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1. [bookmark: _Ref71296739]Introduction
The work item led by RAN4 for NR FR1 TRP-TRS enhancements was approved [1] during the September 2022 plenary meeting, revised [2] in December 2022, and includes a secondary responsibility for RAN5 to develop the Measurement Uncertainty (MU) assessment.
The aim of this contribution is to introduce changes to the preliminary Measurement Uncertainty tables for Annex B of TR 38.870 [3] to reflect the updates based on the analysis made for TS 38.561 [4] and in [5][6].
It is understood that RAN5 will finalize the MU estimation following the performance requirements definition in a future update of TS 38.561 [4]. 
[bookmark: _Toc85706548][bookmark: _Toc85706570][bookmark: _Toc85706572][bookmark: _Toc85706580][bookmark: _Toc85706591][bookmark: _Toc85706598][bookmark: _Toc85708828][bookmark: _Toc86328652][bookmark: _Toc86328747][bookmark: _Toc87021772][bookmark: _Toc142585932]Proposal 1: Endorse the text proposal below.
2. [bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
The following proposal is made in this contribution:
Proposal 1: Endorse the text proposal below.
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4. Appendix – Text Proposal to TR 38.870 v0.3.0
< Unchanged Text Deleted >
< Beginning of Changes >
[bookmark: _Toc97741387][bookmark: _Toc136355504]B.1	General
Individual uncertainty contributions in the TRP and TRS measurements are discussed and evaluated in this Annex. A technique for calculating the total measurement uncertainty is also presented. 
[bookmark: _GoBack]An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure that introduce a certain uncertainty contribution to the final measurement result. The approach in this standard test procedure is that the test laboratories are not limited to using some specific instruments and antenna positioners, for example. 
The TRP/TRS measurement procedure can be considered to include two stages. In 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/radiation efficiency is known at the frequencies of interest. In Stage 2 the actual measurement of the 3-D pattern of the Device Under Test (DUT) is performed. The uncertainty contributions are analysed in clause B.2 while the uncertainty budget and example tables related to TRP and TRS are listed in clauses B.4 and B.5 respectively.
The calculation of the uncertainty contribution is based on the Guide to the expression of uncertainty in measurement [10]. Each individual uncertainty is expressed by its Standard Deviation (termed here as ‘standard uncertainty’) and represented by symbol U. The uncertainty contributions can be classified to two categories: Type-A uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and therefore cancel.
The procedure of forming the uncertainty budget is:
1)	Compile lists of individual uncertainty contributions for TRP or TRS measurement in both Stage 1 and Stage 2.
2)	Determine the standard uncertainty of each contribution by
a)	Determining the distribution of the uncertainty (Actual, U-shaped, rectangular, normal, etc.)
b)	Determining the maximum value of each uncertainty (unless the distribution is Actual)
c)	Calculating the standard uncertainty by dividing the uncertainty by  if the distribution is U-shaped, and by  if the distribution is rectangular, and by 2 if the distribution is normal.
3)	Convert the units (if necessary) of each uncertainty element into the chose unit, i.e. dB.
4)	Combine all the standard uncertainties by the root-sum-squares (RSS) method to derive the ‘combined standard uncertainty’.
5)	Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: .
6)	Systematic errors, commonly either DUT or test system dependent, captured in the MU budget are added to the expanded uncertainty to derive the ‘total expanded uncertainty’, i.e.,

