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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.
B.1.3 Uncertainty budget calculation principle for NFTF
The same as defined in B.1.1 with the exception of Stage 2, only the measurement of the DUT transmitter is performed.
B.2 Measurement error contribution descriptions

B.2.1 Measurement error contribution descriptions for DFF

B.2.1.1
Positioning misalignment 

This contribution originates from the misalignment of the testing direction and the beam peak direction of the receiving antenna due to imperfect rotation operation. The pointing misalignment may happen in both azimuth and vertical directions and the effect of the misalignment depends highly on the beamwidth of the beam under test. The same level of misalignment results in a larger measurement error for a narrower beam.
B.2.1.2
Measure distance uncertainty 

The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the DUT. If the distance of separation is 2D2/lambda based on D being the entire device size, then the phase variation is 22.5deg. Whether this is the minimum acceptable criteria of phase taper over the entire DUT is FFS. Any reduction in the distance of separation increases the phase variation and creates an error which is DUT dependant. Determination of limit of the error is FFS. 
B.2.1.3
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. 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. 
B.2.1.4
Mismatch
Mismatch uncertainty occurs when;

-
Changing the signal path between the measurement and calibration procedure

-
Evaluating the insertion loss of a signal path 

The mismatch uncertainty for a system consisting of a generator, a load and a component in between is defined as 
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 denotes the reflection coefficient and [image: image6.png]


 is the transmission coefficient, both in linear voltage ratios. 

For a cascade of several components, the interactions between all components have to be evaluated. For example, for four devices in a row (shown in Figure B.2.1.4-1) the following contributions have to be accounted for: AB, BC, CD, ABC, BCD, ABCD. The term ABCD represents the interaction between A and D (generator and load) with the components B and C in between.
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Figure B.2.1.4-1: Cascade of components

The combined mismatch uncertainty is given by the root sum square of the individual contributions:
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In an optimized test procedure, the overall mismatch uncertainty is smaller when matching pairs of mismatches exist in the calibration and measurement stage since these pairs cancel each other out. Figure B.2.1.4-2 displays a calibration setup, where device D is replaced by device F. The mismatch contributions for this path are AB, BC, CE, ABC, BCE and ABCE. For a result based on the measurement and calibration stage, the mismatch contributions AB, BC, and ABC are matching pairs as they occur both in the measurement and calibration stage. Thus, they can be eliminated [11], and the system mismatch uncertainty is obtained as [image: image10.png]J(CD)Z + (CE)Z + (BCD)? + (BCE)? + (ABCD)? + (ABCE)?
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Figure B.2.1.4-2: Sketch of a calibration path

In the following, an example mismatch uncertainty calculation for a TX/RX patch from the measurement equipment to the measurement antenna is performed for a frequency of 43.5GHz. The example path under investigation consists of four SPDT switches, one SP6T switch and one DPDT switch and microwave cable interconnects with PC2.4 mm connectors. The attenuation and reflectance of typical components suitable for frequencies ranging up to 43.5 GHz have been considered in the calculation of the mismatch uncertainty.

Figure B1.1.4.4-3 shows a sample system setup for an EIRP/EIS test case with rather simple complexity of the switch box similar to a current sub 6GHz test setup. It should be noted that the switch unit is significantly less complex than a state-of-the-art switch unit currently used for conformance tests.
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Figure B.2.1.4-3: Block Diagram of an EIRP/EIS test case with components from the gNB to the antenna (only portion of switch unit shown)

Table B.2.1.4-1 comprises the reflection and transmission properties of the components of the example path at a frequency of 43.5 GHz.

	Device / Component
	VSWR
	Transmission (dB)
	Identifier in Figure B.2.1.4-3
	Additional Comment/
Assumption

	System Simulator
	3.5
	
	gNB
	

	Cable
	1.5
	-5.38
	C1
	Length: 1.5m
Loss: 3.59dB/m 

	Cable
	1.5
	-0.61
	C2, C3, C4, C5, C6, C7, C8
	Length: 0.17m
Loss: 3.59dB/m

	Cable
	1.5
	-7.18
	C9, C10
	Length: 2.0m
Loss: 3.59dB/m

	Feedthrough
	1.3
	-0.66
	F1, F2, F3
	

	SPDT switch
	1.9
	-1.10
	K1, K3, K5, K7
	

	SP6T switch
	2.2
	-1.20
	K9
	

	Transfer switch
	2.0
	-1.10
	K10
	

	Antenna
	2.0
	
	Meas. Ant.
	


