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[bookmark: _Toc97300078]<Start of Changes>
6.2.1.1.1.4.2	Test procedure
For TRP measurement, the evaluations shall be performed at maximum transmit power. The applicability rules for testing of UE power class in clause 4.4 shall be followed. The measurement procedure includes the following steps:
1. Place the DUT inside the QZ following the UE positioning guidelines defined in Annex B.3.1.
2. SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 5.3-1. For any additional RMC parameters beyond Table 5.3-2, refer to Table 6.2.1.4.1-1 of TS 38.521-1 [11].. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
3. Ensure the DUT transmits with its maximum power by continuously sending uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
4. The TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
5. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes using any of the measurement grids and quadratures options outlined and applicable to TRP in Table A.4.2.12-1. Any of the measurement grids in Table A.4.2.12-1 could be used for testing. Measurements at theta = 0 and 180 degrees only require one measurement each. For test systems that cannot measure 180º EIRP, an extrapolation approach shall be adopted when generating the 3D antenna pattern and calculating TRP.
<Unchanged sections skipped >
[bookmark: _Toc27477792][bookmark: _Toc36226471][bookmark: _Toc44323726][bookmark: _Toc52989891][bookmark: _Toc60823082][bookmark: _Toc60825004][bookmark: _Toc69305901]7.2.1.1.1.4.2	Test procedure
 For TRS measurement, the evaluations shall be performed at maximum transmit power. The measurement procedure includes the following steps:
1. Place the DUT inside the QZ following the UE positioning guidelines defined in Annex B.3.1.
2. SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 5.3-2. For any additional RMC parameters beyond Table 5.3-2 refer to Table 7.3.2.4.1-1 of TS 38.521-1 [11]. The SS sends downlink MAC padding bits on the DL RMC.
3. SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL parameters defined in Table 5.3-2 and any additional parameters from Table 7.3.2.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.
4. Ensure the DUT transmits with its maximum power by continuously sending uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
5. The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. Determine each EIS by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
6. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes using any of the measurement grids and quadratures options outlined and applicable to TRS in Table A.4.2.12-1. Any of the measurement grids in Table A.4.2.12-1 could be used for testing. . Measurements at theta = 0 and 180 degrees only require one measurement each. For test systems that cannot measure 180º EIS, an extrapolation approach shall be adopted when generating the 3D antenna pattern and calculating TRS.
<Unchanged sections skipped >
[bookmark: _Toc121786118][bookmark: _Toc121822803][bookmark: _Toc130573974]A.3.3.2	TRP Test procedure
The TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes for TRP measurementsusing any of the measurement grids and quadratures options outlined and applicable to TRP in Table A.4.2.12-1. This accounts for a total of 266 measurements for each of two orthogonal polarizations since  Mmeasurements at theta = 0 and 180 degrees only require one measurement each. For some test system cannot measure 180º EIRP, an extrapolation approach shall be adopted when generating the 3D antenna pattern and calculating TRP. All of the measured power values will be integrated to TRP, as defined in Clause 5.1 in [2].
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1.	Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2.	Connect the SS with the DUT through the link antenna following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
3.	Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1 in [2].
This TRP test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRP test in SA and EN-DC mode are specified in Clause A.2.
[bookmark: _Toc121786119][bookmark: _Toc121822804][bookmark: _Toc130573975]A.3.3.3	TRS Test procedure
The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes for TRS measurement. 
EIS, or receiver sensitivity measurements, is defined as the minimum downlink signal power received at the UE antenna input required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC) (the maximum throughput is per Appendix A of TS 38.521-1 [TBD]).
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1)	Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2)	Connect the SS with the DUT through the measurement antenna.
3)	Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [TBD], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equation outlined in Clause 5.2 in [TBD]. The reported TRS value shall be corrected by  of the final power step search and note the correction in the test report.
This TRS test procedure is common to both SA and EN-DC measurements. The detailed UE configurations for TRS test in SA and EN-DC mode are specified in Clause A.2.
<Unchanged sections skipped >
A.4.2.12	Coarse sampling grid
Editor’s Note: Further analyses of measurement grids and impact on measurement uncertainty based on empirical data are pending. 
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. 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 A.4.2.12-1. 
Until further analysis of standard deviation based on adequate measurement results samples considering radiation patterns with high directivity, e.g.: > 6dBi. The adoption of coarse sampling grid is FFS.
The legacy TRP grid of 15 / and TRS grid of 30 /, remains the reference test grid for TRP and TRS measurements.