NOTE 1: The standard deviation from a data set of N samples is defined as

Where  are the the respective sample results and  the mean of all N samples. For an uncertainty  in dB, the dB values (instead of the linear powers) of  and  are used.
The combination of uncertainties is performed using dB values for simplicity. It has been shown that using dB uncertainty values gives a slightly worse combined uncertainty result than using linear values for the uncertainties. The analysis method therefore errs on the safe side.
< Unchanged Text Deleted >
[bookmark: _Toc516760281][bookmark: _Toc68601411][bookmark: _Toc97741392][bookmark: _Toc106114473][bookmark: _Toc114134433][bookmark: _Toc136355528]B.2.4	Measurement receiver: uncertainty of the absolute level
The receiving device is used to measure the received signal level in TRP tests either as an absolute level or as a relative level. Receiving device used is typically a communication tester, spectrum analyser (SA), or power meter (PM). Generally, there occurs an uncertainty contribution from limited absolute level accuracy and non-linearity. 
This uncertainty will be determined from the manufacturer’s datasheet and the distribution used (see clause 5.1.2 in [11]) shall match that provided in the datasheet which are commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used. Given the wide bandwidths of the modulated signal transmitted during the testing, the level flatness and not just the CW level accuracy shall be considered.
[bookmark: _Toc516760297][bookmark: _Toc68601427][bookmark: _Toc97741393][bookmark: _Toc106114474][bookmark: _Toc114134434][bookmark: _Toc136355529]B.2.5	Communication tester: uncertainty of the absolute level
The transmitter device (typically a communication tester or BS simulator) is used to drive a signal to the measurement antenna in sensitivity tests either as an absolute level or as a relative level. Receiving device used is the UE. Generally, there occurs uncertainty contribution from limited absolute level accuracy and non-linearity of the communication tester.
For practical reasons, the calibration measurement (Stage 1) should be only performed with the measurement antenna as a receiver. Hence, the uncertainty on the absolute level of the transmitter device cannot be assumed as systematic. This uncertainty will be determined from the manufacturer’s datasheet and the distribution used (see clause 5.1.2 in [11]) shall match that provided in the datasheet which are commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used. Furthermore, the uncertainty of the non-linearity of the device is included in the absolute level uncertainty. Given the wide bandwidths of the modulated signal transmitted during the testing, the level flatness and not just the CW level accuracy shall be considered.
[bookmark: _Toc516760298][bookmark: _Toc68601428][bookmark: _Toc97741394][bookmark: _Toc106114475][bookmark: _Toc114134435][bookmark: _Toc136355530]B.2.6	Sensitivity measurement: output level step resolution
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity threshold, used the final power step resolution represents an asymmetric uncertainty contribution that can be corrected since this uncertainty is device and test system independentcreates this uncertainty. The lab shall correct the TRS results by  of the final power step search and note the correction in the test report. Output power step used in the sensitivity measurement is divided by factor 2 and then a rectangular distribution applied to obtain the uncertainty.
[bookmark: _Toc516760282][bookmark: _Toc68601412][bookmark: _Toc97741395][bookmark: _Toc106114476][bookmark: _Toc114134436][bookmark: _Toc136355531]B.2.7	Measurement distance
The uncertainty contribution from a finite measurement distance is estimated differently for Stage 1 and Stage 2in three parts. The two three elements of mismatch uncertainty contributions are combined by the root-sum-squares (RSS) method to derive the total combined mismatch uncertainty.
[bookmark: _Toc516760283][bookmark: _Toc68601413][bookmark: _Toc136355532]B.2.7.1	Offset of phase centre from axis(es) of rotation
[bookmark: _Toc136355533]B.2.7.1.1	Offset of DUT phase centre from axis(es) of rotation
In all the DUT measurements (Stage 2) defined in this test procedure the DUT and head phantom combination is rotated about the ear reference point of SAM phantom, which is also assumed to be the location of the phase centre in both angular directions of the measurements. 
For some positioning systems this may be practically impossible in which case a measurement uncertainty contribution can arise because the phase centre will rotate on a non-zero radius about the centre of rotation, thereby giving a variable measurement distance. Data averaging process may lead to a partial self-cancel of this uncertainty. 
The uncertainty limits of this effect are calculated by means of the following formula (uj22 of [12]):

Because of the phase center can be anywhere between the offset limits, the distribution is assumed to have a rectangular and the phase center limit is divided by giving the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [11]):

Because of the phase center can be anywhere between the offset limits, the distribution is assumed to have a rectangular distribution.
For hand phantom measurements, the device is aligned with the centre of the quiet zone; thus, this MU element is not applicable to hand phantoms and the MU can be considered 0 dB.
[bookmark: _Toc136355534]B.2.7.1.2	Offset of calibration antenna phase centre from axis(es) of rotation
If a gain calibration is performed in Stage 1 with a directive antenna (e.g. horn antenna), the uncertainty contribution of calibration antenna’s phase centre displacement is estimated by means of the following formula (uj21 of [12]): 

Because of the phase center can be anywhere between the offset limits, the distribution is assumed to have a rectangular distribution and the phase center limit is divided by giving the following standard uncertainty:

To convert this standard uncertainty in dB, we divide it by the standard uncertainty conversion factor (table 1 of [11]):

