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This contribution provides the Text Proposals [1][2] endorsed by RAN5 during RAN5#101 on MU contents to be included in Annex B of TR 38.870 [2].
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The following proposal is made in this contribution:
Proposal 1: Approve the text proposal below.
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4. Appendix – Text Proposal to TR 38.870 v0.6.0
< Unchanged Text Deleted >
[bookmark: _GoBack]< Beginning of Changes >
[bookmark: definitions][bookmark: _Toc516760288][bookmark: _Toc68601418][bookmark: _Toc97741399][bookmark: _Toc106114480][bookmark: _Toc114134440][bookmark: _Toc148514519]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: _Toc148514520]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: _Toc148514521]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: _Toc148514522]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 01.7225], is further detailed in CTIA Certification OTA Test Plan 01.70 Section 3 2 [CTIA 01.7026]. 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: _Toc148514523]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.
For the forearm phantom, the assessment of uncertainties for the phantoms defined in CTIA Certification OTA Test Plan 01.72 Section 2 [25], is further detailed in CTIA Certification OTA Test Plan 01.70 Section 2 [26]. Values are from the CTIA Certification Test Plan for Wireless Device Over-the-Air Performance © CTIA Certification. Reproduced with permission.
B.2.11.6	Uncertainty of dielectric properties and shape of the forearm phantom
The assessment of uncertainties for the phantoms defined in CTIA Certification OTA Test Plan 01.72 Section 2 [25], is further detailed in CTIA Certification OTA Test Plan 01.70 Section 2 [26]. Values are from the CTIA Certification Test Plan for Wireless Device Over-the-Air Performance © CTIA Certification. Reproduced with permission.
[bookmark: _Toc516760293][bookmark: _Toc68601423][bookmark: _Toc97741400][bookmark: _Toc106114481][bookmark: _Toc114134441][bookmark: _Toc148514524]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.  
[bookmark: _Toc516760294][bookmark: _Toc68601424][bookmark: _Toc97741401][bookmark: _Toc106114482][bookmark: _Toc114134442]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
	15
	266
	0
	0

	TRS
	
	
	30
	30
	62
	0.0413
	0

	TRP
	
	Clenshaw-Curtis
	15
	15
	266
	0
	0

	TRS
	
	
	30
	30
	62
	0.10
	0

	TRP (Note 2)
	
	
	30
	30
	62
	0.10
	0

	TRS (Note 2)
	
	
	30
	60
	32
	0.15
	0

	TRS (Note 2)
	
	
	45
	45
	26
	0.0419
	0

	TRP
	> 3GHz
	sin()
	15
	15
	266
	0
	0

	TRS
	
	
	30
	30
	62
	0.1121
	0

	TRP
	
	Clenshaw-Curtis
	15
	15
	266
	0
	0

	TRS (Note 2)
	
	
	30
	30
	62
	0.1118
	0

	TRP (Note 2)
	
	
	30
	30
	62
	0.1118
	0

	TRS (Note 2)
	
	
	30
	60
	32
	0.25
	0

	TRS (Note 2, 4)
	
	
	45
	45
	27
	0.23
	0.08

	TRS (Note 2, 5)
	
	
	45
	45
	25
	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. 
The legacy grid with ==15° for TRP and ==30° for TRS should be considered the default measurement grid and is recommended for certification testing.Any of the measurement grids in Table B.2.12-1 could be used for testing. 
< Unchanged Text Deleted >
[bookmark: _Toc148514529]B.3	MU contribution descriptions for Alternative method
Some of the terms for measurement uncertainty in the Reverberation Chamber method are identical to the reference method (i.e. Anechoic Chamber). Therefore, this section only lists the additional MU contribution description that are unique to the Reverberation Chamber method.
[bookmark: _Toc148514530]B.3.1	Additional Power Loss in EUT Chassis
When the EUT is small and does not add noticeable loss to the chamber, the calibration procedure outlined in section 8.4, is performed without the EUT present in the chamber. The possible difference in average chamber transmission level between the EUT measurement and the reference measurement must in this case be considered in the uncertainty evaluation. The uncertainty value for this contribution can be tested empirically by choosing a unit within a set of samples which is considered to incur the highest amount of loss (normally the largest unit), and measure the average transmission loss in the chamber with and without the test unit present in the chamber including phantoms if applicable. The difference between the two cases shall be used in the uncertainty calculation and the distribution should be assumed to be rectangular.
Alternatively, a fixed value of 0.2 dB with a rectangular distribution can be used in the uncertainty calculations.
[bookmark: _Toc148514531]B.3.3   Quality of Spatial Uniformity
The standard deviation over calibration antenna positions and rotations of the transfer function, chamber reference or chamber loss . This measures the lack of spatial uniformity over the test zone in the reverberation chamber which is also referred as lack of isotropy, statistical ripple, or uniformity of the transfer function. This procedure is detailed in section 8.3.3.
According to the significance tests performed in [23], the uncertainty due to lack of spatial uniformity is not negligible. In this case, equation 12 in [23] holds and leads to the following uncertainty:

