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E.27
Examples of uncertainty budget calculations for TRP(Informative)

Editor’s note: The following aspects are either missing or not yet determined:

The head and hand phantom and hand only phantom configurations are TBD
Table E.5: Example of uncertainty budget for head only TRP measurement

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1)
Mismatch of receiver chain 
	Гpower meter <0.05
Гprobe antenna connection <0.16
	0.05
	U
	
[image: image1.wmf]2


	1
	0.04

	2)
Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image2.wmf]3


	1
	0

	3)
Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image3.wmf]3


	1
	0

	4)
Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image4.wmf]3


	1
	0

	5)
Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
	
[image: image5.wmf]3


	1
	0.03

	6)
Measurement distance

a)
Offset of DUT phase centre
	Δd=0.05m
	0.14
	R
	
[image: image6.wmf]3


	1
	0.08

	7)
Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	8)
DUT Tx-power drift
	Drift
	0.2
	R
	
[image: image7.wmf]3


	1
	0.12

	9)
a) Uncertainty related to the use of SAM phantom: 
	Standard SAM head with standard tissue simulant
	0
	R
	
[image: image8.wmf]3


	1
	0

	b)
Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
	
[image: image9.wmf]3


	1
	0.29

	c)
Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image10.wmf]3


	1
	0.12

	10)
Coarse sampling grid
	Negligible, used 
[image: image11.wmf]q

D

= 15( and
[image: image12.wmf]j

D

= 15(.
	0
	N
	1
	1
	0

	11)
Repeatability
	Monoblock, clamshell,  slide design 
	0.4
	R
	
[image: image13.wmf]3


	1
	0.23

	
	
	
	
	

	
	

	STAGE 2 (Calibration)

	12)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	R
	
[image: image15.wmf]3


	1
	0.29

	13)
Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image16.wmf]2


	1
	0

	14)
Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image17.wmf]3


	1
	0

	15)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image18.wmf]2


	1
	0

	16)
Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image19.wmf]3


	1
	0.17

	17)
Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image20.wmf]3


	1
	0

	18)
Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image21.wmf]3


	1
	0

	19)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image22.wmf]3


	1
	0.29

	20)
Measurement distance:
-
Calibration antenna’s displacement and misalignment 
	d=3m, Δd=0.05m, θ=2°
	0.29
	R
	
[image: image23.wmf]3


	1
	0.17

	21)
Quality of quiet zone
	Standard deviation of e-field in QZ measurement, Gain calibration
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image24.wmf]å
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	Expanded uncertainty (Confidence interval of 95 %)
	
	
	
[image: image25.wmf]c
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Table E.6: Example of uncertainty budget for TRP head+hand (speech mode) measurement

TBD
Table E.7: Example of uncertainty budget for TRP hand only (browsing mode) measurement

TBD
Table E.8: Example of uncertainty budget for TRP measurement with laptop ground plane phantom

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1) Mismatch of receiver chain 
	Гpower meter <0.05    Гprobe antenna connection <0.16
	0.05
	N
	1
	1
	0.05

	2) Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image26.wmf]2


	1
	0

	3) Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image27.wmf]3


	1
	0

	4) Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image28.wmf]3


	1
	0

	5) Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
	
[image: image29.wmf]3


	1
	0.03

	6)Measurement distance
a) Offset of DUT phase center
	Δd=0.05m
	0.14
	R
	
[image: image30.wmf]3


	1
	0.08

	7) Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	8) DUT Tx-power drift
	Drift
	0.2
	R
	
[image: image31.wmf]3


	1
	0.12

	9) Uncertainty related to the use of laptop ground plane phantom: 
	Standard laptop phantom
	0
	R
	
[image: image32.wmf]3


	1
	0

	10) Coarse sampling grid
	Negligible, used 
[image: image33.wmf]q

D

= 15( and
[image: image34.wmf]j

D

= 15(. 
	0
	N
	1
	1
	0

	11) Repeatability
	 horizontal USB design, rotary USB porter, and non-rotary USB porter used for testing  
	0.4
	R
	
[image: image35.wmf]3


	1
	0.23

	STAGE 2 (Calibration)

	12) Uncertainty of network analyzer
	Manufacturer's uncertainty calculator, covers whole NA setup
	0.5
	R
	
[image: image36.wmf]3


	1
	0.29

	13) Mismatch of receiver chain
	Taken in to account in NA  setup uncertainty 
	0
	U
	
[image: image37.wmf]2


	1
	0

	14) Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image38.wmf]3


	1
	0

	15) Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image39.wmf]2


	1
	0

	16) Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image40.wmf]3


	1
	0.17

	17) Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image41.wmf]3


	1
	0

	18) Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image42.wmf]3


	1
	0

	19) Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image43.wmf]3


	1
	0.29

	20)Measurement distance:
Calibration antenna's displacement and misalignment 
	d=3m, Δd=0.05m, θ=2°
	0.29
	R
	