Table A.4.2.12-1: Measurement grid options for TRP/TRS
	Test Metric
	Frequency Range
	Quadrature
	[°]
	Min. Number of Grid Points (Note 1)
	Std. Uncertainty [dB]
	|Mean Error| [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, 3)
	
	
	45
	27
	0.23
	0.08

	TRS (Note 2, 4)
	
	
	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 EIS value at 180° is determined from two 165º measurements.
Note 4: The EIS value at 180° is averaged from previous cut.


The mean error in Table A.4.2.12-1 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 A.4.2.12-1 could be used for testing. 
>Unchanged sections skipped>
[bookmark: _Toc144080086]A.4.3	Total Radiated Power (TRP)
[bookmark: _Toc130574007]A.4.3.1	Anechoic Chamber Method
The uncertainty contributions related to TRP for the Anechoic Chamber method are listed in Table A.4.3.1-1. Example uncertainty budget is presented in Table A.4.3.1-2.
[bookmark: _Toc106114487][bookmark: _Toc114134447][bookmark: _Toc144080087]Table A.4.3.1-1: Uncertainty contributions in TRP measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure A.3.1-1, Figure A.3.1-2)

	1
	Mismatch of receiver chain 
	A.4.2.1

	2
	Insertion loss of receiver chain
	A.4.2.2

	3
	Influence of the measurement antenna cable
	A.4.2.3

	4
	Measurement Receiver: uncertainty of the absolute level
	A.4.2.4

	5
	Measurement distance
	A.4.2.7.1

	6
	Quality of quiet zone
	A.4.2.8

	7
	DUT Tx-power drift
	A.4.2.9

	8
	Uncertainty related to the use of phantoms 
	A.4.2.11

	9
	Coarse sampling grid
	A.4.2.12

	10
	Random uncertainty 
	A.4.2.13

	11
	Frequency Response
	A.4.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure A.3.2-1)

	12
	Uncertainty of network analyzer
	A.4.2.15

	13
	Mismatch of receiver chain
	A.4.2.1

	14
	Insertion loss of receiver chain
	A.4.2.2

	15
	Mismatch in the connection of calibration antenna
	A.4.2.1

	16
	Influence of the calibration antenna feed cable
	A.4.2.3

	17
	Influence of the measurement antenna cable
	A.4.2.3

	18
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	A.4.2.16

	19
	Measurement distance
	A.4.2.7.2

	20
	Quality of the Quiet Zone
	A.4.2.8

	Systematic Errors

	21
	Systematic Error related to TRP grids
	A.4.2.12



Table A.4.3.1-2: 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
	1.41
	1
	0.18
	0.18

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

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

	4
	Measurement Receiver: uncertainty of the absolute level
	From datasheet of communication tester or spectrum analyser. 
	0.42
	0.54
	Normal
	2.00
	1
	0.21
	0.27

	5
	Measurement distance  
	DUT is not offset for hand-only phantom testing
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

	6
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1.00
	1
	0.50
	0.50

	7
	DUT Tx-power drift
	Drift
	0.2
	0.2
	Rectangular
	1.73
	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
	1.73
	1
	0.37
	0.37

	9
	Coarse sampling grid
	Sampling grids per Table A.4.2.12-1
	0 FFS1
	0.11 FFS1
	Actual
	1.00
	1
	0.00 FFS1
	0.11 FFS1

	10
	Random Uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties
	0.25
	0.25
	Normal
	2.00
	1
	0.13
	0.13

	11
	Frequency Response
	Average path loss corrected
	0
	0
	Rectangular
	1.73
	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
	2.00
	1
	[0.10]
	[0.25]

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

	14
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.73
	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
	1.41
	1
	0.00
	0.00

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

	17
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.73
	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
	2.00
	1
	0.29
	0.29

	19
	Measurement distance 
	Dipole: phase center is aligned with axis of rotation
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

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


	Combined Standard Uncertainty [dB]
	[0.84]
	[0.889]

	Expanded Uncertainty [dB] (Confidence interval of 95 %)
	[1.64]
	[1.735]


	21
	Systematic Error related to TRP grids
	mean error
	0 FFS1
	0 FFS1
	Actual
	1.00
	1
	0.00 FFS1
	0.00 FFS1

	Total Expanded Uncertainty [dB] (Confidence interval of 95 %)
	[1.64]
	[1.735]

	NOTE 1: The values may be updated after further analysis as detailed in Annex A.4.2.12. TRP grid of 15 / and TRS grid of 30 /, remains the reference test grid for TRP and TRS measurements.














