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[bookmark: _Toc535443149]<< Start of changes >>
[bookmark: _Toc13051364][bookmark: _Toc13051393][bookmark: _Toc13090664][bookmark: _Toc535476826]B.2	Measurement uncertainty budget for UE RRM testing methodology
[bookmark: _Toc13051365]B.2.1	Direct far field (DFF) setup
B.2.1.1	Uncertainty budget calculation principle
The uncertainty tables cover the actual measurement using the DUT. In some cases, uncertainty may also arise from a calibration or alignment process before the measurements.
When a calibration process is used before the measurements, the uncertainty tables should be presented with two stages:
-	Stage 1: the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain is known at the frequencies of measurement
-	Stage 2: the actual measurement with the DUT as either the transmitter or receiver is performed.
The MU budget should comprise of a minimum 5 headings:
1)	The uncertainty source,
2)	Uncertainty value,
3)	Distribution of the probability,
4)	Divisor based on distribution shape,
5)	Calculated standard uncertainty (based on uncertainty value and divisor).
B.2.1.2	Uncertainty budget format
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.1.2-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	B.2.1.4.1

	2
	gNB emulator DL EVM
	B.2.1.4.2

	3
	gNB emulator Fading model impairments
	B.2.1.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



Table B.2.1.2-2: Uncertainty contributions for DL absolute power level at reference point (D = 5 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in Table B.1.1.2-2
	B.1.1.4

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



B.2.1.3	Uncertainty assessment
The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 5 cm
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.1.3-1: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

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


	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table B.2.1.3-2: Uncertainty assessment for DL absolute power level at reference point (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value

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


	During measurement

	Currently assumed to be +/-6dBthe same as EIS measurement in Table B.1.1.3-2
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.066]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



[bookmark: _Toc13051366]B.2.1.4	Measurement error contribution descriptions
[bookmark: _Toc13051367]B.2.1.4.1	gNB emulator SNR uncertainty
See B.3.1.4.1.
[bookmark: _Toc13051368]B.2.1.4.2	gNB emulator Downlink EVM
See B.3.1.4.2.
[bookmark: _Toc13051369]B.2.1.4.3	gNB emulator fading model impairments
See B.3.1.4.3.
[bookmark: _Toc13051370]B.2.1.5	Assessment of testable SNR range for D=5cm
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
[bookmark: _Toc13051371]B.2.1.5.1	Method and Parameters
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
For RRM tests, DL SNR is given as a test parameter. Such SNR environment is generated by the test system by injecting both desired signal and artificial AWGN noise. To fulfil the purpose of the test, the configured SNR should be accurate enough at the UE receiver. If the absolute power level of the signal and noise from the test system is too low, then the SNR would be degraded due to the UE’s internal noise.
The calculation of Noc level is shown in clause 6.2.1.4.
The possible transmitted signal and noise strengths from the test antenna depend on the capability of the test system. The feasible transmit power depends on the conducted cable losses, the Test system transmit antenna gain and the final amplifier characteristic, especially the P1dB compression point. Considering the cable losses, probe antenna gain of 12dB and commercially available mmWave Amplifiers, and the crest factor of the downlink signal (not to cause additional EVM error from test system side), the feasible transmit power from the probe antenna is calculated below, which in turn sets the SNR range.
Table B.2.1.5.1-1: Assumed Test system parameters
	
	43GHz
	

	P1dB amplifier power
	+23
	dBm

	Backoff from P1dB 
	-13
	dB

	Cable loss
	-8
	dB

	Probe antenna gain
	12
	dB

	Transmission bandwidth
	100M
	Hz



The third part to consider is the free space path loss between the probe antenna and the UE antenna, shown below:
Table B.2.1.5.1-2: Free Space path loss
	
	43GHz
	

	@0.725m separation
	-62.3
	dB



[bookmark: _Toc13051372]B.2.1.5.2	Void
[bookmark: _Toc13051373]B.2.1.5.3	Void
B.2.1.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Direct far field (DFF) setup the diagram below illustrates the principle, and is based on the “DFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