The calculation of the overall mismatch uncertainty for a frequency of 43.5 GHz results in a value of 2.7 dB for the standard deviation, i.e., the expanded uncertainty is 5.3 dB.

Figure B.2.1.4-4 depicts a possible calibration for a part of the setup.
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Figure B.2.1.4-4: Block Diagram of the calibration stage
For the VNA a return loss of 30 dB is assumed after a full two-port calibration. The calculation of the system mismatch uncertainty applying the elimination of matching pairs results in a value of 1.0 dB (standard deviation) with an expanded value of 1.9 dB.

Since the overall mismatch uncertainty value is already a standard deviation, which is RSS of values divided by the divisor (√2), the overall mismatch uncertainty value should be divided by actual divisor 1 when calculating total mismatch.
B.2.1.5
Absolute antenna gain uncertainty of the measurement antenna
This contribution originates from differences in gain of the calibration antenna versus the measurement antenna. In practice, the calibration antenna is used as the measurement antenna so the uncertainty contribution is 0.00.
B.2.1.6
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. 
B.2.1.7
Phase curvature
This contribution originates from the finite far field measurement distance, which causes phase curvature across the antenna of UE/reference antenna. At a measurement distance of 2D2/lambda the phase curvature is 22.5 degrees.  The impact of this factor is FFS. 
B.2.1.8
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 [12].

-
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.2.1.9
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. [Note: this is different from “Miscellaneous uncertainty” or “Residual uncertainty” which can include unknown systematic errors which may not be normally distributed.]

The random uncertainty term, by definition, cannot be measured, or even isolated completely. However, past system definitions provide an empirical basis for a value. Current LTE SISO OTA measurements have random uncertainty contributions of ~0.2dB. A value of 0.5dB is suggested due to increased sensitivity to random effects in more complex, higher frequency NR test systems.
B.2.1.10
Influence of the 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.

A typical probe antenna can have XPD of 30dB 

For example if a linearly-polarized sine wave is input to the measurement antenna with a gradient of 45 degrees like the case in the following figure, then a signal level of V-antenna and H antenna are equal.

When we consider a leakage from V to H, or H to V, they can be described with the following equations.

[image: image15.emf]𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑𝑆𝑖𝑔𝑛𝑎𝑙 @ 𝐴𝑛𝑡 ሺ 𝑉 ሻ = 𝐴 sin ሺ 2 𝜋 𝑓𝑡 ሻ + 𝐿𝑒𝑎𝑘𝑎𝑔𝑒𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝐹𝑟𝑜𝑚𝐻  




[image: image17.png]A-sin(2rft) + LeakageComponentFromH



(1)
[image: image19.png]ReceivedSignal @Ant(H) = A-sin(2nft) + LeakageComponentFromV
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(2)

Worst case can be assumed as the case that the phase of signal and leakage are same, and it can be shown as follows
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(3)
If we put equations (1) and (2) in (3), we get following 2 equations.
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Difference of amplitude between the case that there is a leakage and not can be calculated as follows. 
-
Amplitude when there is not the leakage: [image: image26.emf]𝐴  


-
Amplitude when there is the leakage (Worst): [image: image27.emf]𝐴 ൬ 1 + 10 𝑋𝑃𝐷 20 ൰  
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For example, if the XPD = -30dB, the calculated value can be as follows.
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B.2.1.11
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.2.1.12
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.2.1.13
Reference antenna feed cable loss measurement uncertainty
Before performing the calibration, the reference antenna feed cable loss have to be measured. The measurement can be done with a network analyzer to measure its S21 and uncertainty is introduced. This contribution should be set as zero.
B.2.1.14
Uncertainty of an 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.
B.2.1.15
Positioning and pointing misalignment between the reference antenna and the receiving antenna
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain direction of the reference antenna and the transmitting antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero.
B.2.1.16
gNB emulator uncertainty

gNB emulator is used to drive a signal to the horn antenna (via multiple external components such as a switch box, an amplifier and  a circulator, etc.) in sensitivity tests either as an absolute level or as a relative level. Receiving device used is typically a UE/phablet/tablet/FWA. 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 (Stage 2) 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.2.1.17
Phase centre offset of calibration
Gain is defined at the phase centre of the antenna. If the phase centre of the calibration antenna is not aligned at the centre of the set up during the calibration, then there will be uncertainty related to the measurement distance.

