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1. Introduction
This contribution provides the uncertainty analysis for both cable conducted and radiated versions of the two-stage method. The first part of the table contains uncertainties associated with stage 1 of the 2-stage method, capturing complex antenna pattern data in an anechoic chamber, as shown in Figure 1. The second part of the table contains uncertainties associated with the calibration of the anechoic chamber. The third part of the table contains uncertainties associated with both radiated and conducted second stage of the 2-stage method, which contains the throughput measurement with the DUT antenna pattern and channel model of interest applied as shown in Figure 2 and Figure 3. 
In this proposal the measurement uncertainty contributors for the 2-stage test method are evaluated for standard uncertainty (probability) distribution, standard uncertainty divisor, and comments are added where applicable. These evaluations are shown in Table 1.
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Figure 1, 1st stage of 2-stage method, DUT complex antenna pattern measurement.
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Figure 2: conducted 2nd stage of 2-stage method, DUT throughput measurement
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Figure 3: radiated 2nd stage of 2-stage method, DUT throughput measurement

	Description of uncertainty contribution
	Details in paragraph
	Probability
Distribution
	Divisor
	Comments

	Stage 1, DUT complex antenna pattern measurement (1st stage of 2-stage method)

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS34.114 E.1-E.2
	N
	1
	

	2)
Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image4.wmf]3


	Systematic with Stage 1 (=> cancels)

	3)
Influence of the probe antenna cable
	TS34.114 E.6
	R
	[image: image5.wmf]3


	Systematic with Stage 2 (=> cancels)

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS34.113 E.7
	R
	[image: image6.wmf]3


	Systematic with Stage 2 (=> cancels)

	5)
Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image7.wmf]3


	Manufacturer’s uncertainty specifications

	6) LTE band channel flatness
	TBD
	
	
	

	7)
DUT receiver amplitude measurement uncertainty
	TBD
	
	
	

	8)
DUT relative phase difference between receiver antennas measurement uncertainty
	TBD
	
	
	

	9)
DUT receiver amplitude linearity
	TBD
	
	
	

	10)
Measurement distance:

a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	TS34.114 E.9
	R
	[image: image8.wmf]3


	

	11) Quality of quiet zone 
	TS34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):

a)
Uncertainty of dielectric properties and shape of the hand phantom


 b)
Uncertainty related to the use of the Laptop Ground Plane phantom


	TR 25.914 [4]
A.12.3

A.12.4
	R
	[image: image9.wmf]3


	

	13)
 sampling grid
	TS34.114 E.13
	N
	1
	

	14)
 Random uncertainty (repeatability)

- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom
	TS34.114 E.14
	R
	[image: image10.wmf]3


	

	Stage 2, Calibration measurement, network analyzer method

	15)
 Uncertainty of network analyzer 
	TS34.114 E.15
	R
	[image: image11.wmf]3


	Manufacturer’s uncertainty calculator, covers NA setup

	16) Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS34.114 E.1-E.2
	U
	[image: image12.wmf]2


	Taken in to account in NA setup uncertainty

	17)
 Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image13.wmf]3


	Systematic with Stage 1 (=> cancels)

	18)
 Mismatch in the connection of calibration antenna
	TS34.114 E.1
	R
	[image: image14.wmf]3


	Taken in to account in NA setup uncertainty

	19)
 Influence of the calibration antenna feed cable
	TS34.114 E.6
	R
	[image: image15.wmf]3


	

	20)
 Influence of the probe antenna cable
	TS34.114 E.6
	R
	[image: image16.wmf]3


	Systematic with Stage 1 (=> cancels)

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS34.114 E.7
	R
	[image: image17.wmf]3


	Systematic with Stage 1 (=> cancels)

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS34.114 E.16
	R
	[image: image18.wmf]3


	Calibration certificate

	23)
 Measurement distance:

a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS34.114 E.9
	R
	[image: image19.wmf]3


	

	24)
 Quality of quiet zone
	TS34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	Stage 3a, DUT throughput measurement (conducted 2nd stage of 2-stage method)

	25a) Mismatch uncertainty between DUT antenna system radiated connectivity and DUT conducted mode test connectivity
	TBD
	
	
	

	26a) Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image20.wmf]3


	

	27a) Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image21.wmf]3


	Manufacturer’s uncertainty specifications

	28a) LTE band channel flatness
	TBD
	
	
	

	29a) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	30a) Channel emulator output uncertainty
	TBD
	R
	[image: image22.wmf]3


	Manufacturer’s uncertainty specifications

	31a) Channel model implementation
	TBD
	
	
	

	32a) Throughput measurement: output level step resolution
	TS34.114 E.18
	R
	[image: image23.wmf]3


	

	33a) Statistical uncertainty of throughput measurement
	TS34.114 E.19
	N
	1
	

	34a) Throughput data rate normalization
	TS34.114 E.20
	N
	1
	

	Error associated with estimation of self de-sense using TBD method
	TBD
	TBD
	TBD
	

	Stage 3b, DUT throughput measurement (radiated 2nd stage of 2-stage method)

	25b) Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image24.wmf]3


	