 [image: ]
Figure B.2.1.5.4-1: Estimation of multi band UE SNR range for Direct far field (DFF), fine beam, Rx Beam peak direction
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.07]dB, which is based on the Direct Far Field measurement uncertainty for EIS in Table B.1.1.3-2. It is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
An allowance of 2dB has been made for UE multi-band relaxation factor ∑MBp from TS 38.101-2 Table 6.2.1.3-4.
Inclusion of these threewo contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.2.1.5.4-1.
Table B.2.1.5.4-1: Predicted SNR upper bound values for Direct far field (DFF), Rx Beam peak direction
	Channel Bandwidth
	Maximum SNR

	100MHz
	[18.5dB]



Table B.2.1.5.4-1: Predicted SNR upper bound values for Direct far field (DFF), multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.2dB]

	
	
	66
	[17.8dB]

	
	Rough
	24
	[15.1dB]

	
	
	66
	[10.5dB]

	Spherical coverage
	Fine
	24
	[9.8dB]

	
	
	66
	[4.7dB]

	
	Rough
	24
	[1.0dB]

	
	
	66
	Not usable



Note that these are UE baseband SNR values, so the Reference point figures used in RRM test cases may be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
An example of SNR calculation for DFF method is provided in “Spreadsheet 1 - RRM SNR range calculator.xls” file attached to the TR.
The feasible Noc and SNR range for other RRM scenarios, requirement types and S / N generation modes, can be assessed and given relative to the Noc and SNR range defined in the case above. Table B.2.1.5.4-2 summarizes the results.
Table B.2.1.5.4-2: Summary of SNR range and Noc feasibility for RRM DFF setup
	Scenario
	Requirement Type
	S / N Configuration Mode
	Noc
	SNR Range
	Notes

	1
	“Fine” beams
	1
(S and N from TE)
	Noc
	SNR
	Note 1

	1
	“Rough" beams
	1
(S and N from TE)
	Noc + Y
	SNR - Y
	Note 2

	2
	“Fine” beams
	1
(S and N from TE)
	Noc + X
	SNR - X
	Note 3

	2
	“Rough" beams
	1
(S and N from TE)
	Noc + X+ Z
	SNR - X - Z
	Note 4

	Note 1:	Noc as specified in section 6.2.1.4.3. Respective SNR defined as per Section B.2.1.5.4
Note 2:	Y as specified in section 6.2.1.4.4.
Note 3:	X as specified in section 6.2.1.4.5.
Note 4:	X and Z as specified in section 6.2.1.4.6



[bookmark: _Toc13051374]B.2.2	Indirect far field (IFF) setup
[bookmark: _Toc13051375]B.2.2.1	Uncertainty budget calculation principle
Same as in B.2.1.1.
[bookmark: _Toc13051376]B.2.2.2	Uncertainty budget format
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.2.2-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	B.2.2.4.1

	2
	gNB emulator DL EVM
	B.2.2.4.2

	3
	gNB emulator Fading model impairments
	B.2.2.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is FFS
Note 2:	Handling of effects related to Quality of Quiet zone is FFS



Table B.2.2.2-2: Uncertainty contributions for DL absolute power level at reference point (D = 15 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in Table B.1.3.2-2
	B.2.1.4

	Note 1: Additional uncertainty contributions may apply for faded signals
Note 2: Contribution from Quality of Quiet zone may be different from EIS measurement



[bookmark: _Toc13051377]B.2.2.3	Uncertainty assessment
The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 15 cm
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.2.3-1: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

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

	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table B.2.2.3-2: Uncertainty assessment for DL absolute power level at reference point (D = 15 cm)
	UID
	Uncertainty source
	Uncertainty value

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

	During measurement

	Currently assumed to be +/-6dBthe same as EIS measurement in Table B.1.3.3-2
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.049]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