A.4.4	Total Radiated Sensitivity (TRS)
[bookmark: _Toc130574008]A.4.4.1	Anechoic Chamber Method
The uncertainty contributions related to TRS for the Anechoic Chamber method are listed in Table A.4.4.1-1. Example uncertainty budget is presented in Table A.4.4.1-2.
Table A.4.4.1-1: Uncertainty contributions in TRS measurement for anechoic chamber method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement (Figure A.3.1-1, Figure A.3.1-2)

	1
	Mismatch of transmitter chain 
	A.4.2.1

	2
	[bookmark: RANGE!C7]Insertion loss of transmitter chain
	A.4.2.2

	3
	Influence of the measurement antenna cable
	A.4.2.3

	4
	[bookmark: RANGE!C9]Communication Tester: uncertainty of the absolute output level
	A.4.2.5

	5
	Sensitivity measurement: output level step resolution
	A.4.2.6

	6
	Measurement distance
	A.4.2.7.1

	7
	Quality of quiet zone 
	A.4.2.8

	8
	DUT sensitivity drift
	A.4.2.10

	9
	Uncertainty related to the use of phantoms 
	A.4.2.11

	10
	Coarse sampling grid
	A.4.2.12

	11
	Random uncertainty 
	A.4.2.13

	12
	Frequency Response
	A.4.2.14

	Stage 1: Calibration measurement, network analyzer method (Figure A.3.2-1)

	13
	Uncertainty of network analyzer 
	A.4.2.15

	14
	Mismatch of transmitter chain 
	A.4.2.1

	15
	Insertion loss of transmitter chain
	A.4.2.2

	16
	[bookmark: RANGE!C22]Mismatch in the connection of calibration antenna
	A.4.2.1

	17
	Influence of the calibration antenna feed cable
	A.4.2.3

	18
	Influence of the measurement antenna cable
	A.4.2.3

	19
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	A.4.2.16

	20
	Measurement distance
	A.4.2.7.2

	21
	Quality of quiet zone
	A.4.2.8

	Systematic Errors

	22
	Systematic Error related to TRS grids
	A.4.2.12



Table A.4.4.1-2: 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 transmitter chain
	Гreceiver < 0.29            Гmeasurement antenna  < 0.5
Cable attenuation > 3dB
	0.22
	0.22
	U-shaped
	1.41
	1
	0.16
	0.16

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

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

	4
	Communication Tester: uncertainty of the absolute output level
	From datasheet of communication tester
	[1.16]
	[1.16]
	Normal
	2.00
	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
	1.73
	1
	0
	0

	7
	Quality of quiet zone
	Surface standard deviation of power measurements in ripple test
	0.5
	0.5
	Actual
	1.00
	1
	0.50
	0.50

	8
	DUT sensitivity drift
	Drift measurement
	0.2
	0.2
	Rectangular
	1.73
	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
	1.73
	1
	0.37
	0.37

	10
	Coarse sampling grid
	Sampling grids per Table A.4.2.12-1
	0.04FFS1
	0.25FFS1
	Actual
	1.00
	1
	0.04FFS1
	0.25FFS1

	11
	Random uncertainty 
	Fixed MU to account for all the unknown, unquantifiable, etc. uncertainties including digital error rate
	0.4
	0.4
	Normal
	2.00
	1
	0.20
	0.20

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

	Stage 1: Calibration measurement, network analyzer method

	13
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	[0.2]
	[0.5]
	Normal
	2.00
	1
	[0.10]
	[0.25]

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

	15
	Insertion loss of transmitter chain
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.73
	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
	1.41
	1
	0.00
	0.00

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

	18
	Influence of the measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	0
	Rectangular
	1.73
	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
	2.00
	1
	0.29
	0.29

	20
	Measurement distance 
	Dipole: phase center is aligned with axis of rotation
	0
	0
	Rectangular
	1.73
	1
	0.00
	0.00

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

	Combined Standard Uncertainty [dB]
	[1.000.98]
	[1.036]

	Expanded Uncertainty [dB] (Confidence interval of 95 %)
	[1.97]
	[2.028]

	22
	Systematic Error related to TRS grids
	mean error
	0 FFS1
	FFS10.08
	Actual
	1.00
	1
	0.00FFS1
	0.08FFS1

	Total Expanded Uncertainty [dB] (Confidence interval of 95 %)
	[1.927]
	[2.16]

	NOTE 1: The values shall be updated after further analysis as detailed in Annex A.4.2.12. TRP grid of 15 / and TRS grid of 30 /, remains the reference test grid for TRP and TRS measurements.



<End of changes>