The phase centre of a horn antenna moves with frequency along the taper length of the antenna therefore during the calibration the phase centre of all frequencies will not be aligned with the setup centre. The associated uncertainty term can be estimated using the following formula [15]:
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+/-20log((measurement distance – d)/measurement distance) [15]
Where dm is the measurement distance and dp 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 dm being 0.5 the length of the boom.

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

If the calibration antenna (i.e. horn) is adjusted during the calibration to align the phase centre to the setup centre then this uncertainty term can be considered to be 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.

B.2.1.18
Quality of quiet zone for calibration process
During the calibration process the calibration antenna will be placed at the centre of the quiet zone.  Therefore, only point P1 from the procedure outlined in B.2.1.3 needs to be considered for the quality of the quiet zone validation measurement.

For gain calibrations, the standard uncertainty of the EIRP results obtained following the method outlined in 2.10 shall be used.  For efficiency calibrations, the standard uncertainty of the TRP result obtained following the method outlined in 2.9 shall be used.

B.2.2 Measurement error contribution descriptions for IFF

B.2.2.1
Positioning misalignment

See B.2.1.1

B.2.2.2
Quality of Quiet Zone

See B.2.1.3

B.2.2.3
Standing wave between DUT and measurement antenna

This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between DUT and measurement antenna. This value can be captured by sliding (lambda/4) the DUT towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. DUT scattering/interaction can also cause standing wave.

B.2.2.4
Mismatch

See B.2.1.4

B.2.2.5
Insertion loss variation of receiver chain

This uncertainty is the residual uncertainty contribution coming from introducing an antenna at the end of the cable.  If this cable does not change/move between the calibration Stage 1 and the measurement Stage 2, the uncertainty is assumed to be systematic and negligible during the measurement stage. 

B.2.2.6
RF leakage (from measurement antenna to receiver/transmitter)

This contribution denotes noise leaking in to connector and cable(s) between measurement antenna and receiving/transmitting equipment. The contribution also includes the noise leakage between the connector and cable(s) between reference antenna and transmitting equipment for the calibration phase.

B.2.2.7
 Uncertainty of the RF power measurement equipment

See B.2.1.6

B.2.2.8
Amplifier Uncertainties

See B.2.1.8

B.2.2.9
Random uncertainty

See B.2.1.9.

B.2.2.10
Influence of XPD

See B.2.1.10

B.2.2.11
Misalignment positioning system

This contribution originates from uncertainty in sliding position and turn table angle accuracy. If the calibration antenna is aligned to maximum this contribution can be considered negligible and therefore set to zero.

B.2.2.12
Uncertainty of Network Analyzer

See B.2.1.12.

B.2.2.13
Uncertainty of the absolute gain of the calibration antenna

See B.2.1.14.

B.2.2.14
Influence of the calibration antenna feed cable (Flexing cables, adapters, attenuators, connector repeatability)

During the calibration phase this cable is used to feed the calibration antenna (SGH) and any influence it may have upon the measurements is captured. This is assessed by repeated measurements while flexing the cables and rotary joints. The largest difference between the results is recorded as the uncertainty.

B.2.2.15
Positioning and pointing misalignment between the reference antenna and the receiving antenna 

See B.2.1.15

B.2.2.16
Standing wave between reference calibration antenna and measurement antenna

This value is extracting the uncertainty value and standard deviation of gain ripple coming from standing waves between SGH and measurement antenna. This value can be captured by sliding (lambda/4) the SGH towards the measurement antenna as the standing waves go in and out of phase causing a ripple in measured gain. SGH scattering/interaction can also cause standing wave.

B.2.2.17
gNB emulator uncertainty

See B.2.1.16.

B.2.2.18
Quality of the Quiet Zone for Calibration Process

See B.2.1.18.

B.2.3 Measurement error contribution descriptions for NFTF

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
Measurement Distance uncertainty

See B.2.1.2.