Because the phase centre can be anywhere between the offset limits, the distribution is assumed to have a rectangular distribution.
If a gain calibration is performed in Stage 1 with omnidirectional calibration antenna (e.g. sleeve dipoles), uncertainty should be 0.00 dB provided that care is taken in their positioning since the phase centre are easily identifiable.
For an efficiency calibration with an omnidirectional calibration antenna, the  is calculated similarly as for gain calibration but the uncertainty may be divided by factor 2. This is due to correcting impact of data averaging in this type of calibration.
< Unchanged Text Deleted >
[bookmark: _Toc516760288][bookmark: _Toc68601418][bookmark: _Toc97741399][bookmark: _Toc106114480][bookmark: _Toc114134440][bookmark: _Toc136355540]B.2.11	Uncertainty related to the use of phantoms
The following elements of uncertainty contributions (when applicable) are combined by the root-sum-squares (RSS) method to derive the total combined uncertainty related to the use of phantoms.
[bookmark: _Toc516760289][bookmark: _Toc68601419][bookmark: _Toc136355541]B.2.11.1	Uncertainty from using different types of SAM phantom
This uncertainty contribution originates from the fact that different laboratories may use the two different versions of SAM head: the SAM head phantom or the SAM phantom including the head and the shoulders. The standard SAM head is the specified phantom. However, the use of the other type of SAM is also allowed with the requirement that the resulting uncertainty contribution is considered in the uncertainty budget.
[bookmark: _Toc516760290][bookmark: _Toc68601420][bookmark: _Toc136355542]B.2.11.2	Simulated tissue liquid uncertainty
This uncertainty will occur, if the laboratory uses a liquid which has dielectric parameters deviating more than ±15% of the target parameters.
[bookmark: _Toc516760291][bookmark: _Toc68601421][bookmark: _Toc136355543]B.2.11.3	Uncertainty of dielectric properties and shape of the hand phantom
The hand phantom contributes to OTA measurement uncertainty due to the manufacturing tolerances of its dielectric properties and shape. The dielectric properties on the surface of the hand may differ from those of its interior, so both are included in the evaluation. The moulded exterior surface of the hand shall be measured directly with an open-ended coaxial probe. The interior hand material is evaluated indirectly, by substituting a cube-shaped sample moulded from the same material and having some exterior surfaces removed. Following procedure will be used to evaluate the dielectric properties of the hand phantom;

1.	Each hand shall be manufactured together with a reference cube of the same material. The sides of the reference cube shall be not less than 40 mm in length.
2.	The moulded surface on three orthogonal sides of the cube shall be sliced away to a depth of at least 3 mm, in order to expose interior material for evaluation. The remaining three sides of the cube shall be left untreated.
3.	Relative permittivity and conductivity shall be measured at ten different points on each of the three cut, exposed surfaces of the reference cube, and the combined interior averages (, , 30 points) and standard deviations (,,30 points) shall be calculated. Individual interior averages for each of these three sides (,,10 points) shall also be calculated.
4.	Relative permittivity and conductivity shall be measured at ten points on the hand phantom exterior. A measurement point shall be located to each fingertip or as close to the tip as applicable. One measurement point shall be located to the back of the hand and one to the inner surface of wrist area. The exterior averages (, , 10 points) and standard deviations (, , 10 points) calculated accordingly. 
5.	The total averages ( , ) shall be calculated as the average of exterior and interior values by either evaluating all data points or using equations : 


6.	The total standard deviations ( , ) shall be calculated as the statistical combination of exterior and interior values by either evaluating all data points or using equations: 


7.	The hands are acceptable for radiated performance testing, i.e., meet the minimal requirements, if
a.	deviates by less than 15% from the target values
b.	 deviates by less than 25% from the target values
c.	the difference between the averaged permittivity of each 10-point interior surface  deviates by less than 10% and  by less than 20% from the total average 
d.	the difference between the averaged conductivity of each 10-point interior surface deviates by less than 20% and  by less than 30% from the total average 
e.	the standard deviation of the combined measurements (30 interior points and 10 exterior points) is less than 20% for permittivity  and less than 40% for conductivity 
8.	For the hands meeting the minimal requirements of step 7, the following approximations shall be used to determine the hand uncertainty due to dielectric properties. 