	26b) Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image25.wmf]3


	Manufacturer’s uncertainty specifications

	27b) LTE band channel flatness
	TBD
	
	
	

	28b) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	29b) Channel emulator output uncertainty
	TBD
	R
	[image: image26.wmf]3


	Manufacturer’s uncertainty specifications

	30b) Channel model implementation
	TBD
	
	
	

	31b) Throughput measurement: output level step resolution
	TS34.114 E.18
	R
	[image: image27.wmf]3


	

	32b) Statistical uncertainty of throughput measurement
	TS34.114 E.19
	N
	1
	

	33b) Throughput data rate normalization
	TS34.114 E.20
	N
	1
	

	34b) Impact of isolation in between radiated channels
	TBD
	
	
	


Table 1 Measurement uncertainty budget contributors for 2-stage method.
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Annex B: Measurement Uncertainty budget (Informative)

B.1
Measurement uncertainty budged for multiprobe method

Table B.2-1 Measurement uncertainty budged for multiprobe method

	Description of uncertainty contribution
	Details in 

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS 34.114
E.1-E.2

	2)
Insertion loss of transmitter chain
	TS 34.114
E.3-E.5

	3)
Influence of the probe antenna cable
	TS 34.114

E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS 34.114
E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114
E.17,

[TS 36.521-1 F.1.3]

	6)
Throughput measurement: output level step resolution
	TS 34.114
E.18

	7)
Statistical uncertainty of Throughput measurement
	 TBD

	8)
Channel flatness within LTE band 
	TBD

	9) Fading channel emulator output uncertainty
	TBD

	10) Channel model implementation
	TBD

	11)
Measurement distance:

	TBD

	12)
Quality of quiet zone 
	TS 34.114
E.10

	13)
DUT sensitivity drift
	TS 34.114
E.21

	14)
Uncertainty related to the use of the phantoms:

a)
 Uncertainty of dielectric properties and shape of the hand phantom.


b)
 Uncertainty related to the use of laptop ground plane phantom:



	TR 25.914 [3]
A.12.3

A.12.4



	15)
 sampling grid
	TBD

	16)
Random uncertainty (repeatability)


	TS 34.114
E.14

	Stage 2, Calibration measurement, network analyzer method, TR 25.914 figure 7.5

	17)
Uncertainty of network analyzer 
	TS 34.114
E.15

	18)
Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114
E.1-E.2

	19)
Insertion loss of transmitter chain
	TS 34.114
E.3-E.5

	20)
Mismatch in the connection of calibration antenna
	TS 34.114
E.1

	21)
Influence of the calibration antenna feed cable
	TS 34.114
E.6

	22)
Influence of the probe antenna cable
	TS 34.114
E.6

	23)
Uncertainty of the absolute gain of the probe antenna
	TS 34.114
E.7

	24)
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114
E.16

	25)
Measurement distance:

	TBD

	26)
Quality of quiet zone
	TS 34.114
E.10


B.2 
Measurement uncertainty budget contributors for 2-stage method

Table B.2-1 Measurement uncertainty budget contributors for 2-stage method 
	Description of uncertainty contribution
	Details in paragraph
	Probability
Distribution
	Divisor
	Comments

	Stage 1, DUT complex antenna pattern measurement (1st stage of 2-stage method)

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS34.114 E.1-E.2
	N
	1
	

	2)
Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image28.wmf]3


	Systematic with Stage 1 (=> cancels)

	3)
Influence of the probe antenna cable
	TS34.114 E.6
	R
	[image: image29.wmf]3


	Systematic with Stage 2 (=> cancels)

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS34.113 E.7
	R
	[image: image30.wmf]3


	Systematic with Stage 2 (=> cancels)

	5)
Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image31.wmf]3


	Manufacturer’s uncertainty specifications

	6) LTE band channel flatness
	TBD
	
	
	

	7)
DUT receiver amplitude measurement uncertainty
	TBD
	
	
	

	8)
DUT relative phase difference between receiver antennas measurement uncertainty
	TBD
	
	
	

	9)
DUT receiver amplitude linearity
	TBD
	
	
	

	10)
Measurement distance:

a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	TS34.114 E.9
	R
	[image: image32.wmf]3


	

	11) Quality of quiet zone 
	TS34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):

a)
Uncertainty of dielectric properties and shape of the hand phantom


 b)
Uncertainty related to the use of the Laptop Ground Plane phantom


	TR 25.914 [4]
A.12.3

A.12.4
	R
	[image: image33.wmf]3


	

	13)
 sampling grid
	TS34.114 E.13
	N
	1
	

	14)
 Random uncertainty (repeatability)

- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom
	TS34.114 E.14
	R
	[image: image34.wmf]3


	

	Stage 2, Calibration measurement, network analyzer method

	15)
 Uncertainty of network analyzer 
	TS34.114 E.15
	R
	[image: image35.wmf]3


	Manufacturer’s uncertainty calculator, covers NA setup

	16) Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS34.114 E.1-E.2
	U
	[image: image36.wmf]2


	Taken in to account in NA setup uncertainty

	17)
 Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image37.wmf]3


	Systematic with Stage 1 (=> cancels)

