11

Uncertainty of the RF power measurement equipment 

See B.2.1.6 [1]

B.2.3.12

Amplifier uncertainties

See B.2.1.8 [1]
B.2.3.13

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.

B.2.3.14

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.

B.2.3.15

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.

B.2.3.16

Random uncertainty

See B.2.1.9 [1]

B.2.3.17

Uncertainty of the Network Analyzer
See B.2.1.12 [1]

B.2.3.18

Amplifier Uncertainties 

See B.2.1.8 [1]

B.2.3.19

Mismatch in the connection of the calibration antenna

See B.1.1.4.4

B.2.3.20
Phase centre offset of calibration
See B.2.1.17 [1]

B.2.3.21

Quality of the Quiet Zone for Calibration Process

See B.2.1.18 [1]

B.2.3.22

Uncertainty of the absolute gain of the calibration antenna

See B.2.1.14 [1]

B.2.3.23

Phase curvature

See B.2.1.7 [1]
<< Unchanged sections skipped >>
B.3.3 Uncertainty budget format and assessment for NFTF

The uncertainty contributions that may impact the overall MU value are listed in Table B.3.3-1.
Table B.3.3-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in paragraph

	
	Stage 2: EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement

	1
	Axis Alignment
	B.2.3.1 

	2
	Influence of the XPD
	B.2.3.2 

	3
	Probe Polarization Amplitude and Phase 
	B.2.3.3

	4
	Probe Array Uniformity 
	B.2.3.4 

	5
	Probe Pattern Effect 
	B.2.3.5 

	6
	Multiple Reflections:  Coupling between Measurement Antenna and DUT
	B.2.3.6

	7
	Quality of the Quiet Zone 
	B.2.3.7 

	8
	Phase curvature
	B.2.3.24 

	9
	Measurement Distance Uncertainty
	B.2.3.8 

	10
	NF to FF truncation
	B.2.3.9 

	11
	Mismatch
	B.2.3.10 

	12
	Uncertainty of the RF power measurement equipment
	B.2.3.11 

	13
	Amplifier uncertainties
	B.2.3.12 

	14
	Phase Recovery Non-Linearity over signal bandwidth
	B.2.3.13 

	15
	Phase Drift and Noise 
	B.2.3.14 

	16
	Leakage and Crosstalk
	B.2.3.15 

	17
	Random uncertainty
	B.2.3.16 

	
	Stage 1: Calibration measurement

	18
	Uncertainty of the Network Analyzer
	B.2.3.17 

	19
	Amplifier uncertainties
	B.2.3.18 

	 20
	Mismatch
	B.2.3.10 

	21
	Mismatch in the connection of the calibration antenna
	B.2.3.19

	22
	Phase centre offset of calibration
	B.2.3.20 

	23
	Quality of the Quiet Zone for Calibration Process
	B.2.3.21 

	24
	Uncertainty of the absolute gain of the calibration antenna
	B.2.3.22 


The uncertainty assessment table is organized as follows:
-
For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D

-
The uncertainty assessment has been derived for the case of D = [5 cm], f = {22.65GHz, 31.1GHz, 45.1GHz}, P = [maximum output power].

-
The uncertainty assessment for EIRP and TRP is provided in Table B.3.1-2.
Table B.3.3-2: Uncertainty assessment for EIRP and TRP measurement (f=TBD, D=TBD)
	UID
	Description of uncertainty contribution
	Uncertainty Value
	Distribution of the probability
	Divisor
	Standard uncertainty (σ) [dB]

	
	Stage 2: EIRP Near Field Radiation Pattern Measurement and EIRP Near Field DUT power measurement 

	1
	Axis Alignment
	 
	 
	 
	 

	2
	Probe XPD 
	 
	 
	 
	 

	3
	Probe Polarization Amplitude and Phase
	 
	 
	 
	 

	4
	Probe Array Uniformity (if not corrected for above)
	 
	 
	 
	 

	5
	Probe Pattern Effect (need if not pure FF)
	 
	 
	 
	 

	6
	Multiple Reflections:  Coupling Measurement Antenna and DUT
	 
	 
	 
	 

	7
	Quality of the Quiet Zone (NOTE 2)
	 
	 
	 
	 

	8
	Phase curvature
	 
	 
	 
	 

	9
	Measurement Distance (no impact)
	 
	 
	 
	 

	10
	NF to FF truncation
	 
	 
	 
	 

	11
	Mismatch of receiver chain (NOTE 3)
	 
	 
	 
	 

	12
	Uncertainty of the RF power measurement equipment 
	 
	 
	 
	 

	13
	Amplifier uncertainties
	 
	 
	 
	 

	14
	Phase Recovery Non-Linearity over signal bandwidth (NOTE 5)
	 
	 
	 
	 

	15
	Phase Drift and Noise 
	 
	 
	 
	 

	16
	Leakage and Crosstalk
	 
	 
	 
	 

	17
	Random uncertainty
	 
	 
	 
	 

	
	Stage 1: Calibration measurement
	

	18
	Uncertainty of the Network Analyzer
	 
	 
	 
	 

	19
	Amplifier uncertainties
	 
	 
	 
	 

	20
	Mismatch of receiver chain
	 
	 
	 
	 

	21
	Mismatch in the connection of the calibration antenna
	 
	 
	 
	 

	22
	Measurement Distance
	 
	 
	 
	 

	23
	Quality of the Quiet Zone for Calibration Process (NOTE 2)
	 
	 
	 
	 

	24
	Uncertainty of the absolute gain of the calibration antenna
	 
	 
	 
	 

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

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

	NOTE 1: The impact of phase variation on EIRP is FFS

NOTE 2: 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 3: The analysis was done only for the case of operating at max output power, in-band, non-CA 

NOTE 4: The assessment assumes maximum DUT output power.

NOTE 5: The Phase Recovery Non-Linearity over signal bandwidth is FFS 