B.2.3.3
Quality of the Quiet Zone

See B.2.1.3.

B.2.3.4
Mismatch

See B.2.1.4.

B.2.3.5
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 U-shaped distribution.

B.2.3.6
Uncertainty of the RF power measurement equipment

See B.2.1.6.

B.2.3.7
Phase curvature

See B.2.1.7.

B.2.3.8
Amplifier uncertainties

See B.2.1.8.

B.2.3.9
Random uncertainty

See B.2.1.9.

B.2.3.10
Influence of the XPD

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

B.2.3.11
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.2.3.12
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.2.3.13
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.2.3.14
Uncertainty of the Network Analyzer
See B.2.1.14.

B.2.3.15
Uncertainty of the absolute gain of the calibration antenna

See B.2.1.15.

B.2.3.16
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.2.3.17
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.2.3.18
Phase centre offset of calibration

See B.2.1.18.

B.2.3.19
Quality of the Quiet Zone for Calibration Process

See B.2.1.19.

B.2.3.20
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.2.3.21
Mismatch in the connection of the calibration antenna

See B.2.1.4.

B.2.3.22
Influence of TRP measurement grid

See B.2.1.22.

B.2.2.23
Influence of beam peak search grid
See B.2.1.23.

B.2.2.24
Mean error related to TRP calculation applying sin(θ)-weighting

See B.2.1.24.

B.2.3.25

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.3 UE maximum output power
Following tables summarize the MU threshold for EIRP and TRP measurements for UE maximum output power. The origin MU values for different test setups with varies parameters can be found in following subclauses.
Table B.1-1 MU threshold for EIRP measurement for UE maximum output power

	Frequency
	MBW
	Power
	Aperture size
	MU value

	22.65GHz <= f <= 31.1GHz
	BW <= 400MHz
	P = Max Output Power
	D <= 5cm
	FFS

	
	
	
	5cm < D <= 15cm
	FFS

	31.1GHz < f <= 45.1GHz
	
	
	D <= 5cm
	FFS

	
	
	
	5cm < D <= 15cm
	FFS


Table B.1-2 MU threshold for TRP measurement for UE maximum output power
FFS

B.3.1 Uncertainty budget format and assessment for DFF

The uncertainty contributions that may impact the overall MU value are listed in Table B.3.1-1.
Table B.3.1-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.2.1.1

	2
	Measure distance uncertainty
	B.2.1.2

	3
	Quality of quiet zone
	B.2.1.3

	4
	Mismatch
	B.2.1.4

	5
	Absolute antenna gain uncertainty of the measurement antenna
	B.2.1.5

	6
	Uncertainty of the RF power measurement equipment
	B.2.1.6

	7
	Phase curvature
	B.2.1.7

	8
	Amplifier uncertainties
	B.2.1.8

	9
	Random uncertainty
	B.2.1.9

	10
	Influence of the XPD
	B.2.1.10

	Stage 1: Calibration measurement

	11
	Mismatch
	B.2.1.4

	12
	Reference antenna positioning misalignment
	B.2.1.11

	13
	Quality of quiet zone for calibration process
	B.2.1.3

	14
	Amplifier uncertainties
	B.2.1.8

	15
	Uncertainty of the Network Analyzer
	B.2.1.12

	16
	Reference antenna feed cable loss measurement uncertainty
	B.2.1.13

	17
	Uncertainty of an absolute gain of the calibration antenna
	B.2.1.14

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.2.1.15

	19
	Phase centre offset of calibration antenna
	B.2.1.17


The uncertainty assessment tables are 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.3.1-2: Uncertainty assessment for EIRP and TRP measurement (f=TBD, D=TBD)
	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	
	
	
	

	2
	Measure distance uncertainty
	
	
	
	

	3
	Quality of quiet zone (NOTE 2)
	
	
	
	

	4
	Mismatch (NOTE 3)
	
	
	
	

	5
	Absolute antenna gain uncertainty of the measurement antenna
	
	
	
	

	6
	Uncertainty of the RF power measurement equipment (NOTE 4)
	
	
	
	

	7
	Phase curvature
	
	
	
	

	8
	Amplifier uncertainties
	
	
	
	

	9
	Random uncertainty
	
	
	
