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--- Start of changes ---
5.1.3 Laptop Ground Plane Phantom 
A laptop ground plane phantom is used for radiated performance measurements in case of plug-in DUT like USB dongles. The objective of the laptop ground plane phantom is to reproduce the effects of the ground plane for the antenna of the DUT while avoiding the variation of the measurements introduced by a real laptop. 
The laptop ground plane phantom, as showed in Figure 5.4, is composed by the following parts,:

· a rectangular plane covered by a conductive film on the upper side with thickness of 4mm to emulate the keyboard and main body of the laptop; 
· a rectangular plane covered by the same conductive film on the upper side withthickness of 4mm to emulate the screen of laptop;
· the conductive film on the two planes is connected. The angle between the two planes is 110 degrees. The material is FR-4 copper-clad sheet.and the length and width of these two planes are 345mm and 238mm  respectively 
· a horizontal USB connector placed along the short end of the plane; the location of the port is at the right back corner, the distance between the central axis of the USB connector and the rear edge of plane is 45mm ,the ground of the USB connector is welded on the conductive film of the plane. The detailed description of the structure is presented in Figure 5.5;
· a USB cable crossing the ground plane and connecting the USB connector to a real functional laptop; the USB cable should be equipped with a shielded metal film, and the portion of the cable that is hunged in the air shall be covered with absorbing material or treated with quarter wave chokes. The part of the USB cable lying on the plane is covered by a conductive adhesive strip used for fixing the cable on the plane and for guarantying at the same time the superficial continuity of the conductive plane. The shielded conductive film of this part of the USB cable is connected to the conductive film of the plane and the covered strip to well ground the antenna. The length of the USB cable should be no more than 3 meters.  
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Figure 5.4: The laptop grond plane phantom, the DUT and the real functional laptop
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Figure 5.5: The structure and dimension of the laptop ground phantom
The real functional laptop is laid on the floor of the anechoic chamber, supplies power to the DUT and controls the state of the DUT. Both the USB cable and the real functional laptop are properly setup in order to have a negligible impact on the measurements: the real functional laptop is fully wrapped up with anechoic absorbers.
5.1.4 DUT Positioning on Laptop Ground Plane Phantom

The DUT is connected to the USB connector of the laptop ground plane phantom. The DUT should be configured with the following primary mechanical mode: the DUT with either rotary USB porter or non-rotary USB porter should be horizontally plugged into the horizontal USB connector, as shown in Fig. 5.4. 
Annex A (informative):
Estimation of measurement uncertainty

Individual uncertainty contributions in the TRP and TRS measurements are discussed and evaluated in this Appendix. A technique for calculating the total measurement uncertainty is also presented. More detailed discussion on the uncertainty contributions can be found from [48] [49]. 

An important part of a standard measurement procedure is the identification of uncertainty sources and the evaluation of the overall measurement uncertainty. There are various individual uncertainty sources in the measurement procedure that introduce a certain uncertainty contribution to the final measurement result. The approach in this standard test procedure is that the test laboratories are not limited to using some specific instruments and antenna positioners, for example. However, a limit is set for the maximum overall measurement uncertainty. 

The TRP/TRS measurement procedure can be considered to include two stages. In Stage 1 the actual measurement of the 3-D pattern of the Device Under Test (DUT) is performed.  In Stage 2 the calibration of the absolute level of the DUT measurement results is performed by means of using a calibration antenna whose absolute gain/radiation efficiency is known at the frequencies of interest. The uncertainty contributions related to TRP are listed in Table A.1 and the contributions related to TRS are in Table A.2. The uncertainty contributions are analyzed in the following paragraphs.

The calculation of the uncertainty contribution is based on the ISO Guide to the expression of uncertainty in measurement [50] [51] [52] [53]. Each individual uncertainty is expressed by its Standard Deviation (termed here as 'standard uncertainty') and represented by symbol U. The uncertainty contributions can be classified to two categories: Type-A uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and therefore cancel [48] [49].

The procedure of forming the uncertainty budget in TRP measurement is [48] [49]:

1)
Compile lists of individual uncertainty contributions for TRP measurement both in Stage 1 and Stage 2.

2)
Determine the standard uncertainty of each contribution by 

a)
Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.) 

b)
Determining the maximum value of each uncertainty (unless the distributions is Gaussian)

c)
Calculating the standard uncertainty by dividing the uncertainty by [image: image4.wmf]2

 if the distribution is U-shaped, and by [image: image5.wmf]3

 if the distribution is rectangular.
3)
Convert the units into decibel, if necessary.

4)
Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.

