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＜Start of Modification＞
Annex E (normative):
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  [4].

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 E.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. 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.

The procedure of forming the uncertainty budget in TRP measurement is:
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: image1.wmf]2

 if the distribution is U-shaped, and by 
[image: image2.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: image3.wmf]2
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6)
Multiply the result by an expansion factor of 1.64 to derive expanded uncertainty at 95% confidence level: 1.64 * 
[image: image4.wmf]c
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Example uncertainty budgets are presented in Tables E.5 and E.6.

Table E.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)
	E.1-E.2

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

	3)
Influence of the probe antenna cable
	E.6

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

	5)
Measurement Receiver: uncertainty of the absolute level
	E.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
	E.9

	7)
Quality of quiet zone
	E.10

	8)
DUT Tx-power drift
	E.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
	E.12

	10)
Coarse sampling grid
	E.13

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

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

	12)
Uncertainty of network analyzer
	E.15

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

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

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

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

	17)
Influence of the probe antenna cable
	E.6

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

	19)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	E.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
	E.9

	21)
Quality of quiet zone
	E.10


Table E.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) 
	E.1-E.2

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

	3)
Influence of the probe antenna cable
	E.6

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

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

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

	7)
Statistical uncertainty of BER measurement
	E.19

	8)
BER data rate normalization
	E.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
	E.9

	10)
Quality of quiet zone 
	E.10

	11)
DUT sensitivity drift
	E.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
	E.12

	13)
Coarse sampling grid
	E.13

	14)
Random uncertainty (repeatability)


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

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

	15)
Uncertainty of network analyzer 
	E.15

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

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

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

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

	20)
Influence of the probe antenna cable
	E.6

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

	22)
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	E.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
	E.9

	24)
Quality of quiet zone
	E.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 E.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
	E.22

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

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

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

	5)
Signal generator: output level stability
	E.24

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

	7)
Influence of the probe antenna cable
	E.6

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

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

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

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

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

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

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

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

	16)
Uncertainty of the absolute gain of the calibration antenna
	E.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
	E.9

	17)
Quality of quiet zone
	E.10


＜End of Modification＞
�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.


�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything, i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.  It consists of at least four digits, padded with leading zeros if necessary.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR was written and (normally) to which it will be applied if it is approved. Make sure that the latest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to � HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm" ��� � HYPERLINK "http://www.3gpp.org/specs/specs.htm" ��http://www.3gpp.org/specs/specs.htm�.


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark one or more of the boxes with an X.


�PAGE \# "'Page: '#'�'"  �� SIM / USIM / ISIM applications.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line, but if this is not possible, do not enter hard new-line characters.  Do not use redundant information such as "Change Request number xxx to 3GPP TS xx.xxx".


One or more organizations (3GPP Individual Members) which drafted the CR and are presenting it to the Working Group.


For CRs agreed at Working Group level, the identity of the WG.  Use the format "xn" where �	x = "C" for TSG CT, "R" for TSG RAN, "S" for TSG SA, "G" for TSG GERAN; �PAGE \# "'Page: '#'�'"  ���	n = digit identifying the Working Group; for CRs drafted during the TSG meeting itself, use "P". �Examples: "C4", "R5", "G3new", "SP".


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, A, B & C CRs for Release 4 and later. A list of work item acronyms can be found in the 3GPP work plan. See �� HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm" ��http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm�.


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.  Format to be interpretable by English version of MS Windows ® applications, e.g. 19/02/2006.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed. For more detailed help on interpreting these categories, see Technical Report �HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/21900.htm"��21.900� "TSG working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change, i.e. how the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR were to be rejected. It is mandatory to complete this section only if the CR is of category "F" (i.e. correction), though it may well be useful for other categories.


�PAGE \# "'Page: '#'�'"  �� Enter the number of each clause which contains changes.   Be as specific as possible (i.e. list each subclause, not just the umbrella clause).


�PAGE \# "'Page: '#'�'"  �� Tick "yes" box if any other specifications are affected by this change.  Else tick "no".  You MUST fill in one or the other.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected or the CRs which are linked.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.