The expanded uncertainty covers the 95th percentile and is given by
U95 = K95 *U
Where K95 is the coverage factor for the two-sided 95th percentile of Student’s -distribution given T-1 degrees of freedom and corresponds to 2.201 at T=12 (11 degrees of freedom) or 2.069 at T=24 (23 degrees of freedom).
[bookmark: _Toc133333514]B.3.4	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 power step resolution creates this uncertainty.  Output power step used in the sensitivity measurement is divided by factor 2 and then a rectangular distribution applied to obtain the uncertainty.

[bookmark: _Toc148514532]B.4	MU Assessment for TRP

[bookmark: _Toc148514533]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

	21
	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]

	
	
	
	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
	0.110
	Actual
	1
	1
	0.00
	0.110.00

	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]
	[0.890.88]

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.64]
	[1.751.73]

	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]
	[1.751.73]



Table B.4.1-3 Preliminary example of uncertainty budget for TRP Beside Head and Hand (Talk mode) measurement for anechoic chamber method for NR FR1 bands 
	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
	0.110
	Actual
	1
	1
	0.00
	0.110.00

	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]1.88
	[1.971.96]

	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]1.88
	[1.971.96]



Table B.4.1-4 Preliminary example of uncertainty budget for TRP Wrist-Worn device measurement for anechoic chamber method for NR FR1 bands 
	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 forearm phantom testing
	0
	0
	Rectangular
	1.7
	1
	0
	0

	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), Forearm
	0.74
	0.74
	Rectangular
	1.7
	1
	0.43
	0.43

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

	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]
	0.86
	0.91

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	1.69
	1.78

	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 %)
	1.69
	1.78



[bookmark: _Toc148514534]B.4.2	MU Assessment for TRP in Reverberation Chamber
Table B.4.2-1 Uncertainty contributions in TRP measurement for reverberation chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	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
	Quality of Spatial Uniformity
	B.3.3

	6
	Additional power loss in EUT chassis
	B.3.1

	7
	DUT Tx-power drift
	B.2.9

	8
	Uncertainty related to the use of phantoms 
	B.2.11

	9
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	10
	Uncertainty of network analyzer
	B.2.15

	11
	Mismatch of receiver chain
	B.2.1

	12
	Insertion loss of receiver chain
	B.2.2

	13
	Mismatch in the connection of calibration antenna
	B.2.1

	14
	Influence of the calibration antenna feed cable
	B.2.3

	15
	Influence of the measurement antenna cable
	B.2.3

	16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	B.2.16

	17
	Uniformity of transfer function
	B.3.3



Table B.4.2-2 Preliminary example of uncertainty budget for TRP measurement hand only (browsing mode) for reverberation 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 meterreceiver <0.0533
Гfixed measurement antenna connection <0.165
Cable loss > 3dB
	0.070.26
	U-shaped
	1.41
	1
	[0.05]0.18

	
2
	Insertion loss of receiver chain
	Systematic with Stage 2 1 (=> cancels)
	0.1
	Rectangular
	1.73
	1
	0.000.06

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
4
	Measurement Receiver: uncertainty of the absolute level
	From datasheet of communication tester or Spectrum AnalyzerPower Meter
	0.060.54
	RectangularNormal
	1.732
	1
	[0.03]0.27

	
5
	Quality of Spatial Uniformity
	Statistics of chamber
	
0.5
	
GaussianActual
	1
	1
	[0.5]

	
6
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.12
	Rectangular
	1.73
	1
	[0.06]0.12

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

	
8
	Uncertainty related to the use of phantoms 
	Material and GeometryU [dB] = 0.20                     U [dB] = 0.15
	0.320.64
	Rectangular
	1.73
	1
	[0.18]0.37

	
9
	RepeatabilityRandom uncertainty
	Using the same setup and stirring sequence 
	0.425
	Rectangular
	1.73
	1
	[[0.23]0.14]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.29]0.25