5)
Combine the total uncertainties in Stage 1 and Stage 2 also by the RSS method: [image: image6.wmf]2
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6)
Multiply the result by an expansion factor of 2 to derive expanded uncertainty at 95% confidence level: 2 * [image: image7.wmf]c

u

. 

The limit for the expanded uncertainty at 95 % confidence level is: (TBD) dB.

Example uncertainty budgets are presented in Tables A.5 and A.6.. 

Table A.1: Uncertainty contributions in TRP measurement.

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT  measurement

	1) Mismatch of receiver  chain (i.e. between probe antenna and measurement receiver)
	A.1-A.2

	2) Insertion loss of receiver chain
	A.3-A.5

	3) Influence of the probe antenna cable
	A.6

	4) Uncertainty of the absolute antenna gain of the probe antenna
	A.7

	5) Measurement Receiver: uncertainty of the absolute level
	A.8

	6) Measurement distance:
a) offset of DUT phase center from axis(es) of rotation

b) mutual coupling between the DUT and the probe antenna

c) phase curvature across the DUT
	A.9

	7) Quality of quiet zone
	A.10

	8) DUT Tx-power drift
	A.11

	9) Uncertainty related to the use of the SAM phantom:
a) uncertainty from using different types of SAM phantom

b) simulated tissue liquid uncertainty
	A.12

	10) Coarse sampling grid
	A.13

	11 ) Random uncertainty (repeatability, including positioning uncertainty of the DUT against the SAM phantom)
	A.14

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

	12) Uncertainty of network analyzer
	A.15

	13) Mismatch of receiver chain
	A.1-A.2

	14) Insertion loss of receiver chain
	A.3-A.5

	15) Mismatch in the connection of calibration antenna
	A.1

	16) Influence of the calibration antenna feed cable
	A.6

	17) Influence of the probe antenna cable
	A.6

	18) Uncertainty of the absolute gain of the probe antenna
	A.7

	19) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	A.16

	20)Measurement distance:
a) Offset of calibration antenna's phase center from axis(es) of rotation

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

c) Phase curvature across the calibration antenna
	A.9

	21) Quality of quiet zone
	A.10


Table A.2: Uncertainty contributions in TRS measurement.
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT  measurement

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

	2) Insertion loss of transmitter chain
	A.3-A.5

	3) Influence of the probe antenna cable
	A.6

	4) Uncertainty of the absolute antenna gain of the probe antenna
	A.7

	5) Base station simulator: uncertainty of the absolute output level
	A.17

	6) BER measurement: output level step resolution
	A.18

	7) Statistical uncertainty of BER measurement
	A.19

	8) BER data rate normalization
	A.20

	9) Measurement distance:
a) offset of DUT phase center from axis(es) of rotation

b) mutual coupling between the DUT and the probe antenna

c) phase curvature across the DUT
	A.9

	10) Quality of quiet zone 
	A.10

	11) DUT sensitivity drift
	A.21

	12) Uncertainty related to the use of the SAM phantom:
a) uncertainty from using different types of SAM phantom 

b) simulated tissue liquid uncertainty
	A.12

	13) Coarse sampling grid
	A.13

	14 ) Random uncertainty (repeatability)
-positioning uncertainty of the DUT against the SAM
	A.14

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

	15) Uncertainty of network analyzer 
	A.15

	16) Mismatch in the connection of  transmitter chain (i.e. between probe antenna and NA)
	A.1-A.2

	17) Insertion loss of transmitter chain
	A.3-A.5

	18) Mismatch in the connection of calibration antenna
	A.1

	19) Influence of the calibration antenna feed cable
	A.6

	20) Influence of the probe antenna cable
	A.6

	21) Uncertainty of the absolute gain of the probe antenna
	A.7

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	A.16

	23)Measurement distance:
a) Offset of calibration antenna's phase center from axis(es) of rotation

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

c) Phase curvature across the calibration antenna
	A.9

	24) Quality of quiet zone
	A.10


If a network analyzer is not available for calibration measurement and a spectrum analyzer or a power meter is used, Stage 2 errors in Tables 1 and 2 must be replaced by Table 3.

