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1. Introduction
This document will discuss TRP and TRS the uncertainty budgets for reverberation chamber methodology, which is an alternative measurement methodology in TR 25.914 [1].
2. Reverberation Chamber Uncertainty Budget
This section will give examples of uncertainty budgets for the two performance parameters TRP and TRS in the same manner as is given for AC based methodologies in [1]. Many of the uncertainty contributions are similar between the two methods, however some are unique for the specific test procedure used. The contributions specific for the reverberation chamber methodology are known from work in other standardization bodies and several years of experience and were also confirmed in practice in [2].
For a reverberation chamber based methodology the uncertainty related to the measurement distance and the offset of DUT phase center, as well as the quality of the quite zone and the coarse sampling grid, will not be present. Instead the chamber statistical ripple and repeatability will introduce uncertainties. The statistical ripple uncertainty is determined by repeated calibration measurements and is a composite value consisting of most of the specific reverberation chamber contributions, such as limited number of modes and mode-stirring techniques. 
Moreover, uncertainties related to additional power losses in EUT chassis will be present. When the EUT is small and do not add noticeable loss to the chamber, the calibration procedure is performed without the EUT present in the chamber. The possible difference in average chamber transmission level between the EUT measurement and the reference measurement must in this case be considered in the uncertainty evaluation. The uncertainty value for this contribution can be tested empirically by choosing a unit within a set of samples which is considered to incur the highest amount of loss (normally the largest unit), and measure the average transmission loss in the chamber with and without the test unit present in the chamber. The difference between the two cases shall be used in the uncertainty calculation and the distribution should be assumed to be rectangular. Alternatively, a fixed value of 0.2 dB with a rectangular distribution can be used in the uncertainty calculations.
Regarding the other uncertainty contributions in Table 1 and Table 2 below, these are defined in [1].
2.1 TRP Measurements
Table 1 show the uncertainty contributions in TRP measurements when using an RC based methodology. The expanded uncertainty is seen to be 1.73 dB. Comparing this to the value obtained for the AC based methodology in [1] (1.75 dB) it is seen that the RC fulfils the uncertainty requirement for TRP measurements.

Table 1   Example of uncertainty budget for TRP measurement for a reverberation chamber based methodology.
	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: 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 fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image3.wmf]3


	1
	0

	4)
Absolute antenna gain of the fixed measurement 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)
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: image6.wmf]3


	1
	0.06

	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)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
	
[image: image11.wmf]3


	1
	0.23

	STAGE 2 (Calibration)

	11)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	R
	
[image: image12.wmf]3


	1
	0.29

	12)
Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image13.wmf]2


	1
	0

	13)
Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image14.wmf]3


	1
	0

	14)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image15.wmf]2


	1
	0

	15)
Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image16.wmf]3


	1
	0.17

	16)
Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image17.wmf]3


	1
	0

	17)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image18.wmf]3


	1
	0

	18)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image19.wmf]3


	1
	0.29

	19)
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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2.2 TRS Measurements

Table 2 show the uncertainty contributions in TRS measurements when using an RC based methodology. The expanded uncertainty is seen to be 2.09 dB. Comparing this to the value obtained for the AC based methodology in [1] (2.16 dB) it is seen that the RC fulfils the uncertainty requirement for TRS measurements.

Table 2   Example of uncertainty budget for TRS measurement for a reverberation chamber based methodology. 
	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: image22.wmf]3


	1
	0

	3)
Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image23.wmf]3


	1
	0

	4)
Absolute antenna gain of the fixed measurement antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image24.wmf]3


	1
	0

	5)
Base station simulator: uncertainty of the absolute level
	
	1
	R
	
[image: image25.wmf]3


	1
	0.58

	6)
BER measurement: output level step resolution
	Step 0.1dB
	0.05
	R
	
[image: image26.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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	1
	0.06

	11)
DUT sensitivity drift
	Drift measurement
	0.2
	R
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	1
	0.12

	12)
 a) Uncertainty related to the use of SAM phantom: 
	Standard SAM with standard tissue simulant
	0
	R
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	1
	0

	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
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	1
	0.29

	c) Effect of DUT holder
	Fixed value
	0.2
	R
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	1
	0.12

	13)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
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	1
	0.23

	STAGE 2 (Calibration)

	14)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	R
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	1
	0.29

	15)
Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U
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	1
	0

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

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

	18)
Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
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	1
	0.17

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

	20)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
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	1
	0

	21)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
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	1
	0.29

	22)
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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3. Conclusions
TRP and TRS uncertainty budgets for reverberation chamber methodology have been presented. The uncertainty budgets are based on those used for the anechoic chamber but modified to become applicable to reverberation chamber methodology.
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