	
11
	Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	
12
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
13
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	
14
	Influence of the feed cable of the calibration antenna
	Efficiency calibration usedGain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]0.00

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.58
	RectangularNormal
	1.732
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	
Gaussian0.5
	
1.00Actual
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[0.9774]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[1.9045]



Table B.4.2-2 Preliminary example of uncertainty budget for TRP Beside Head and Hand (Talk mode) measurement for reverberation 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 meterreceiver <0.0533
Гfixed measurement antenna connection <0.516
	0.0726
	U-shaped
	1.41
	1
	[0.05]0.18

	
2
	Insertion loss of receiver chain
	Typically measuredSystematic with Stage 2 (=> cancels)
	0.1
	Rectangular
	1.73
	1
	0.0006

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 12 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
4
	Measurement Receiver: uncertainty of the absolute level
	Spectrum AnalyzerPower Meter
	0.060.54
	RectangularNormal
	1.732
	1
	[0.03]0.27

	
5
	Quality of Spatial Uniformity
	Statistics of chamber
	
0.5
	
GaussianActual
	1
	1
	[0.5]

	
6
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.12
	Rectangular
	1.73
	1
	[0.0612]

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

	
8
	Uncertainty related to the use of phantoms 
	Material and Geometry, Beside Head/HandU [dB] = 0.20                     U [dB] = 0.15
	0.3299
	Rectangular
	1.73
	1
	[0.18]0.57

	
9
	RepeatabilityRandom Uncertainty
	Using the same setup and stirring sequence 
	0.425
	Rectangular
	1.73
	1
	[[0.23]0.14]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.29]0.25

	
11
	Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	
12
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
13
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	
14
	Influence of the feed cable of the calibration antenna
	Efficiency calibration usedGain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]0.00

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.58
	RectangularNormal
	1.732
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	
Gaussian0.5
	
1.00Actual
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[0.741.06]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[1.452.08]



[bookmark: _Toc148514535]B.5	MU Assessment for TRS

[bookmark: _Toc148514536][bookmark: _Toc47103335]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]

	
	
	
	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]1.3
	[1.16]1.3
	Normal
	2
	1
	[0.58]0.65
	[0.58]0.65

	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
	0.040.10
	0.250.18
	Actual
	1
	1
	0.040.10
	0.250.18

	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]1.05
	[1.06]1.09

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.97]2.06
	[2.08]2.13

	22
	Systematic Error related to TRP TRS grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.008

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[1.97]2.06
	[2.16]2.13




Table B.5.1-3: Preliminary example of uncertainty budget for TRS Beside Head and Hand (Talk mode) measurement for anechoic chamber method for NR FR1 bands 
	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]1.3
	[1.16]1.3
	Normal
	2
	1
	[0.58]0.65
	[0.58]0.65

	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), Beside Head and HandData 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
	0.040.1
	0.250.18
	Actual
	1
	1
	0.040.1
	0.250.18

	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]1.15
	[1.16]1.18

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	[2.17]2.25
	[2.27]2.31

	22
	Systematic Error related to TRP TRS grids
	mean error
	0
	0
	Actual
	1
	1
	0.00
	0.008

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	[2.17]2.25
	[2.35]2.31



Table B.5.1-4: Preliminary example of uncertainty budget for TRS Wrist-Worn device measurement for anechoic chamber method for NR FR1 bands 
	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
	1.3
	1.3
	Normal
	2
	1
	0.65
	0.65

	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 forearm phantom testing
	0
	0
	Rectangular
	1.7
	1
	0
	0

	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), Forearm
	0.74
	0.74
	Rectangular
	1.7
	1
	0.43
	0.43

	10
	Coarse sampling grid
	Sampling grids per Table Table B.2.12-1
	0.1
	0.18
	Actual
	1
	1
	0.1
	0.18

	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]
	1.07
	1.11

	Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.10
	2.17

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

	Total Expanded uncertainty [dB] (Confidence interval of 95 %)
	2.10
	2.17



[bookmark: _Toc148514537]B.5.2	MU Assessment for TRS in Reverberation Chamber 
Table B.5.2-1 Uncertainty contributions in TRS measurement for reverberation chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	1
	Mismatch of transmitter chain 
	B.2.1

	2
	Insertion loss of transmitter chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Communication Tester: uncertainty of the absolute output level
	B.2.5