Table A.3: Uncertainty contributions in Stage 2 (calibration measurement, spectrum analyzer method)

	Description of uncertainty contribution
	Details in paragraph

	Stage 2, calibration measurement, spectrum analyser method, figure 7.4

	1) Cable loss measurement uncertainty
	A.22

	2) Uncertainty from impedance mismatch between the signal generator and the calibration antenna
	A.1

	3) Impedance mismatch uncertainty between the measurement receiver and the probe antenna
	A.1

	4) Signal generator: uncertainty of the absolute output level
	A.23

	5) Signal generator: output level stability
	A.24

	6) Influence of the calibration antenna feed cable
	A.6

	7) Influence of the probe antenna cable
	A.6

	8) Insertion loss of the calibration antenna feed cable
	A.25

	9) Insertion loss of the probe antenna cable
	A.3

	10) Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	A.1

	11) Mismatch uncertainty: between measurement receiver and probe antenna (if antenna attenuator is used)
	A.1

	12) Insertion loss of the calibration antenna attenuator (if used)
	A.26

	13) Insertion loss of the probe antenna attenuator (if used)
	A.4

	14) Uncertainty of the absolute level of the measurement receiver 
	A.8

	15) Uncertainty of the absolute gain of the probe antenna
	A.7

	16) Uncertainty of the absolute gain of the calibration antenna
	A.16

	18) Measurement distance:
a) Offset of calibration antenna's phase center from axis(es) of rotation

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

c) Phase curvature across the calibration antenna
	A.9

	17) Quality of quiet zone
	A.10


Table A.3.a: Uncertainty contributions in TRP measurement for alternative test method.

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1)
Mismatch of receiver chain (i.e. between fixed measurement antenna and measurement receiver)
	A.1-A.2

	2)
Insertion loss of receiver chain
	A.3-A.5

	3)
Influence of the fixed measurement antenna cable
	A.6

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	A.7

	5)
Measurement Receiver: uncertainty of the absolute level
	A.8

	6) Chamber statistical ripple and repeatability
	A.27

	7)
Additional power loss in EUT chassis
	A.28

	8)
DUT Tx-power drift
	A.11

	9)
Uncertainty related to the use of the SAM phantom:

a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder
	A.12

	10)
Random uncertainty (repeatability, including positioning uncertainty of the DUT against the SAM phantom)
	A.14

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

	11)
Uncertainty of network analyzer
	A.15

	12)
Mismatch of receiver chain
	A.1-A.2

	13)
Insertion loss of receiver chain
	A.3-A.5

	14)
Mismatch in the connection of calibration antenna
	A.1

	15)
Influence of the calibration antenna feed cable
	A.6

	16)
Influence of the fixed measurement antenna cable
	A.6

	17)
Uncertainty of the absolute gain of the fixed measurement antenna
	A.7

	18)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	A.16

	19)
Chamber statistical ripple and repeatability
	A.27


Table A.3.b: Uncertainty contributions in TRS measurement for alternative test method.

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

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

	2)
Insertion loss of transmitter chain
	A.3-A.5

	3)
Influence of the fixed measurement antenna cable
	A.6

	4)
Uncertainty of the absolute antenna gain of the fixed measurement antenna
	A.7

	5)
Base station simulator: uncertainty of the absolute output level
	A.17

	6)
BER measurement: output level step resolution
	A.18

	7)
Statistical uncertainty of BER measurement
	A.19

	8)
BER data rate normalization
	A.20

	6) Chamber statistical ripple and repeatability
	A.27

	7)
Additional power loss in EUT chassis
	A.28

	11)
DUT sensitivity drift
	A.21

	12)
Uncertainty related to the use of the SAM phantom:

a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder
	A.12

	13)
Random uncertainty (repeatability)

- positioning uncertainty of the DUT against the SAM
	A.14

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

	14)
Uncertainty of network analyzer
	A.15

	15)
Mismatch of receiver chain
	A.1-A.2

	16)
Insertion loss of receiver chain
	A.3-A.5

	17)
Mismatch in the connection of calibration antenna
	A.1

	18)
Influence of the calibration antenna feed cable
	A.6

	19)
Influence of the fixed measurement antenna cable
	A.6

	20)
Uncertainty of the absolute gain of the fixed measurement antenna
	A.7

	21)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	A.16

	22)
Chamber statistical ripple and repeatability
	A.27


If a network analyzer is not available for calibration measurement and a spectrum analyzer or a power meter is used, Stage 2 errors in Tables 1 and 2 shall be replaced by Table 3.

Table A.3.c: Uncertainty contributions in Stage 2 (calibration measurement, spectrum analyzer method) for the alternative test method.