, , ,  are the values determined as defined above and  and  are expanded measurement uncertainties (k = 2) of the dielectric parameter measurement method. The cube will be provided together with the hand such that the user can evaluate if the interior (cube) properties of the hand has degenerated over time by performing the test above. Coefficient ,  and  were determined by numeric simulations.
In case the hand phantoms are manufactured within CAD models, the tolerance is 2% and therefore the effects shape errors are negligible. If the tolerance is larger, a numerical study must be conducted.
The assessment of uncertainties for the phantoms defined in CTIA Certification OTA Test Plan 01.72 Section 2 [CTIA 01.72], is further detailed in CTIA Certification OTA Test Plan 01.70 Section 3 [CTIA 01.70]. Values are from the CTIA Certification Test Plan for Wireless Device Over-the-Air Performance © CTIA Certification. Reproduced with permission.
[bookmark: _Toc516760292][bookmark: _Toc68601422][bookmark: _Toc136355544]B.2.11.4	Uncertainty from using different types of Laptop Ground Plane phantom
This uncertainty contribution originates from the fact that different laboratories may use different variations of Laptop Ground Plane phantom. The standard Laptop Ground Plane is the specified phantom.
B.2.11.5	Positioning Uncertainty from using Phantoms
Some uncertainty also occurs from the positioning of the DUT against the SAM phantom, as the DUT cannot be attached exactly in the same way every time. This uncertainty depends on how much the DUT’s positioning against the SAM phantom and hand phantoms varies from the specified testing positions. It is noted that the uncertainty of the phone positioning depends on the phone holder and the measurement operator and is in fact difficult to distinguish from random uncertainty. Some uncertainty also occurs from the positioning of the DUT plugged into the Laptop Ground Plane phantom, as the DUT may not be plugged into the USB connector and positioned exactly in the same way every time. This uncertainty depends on how much the DUT’s position plugged into the Laptop Ground Plane phantom varies from the specified plug-in position. Therefore, the positioning uncertainty is included in random uncertainty. 
To estimate this uncertainty for the SAM phantom, it is suggested to perform at least five evaluations of TRP/TRS whereby the device shall be dismounted and newly positioned with a fully charged battery before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three phones with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized values.
With head and hand phantoms, random uncertainty evaluation may be done separately for each measurement configuration i.e. head only, browsing mode or speech mode. A speech mode random uncertainty evaluation, were both head and hand phantoms are used, can reasonably be considered to be the worst-case scenario and thus random uncertainties in other configurations to be less.
To estimate this uncertainty for the Laptop Ground Plane phantom, it is suggested to perform at least five evaluations of TRP/TRS for the plug-in position whereby the device shall be dismounted and newly positioned before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three USBs with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized value.
[bookmark: _Toc516760293][bookmark: _Toc68601423][bookmark: _Toc97741400][bookmark: _Toc106114481][bookmark: _Toc114134441][bookmark: _Toc136355545]B.2.12	Coarse sampling grid
This contributor describes the uncertainty of the measured TRP/TRS value due to the finite number of measurement grid points. Decreasing of sampling density to finite number of samples affects the measurement uncertainty by two different errors. First is due to inadequate number of samples and second is a systematic discrimination approximation error in TRP and TRS equations. Different TRP quadratures also have an effect on the MU.  
The grid options for TRP/TRS with associated MUs for constant-step size grids are summarized in Table B.2.12-1.
Table B.2.12-1: Grid Options for TRP/TRS with constant-step size grids
	Test Metric
	Frequency Range
	Quadrature
	[°]
	Min. Number of Grid Points (Note 1)
	Std. Uncertainty [dB]
	|Mean Error| (Note 3) [dB]

	TRP
	< 3GHz
	sin()
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0.04
	0

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0
	0

	TRP
	
	
	30
	62
	0
	0

	TRS
	
	
	45
	26
	0.04
	0

	TRP
	> 3GHz
	sin()
	15
	266
	0
	0

	TRS
	
	
	30
	62
	0.11
	0

	TRP
	
	Clenshaw-Curtis
	15
	266
	0
	0

	TRS (Note 2)
	
	
	30
	62
	0.11
	0

	TRP
	
	
	30
	62
	0.11
	0

	TRS (Note 2, 4)
	
	
	45
	~2627
	0.23
	-0.08

	TRS (Note 2, 5)
	
	
	45
	2625
	0.25
	-0.08

	Note 1: The exact number of grid points depends on how the back pole EIRP(=180°)/EIS(=180°) is approximated due to obstruction and/or blocking.
Note 2: The overall MU shall not be larger than the maximum MU limits if the coarsest measurement grid is adopted.
Note 3: The inclusion of the mean error into the MU template/budget is FFS.
Note 4:  The EIS value at 180˚ is determined from two 165º measurements.
Note 5:  The EIS value at 180˚ is averaged from previous cut.