[bookmark: _Toc13051378]B.2.2.4	Measurement error contribution descriptions
[bookmark: _Toc13051379]B.2.2.4.1	gNB emulator SNR uncertainty
See B.3.1.4.1.
[bookmark: _Toc13051380]B.2.1.4.2	gNB emulator Downlink EVM
See B.3.1.4.2.
[bookmark: _Toc13051381]B.2.1.4.3	gNB emulator fading model impairments
See B.3.1.4.3
[bookmark: _Toc13051382]B.2.2.5	Assessment of testable SNR range
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
[bookmark: _Toc13051383]B.2.2.5.1	Method and Parameters
The method is the same as B.2.1.5.1, but the values related to the test system are different. The calculation of noise level is in clause 6.2.1.4.3, 6.2.1.4.4, 6.2.1.4.5 and 6.2.1.4.6.
[bookmark: _Toc13051384]B.2.2.5.2	Void
[bookmark: _Toc13051385]B.2.2.5.3	Void
B.2.2.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
The initial rational in this section is elaborated for Scenario 1 (1 Angle of Arrival with signal coming from the RX beam peak direction) for Type 1 Requirements (“Fine” RX beam) and Mode 1 Configuration (TE generating S and N).
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Indirect Far field (IFF) setup the diagram below illustrates the principle, and is based on the “IFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

[image: ]
Figure B.2.2.5.4-1: Estimation of multi band UE SNR range for Indirect far field (IFF), fine beam, Rx Beam peak direction
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.05]dB which is based on the Indirect Far Field measurement uncertainty for EIS in Table B.1.3.3-2. The uncertainty is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
An allowance of 2dB has been made for UE multi-band relaxation factor ∑MBp from TS 38.101-2 Table 6.2.1.3-4.
Inclusion of these threewo contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.2.2.5.4-1.
Table B.2.2.5.4-1: Predicted SNR upper bound values for Indirect far field (IFF)
	Channel Bandwidth
	Maximum SNR

	100MHz
	[19.0dB]

	200MHz
	[16.0dB]



Table B.2.2.5.4-1: Predicted SNR upper bound values for Indirect far field (IFF) multi band UE
	Angle of Arrival
	Beam type
	Allocated RBs
	Maximum SNR

	Rx Beam peak
	Fine
	24
	[22.5dB]

	
	
	66
	[18.1dB]

	
	Rough
	24
	[15.4dB]

	
	
	66
	[10.9dB]

	Spherical coverage
	Fine
	24
	[10.1dB]

	
	
	66
	[5.1dB]

	
	Rough
	24
	[1.5dB]

	
	
	66
	Not usable



Note that these are UE baseband SNR values, so the Reference point figures used in RRM test cases may be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
The feasible Noc and SNR range for other RRM scenarios, requirement types and S / N generation modes, can be assessed and given relative to the Noc and SNR range defined in the case above. Table B.2.2.5.4-2 summarizes the results.
Table B.2.2.5.4-2: Summary of SNR range and Noc feasibility for RRM IFF setup
	Scenario
	Requirement Type
	S / N Configuration Mode
	Noc
	SNR Range
	Notes

	1
	“Fine” beams
	1
(S and N from TE)
	Noc
	SNR
	Note 1

	1
	“Rough" beams
	1
(S and N from TE)
	Noc + Y
	SNR - Y
	Note 2

	2
	“Fine” beams
	1
(S and N from TE)
	Noc + X
	SNR - X
	Note 3

	2
	“Rough" beams
	1
(S and N from TE)
	Noc + X+ Z
	SNR - X - Z
	Note 4

	Note 1: Noc as specified in section 6.2.1.4.3. Respective SNR defined as per Section B.2.2.5.4
Note 2: Y as specified in section 6.2.1.4.4.
Note 3: X as specified in section 6.2.1.4.5.
Note 4: X and Z as specified in section 6.2.1.4.6