	Description of uncertainty contribution
	Details in paragraph

	Stage 2, calibration measurement, spectrum analyser method, figure 7.4

	1) Cable loss measurement uncertainty
	A.22

	2)
Uncertainty from impedance mismatch between the signal generator and the calibration antenna
	A.1

	3)
Impedance mismatch uncertainty between the measurement receiver and the fixed measurement antenna
	A.1

	4)
Signal generator: uncertainty of the absolute output level
	A.23

	5)
Signal generator: output level stability
	A.24

	6)
Influence of the calibration antenna feed cable
	A.6

	7)
Influence of the fixed measurement antenna cable
	A.6

	8)
Insertion loss of the calibration antenna feed cable
	A.25

	9)
Insertion loss of the fixed measurement antenna cable
	A.3

	10)
Mismatch uncertainty: between signal generator and calibration antenna (if antenna attenuator is used)
	A.1

	11)
Mismatch uncertainty: between measurement receiver and fixed measurement antenna (if antenna attenuator is used)
	A.1

	12)
Insertion loss of the calibration antenna attenuator (if used)
	A.26

	13)
Insertion loss of the fixed measurement antenna attenuator (if used)
	A.4

	14)
Uncertainty of the absolute level of the measurement receiver 
	A.8

	15)
Uncertainty of the absolute gain of the fixed measurement antenna
	A.7

	16)
Uncertainty of the absolute gain of the calibration antenna
	A.16

	19)
Chamber statistical ripple and repeatability
	A.27


--- Next changed section ---
A.27
Chamber Statistical Ripple and Repeatability

The uncertainty due to chamber statistics is determined by repeated calibration measurements as described in Annex F.A. This uncertainty contribution is a composite value consisting of most of the specific reverberation chamber contributions, such as limited number of modes and mode-stirring techniques.

The uncertainty contribution value shall be determined by measurements as described in Annex F.A and be assumed to have a normal distribution.

A.28
Additional Power Loss in EUT Chassis

When the EUT is small and do not add noticeable loss to the chamber, the calibration procedure outlined in section E.3, 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.
Table A.5. Example of uncertainty budget for 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
	N
	1
	1
	0.05

	2) Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image8.wmf]2


	1
	0

	3) Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image9.wmf]3


	1
	0

	4) Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image10.wmf]3


	1
	0

	5) Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
	
[image: image11.wmf]3


	1
	0.03

	6)Measurement distance
a) Offset of DUT phase center
	Δd=0.05m
	0.14
	R
	
[image: image12.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: image13.wmf]3


	1
	0.12

	9) Uncertainty related to the use of SAM phantom: 
	Standard SAM head with standard tissue simulant
	0
	R
	
[image: image14.wmf]3


	1
	0

	10) Coarse sampling grid
	Negligible, used 
[image: image15.wmf]q
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	0
	N
	1
	1
	0

	11) Repeatability
	Monoblock, clamshell and slide design used for testing  
	0.4
	R
	
[image: image17.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: image18.wmf]3


	1
	0.29

	13) Mismatch of receiver chain
	Taken in to account in NA  setup uncertainty 
	0
	U
	
[image: image19.wmf]2


	1
	0

	14) Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image20.wmf]3


	1
	0

	15) Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image21.wmf]2


	1
	0

	16) Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image22.wmf]3


	1
	0.17

	17) Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image23.wmf]3


	1
	0

	18) Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image24.wmf]3


	1
	0

	19) Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image25.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: image26.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
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Table A.6. Example of uncertainty budget for TRS 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: image29.wmf]3


	1
	0

	3) Influence of the probe antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image30.wmf]3


	1
	0

	4) Absolute antenna gain of the probe antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image31.wmf]3


	1
	0

	5) Base station simulator: uncertainty of the absolute level
	
	1
	R
	
[image: image32.wmf]3


	1
	0.58

	6)BER measurement: output level step resolution
	Step  0.1dB
	0.05
	R
	
[image: image33.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: image34.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: image35.wmf]3


	1
	0.12

	12) Uncertainty related to the use of SAM phantom: 
	Standard SAM with standard tissue simulant
	0
	R
	
[image: image36.wmf]3


	1
	0

	13) Coarse sampling grid
	 
[image: image37.wmf]q
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	0.15
	N
	N
	1
	0.15

	14) Repeatability
	Monoblock, clamshell and slide design used for testing  
	0.5
	R
	
[image: image39.wmf]3


	1
	0.29

	STAGE 2 (Calibration)

	15) Uncertainty of network analyzer
	Manufacturer's uncertainty calculator, covers NA setup
	0.5
	R
	
[image: image40.wmf]3


	1
	0.29

	16) Mismatch of  transmitter chain
	Taken in to account in NA  setup uncertainty 
	0
	U
	
[image: image41.wmf]2


	1
	0

	17) Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image42.wmf]3


	1
	0

	18) Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	R
	
[image: image43.wmf]3


	1
	0

	19) Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
	
[image: image44.wmf]3


	1
	0.17

	20) Influence of the probe antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image45.wmf]3