The mean error in Table B.2.12-1 shall be considered a systematic uncertainty that cannot be corrected and thus shall be included in the uncertainty budget table as a systematic uncertainty added to the combined expanded uncertainty. 
Any of the measurement grids in Table B.2.12-1 could be used for testing. 

[bookmark: _Toc516760294][bookmark: _Toc68601424][bookmark: _Toc97741401][bookmark: _Toc106114482][bookmark: _Toc114134442][bookmark: _Toc136355546]B.2.13	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. However, past system definitions provide an empirical basis for a value. A fixed value of 0.25 dB (half that of FR2 SISO OTA measurements) is suggested for TRP measurements while a fixed value of 0.4 dB is suggested for TRS measurement to include a digital error rate uncertainty.The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference DUT without changing anything in the measurement setup. 
The random uncertainty differs from one laboratory to another. Moreover, each DUT has its own electromagnetic behaviour and random uncertainty. Some uncertainty also occurs from the positioning of the DUT against the SAM phantom, as the DUT cannot be attached exactly in the same way every time. This uncertainty depends on how much the DUT’s positioning against the SAM phantom and hand phantoms varies from the specified testing positions. It is noted that the uncertainty of the phone positioning depends on the phone holder and the measurement operator and is in fact difficult to distinguish from random uncertainty. Some uncertainty also occurs from the positioning of the DUT plugged into the Laptop Ground Plane phantom, as the DUT may not be plugged into the USB connector and positioned exactly in the same way every time. This uncertainty depends on how much the DUT’s position plugged into the Laptop Ground Plane phantom varies from the specified plug-in position. Therefore, the positioning uncertainty is included in random uncertainty. 
To estimate this uncertainty for the SAM phantom, it is suggested to perform at least five evaluations of TRP/TRS whereby the device shall be dismounted and newly positioned with a fully charged battery before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three phones with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized values.
With head and hand phantoms, random uncertainty evaluation may be done separately for each measurement configuration i.e. head only, browsing mode or speech mode. A speech mode random uncertainty evaluation, were both head and hand phantoms are used, can reasonably be considered to be the worst-case scenario and thus random uncertainties in other configurations to be less.
To estimate this uncertainty for the Laptop Ground Plane phantom, it is suggested to perform at least five evaluations of TRP/TRS for the plug-in position whereby the device shall be dismounted and newly positioned before each test. This measurement set has to be carried out in mid channel of lowest and highest frequency bands utilized by the testing lab, for at least three USBs with different type of mechanical design. The values have to be normalized by the mean for each measurement set. As a result, the uncertainty contribution entered to uncertainty budget is the difference between the maximum and minimum normalized value. 
< Unchanged Text Deleted >
[bookmark: _Toc97741403][bookmark: _Toc106114484][bookmark: _Toc114134444][bookmark: _Toc136355548]B.2.15	Uncertainty of network analyser
This uncertainty includes the all uncertainties involved in the S21 measurement with a network analyser, and will be determined from the manufacturer’s datasheet which is now commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2” and the distribution used (see clause 5.1.2 in [11]) shall match that provided in the datasheet. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used.
[bookmark: _Toc516760296][bookmark: _Toc68601426][bookmark: _Toc97741404][bookmark: _Toc106114485][bookmark: _Toc114134445][bookmark: _Toc136355549]B.2.16	Uncertainty of the gain/efficiency of the calibration antenna
The calibration antenna only appears in Stage 1. Therefore, the gain/efficiency uncertainty has to be considered.
This uncertainty shall come from a calibration report (which is now commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”) with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standardswill be determined from the manufacturer’s datasheet and the distribution used (see clause 5.1.2 in [11]) shall match that provided in the datasheet. In the absence of a declared distribution in the datasheetreport, the rectangular distribution should be used. Alternatively, the uncertainty could 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
If the manufacturer’s data do not give the information, the value has to be checked, see annex A.12 in [13].