[bookmark: _Toc13051386]B.2.3	Simplified Direct far field (DFF) setup
B.2.3.1	Uncertainty budget calculation principle
Same as in B.2.1.1.
B.2.3.2	Uncertainty budget format
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.3.2-1: Uncertainty contributions for test with defined DL SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	gNB emulator SNR uncertainty
	B.2.3.4.1

	2
	gNB emulator DL EVM
	B.2.3.4.2

	3
	gNB emulator Fading model impairments
	B.2.3.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



Table B.2.3.2-2: Uncertainty contributions for DL absolute power level at reference point (D = 5 cm)
	UID
	Description of uncertainty contribution
	Details in annex

	During measurement

	1
	Currently assumed to be the same as EIS measurement in Table B.1.1.2-2
	B.1.1.4

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



B.2.3.3	Uncertainty assessment
The uncertainty assessment tables are organized as follows:
-	For the purpose of uncertainty assessment, the radiating antenna aperture of the DUT is denoted as D, and the uncertainty assessment has been derived for the case of D = 5 cm
The uncertainty contributions depend on the parameter being controlled and/or the measurement being made. A separate table is provided for each.
Table B.2.3.3-1: Uncertainty assessment for test with defined DL SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

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


	During measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



Table B.2.3.3-2: Uncertainty assessment for DL absolute power level at reference point (D = 5 cm)
	UID
	Uncertainty source
	Uncertainty value

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


	During measurement

	Currently assumed to be +/-6dBthe same as EIS measurement in Table B.1.1.3-2
	

	DL absolute power level Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[6.066]

	Note 1:	Additional uncertainty contributions may apply for faded signals
Note 2:	Contribution from Quality of Quiet zone may be different from EIS measurement



B.2.3.4	Measurement error contribution descriptions
[bookmark: _Toc13051387]B.2.3.4.1	gNB emulator SNR uncertainty
See B.3.1.4.1.
[bookmark: _Toc13051388]B.2.3.4.2	gNB emulator Downlink EVM
See B.3.1.4.2.
[bookmark: _Toc13051389]B.2.3.4.3	gNB emulator fading model impairments
See B.3.1.4.3.
B.2.3.5	Assessment of testable SNR range for D=5cm
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
[bookmark: _Toc13051390]B.2.3.5.1	Method and Parameters
Same as B.2.1.5.1.
[bookmark: _Toc13051391]B.2.3.5.2	Void
[bookmark: _Toc13051392]B.2.3.5.3	Void
B.2.3.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
Same as B.2.1.5.4.
B.3	Measurement uncertainty budget for UE demodulation testing methodology
[bookmark: _Toc13051394]B.3.1	Direct near field (DNF) setup
[bookmark: _Toc13051395]B.3.1.1	Uncertainty budget calculation principle
The uncertainty tables cover the actual measurement using the DUT receiver. If applicable, any uncertainty arising from a calibration or alignment process before the measurements should also be included.
The MU budget should comprise of a minimum 5 headings:
1)	The uncertainty source,
2)	Uncertainty value,
3)	Distribution of the probability,
4)	Divisor based on distribution shape,
5)	Calculated standard uncertainty (based on uncertainty value and divisor).
B.3.1.2	Uncertainty budget format
Table B.3.1.2-1: Uncertainty contributions for T-put test with defined SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During T-put measurement

	1
	gNB emulator SNR uncertainty
	B.3.1.4.1

	2
	gNB emulator DL EVM
	B.3.1.4.2

	3
	gNB emulator Fading model impairments
	B.3.1.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



[bookmark: _Toc13051396]B.3.1.3	Uncertainty assessment
The uncertainty assessment tables are organized as follows:
-	The uncertainty assessment for T-put measurement at defined SNR, is provided in Table B.3.1.3-1
Table B.3.1.3-1: Uncertainty assessment for T-put test with defined SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