	1
	0

	21) Uncertainty of the absolute gain of the probe antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image46.wmf]3


	1
	0

	22) Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image47.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: image48.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
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	Expanded uncertainty (Confidence interval of 95 %)
	
	
	
[image: image50.wmf]c

e

u

u

96

,

1

=


	
	
	2.16


Table A.7: Example of uncertainty budget for TRP measurement, alternative test 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: image51.wmf]2


	1
	0.04

	2)
Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image52.wmf]3


	1
	0

	3)
Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image53.wmf]3


	1
	0

	4)
Absolute antenna gain of the fixed measurement antenna
	Systematic with Stage 2 (=> cancels)
	0
	R
	
[image: image54.wmf]3


	1
	0

	5)
Measurement Receiver: uncertainty of the absolute level
	Power Meter
	0.06
	R
	
[image: image55.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: image56.wmf]3


	1
	0.06

	8)
DUT Tx-power drift
	Drift
	0.2
	R
	
[image: image57.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: image58.wmf]3


	1
	0

	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
	
[image: image59.wmf]3


	1
	0.29

	c) Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image60.wmf]3


	1
	0.12

	10)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
	
[image: image61.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: image62.wmf]3


	1
	0.29

	12)
Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image63.wmf]2


	1
	0

	13)
Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image64.wmf]3


	1
	0

	14)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U
	
[image: image65.wmf]2


	1
	0

	15)
Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	R
	
[image: image66.wmf]3


	1
	0.17

	16)
Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image67.wmf]3


	1
	0

	17)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image68.wmf]3


	1
	0

	18)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image69.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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Table A.8. Example of uncertainty budget for TRS measurement, alternative test 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: image72.wmf]3


	1
	0

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


	1
	0

	4)
Absolute antenna gain of the fixed measurement 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)
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
	
[image: image77.wmf]3


	1
	0.06

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


	1
	0.12

	12)
 a) Uncertainty related to the use of SAM phantom: 
	Standard SAM with standard tissue simulant
	0
	R
	
[image: image79.wmf]3


	1
	0

	b) Simulated tissue liquid uncertainty
	Maximum allowed error
	0.5
	R
	
[image: image80.wmf]3


	1
	0.29

	c) Effect of DUT holder
	Fixed value
	0.2
	R
	
[image: image81.wmf]3


	1
	0.12

	13)
Repeatability
	Using the same setup and stirring sequence 
	0.4
	R
	
[image: image82.wmf]3


	1
	0.23

	STAGE 2 (Calibration)

	14)
Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	R
	
[image: image83.wmf]3


	1
	0.29

	15)
Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U
	
[image: image84.wmf]2


	1
	0

	16)
Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image85.wmf]3


	1
	0

	17)
Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	R
	
[image: image86.wmf]3


	1
	0

	18)
Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	R
	
[image: image87.wmf]3


	1
	0.17

	19)
Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image88.wmf]3


	1
	0

	20)
Uncertainty of the absolute gain of the fixed measurement antenna
	Systematic with Stage 1 (=> cancels)
	0
	R
	
[image: image89.wmf]3


	1
	0

	21)
Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	R
	
[image: image90.wmf]3


	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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--- Next changed section ---
Annex E (informative):
Alternative measurement technologies: reverberation chamber method

E.1
Reverberation chamber constraints

This section defines basic parameters of reverberation chambers for measurements of the radio performance of a 3G UE/MS.

The reverberation chambers [63] have for a couple of decades been used for some types of EMC measurements. A reverberation chamber is a metal cavity that is sufficiently large to support many resonant modes, and it is provided with means to stir the modes. The classical radiation efficiency characterizes the antenna performance in a uniform and isotropic multipath environment, and it is shown in [11] that this fastly and accurately can be measured in a small reverberation chamber. 
The reverberation chamber provides a simulated multipath environment with the same Rayleigh field statistics as actual multipath environments [16]. The environment is isotropic with a uniform elevation and azimuth distribution [64] and polarization imbalance, which could prevail in the reverberation chamber, can be removed [13]. This makes it a well-defined and repeatable environment for TRP testing of mobile terminals. 

In addition to the TRP testing of UE, the reverberation chamber can be used to measure the BER [65] and thereby also the TRS. In addition, it has been demonstrated that it can be used to measure the average fading sensitivity (AVF) [66], corresponding to performance in an environment that fades with a certain speed. 

Reverberation chambers can also be used for direct test of diversity antennas in multipath environment [67][68]. The effective, apparent or actual diversity gains can be determined directly from the statistical distribution of the received signal amplitudes [69]. It is also possible to test the complete active UE with its implemented diversity algorithm, as demonstrated for a DECT phone in [70]. 
The measurements in the reverberation chamber arefast and repeatable , provided the chambersutilize efficient stirring methods. The following sectionsdescribe how the reverberation chamber can be used for measurements of TRP and TRS.

