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[bookmark: _Ref71296739]Introduction
Continuing the work on the RAN5 MU Work Plan for NR FR1 TRP-TRS Enhancement (Rel-18) [1] and the earlier document R5-235795 from 3GPP TSG RAN WG5 Meeting #100 [2], this document updates the MU table to reflect recent changes elsewhere in appendix B TR 38.870 [4]. 
Approach
Changes in this text reflect the latest work on the MU for the reference method of both TRP and TRS measurement uncertainty.
RC Specific MU Definitions
In this draft, we align the definitions of MU from the AC approach from [4] with those from the RC approach. 
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The text submission should be considered for the development of the MU sections in TR 37.870
Proposal 1: Endorse the text proposal below
Appendix - Text Proposal to TR 38.870
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[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 <0.3305
Гfixed measurement antenna connection <0.516
	0.2607
	U-shaped
	1.41
	1
	[0.1805]

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

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

	
4
	Measurement Receiver: uncertainty of the absolute level
	Power MeterSpectrum Analyzer
	0.5406
	RectangularNormal
	21.73
	1
	[0.2703]

	
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
	0.1
	Rectangular
	1.73
	1
	[0.06]

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

	
8
	Uncertainty related to the use of phantoms 
	Ue [dB] = 0.20                     Us [dB] = 0.15Material and Geometry
	0.6432
	Rectangular
	1.73
	1
	[0.3718]

	
9
	RepeatabilityRandom uncertainty
	Using the same setup and stirring sequence 
	0.4
	Rectangular
	1.73
	1
	[0.23]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.259]

	
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
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	
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
	
Gaussian1
	
1.00Normal
	21
	1
	[0.5]

	
Combined standard uncertainty
	

	[0.9974]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[1.9445]



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 <0.3305
Гfixed measurement antenna connection <0.516
	0.2607
	U-shaped
	1.41
	1
	[0.1805]

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

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

	
4
	Measurement Receiver: uncertainty of the absolute level
	Power MeterSpectrum Analyzer
	0.5406
	RectangularNormal
	21.73
	1
	[0.2703]

	
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
	0.1
	Rectangular
	1.73
	1
	[0.06]

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

	
8
	Uncertainty related to the use of phantoms 
	Ue [dB] = 0.20                     Us [dB] = 0.15Material and Geometry, Beside Head/Hand
	0.9932
	Rectangular
	1.73
	1
	[0.5718]

	
9
	Repeatability
	Using the same setup and stirring sequence 
	0.4
	Rectangular
	1.73
	1
	[0.23]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	RectangularNormal
	21.73
	1
	[0.259]

	
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
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 21 (=> 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
	21.73
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	
Gaussian1
	
1.00Normal
	12
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.080.74]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[1.452.13]



[bookmark: _Toc136355553]B.5	MU Assessment for TRS

[bookmark: _Toc136355554]B.5.1	MU Assessment for TRS in Anechoic Chamber
< Unchanged Text Deleted >
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[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.2.6

	6
	Statistical uncertainty of BER measurement
	B.5.4

	7
	BER data rate normalizations
	B.5.5

	8
	DUT sensitivity drift
	B.2.10

	9
	Quality of Spatial Uniformity
	B.5.3

	10
	Uncertainty related to the use of phantoms 
	B.2.11

	11
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	12
	Uncertainty of network analyzer 
	B.2.15

	13
	Mismatch of transmitter chain 
	B.2.1

	14
	Insertion loss of transmitter 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
	Quality of Spatial Uniformity
	B.5.3



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
	ГBSScomm tester <0.2913
Г meas antenna connection <0.503
	0.202
	GaussianU-shaped
	1.41
	1
	[0.1602]

	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 12 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	5
	Base station simulatorCommunication tester: uncertainty of the absolute level
	Manufacturer’s data sheet
	[1.16]
	RectangularNormal
	1.732
	1
	[0.58]

	6
	BER Sens measurement: output level step resolution
	Step 0.1dB
	0.05
	Rectangular
	1.73
	1
	[0.03]

	7
	Statistical uncertainty of the BER measurement
	BER target 10%±2% , 20000 tested bits , N=60
	[0.120]
	Gaussian
	1
	1
	[0.12]

	8
	TRS data rate normalization
	4 reference points measured
	[0.120]
	Gaussian
	1
	1
	[0.12]

	9
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	10
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	Rectangular
	1.73
	1
	[0.06]

	11
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	12
	Uncertainty related to the use of phantoms
	Standard SAM with standard tissue simulantMaterial and Geometry for Data Mode Fixture
	0.64
	Rectangular
	1.73
	1
	0.37

	13
	RepeatabilityRandom Uncertainty
	Using the same setup and stirring sequence 
	0.4
	RectangularNormal
	1.732
	1
	[0.23]

	Stage 1: Calibration measurement

	14
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.259]

	15
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	16
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	17
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	RectangularU-shaped
	1.73
	1
	0

	18
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	19
	Influence of the fixed measurement antenna cable
	Systematic with Stage 12 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	20
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.58
	RectangularNormal
	1.732
	1
	[0.29]

	21
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianNormal
	12
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.1102]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[2.1800]



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
	ГBSScomm tester <0.2913
Г meas antenna connection <0.503
	0.202
	GaussianU-shaped
	1.41
	1
	[0.1602]

	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 12 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	5
	Base station simulatorCommunication tester: uncertainty of the absolute level
	Manufacturer’s data sheet
	1.16
	RectangularNormal
	21.73
	1
	[0.58]

	6
	BER measurement: output level step resolution
	Step 0.1dB
	0.05
	Rectangular
	1.73
	1
	[0.03]

	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]

	9
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	10
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	Rectangular
	1.73
	1
	[0.06]

	11
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	12
	Uncertainty related to the use of phantoms
	Standard SAM with standard tissue simulantMaterial and Geometry for Data Mode Fixture
	0.99
	Rectangular
	1.73
	1
	0.57

	13
	RepeatabilityRandom Uncertainty
	Using the same setup and stirring sequence 
	0.4
	RectangularNormal
	21.73
	1
	[0.23]

	Stage 1: Calibration measurement

	14
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	RectangularNormal
	1.732
	1
	[0.259]

	15
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	16
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	17
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	Rectangular
	1.73
	1
	0

	18
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	19
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	20
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.58
	RectangularNormal
	1.732
	1
	[0.29]

	21
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	GaussianActual
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.1902]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[2.3600]



< End of Changes >
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