< Unchanged Text Deleted >

B.4	MU Assessment for TRP

[bookmark: _Toc133333536]B.4.1	MU Assessment for TRP in Anechoic Chamber
The uncertainty contributions related to TRP are listed in Table B.4.1-1. A preliminary example uncertainty budgets are presented in Table B.4.1-2 and Table B.4.1-3.
Table B.4.1-1 Uncertainty contributions in TRP measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure 7.2-1, Figure 7.2-2)

	1
	Mismatch of receiver chain 
	B.2.1

	2
	Insertion loss of receiver chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Measurement Receiver: uncertainty of the absolute level
	B.2.4

	5
	Measurement distance
	B.2.7

	6
	Quality of quiet zone
	B.2.8

	7
	DUT Tx-power drift
	B.2.9

	8
	Uncertainty related to the use of phantoms 
	B.2.11

	9
	Coarse sampling grid
	B.2.12

	10
	Random uncertainty 
	B.2.13

	11
	Frequency Response
	B.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure 7.3-1)

	12
	Uncertainty of network analyzer
	B.2.15

	13
	Mismatch of receiver chain
	B.2.1

	14
	Insertion loss of receiver chain
	B.2.2

	15
	Mismatch in the connection of calibration antenna
	B.2.1

	16
	Influence of the calibration antenna feed cable
	B.2.3

	17
	Influence of the measurement antenna cable
	B.2.3

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	B.2.16

	19
	Measurement distance
	B.2.7

	20
	Quality of the Quiet Zone
	B.2.8

	Systematic Errors

	22
	Systematic Error related to TRP grids
	B.2.12



Table B.4.1-2 Preliminary example of uncertainty budget for TRP hand only (browsing mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гpower meter <0.05            Гmeasurement antenna  <0.16
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	Rectangular
	1.73
	1
	0.03

	5
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	Actual
	1
	1
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	Rectangular
	1.73
	1
	0.12

	8
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20                     U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	9
	Coarse sampling grid
	Negligible 15° sampling grid
	0
	Actual
	1
	1
	0.00

	10
	Random Uncertainty 
	Monoblock, clamshell and PDA design used for testing 
	0.81
	Rectangular
	1.73
	1
	0.47

	11
	Frequency Response
	Average path loss corrected
	0
	Rectangular
	1.73
	1
	0.00

	 
	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	Manufacturer’s uncertainty   
	0.5
	Rectangular
	1.73
	1
	0.29

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	U-shaped
	1.41
	1
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	0.91

	Expanded uncertainty (Confidence interval of 95 %)
	1.78


	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гreceiver < 0.33            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.26
	0.26
	U-shaped
	1.4
	1
	0.18
	0.18

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.42
	0.54
	Normal
	2
	1
	0.21
	0.27

	5
	Measurement distance  
	DUT is not offset for hand-only phantom testing
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	8
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Data Mode Fixture
	0.64
	0.64
	Rectangular
	1.7
	1
	0.37
	0.37

	9
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0
	0.11
	Actual
	1
	1
	0.00
	0.11

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	[0.2]
	[0.5]
	Normal
	2
	1
	[0.10]
	[0.25]

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	[0.58]
	[0.58]
	Normal
	2
	1
	[0.29]
	[0.29]

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	[0.84]
	[0.89]

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.64]
	[1.75]

	21
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.64]
	[1.75]



Table B.4.1-3 Preliminary example of uncertainty budget for TRP Beside Head and Hand (speech mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гpower meter <0.05            Гmeasurement antenna  <0.16
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	Rectangular
	1.73
	1
	0.03

	5
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	Actual
	1
	1
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	Rectangular
	1.73
	1
	0.12

	8
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20                     U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	9
	Coarse sampling grid
	Negligible 15° sampling grid
	0
	Actual
	1
	1
	0.00

	10
	Random Uncertainty 
	Monoblock, clamshell and PDA design used for testing 
	1.04
	Rectangular
	1.73
	1
	0.60

	11
	Frequency Response
	Average path loss corrected
	0
	Rectangular
	1.73
	1
	0.00

	 
	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	Manufacturer’s uncertainty   
	0.5
	Rectangular
	1.73
	1
	0.29

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	U-shaped
	1.41
	1
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	0.98

	Expanded uncertainty (Confidence interval of 95 %)
	1.93


	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гreceiver < 0.33            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.26
	0.26
	U-shaped
	1.4
	1
	0.18
	0.18

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum Analyzer
	0.42
	0.54
	Normal
	2
	1
	0.21
	0.27

	5
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	0.27
	Rectangular
	1.7
	1
	0.16
	0.16