E.1.1
Chamber size

The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. If the UE/MS is moved around in the chamber during the measurement, the volume of the reverberation chamber can be reduced [11]. Also, frequency stirring can be used to improve the accuracy, howeverthis will reduce the resolution of the results correspondingly[12].
E.1.2
Mode-stirring facilities

The reverberation chamber shall be equipped with mode-stirring in such a way that enough number of independent power samples can be achieved for the accuracy requirement stated in this standard to be fulfilled. Possible mode-stirring methods include platform stirring [11], polarization stirring [13], and mechanical stirring with fan-type stirrers, irregular shaped rotational stirrers, or plate-type stirrers. Also frequency stirring is possible if the type of measurement allows for a frequency-averaged value, but this is not necessary if the chamber is sufficiently large and well stirred. A schematic picture of the measurement setup is provided in Figure E.1.
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Figure E.1: Schematic picture of the reverberation chamber measurement setup. 


E.1.3
Loading of chamber with lossy objects

The reverberation chamber can be loaded with lossy objects in order to control the power delay profile in the chamber to some extent. However the reverberation chamber should not be loaded to such an extent that the mode statistics in the chamber are destroyed. It is important to keep the same amount of lossy objects in the chamber during calibration measurement and test measurement, in order not to change the average power transfer function between these two cases.

E.1.4
Polarization imbalance and receiving antennas

It is important that the statistical distribution of waves in the chamber corresponds to the chosen test environment. Present knowledge about reverberation chambers limits this to isotropic environments, i.e. the TRP and TRS parameters can be measured. Since the probability of each polarization is equal in the isotropic environment, a check of the polarization imbalance in the reverberation chamber must be done. 

The polarization imbalance can be obtained during the calibration measurement by measuring both when the calibration antenna is oriented for vertical polarization and when it is oriented for horizontal polarization. These two values shall differ by less than the specification in Table E.1. In order to obtain values for comparison with the results in the table, the reference levels shall be measured for both orientations of the calibration dipole at 8 different positions of the dipole inside the chamber. The average, standard deviation and maximum deviation shall be evaluated by comparing results for both polarizations over the whole set of 8 measurements. Alternatively, the levels for the two polarizations of the calibration antenna at 1 MHz intervals between 1900 MHz and 2200 MHz can be measured, and thereafter the average, standard deviation and maximum of the difference between the two sets of values over these frequency ranges are calculated. 

An effective way of avoiding polarization imbalance is to use polarization stirring, i.e. using three orthogonal linearly polarized receiving antennas. These three receiving antennas may be monopoles connected orthogonally to three different and orthogonal walls (including ceiling/floor) of the chamber.  The three antennas are below referred to as the three fixed wall mounted antennas.

Table E.1 Specifications of differences of measured reference levels in each frequency band between using vertically and horizontally polarized calibration dipoles.
	
	Maximum tolerable value

	Average
	0.2 dB

	Standard deviation
	0.5 dB

	Maximum
	1.0 dB


E.1.5
Shielding effectiveness

The shielding effectiveness of the chamber shall be as large as needed for the interference from other sources not to influence the measured parameters. This means that the requirements of the shielding is specific to each test site and may vary accordingly.

E.2
Reverberation chamber method
This section describes how TRP and TRS can be calculated from reverberation chamber data.
E.2.1 Measurement procedure – transmitter performance
The measurement of transmitter performance in the reverberation chamber is based on sampling the radiated power of the UE/MS for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the Total Radiated Power (TRP), and by calibrating the average power transfer function in the chamber, an absolute value of the TRP can be obtained.

Setupthe DUT by locating the head phantom and the UE/MS in one of the specified positions inside the chamber. It is important that the objects placed inside the chamber during DUT measurements are the same as those present during the calibration measurement.

Measure and save DUT radiated power levels for all the positions of the platform stirrer and mechanical stirrer and for all the frequency points used. Do this for each of the chamber’s fixed measurement antennas. Average the saved DUT power levels over all stirrer positions. Note that all averaging must be performed using linear power values (e.g measurements in Watts). Thus the following equation applies:
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where 
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 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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C

 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Annex B.2. 
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 is the average power measured by fixed measurement antenna n and can be calculated using the following expression:
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where 
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 is sample number m of the complex transfer function measured with fixed measurement antenna n and 
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 is the total number of samples measured for each fixed measurement antenna.