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


	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator Fading model impairments Note 3
	[0.5dB]
	Norma
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



[bookmark: _Toc13051397]B.3.1.4	Measurement error contribution descriptions
[bookmark: _Toc13051398]B.3.1.4.1	gNB emulator SNR uncertainty
This contribution originates from setting the ratio of signal and noise in the conducted part of the test system. It is estimated to be the same as for LTE conducted testing in TS 36.521-1 Annex F, which is ±0.3dB. The default for values in 36.521-1 Annex F is 95% confidence interval, normal distribution.
[bookmark: _Toc13051399]B.3.1.4.2	gNB emulator Downlink EVM
When simulations of demodulation performance are run, the downlink signal is modelled with a defined EVM, representing imperfections in the signal transmitted by the gNB. This EVM value is agreed across companies to align simulations, and is normally lower than the gNB EVM requirement, to represent “typical” conditions. The EVM used for simulations is therefore built in to the requirement points, normally specified as the SNR required to meet a specified throughput, with a defined modulation and Reference channel, under defined propagation conditions.
For a conformance test, the EVM defined for the simulations is taken as a maximum allowed value for the test system, as a worse gNB emulator EVM would make the signal harder to demodulate, and disadvantage the UE. In a test system the EVM cannot normally be set to a specific value, but is specified to be no higher than a defined value.
Following this approach, the uncertainty from gNB emulator Downlink EVM is a one-sided distribution, with beneficial effect. Without treating the positive and negative uncertainties separately, and as it would not make the SNR worse, the effective uncertainty is 0dB.
[bookmark: _Toc13051400]B.3.1.4.3	gNB emulator fading model impairments
This contribution originates from imperfections in the gNB emulator fading model, compared to the applied fading model. It is estimated to be the same as for LTE conducted testing in TS 36.521-1 Annex F, which is ±0.5dB. The default for values in 36.521-1 Annex F is 95% confidence interval, normal distribution.
[bookmark: _Toc13051401]B.3.1.5	Assessment of testable DL SNR range and accuracy for D=15cm
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range. The calculations and graphs in this subclause allow this SNR degradation to be assessed over a range of scenarios.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
[bookmark: _Toc13051402]B.3.1.5.1	Method and Parameters
The method is the same as B.2.1.5.1, but some values related to the test system are different, and provided in Table B.3.1.5.1-1. The calculation of noise level is in clause 7.2.1.3.
Table B.3.1.5.1-1: Free Space path loss
	
	43GHz
	

	@0.5m separation
	-59.1
	dB



The radiative near field measurement distance is calculated for a DUT with radiating aperture D = 15cm, using the formula in clause 7.2.1.2:
Table B.3.1.5.1-2: Radiated near-field distance for D = 0.15m
	
	24GHz
	43GHz
	

	Wavelength
	0.0125
	0.0070
	m

	Radiated near-field distance
	0.32
	0.43
	m



Table B.3.1.5.1-3: Void
Table B.3.1.5.1-4: Void
[bookmark: _Toc13051403]B.3.1.5.2	Void
[bookmark: _Toc13051404]B.3.1.5.3	Void
B.3.1.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Direct Near field (DNF) setup the diagram below illustrates the principle, and is based on the “DNF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

 [image: ]
Figure B.3.1.5.4-1: Estimation of single band UE SNR range for Direct near field (DNF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.07]dB, which is based on the Direct Far Field measurement uncertainty for EIS in Table B.1.1.3-2. The uncertainty is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.1.5.4-1. Single band UE values are obtained by setting the UE multi-band relaxation factor to 0dB.
Table B.3.1.5.4-1: Predicted SNR upper bound values for Direct Near field (DNF)
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[21.822.6dB]

	
	200MHz
	[18.719.6dB]

	Multi-band UE Note 1
	100MHz
	[20.6dB]