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	8
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Beside Head and Hand
	0.99
	0.99
	Rectangular
	1.7
	1
	0.57
	0.57

	9
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0
	0.11
	Actual
	1
	1
	0.00
	0.11

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	12
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	[0.2]
	[0.5]
	Normal
	2
	1
	[0.10]
	[0.25]

	13
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	15
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	16
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	[0.58]
	[0.58]
	Normal
	2
	1
	[0.29]
	[0.29]

	19
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	20
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	[0.96]
	[1.00]

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.87]
	[1.97]

	21
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.00

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.87]
	[1.97]



[bookmark: _Toc133333537]B.5	MU Assessment for TRS

[bookmark: _Toc133333538]B.5.1	MU Assessment for TRS in Anechoic Chamber
The uncertainty contributions related to TRS are listed in Table B.5.1-1. A preliminary example uncertainty budgets are presented in Table B.5.1-2 and Table B.5.1-3.
Table B.5.1-1 Uncertainty contributions in TRS measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure 7.2-1, Figure 7.2-2)

	1
	Mismatch of transmitter chain 
	B.2.1

	2
	[bookmark: RANGE!C7]Insertion loss of transmitter chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	[bookmark: RANGE!C9]Communication Tester: uncertainty of the absolute output level
	B.2.5

	5
	Sensitivity measurement: output level step resolution
	B.2.6

	6
	Measurement distance
	B.2.7

	7
	Quality of quiet zone 
	B.2.8

	8
	DUT sensitivity drift
	B.2.10

	9
	Uncertainty related to the use of phantoms 
	B.2.11

	10
	Coarse sampling grid
	B.2.12

	11
	Random uncertainty 
	B.2.13

	12
	Frequency Response
	B.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure 7.3-1)

	13
	Uncertainty of network analyzer 
	B.2.15

	14
	Mismatch of transmitter chain 
	B.2.1

	15
	Insertion loss of transmitter chain
	B.2.2

	16
	[bookmark: RANGE!C22]Mismatch in the connection of calibration antenna
	B.2.1

	17
	Influence of the calibration antenna feed cable
	B.2.3

	18
	Influence of the measurement antenna cable
	B.2.3

	19
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	B.2.16

	20
	Measurement distance
	B.2.7

	21
	Quality of quiet zone
	B.2.8

	Systematic Errors

	22
	Systematic Error related to TRS grids
	B.2.12



Table B.5.1-2: Preliminary example of uncertainty budget for TRS hand only (browsing mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment 
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	1
	Mismatch of transmitter chain
	ГCommTester <0.13                   Г antenna connection <0.03
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1
	Rectangular
	1.73
	1
	0.58

	5
	Sensitivity measurement: output level step resolution
	Step of 0.5 dB
	0.25
	Rectangular
	1.73
	1
	0.14

	6
	Measurement distance   
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	Actual
	1
	1
	0.5

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	9
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20
U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	10
	Coarse sampling grid
	30° sampling grid
	0.15
	Actual
	1
	1
	0.15

	11
	Random uncertainty 
	Monoblock, clamshell and PDA used for testing 
	0.91
	Rectangular
	1.73
	1
	0.53

	12
	Frequency Response
	Included in the output level step resolution
	0
	Rectangular
	1.73
	1
	0.00

	Stage 1: Calibration measurement, network analyzer method 

	13
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Rectangular
	1.73
	1
	0.29

	14
	Mismatch of transmitter chain
	Taken in to account in VNA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	15
	Insertion loss of transmitter chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	21
	Quality of quiet zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	1.12

	Expanded uncertainty (Confidence interval of 95 %)
	2.20

	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гcomm tester < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.4
	1
	0.16
	0.16

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	[1.16]
	[1.16]
	Normal
	2
	1
	[0.58]
	[0.58]

	5
	Sensitivity measurement: output level step resolution
	Systematic error that can be corrected
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Measurement distance  
	DUT is not offset for hand-only phantom testing
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	9
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Data Mode Fixture
	0.64
	0.64
	Rectangular
	1.7
	1
	0.37
	0.37

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.04
	0.25
	Actual
	1
	1
	0.04
	0.25

	11
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2
	1
	0.20
	0.20

	12
	Frequency Response
	Included in the output level step resolution
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	[0.2]
	[0.5]
	Normal
	2
	1
	[0.10]
	[0.25]

	14
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	15
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	[0.58]
	[0.58]
	Normal
	2
	1
	[0.29]
	[0.29]