E.2.2
Measurement procedure – receiver performance
The DUT’sTRS can also be calculated from measurements made in a Rayleigh fading  three dimensional isotropic environment with uniform elevation and azimuth distribution. The calculation of TRS is in based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber. The power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER  level shall be averaged with other such measurements using different field combinations. By calibrating the average power transfer function, an absolute value of the TRS can be obtained when the linear values of all downlink power levels described above have been averaged. The following expression can be used to find the TRS.
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where 
[image: image105.wmf]n

ref

P

,

 is the reference power transfer function for fixed measurement antenna n, 
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 is the reflection coefficient for fixed measurement antenna n and 
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 is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Annex B.2. 
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where 
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 is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold. 
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 is the total number of values of the BER threshold power measured for each fixed measurement antenna.
E.3
Calibration of reverberation chamber

The purpose of calibration measurement is to determine the average power transfer function in the chamber, mismatch of the chamber’s fixed measurement antennas and path losses in cables connecting the power sampling instrument and the fixed measurement antennas. A Vector Network Analyzer (VNA) should be used for these measurements. Recommended calibration antennas are dipoles tuned to the frequency band of interest.

In general, the calibration of a reverberation chamber is performed in three steps: 

1) Measurement of  S-parameters through the reverberation chamber for a complete stirring sequence

2) Calculation of the chamber reference transfer function

3) Measurement of connecting cable insertion loss

If several setups are used (e.g. empty chamber, chamber with head phantom, etc.), steps 1 and 2 must be repeated for each configuration. The calibration measurement setup can be studied in Figure E.2.

[image: image112.png]Reverberation chamber

| Fixed measurementantenna
>4

o VNA calibration points

Vector network analyzer
/ Port 1 Port 2

Referenceantenna





Figure E.2 Calibration measurement setup in the reverberation chamber, using a vector network analyzer.

E.3.1
Measurement of  S-parameters through the chamber for a complete stirring sequence

i. This step will measure S-parameters through the reverberation chamber through a complete stirring sequence. This information is required to determine the chamber’s reference transfer function. The procedure must be performed separately for each measurement setup in which the loading of the chamber has been changed. The calibration procedure must be repeated for each frequency as defined above. Therefore, it is advantageous if the network analyzer can be set to a frequency sweep covering the defined frequencies, so that all frequencies of interest can be measured with a minimal number of measurement runs.
ii. Place all objects into the RC which will be used during TRP or TRS measurements, including a head phantom, hand phantom and fixture for the EUT. This ensures that the loss in the chamber, which determines the average power transfer level, is the same during both calibration and test measurements. Also, if the EUT is large or contains many antennas, it may represent a noticeable loading of the chamber. It should then be present in the chamber and turned on during the calibration.
iii. Place the calibration antenna inside the chamber. The calibration antenna is preferably mounted on a low-loss dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’s radiation efficiency and mismatch factor. The calibration antenna must  be placed in the chamber in such a way that it is far enough from any walls, mode-stirrers, head phantom, or other object, such that the environment for the calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough away” depends on the type of calibration antenna used. For low gain nearly omni-directional antennas like dipoles, it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths from reflective objects and 0.7 wavelengths from absorbing objects at the lowest operating frequency. More directive calibration antennas should be situated towards the center of the chamber. The calibration antenna should remain present in the chamber during the TRP/TRS measurements.
iv. Calibrate the network analyzer with a full 2-port calibration in such a way that the vector S-parameters between the ports of the fixed measurement antenna and the calibration antenna can be accurately measured.  Preferably, the network analyzer is set to perform a frequency sweep at each stirrer position. This will enable calibration of several frequency points during the same stirring sequence, thereby reducing calibration time. This will also enable frequency stirring, i.e., averaging the measured power transfer function over a small frequency bandwidth around each measured frequency point (moving frequency window). This will increase accuracy at the expense of frequency resolution.
v. Connect the antennas and measure the S-parameters for each fixed measurement antenna.
The number of stirrer positions in the chosen stirring sequence, i.e. the number of S-parameter samples at each frequency point, should be chosen in such a way that it is large enough to yield an acceptable statistical contribution to the total measurement uncertainty. As a guideline, the sample size should be larger than 100, preferably 200 or 400 to ensure that the number of independent samples is not severely limited by the total number of samples measured. The number of independent samples, which is a subset of all samples, determines the statistical contribution to the expanded accuracy (which is two times the standard deviation). This should be larger than 100 to ensure an expanded accuracy better than 1 dB. The number of independent samples depends on the operating frequency, volume of the chamber, efficacy of the chamber’s  stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used. 