[image: image44.wmf]3


	1
	0.17

	21) Quality of quiet zone
	Standard deviation of e-field in QZ measurement, Gain calibration
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image45.wmf]å
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	Expanded uncertainty (Confidence interval of 95 %)
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E.28
Examples of uncertainty budget calculations for TRS(Informative)



Table E.9: Example of uncertainty budget for TRS head only measurement

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1)
Mismatch of transmitter chain
	ГBSS <0.13
Г antenna connection <0.03
	0.02
	N
	1
	1
	0.02

	2)
Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image47.wmf]3


	1
	0

	3)
Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image48.wmf]3


	1
	0

	4)
Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image49.wmf]3


	1
	0

	5)
Base station simulator: uncertainty of the absolute level
	
	1
	R
	
[image: image50.wmf]3


	1
	0.58

	6)
BER measurement: output level step resolution
	Step 0.1dB
	0.05
	R
	
[image: image51.wmf]3


	1
	0.03

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

	8)
TRS data rate normalization
	4 reference points measured
	0.12
	N
	1
	1
	0.12

	9)
Measurement distance

a)
Offset of DUT phase centre
	Δd=0.05m
	0.14
	R
	
[image: image52.wmf]3


	1
	0.08

	10)
Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	11)
DUT sensitivity drift
	Drift measurement
	0.2
	R
	
[image: image53.wmf]3


	1
	0.12

	12)
 a) Uncertainty related to the use of SAM phantom: 
	Standard SAM with standard tissue simulant
	0
	R
	
[image: image54.wmf]3


	1
	0

	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
	
[image: image55.wmf]3


	1
	0.29

	c) Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image56.wmf]3


	1
	0.12

	13)
Coarse sampling grid
	 
[image: image57.wmf]q

D

= 30( and
[image: image58.wmf]j

D

= 30(. 
	0.15
	N
	N
	1
	0.15

	14)
Repeatability
	Monoblock, clamshell,  slide design 
	0.5
	R
	
[image: image59.wmf]3


	1
	0.29

	
	
	
	
	

	
	

	STAGE 2 (Calibration)

	15)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	R
	
[image: image61.wmf]3


	1
	0.29

	16)
Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image62.wmf]2


	1
	0

	17)
Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image63.wmf]3


	1
	0

	18)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	R
	
[image: image64.wmf]3


	1
	0

	19)
Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
	
[image: image65.wmf]3


	1
	0.17

	20)
Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image66.wmf]3


	1
	0

	21)
Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image67.wmf]3


	1
	0

	22)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image68.wmf]3


	1
	0.29

	23)
Measurement distance:
Calibration antenna’s displacement and misalignment 
	d=3m, Δd=0.05m, θ=2°
	0.29
	R
	
[image: image69.wmf]3


	1
	0.17

	24)
Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image70.wmf]å
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	Expanded uncertainty (Confidence interval of 95 %)
	
	
	
[image: image71.wmf]c
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Table E.10: Example of uncertainty budget for TRS head+hand (speech mode) measurement

TBD

Table E.11: Example of uncertainty budget for TRS hand only (browsing mode) measurement

TBD

Table E.12: Example of uncertainty budget for TRS measurement with laptop ground plane phantom
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1) Mismatch of transmitter chain
	ГBSS <0.13   Г antenna connection <0.03
	0.02
	N
	1
	1
	0.02

	2) Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image72.wmf]3


	1
	0

	3) Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image73.wmf]3


	1
	0

	4) Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image74.wmf]3


	1
	0

	5) Base station simulator: uncertainty of the absolute level
	
	1
	R
	
[image: image75.wmf]3


	1
	0.58

	6)BER measurement: output level step resolution
	Step  0.1dB
	0.05
	R
	
[image: image76.wmf]3


	1
	0.03

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

	8)TRS data rate normalization
	4 reference points measured
	0.12
	N
	1
	1
	0.12

	9)Measurement distance
a) Offset of DUT phase center
	Δd=0.05m
	0.14
	R
	
[image: image77.wmf]3


	1
	0.08

	10) Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	11) DUT sensitivity drift
	Drift measurement
	0.2
	R
	
[image: image78.wmf]3


	1
	0.12

	9) Uncertainty related to the use of laptop ground plane phantom
	Standard laptop phantom
	0
	R
	
[image: image79.wmf]3


	1
	0

	13) Coarse sampling grid
	 
[image: image80.wmf]q

D

= 30( and
[image: image81.wmf]j

D

= 30(. 
	0.15
	N
	N
	1
	0.15

	14) Repeatability
	horizontal USB design, rotary USB porter, and non-rotary USB porter used for testing  
	0.5
	R
	
[image: image82.wmf]3


	1
	0.29

	STAGE 2 (Calibration)

	15) Uncertainty of network analyzer
	Manufacturer's uncertainty calculator, covers NA setup
	0.5
	R
	
[image: image83.wmf]3


	1
	0.29

	16) Mismatch of  transmitter chain
	Taken in to account in NA  setup uncertainty 
	0
	U
	