	18)
 Mismatch in the connection of calibration antenna
	TS34.114 E.1
	R
	[image: image38.wmf]3


	Taken in to account in NA setup uncertainty

	19)
 Influence of the calibration antenna feed cable
	TS34.114 E.6
	R
	[image: image39.wmf]3


	

	20)
 Influence of the probe antenna cable
	TS34.114 E.6
	R
	[image: image40.wmf]3


	Systematic with Stage 1 (=> cancels)

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS34.114 E.7
	R
	[image: image41.wmf]3


	Systematic with Stage 1 (=> cancels)

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS34.114 E.16
	R
	[image: image42.wmf]3


	Calibration certificate

	23)
 Measurement distance:

a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS34.114 E.9
	R
	[image: image43.wmf]3


	

	24)
 Quality of quiet zone
	TS34.114 E.10
	N
	1
	Standard deviation of E-field in QZ measurement

	Stage 3a, DUT throughput measurement (conducted 2nd stage of 2-stage method)

	25a) Mismatch uncertainty between DUT antenna system radiated connectivity and DUT conducted mode test connectivity
	TBD
	
	
	

	26a) Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image44.wmf]3


	

	27a) Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image45.wmf]3


	Manufacturer’s uncertainty specifications

	28a) LTE band channel flatness
	TBD
	
	
	

	29a) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	30a) Channel emulator output uncertainty
	TBD
	R
	[image: image46.wmf]3


	Manufacturer’s uncertainty specifications

	31a) Channel model implementation
	TBD
	
	
	

	32a) Throughput measurement: output level step resolution
	TS34.114 E.18
	R
	[image: image47.wmf]3


	

	33a) Statistical uncertainty of throughput measurement
	TS34.114 E.19
	N
	1
	

	34a) Throughput data rate normalization
	TS34.114 E.20
	N
	1
	

	Error associated with estimation of self de-sense using TBD method
	TBD
	TBD
	TBD
	

	Stage 3b, DUT throughput measurement (radiated 2nd stage of 2-stage method)

	25b) Insertion loss of transmitter chain
	TS34.114 E.3-E.5
	R
	[image: image48.wmf]3


	

	26b) Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]
	R
	[image: image49.wmf]3


	Manufacturer’s uncertainty specifications

	27b) LTE band channel flatness
	TBD
	
	
	

	28b) Application of antenna patterns into MIMO channel
	TBD
	
	
	

	29b) Channel emulator output uncertainty
	TBD
	R
	[image: image50.wmf]3


	Manufacturer’s uncertainty specifications

	30b) Channel model implementation
	TBD
	
	
	

	31b) Throughput measurement: output level step resolution
	TS34.114 E.18
	R
	[image: image51.wmf]3


	

	32b) Statistical uncertainty of throughput measurement
	TS34.114 E.19
	N
	1
	

	33b) Throughput data rate normalization
	TS34.114 E.20
	N
	1
	

	34b) Impact of isolation in between radiated channels
	TBD
	
	
	


Table 1 Measurement uncertainty budget contributors for 2-stage method.
B.3
Measurement uncertainty budget for reverberation chamber method
Table B.3-1 Measurement uncertainty budged for reverberation chamber method
	Description of uncertainty contribution
	Details in

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	TS 34.114
E.1-E.2

	2)
Insertion loss of transmitter chain
	TS 34.114
E.3-E.5

	3)
Influence of the fixed measurement antenna cable
	TS 34.114
E.6

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	TS 34.114
E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114
E.17

[TS 36.521-1 F.1.3]

	6)
Throughput measurement: output level step resolution
	TS 34.114
E.18

	7)
Statistical uncertainty of throughput measurement
	TBD

	8) Fading channel emulator output uncertainty (if used)
	TBD

	9) Channel model implementation
	TBD

	10) Chamber statistical ripple and repeatability
	TS 34.114
E.26.A

	11)
Additional power loss in EUT chassis
	TS 34.114
E.26.B

	12)
DUT sensitivity drift
	TS 34.114
E.21

	13)
Uncertainty related to the use of the phantoms:

a)
Uncertainty of dielectric properties and shape of the hand phantom


b)
Uncertainty related to the use of laptop ground plane phantom


	TR 25.914
A.12.3

A.12.4

	14)
Random uncertainty (repeatability)

	TS 34.114
E.14

	Stage 2 , Calibration measurement

	15)
Uncertainty of network analyzer
	TS 34.114
E.15

	16)
Mismatch of receiver chain
	TS 34.114
E.1-E.2

	17)
Insertion loss of receiver chain
	TS 34.114
E.3-E.5

	18)
Mismatch in the connection of calibration antenna
	TS 34.114
E.1

	19)
Influence of the calibration antenna feed cable
	TS 34.114
E.6

	20)
Influence of the fixed measurement antenna cable
	TS 34.114
E.6

	21)
Uncertainty of the absolute gain of the fixed measurement antenna
	TS 34.114
E.7

	22)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	TS 34.114
E.16

	23)
Chamber statistical ripple and repeatability
	TS 34.114
E.26.A


****************** End of text proposal for TR 37.977***************************************
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