The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a wide frequency band at the same time.

E.3.2
Calculation of the chamber reference transfer function

From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed antenna n can be calculated. The reflection coefficient for fixed antenna n can be calculated as
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Thus, the chamber reference transfer function can be calculated as
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where M is the total number of samples of the transfer function measured for each fixed measurement antenna and 
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 is sample number m of the transfer function for measurement antenna n. Moreover, 
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 is the complex average of the calibration antenna reflection coefficient. Finally, 
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 is the radiation efficiency of the calibration antenna.

Note that the radiation efficiency of the fixed antenna is not corrected for, because it will be the same both during calibration and measurements. Therefore the fixed antenna’s radiation efficiency  will not affect the final results. The same can be said about the mismatch factor of the fixed measurement antennas, but it is still advantageous to correct for this factor if frequency stirring is applied to improve accuracy.
E.3.3
Cable calibration

This measurement step will calibrate the power loss of the cable needed to connect the instrument used to measure the received power at the fixed measurement antenna during TRP measurements, and to generate the power radiated by the fixed antenna during TRS measurements. 

i. Disconnect the cables between the VNA and the chamber. 
ii. Connect the cables one-by-one between the two ports of the VNA. Note that VNA must be calibrated such that the reference plane corresponds to its own two ports.
iii. Measure the frequency response of the transmission S-parameter (
[image: image118.wmf]21
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 or 
[image: image119.wmf]12
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) of the cable.
iv. Save the power transfer values (
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) of the frequency response curve for the test frequencies.
















E.4
Estimation of measurement uncertainty

See Annex A.
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Annex F.A (informative):
Reverberation chamber specifications and validation method 

This Annex presents the specifications for the shielded reverberation chamber and the validation methods.

F.A.1
Shielded reverberation chamber specifications

Before measuring the test site characteristics in terms of stirring effectiveness etc., the shielding effectiveness of the metallic enclosure must first be measured.

To avoid environmental perturbations, the measurements must be performed in a shielded enclosure, preserved from electromagnetic disturbances coming from electromagnetic environment (Radio and TV broadcast, cellular, ISM equipment, etc…). It’s recommended to test the chamber’s shielding effectiveness according to the EN 50 147-1 standard in the frequency range of 700 MHz up to 4 GHz.

The recommended level of the shielding effectiveness is -100 dB from 700 MHz to 4 GHz.

F.A.2
Reverberation chamber statistical ripple and repeatability validation

The reverberation chamber is typically evaluated according to its isotropy level and ability to produce independent samples. The uncertainty due to chamber statistics is determined by repeated calibration measurements as described in Annex B.2. This uncertainty contribution is a composite value consisting of most of the specific reverberation chamber contributions, such as limited number of modes, K-factor, polarization imbalance and mode-stirring techniques.

The uncertainty contribution value shall be determined by repeated calibration measurements for nine different positions and orientations of the calibration antenna in order to determine the statistical variation as a function of frequency, or at least at the frequencies where the chamber shall be used. This uncertainty contribution value can be assumed to have a normal distribution.

The uncertainty will depend on chamber size, frequency, stirrer sequence, stirrer types and shapes, polarization stirring (if any), and the degree of chamber loading. All these factors must remain the same for all nine calibration measurements. The uncertainty will also depend on frequency stirring bandwidth (if any), but the effects of different amounts of frequency stirring can be studied with the same sets of calibration data as when no frequency stirring is applied.

The nine net average power transfer functions of all or some of the nine calibration configurations for each loading case shall be averaged to provide a good reference level. Frequency stirring can only be applied to improve the reference level. Therefore, the uncertainty shall be found by computing the average and standard deviation of the net average power transfer function of each of the nine reference (antenna) positions and orientations (without frequency stirring) around the reference level (which can be frequency stirred if it gives better overall accuracy).

The data obtained during these reference measurements can be used for analysis of the chamber’s systematic and deterministic contribution to S21. Such analysis can help determine possible uncertainty sources in chambers where the “chamber statistics” portion of the uncertainty analysis is too high to fulfil the total uncertainty criterion. The normalized standard deviation is calculated using the following expression:
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is the standard deviation of the power transfer function over T different calibration antenna positions. 
[image: image126.wmf]t

ref

P

,

 is the reference power transfer function for position t of the calibration antenna. The power transfer function for every calibration antenna position is further the average over the power transfer function 
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 for each fixed measurement antenna in the chamber defined in Annex B.2. Thus,
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where N is the total number of fixed measurement antennas. Moreover,
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This is the average power transfer function over the T calibration positions.
--- End of changes ---
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