[image: image84.wmf]2


	1
	0

	17) Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image85.wmf]3


	1
	0

	18) Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	R
	
[image: image86.wmf]3


	1
	0

	19) Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
	
[image: image87.wmf]3


	1
	0.17

	20) Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image88.wmf]3


	1
	0

	21) Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image89.wmf]3


	1
	0

	22) Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image90.wmf]3


	1
	0.29

	23)Measurement distance:
Calibration antenna's displacement and misalignment 
	d=3m, Δd=0.05m, θ=2°
	0.29
	R
	
[image: image91.wmf]3


	1
	0.17

	24) Quality of quiet zone
	Standard deviation of E-field in QZ measurement
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image92.wmf]å
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	Expanded uncertainty (Confidence interval of 95 %)
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E.29
Examples of uncertainty budget calculations for TRP, reverberation chamber method (Informative)



Table E.13: Example of uncertainty budget for TRP measurement, reverberation chamber method

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1)
Mismatch of receiver chain 
	Гpower meter <0.05
Гfixed measurement antenna connection <0.16
	0.05
	U
	
[image: image94.wmf]2


	1
	0.04

	2)
Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image95.wmf]3


	1
	0

	3)
Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image96.wmf]3


	1
	0

	4)
Absolute antenna gain of the fixed measurement antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image97.wmf]3


	1
	0

	5)
Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
	
[image: image98.wmf]3


	1
	0.03

	6)
Chamber statistical ripple and repeatability
	Statistics of chamber
	0.4
	N
	1
	1
	0.4

	7)
Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	R
	
[image: image99.wmf]3


	1
	0.06

	8)
DUT Tx-power drift
	Drift
	0.2
	R
	
[image: image100.wmf]3


	1
	0.12

	9)
a) Uncertainty related to the use of SAM phantom: 
	Standard SAM head with standard tissue simulant
	0
	R
	
[image: image101.wmf]3


	1
	0

	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
	
[image: image102.wmf]3


	1
	0.29

	c) Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image103.wmf]3


	1
	0.12

	10)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
	
[image: image104.wmf]3


	1
	0.23

	11)
Uncertainty related to the use of Laptop Ground Plane phantom
	Standard Laptop Ground Plane phantom
	[0]
	R
	
[image: image105.wmf]3


	1
	[0]

	STAGE 2 (Calibration)

	12)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	R
	
[image: image106.wmf]3


	1
	0.29

	13)
Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image107.wmf]2


	1
	0

	14)
Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image108.wmf]3


	1
	0

	15)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image109.wmf]2


	1
	0

	16)
Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image110.wmf]3


	1
	0.17

	17)
Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image111.wmf]3


	1
	0

	18)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image112.wmf]3


	1
	0

	19)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image113.wmf]3


	1
	0.29

	20)
Chamber statistical ripple and repeatability 
	Statistics of chamber
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
	
[image: image114.wmf]å
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	Expanded uncertainty (Confidence interval of 95 %)
	
	
	
[image: image115.wmf]c
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E.30
Examples of uncertainty budget calculations for TRS, reverberation chamber method (Informative)



Table E.14: Example of uncertainty budget for TRS measurement, reverberation chamber method

	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	STAGE 1 (DUT measurement)

	1)
Mismatch of transmitter chain
	ГBSS <0.13
Г antenna connection <0.03
	0.02
	N
	1
	1
	0.02

	2)
Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image116.wmf]3


	1
	0

	3)
Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image117.wmf]3


	1
	0

	4)
Absolute antenna gain of the fixed measurement antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image118.wmf]3


	1
	0

	5)
Base station simulator: uncertainty of the absolute level
	
	1
	R
	
[image: image119.wmf]3


	1
	0.58

	6)
BER measurement: output level step resolution
	Step 0.1dB
	0.05
	R
	
[image: image120.wmf]3


	1
	0.03

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

	8)
TRS data rate normalization
	4 reference points measured
	0.12
	N
	1
	1
	0.12

	9)
Chamber statistical ripple and repeatability
	Statistics of chamber
	0.4
	N
	1
	1
	0.4

	10)
Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	R
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	11)
DUT sensitivity drift
	Drift measurement
	0.2
	R
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	12)
 a) Uncertainty related to the use of SAM phantom: 
	Standard SAM with standard tissue simulant
	0
	R
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	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
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	c) Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image125.wmf]3


	1
	0.12

	13)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
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	14)
Uncertainty related to the use of Laptop Ground Plane phantom
	Standard Laptop Ground Plane phantom
	[0]
	R
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	STAGE 2 (Calibration)

	15)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	R
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	16)
Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U
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	0

	17)
Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
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	0

	18)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	R
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	19)
Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
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	20)
Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
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	0

	21)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
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	22)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
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	23)
Chamber statistical ripple and repeatability 
	Statistics of chamber
	0.5
	N
	1
	1
	0.5

	Combined standard uncertainty
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	Expanded uncertainty (Confidence interval of 95 %)
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