	

	10
	Influence of the XPD
	
	
	
	

	Stage 1: Calibration measurement

	11
	Mismatch
	
	
	
	

	12
	Reference antenna positioning misalignment
	
	
	
	

	13
	Quality of quiet zone for calibration process (NOTE 2)
	
	
	
	

	14
	Amplifier uncertainties
	
	
	
	

	15
	Uncertainty of the Network Analyzer
	
	
	
	

	16
	Reference antenna feed cable loss measurement uncertainty
	
	
	
	

	17
	Uncertainty of an absolute gain of the calibration antenna
	
	
	
	

	18
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	
	
	
	

	19
	Phase centre offset of 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 FFS; for EIRP, the standard uncertainty of quiet zone is FFS.
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.




B.3.2 Uncertainty budget format and assessment for IFF

The uncertainty contributions that may impact the overall MU value are listed in Table B.3.2-1.
Table B.3.2-1: Uncertainty contributions for EIRP and TRP measurement

	UID
	Description of uncertainty contribution
	Details in annex

	Stage 2: DUT measurement

	1
	Positioning misalignment
	B.2.2.1

	2
	Quality of Quiet Zone
	B.2.2.2

	3
	Standing wave between DUT and measurement antenna
	B.2.2.3

	4
	Mismatch
	B.2.2.4

	5
	Insertion loss variation of receiver chain
	B.2.2.5

	6
	RF leakage (from measurement antenna to receiver)
	B.2.2.6

	7
	Uncertainty of the RF power measurement equipment
	B.2.2.7

	8
	Amplifier Uncertainties
	B.2.2.8

	9
	Random Uncertainty
	B.2.2.9

	10
	Influence of the XPD
	B.2.2.10

	Stage 1: Calibration measurement

	11
	Mismatch (RX chain)
	B.2.2.4

	12
	Misalignment positioning system
	B.2.2.11

	13
	Quality of the Quiet Zone for the calibration process
	B.2.2.18

	14
	Amplifier Uncertainties
	B.2.2.8

	15
	Uncertainty of network analyzer
	B.2.2.12

	16
	Insertion loss variation of receiver chain
	B.2.2.5

	17
	Mismatch (in the connection of calibration antenna)
	B.2.2.4

	18
	Uncertainty of the absolute gain of the calibration antenna
	B.2.2.13

	19
	Influence of the calibration antenna feed cable (Flexing cables, adapters, attenuators, connector repeatability)
	B.2.2.14

	20
	RF leakage (from measurement antenna to receiver)
	B.2.2.6

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	B.2.2.15

	22
	Standing wave between reference calibration antenna and measurement antenna
	B.2.2.16


The uncertainty assessment tables are 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 = [15 cm], f = {22.65GHz, 31.1GHz, 45.1GHz}, [P = maximum output power].

-
The uncertainty assessment for EIRP and TRP is provided in Table B.3.2-2, Table B.3.2-3 and Table B.3.2-4.

Table B.3.2-2: Uncertainty assessment for EIRP and TRP measurement (f=TBD, DUT size = TBD)

	UID
	Uncertainty source
	Uncertainty value


	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]



	Stage 2: DUT measurement

	1
	Positioning misalignment
	
	
	
	

	2
	Quality of Quiet Zone (NOTE 1)
	
	
	
	

	3
	Standing wave between DUT and measurement antenna
	
	
	
	

	4
	Mismatch (NOTE 2)
	
	
	
	

	5
	Insertion loss variation of receiver chain
	
	
	
	

	6
	RF leakage (from measurement antenna to receiver)
	
	
	
	

	7
	Uncertainty of the RF power measurement equipment (NOTE 3)
	
	
	
	

	8
	Amplifier Uncertainties
	
	
	
	

	9
	Random Uncertainty
	
	
	
	

	10
	Influence of the XPD
	
	
	
	

	Stage 1: Calibration measurement

	11
	Mismatch RX chain
	
	
	
	

	12
	Misalignment positioning system
	
	
	
	

	13
	Quality of the Quiet Zone for the calibration process (NOTE 1)
	
	
	
	

	14
	Amplifier Uncertainties
	
	
	
	

	15
	Uncertainty of network analyzer
	
	
	
	