	5
	Sensitivity measurement: output level step resolution
	B.2.63.4

	6
	Statistical uncertainty of BER measurement
	B.5.4

	7
	BER data rate normalizations
	B.5.5

	8
	DUT sensitivity drift
	B.2.10

	96
	Quality of Spatial Uniformity
	B.53.3

	7
	Additional power loss in EUT chassis
	B.3.1

	8
	DUT sensitivity drift
	B.2.10

	109
	Uncertainty related to the use of phantoms 
	B.2.11

	1110
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	1211
	Uncertainty of network analyzer 
	B.2.15

	1312
	Mismatch of transmitter chain 
	B.2.1

	1413
	Insertion loss of transmitter chain
	B.2.2

	1514
	Mismatch in the connection of calibration antenna
	B.2.1

	1615
	Influence of the calibration antenna feed cable
	B.2.3

	1716
	Influence of the measurement antenna cable
	B.2.3

	1817
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	B.2.16

	1918
	Quality of Spatial Uniformity of transfer function
	B.53.3



Table B.5.2-2: Preliminary example of uncertainty budget for TRS hand only (browsing mode) measurement for reverberation 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
	ГBSS Гcomm tester <0.1329
Г meas antenna connection <0.035
Cable loss > 3dB
	0.020.22
	GaussianU-shaped
	11.41
	1
	[0.02]0.16

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

	3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	54
	Base station simulatorCommunication tester: uncertainty of the absolute level
	From datasheet of communication tester
	1.3
	RectangularNormal
	1.732
	1
	[0.58]0.65

	65
	BER Sensitivity measurement: output level step resolution
	Step 0.1dB5dB
	0.050.25
	Rectangular
	1.73
	1
	[0.03]0.14

	7
	Statistical uncertainty of the BER measurement
	BER target 10%±2% , 20000 tested bits , N=60
	0.12
	Gaussian
	1
	1
	[0.12]

	8
	TRS data rate normalization
	4 reference points measured
	0.12
	Gaussian
	1
	1
	[0.12]

	96
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	107
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.21
	Rectangular
	1.73
	1
	[0.0612]

	118
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	129
	Uncertainty related to the use of phantoms
	Material and Geometry for Data Mode FixtureStandard SAM with standard tissue simulant
	00.64
	Rectangular
	1.73
	1
	00.37

	1310
	RepeatabilityRandom Uncertainty
	Using the same setup and stirring sequence 
	0.4
	RectangularNormal
	1.732
	1
	[0.23]

	Stage 1: Calibration measurement

	1411
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.29]0.25

	1512
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	1613
	Insertion loss of transmitter chain
	Systematic with Stage 1 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	1714
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	RectangularU-shaped
	1.73
	1
	0

	1815
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	1916
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	2017
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.58
	RectangularNormal
	1.732
	1
	[0.29]

	2118
	Quality of Spatial Uniformity of transfer function
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.0216]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[2.0028]



Table B.5.2-2: Preliminary example of uncertainty budget for TRS Beside Head and Hand (Talk mode) measurement for reverberation 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
	ГBSS Гcomm tester <0.1329
Г meas antenna connection <0.035
Cable loss >3dB
	0.020.22
	GaussianU-shaped
	1.41
	1
	[0.02]0.16

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

	3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	5
	Base station simulatorCommunication tester: uncertainty of the absolute level
	Manufacturer’s data sheet
	1.3
	RectangularNormal
	1.732
	1
	[0.58]0.65

	6
	Sens.BER measurement: output level step resolution
	Step 0.51dB
	0.050.25
	Rectangular
	1.73
	1
	[0.03]0.14

	7
	Statistical uncertainty of the BER measurement
	BER target 10%±2% , 20000 tested bits , N=60
	0.12
	Gaussian
	1
	1
	[0.12]

	8
	TRS data rate normalization
	4 reference points measured
	0.12
	Gaussian
	1
	1
	[0.12]

	96
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	107
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.21
	Rectangular
	1.73
	1
	[0.0612]

	118
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	129
	Uncertainty related to the use of phantoms
	Material and Geometry for Data Mode FixtureStandard SAM with standard tissue simulant
	0.99
	Rectangular
	1.73
	1
	0.57

	1310
	RepeatabilityRandom Uncertainty
	Using the same setup and stirring sequence 
	0.4
	RectangularNormal
	1.732
	1
	[0.203]

	Stage 1: Calibration measurement

	1411
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.29]0.25

	1512
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	1613
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	1714
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	Rectangular
	1.73
	1
	0

	1815
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	1916
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	2017
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	[0.58]
	RectangularNormal
	1.732
	1
	[0.29]

	2118
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Gaussian
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.0224]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[2.0043]



< End of Changes >
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