	
	200MHz
	[17.6dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB



Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
Note that for the DNF method, values may need to be adjusted to take account of near-field effects.
An example of SNR calculation for DNF method is provided in “Spreadsheet 2 - Demod SNR range calculator.xls” file attached to the TR.
B.3.2	Direct far field (DFF) setup
The Measurement uncertainty contributions and uncertainty assessment are expected to be the same as for the Direct near field (DNF) setup in B.3.1.
B.3.2.1	Void
B.3.2.2	Void
B.3.2.3	Void
B.3.2.4	Void
B.3.2.5	Assessment of testable SNR range
The signal and the noise provided by the test system are both attenuated by the over-the-air link loss. The UE noise then adds to the noise provided by the test system, hence degrading the SNR seen by the UE and potentially limiting the testable SNR range.
For conducted tests, the noise provided by the test system can be set much higher than the UE noise and the SNR degradation is negligible. However for over-the-air test systems, the power that can realistically be delivered into the test system probe antenna is limited, so the test point is likely to be closer to the UE noise and a small SNR degradation is allowable.
B.3.2.5.1	Method and Parameters
The method and parameters are the same as B.2.1.5.1. The calculation of noise level is in clause 7.2.1.3.
B.3.2.5.2	Void
B.3.2.5.3	Void
B.3.2.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Direct Far field (DFF) setup the diagram below illustrates the principle, and is based on the “DFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

[image: ]
Figure B.3.2.5.4-1: Estimation of single band UE SNR range for Direct far field (DFF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.07]dB, which is based on the Direct Far Field measurement uncertainty for EIS in Table B.1.1.3-2. The uncertainty is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.2.5.4-1. Single band UE values are obtained by setting the UE multi-band relaxation factor to 0dB.
Table B.3.2.5.4-1: Predicted SNR upper bound values for Direct far field (DFF)
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[18.519.4dB]

	
	200MHz
	[15.516.4dB]

	Multi-band UE Note 1
	100MHz
	[17.4dB]

	
	200MHz
	[14.3dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB



Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
An example of SNR calculation for DFF method is provided in “Spreadsheet 2 - Demod SNR range calculator.xls” file attached to the TR.
B.3.3	Indirect far field (IFF) setup
B.3.3.1	Uncertainty budget calculation principle
The uncertainty tables cover the actual measurement using the DUT receiver. If applicable, any uncertainty arising from a calibration or alignment process before the measurements should also be included.
The MU budget should comprise of a minimum 5 headings:
1)	The uncertainty source,
2)	Uncertainty value,
3)	Distribution of the probability,
4)	Divisor based on distribution shape,
5)	Calculated standard uncertainty (based on uncertainty value and divisor).
B.3.3.2	Uncertainty budget format
Table B.3.3.2-1: Uncertainty contributions for T-put test with defined SNR at reference point
	UID
	Description of uncertainty contribution
	Details in annex

	During T-put measurement

	1
	gNB emulator SNR uncertainty
	B.3.3.4.1

	2
	gNB emulator DL EVM
	B.3.3.4.2

	3
	gNB emulator fading model impairments
	B.3.3.4.3

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined



B.3.3.3	Uncertainty assessment
The uncertainty assessment tables are organized as follows:
-	The uncertainty assessment for T-put measurement at defined SNR, is provided in Table B.3.3.3-1
Table B.3.3.3-1: Uncertainty assessment for T-put test with defined SNR at reference point
	UID
	Uncertainty source
	Uncertainty value

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


	During T-put measurement

	1
	gNB emulator SNR uncertainty
	0.3dB
	Normal
	2.00
	0.15

	2
	gNB emulator DL EVM
	-
	One-sided, beneficial
	-
	0

	3
	gNB emulator fading model impairments Note 3
	[0.5dB]
	Normal
	2.00
	[0.25]

	SNR Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	[0.57]

	Note 1:	Handling of effects related to isolation and alignment of Horizontal / Vertical polarisation is not defined
Note 2:	Handling of effects related to Quality of Quiet zone is not defined
Note 3:	The value is same as for LTE and shall be verified for other channel models by RAN5 during detailed MU assessment