	16
	Insertion As loss variation of receiver chain
	
	
	
	

	17
	Mismatch in the connection of calibration antenna
	
	
	
	

	18
	Uncertainty of the absolute gain of the calibration antenna
	
	
	
	

	19
	Influence of the calibration antenna feed cable:  Flexing cables, adapters, attenuators, connector repeatability
	
	
	
	

	20
	RF leakage (from measurement antenna to receiver)
	
	
	
	

	21
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	
	
	
	

	22
	Standing wave between reference calibration antenna and measurement antenna
	
	
	
	

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

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

	NOTE 1:
The quality of quiet zone is different for EIRP and TRP. For TRP, the standard uncertainty is FFS; for EIRP FFS
NOTE 2:

The analysis was done only for the case of operating at max output power, in-band, non-CA.
NOTE 3: 
The assessment assumes maximum DUT output power.


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
	Measurement Distance Uncertainty
	B.2.3.2

	3
	Quality of the Quiet Zone
	B.2.3.3

	4
	Mismatch
	B.2.3.4

	5
	Multiple Reflections: Coupling between Measurement Antenna and DUT
	B.2.3.5

	6
	Uncertainty of the RF power measurement equipment
	B.2.3.6

	7
	Phase curvature
	B.2.3.7

	8
	Amplifier uncertainties
	B.2.3.8

	9
	Random uncertainty
	B.2.3.9

	10
	Influence of the XPD
	B.2.3.10

	11
	NF to FF truncation
	B.2.3.11

	12
	Probe Polarization Amplitude and Phase
	B.2.3.12

	13
	Probe Array Uniformity (for multi-probe systems only)
	B.2.3.13

	14
	Phase Recovery Non-Linearity over signal bandwidth
	B.2.3.16

	15
	Probe Pattern Effect
	B.2.3.17

	16
	Phase Drift and Noise
	B.2.3.20

	17
	Leakage and Crosstalk
	B.2.3.25

	
	Stage 1: Calibration measurement

	18
	Mismatch
	B.2.3.4

	19
	Amplifier uncertainties
	B.2.3.8

	20
	Uncertainty of the Network Analyzer
	B.2.3.14

	21
	Uncertainty of the absolute gain of the calibration antenna
	B.2.3.15

	22
	Phase centre offset of calibration
	B.2.3.18

	23
	Quality of the Quiet Zone for Calibration Process
	B.2.3.19

	24
	Mismatch in the connection of the calibration antenna
	B.2.3.21


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
	Measurement Distance Uncertainty
	 
	 
	 
	 

	3
	Quality of the Quiet Zone
	 
	 
	 
	 

	4
	Mismatch
	 
	 
	 
	 

	5
	Multiple Reflections: Coupling between Measurement Antenna and DUT
	 
	 
	 
	 

	6
	Uncertainty of the RF power measurement equipment
	 
	 
	 
	 

	7
	Phase curvature
	 
	 
	 
	 

	8
	Amplifier uncertainties
	 
	 
	 
	 

	9
	Random uncertainty
	 
	 
	 
	 

	10
	Influence of the XPD
	 
	 
	 
	 

	11
	NF to FF truncation
	 
	 
	 
	 

	12
	Probe Polarization Amplitude and Phase
	 
	 
	 
	 

	13
	Probe Array Uniformity (for multi-probe systems only)
	 
	 
	 
	 

	14
	Phase Recovery Non-Linearity over signal bandwidth
	 
	 
	 
	 

	15
	Probe Pattern Effect
	 
	 
	 
	 

	16
	Phase Drift and Noise
	 
	 
	 
	 

	17
	Leakage and Crosstalk
	 
	 
	 
	 

	
	Stage 1: Calibration measurement

	18
	Mismatch
	 
	 
	 
	 

	19
	Amplifier uncertainties
	 
	 
	 
	 

	20
	Uncertainty of the Network Analyzer
	 
	 
	 
	 

	21
	Uncertainty of the absolute gain of the calibration antenna
	 
	 
	 
	 

	22
	Phase centre offset of calibration
	 
	 
	 
	 

	23
	Quality of the Quiet Zone for Calibration Process
	 
	 
	 
	 

	24
	Mismatch in the connection 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 FFS; for EIRP FFS.

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 


<< End of changes
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