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	21
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	[1.00]
	[1.06]

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.97]
	[2.08]

	22
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.08

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.97]
	[2.16]



Table B.5.1-3: Preliminary example of uncertainty budget for TRS Beside Head and Hand (speech mode) measurement for anechoic chamber method for NR FR1 bands 
	UID
	Uncertainty Source
	Comment 
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	1
	Mismatch of transmitter chain
	ГCommTester <0.13                   Г antenna connection <0.03
	0.07
	U-shaped
	1.41
	1
	0.05

	2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	1
	Rectangular
	1.73
	1
	0.58

	5
	Sensitivity measurement: output level step resolution
	Step of 0.5 dB
	0.25
	Rectangular
	1.73
	1
	0.14

	6
	Measurement distance   
	d=1.6m, Δd=0.05m
	0.27
	Rectangular
	1.73
	1
	0.16

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	Actual
	1
	1
	0.50

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	0.12

	9
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20
U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	0.18

	10
	Coarse sampling grid
	30° sampling grid
	0.15
	Actual
	1
	1
	0.15

	11
	Random uncertainty 
	Monoblock, clamshell and PDA used for testing 
	0.91
	Rectangular
	1.73
	1
	0.81

	12
	Frequency Response
	Included in the output level step resolution
	0
	Rectangular
	1.73
	1
	0.00

	Stage 1: Calibration measurement, network analyzer method 

	13
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Rectangular
	1.73
	1
	0.29

	14
	Mismatch of transmitter chain
	Taken in to account in VNA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	15
	Insertion loss of transmitter chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	0.29

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	Rectangular
	1.73
	1
	0.00

	21
	Quality of quiet zone
	Peak-to-null ripple
	0.5
	Rectangular
	1.73
	1
	0.29

	Combined standard uncertainty
	1.28

	Expanded uncertainty (Confidence interval of 95 %)
	2.51

	UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	
	
	
	Below 3GHz
	Above 3GHz
	
	
	
	Below 3GHz
	Above 3GHz

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	Гcomm tester < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.4
	1
	0.16
	0.16

	2
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	3
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	4
	Communication Tester: uncertainty of the absolute output level
	Manufacturer’s data sheet
	[1.16]
	[1.16]
	Normal
	2
	1
	[0.58]
	[0.58]

	5
	Sensitivity measurement: output level step resolution
	Systematic error that can be corrected
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Measurement distance  
	d=1.6m, Δd=0.05m
	0.27
	0.27
	Rectangular
	1.7
	1
	0.16
	0.16

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift
	0.2
	0.2
	Rectangular
	1.7
	1
	0.12
	0.12

	9
	Uncertainty related to the use of phantoms 
	Material Dielectric Constant, Material Conductivity, Geometry/Shape (incl. spacer), Data Mode Fixture
	0.99
	0.99
	Rectangular
	1.7
	1
	0.57
	0.57

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.04
	0.25
	Actual
	1
	1
	0.04
	0.25

	11
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2
	1
	0.20
	0.20

	12
	Frequency Response
	Included in the output level step resolution
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	From datasheet of VNA with assessed transmission coefficients
	[0.2]
	[0.5]
	Normal
	2
	1
	[0.10]
	[0.25]

	14
	Mismatch of receiver chain
	Taken into account in VNA uncertainty term
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	15
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	16
	Mismatch in the connection of calibration antenna
	Taken in to account in VNA setup uncertainty
	0
	0
	U-shaped
	1.4
	1
	0.00
	0.00

	17
	Influence of the calibration antenna feed cable
	Gain calibration with a dipole
	0.3
	0.3
	Rectangular
	1.7
	1
	0.17
	0.17

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	19
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration report with traceability to a National Metrology Institute
	[0.58]
	[0.58]
	Normal
	2
	1
	[0.29]
	[0.29]

	20
	Measurement distance 
	Dipole: aligned with phase center
	0
	0
	Rectangular
	1.7
	1
	0.00
	0.00

	21
	Quality of the Quiet Zone
	Peak-to-null ripple
	0.5
	0.5
	Rectangular
	1.7
	1
	0.29
	0.29

	Combined standard uncertainty [dB]
	[1.11]
	[1.16]

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[2.17]
	[2.27]

	22
	Systematic Error related to TRP grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.08

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[2.17]
	[2.35]



< End of Changes >