[bookmark: _Toc13051405]B.3.3.4	Measurement error contribution descriptions
[bookmark: _Toc13051406]B.3.3.4.1	gNB emulator SNR uncertainty
See B.3.1.4.1
[bookmark: _Toc13051407]B.3.3.4.2	gNB emulator Downlink EVM
See B.3.1.4.2
[bookmark: _Toc13051408]B.3.3.4.3	gNB emulator fading model impairments
See B.3.1.4.3
[bookmark: _Toc13051409]B.3.3.5	Assessment of testable SNR range
The Assessment of testable SNR range follows the same principle as B.3.1.5, but the values related to the test system are different and provide a different testable SNR range.
B.3.3.5.1	Method and Parameters
The method is the same as B.2.1.5.1, but the values related to the test system are different. The calculation of noise level is in clause 7.2.1.3.
B.3.3.5.2	Void
B.3.3.5.3	Void
B.3.3.5.4	SNR range for SNRRP - SNRBB ≤ 1dB
Based on the method of setting the noise from the Test system to give a maximum of 1dB degradation in overall SNR between reference point and baseband, we can then work back through the signal chain to determine how high the SNR can be set. As the noise is set to a fixed level, the maximum SNR is set by the test system power amplifier and the channel bandwidth to be tested.
The SNR upper bound depends on the type of test system. For the Indirect Far field (IFF) setup the diagram below illustrates the principle, and is based on the “IFF 100MHz” tab of the accompanying spreadsheet.
The process works back through the signal chain, from left to right in the diagram.

[image: ]
Figure B.3.3.5.4-1: Estimation of single band UE SNR range for Indirect far field (IFF)
The test equipment must supply at least the wanted noise level at the reference point. If the noise was lower, the degradation in SNR would be greater than 1dB, and may cause a conformant UE to fail.
The accuracy of setting the signal and noise levels has been taken as +/-[6.05]dB which is based on the Indirect Far Field measurement uncertainty for EIS in Table B.1.3.3-2. The uncertainty is subject to further analysis by RAN5.
During conformance test, the test system will need to find the UE Rx beam peak. At present an allowance of [0.5] dB has been included, but is subject to further analysis by RAN5.
Inclusion of these two contributions directly reduces the maximum SNR that can be measured by a test system for a given channel bandwidth. To find the maximum SNR that can be measured by a test system with a specific Channel BW, the baseband SNR in the spreadsheet is increased until the value “Wanted signal + headroom, dBm/Ch BW” is just below the “TE Power amplifier 1dB compression, dBm” value. The resulting values are given in Table B.3.3.5.4-1. Single band UE values are obtained by setting the UE multi-band relaxation factor to 0dB.
Table B.3.3.5.4-1: Predicted SNR upper bound values for Indirect far field (IFF)
	
	Channel Bandwidth
	Maximum SNR

	Single band UE
	100MHz
	[19.019.7dB]

	
	200MHz
	[16.016.7dB]

	Multi-band UE Note 1
	100MHz
	[17.7dB]

	
	200MHz
	[14.6dB]

	Note 1: For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allow up to 2dB



Note that these are UE baseband SNR values, so the Reference point figures used in TS 38.101-4 will be 1dB higher. Values are based on UE parameters and currently foreseen test equipment limitations, and could be improved in future.
An example of SNR calculation for IFF method is provided in “Spreadsheet 2 - Demod SNR range calculator.xls” file attached to the TR.
<< End of text changes >>

<< Handling of attachments >>
Add the following attached files to TR 38.810:
“Spreadsheet 1 - RRM SNR range calculator v2”
“Spreadsheet 2 - Demod SNR range calculator v2”
Please remove the existing files:
“Spreadsheet 1 - RRM SNR range calculator”
“Spreadsheet 2 - Demod SNR range calculator”

<< End of changes >>
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