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Introduction

TFES, has been made aware of the liaison statement on the topic of measurement uncertainties sent by ITU.

TFES is joint task force of two technical bodies within ETSI, TC ERM and TC MSG. The group is responsible for developing European Norms (ENs), intended to become Harmonized Standards
 under the R&TTE Directive of the European Union, for members of the IMT-2000 family.

The technical work of the group will be limited to Essential Requirements falling under Article 3.2 of the R&TTE Directive:

“radio equipment shall be so constructed that it effectively uses the spectrum allocated to terrestrial/space radio communication and orbital resources so as to avoid harmful interference”.

A number of ENs already published by ETSI, in view of “Harmonization” (see note 1) include a section on measurement uncertainties. TFES, according to its Terms of Reference, is now drafting similar documents covering IMT-2000 equipment. It is therefore considered useful to bring to your attention, the present situation, at the time when WP 8F is drafting the :

“WORKING DOCUMENT TOWARD PRELIMINARY DRAFT NEW RECOMMENDATION
HANDLING OF MEASUREMENT UNCERTAINTY FOR [THE TERRESTRIAL COMPONENT OF] IMT-2000“

Noting that WG 4 is currently addressing similar problems, TFES took the freedom of forwarding to you some further information.

Comments and historical background

The work in the area of measurement uncertainties and their application to standards has started in the very early days of ETSI (which is more than ten years ago).

At that time, a number of draft standards where already available and included limits.

The question was, therefore, at that time, how to interpret the measurement results, rather than how to establish the limit values for the measurement, one of the issues addressed in the present draft of the WP 8F PDNR.

Technical comments 

1/
The approach used by ETSI

The approach which has often been used by ETSI in its documentation is the “shared risk”.
In the shared risk approach, as understood by ETSI, the measurement uncertainty has to be evaluated by the testing laboratory. In order to support the evaluation of this measurement uncertainty, ETSI has published ETR 028. This document, besides a theoretical approach to the handling of measurement uncertainty, offers a variety of examples indicating how measurement uncertainties could be evaluated for a number of tests set up.

The basic approach of this method, is to give a maximum freedom to any particular implementation of the test set up (choice of the characteristics of each individual piece of test equipment) while ensuring that the measurement uncertainty itself is under control. Therefore, tests performed with different test equipment can be compared. 

ETR 028 also provides :

- an approach for the interpretation of the results,

- a table with maximum acceptable uncertainties for a number of usual (simple) measurements.

Following a significant amount of work in the area of radiated measurements, a new edition of ETR 028 is now being prepared, under the new ETSI deliverable designation : TR 100 028.

2/
Evaluation of the measurement uncertainties

In order to avoid major differences in the results of measurement performed by different laboratories on a same piece of equipment, a number of specifications available in Europe, up to the late 1980 ies would contain tables with requirements for the test equipment used.

However, this approach was found to be unnecessarily restrictive and binding, and a number of laboratories preferred to have a more flexible approach, while achieving the same targets.

A methodology was therefore developed by the industry at the turn of the 1990ies and can be found in ETR 028.

The basic principles are very simple :

a/
 an analysis of the measurement set up is made, in order to identify the various sources of uncertainties and the way in which they are combined ;

b/
the statistical properties of each source of uncertainty are evaluated (or derived from the manual of the corresponding piece of equipment) ;

c/
statistical properties of the complete measurement are finally calculated

As a result, the various laboratories are in a position to handle a certain “uncertainty budget” and can therefore allocate parts of it to the various sources of uncertainty as they find convenient in each particular test set up.

Furthermore, this approach allows to compare results of measurements performed in different laboratories and/or at different moments.

3/
The various measurement situations

In ETSI standards already published, two types of situation have been identified :

- “one-sided” limits (where a parameter has to be on one specified side of the limit value

e.g. Parameter < limit) ;

such a situation has been shown in the drawings included in the Annex to the draft recommendation.

- “two-sided” limits (where a parameter has to be within two values

i.e. lower limit < Parameter < upper limit) ;

this is usually the situation with regards to power, where the output power is expected to be

 P0 + x dB .

In this particular case, the measurement uncertainty has, in some ETSI Standards been taken into consideration in the specification of the limit.

Present status and examples

A number of ENs , candidates for Harmonization under the R&TTE Directive (the status sought by the outputs of the work of TFES) now include text such as :

Interpretation of the measurement results

The interpretation of the results recorded in a test report for the measurements described in the present document shall be as follows:

a)
the measured value related to the corresponding limit shall be used to decide whether an equipment meets the requirements of the EN;

b)
the actual measurement uncertainty of the test laboratory carrying out the measurements, for each particular measurement shall be included in the test report;

c)
the values of the actual measurement uncertainty shall be, for each measurement, equal to or lower than the figures given in clause 10 (absolute measurement uncertainties).

This method of interpretation has been used for all types of limits.

1/
“one-sided” limits
In the case of “one-sided” limits the text defining the limit value is quite strait forward, e.g.

the adjacent channel power shall not exceed a Value of 70,0 dB below the carrier power

2/
“two-sided” limits
Besides the general interpretation of results as given above, more sophisticated text has been used to express the limit itself :
Effective radiated power under normal test conditions

The maximum effective radiated power under normal test conditions shall be within df of the rated maximum effective radiated power (note : this is the value provided by the manufacturer).

The allowance for the characteristics of the equipment (±1,5 dB) shall be combined with the actual measurement uncertainty in order to provide df, as follows:


df2 = dm2 + de2;

where:

-
dm is the actual measurement uncertainty;

-
de is the allowance for the equipment (±1,5 dB);

-
df is the final difference.

All values shall be expressed in linear terms.

In all cases the actual measurement uncertainty shall comply with clause 10.

Example of the calculation of df:

-
dm 
= 6 dB (value acceptable, as indicated in the table of maximum uncertainties, table 8);



= 3,98 in linear terms;

-
de 
= 1,5 dB (fixed value for all equipment fulfilling the requirements of the present document);



= 1,41 in linear terms;

-
df2 
= [3,98]2 + [1,41]2;

therefore df = 4,22 in linear terms, or 6,25 dB.

This calculation shows that in this case df is in excess of 0,25 dB compared to dm, the actual measurement uncertainty (6 dB).

3/
For completeness, and in order to help the understanding of the above text, a table (“table 8” above) providing the maximum uncertainty values is also given here as an example (in many standards such a table will be found in Section 10) ; different parameters and values might be more appropriate for IMT-2000 :

Measurement uncertainty
Absolute measurement uncertainties: maximum values.

Valid up to …/… for the RF parameters unless otherwise stated.

RF frequency








<± 1 x 10‑7

Radiated RF power







<± 6 dB

Conducted RF power variations using a test fixture



<± 0,75 dB

Adjacent channel power






<± 5 dB

Sensitivity








<± 3 dB

Two‑signal measurement, valid to 4 GHz (using a test fixture)


<± 4 dB

Two-signal measurements using radiated fields (note 1)



<± 6 dB

Three‑signal measurement (using a test fixture)




<± 3 dB

Radiated emission of transmitter, valid to 12,75 GHz



<± 6 dB

Radiated emission of receiver, valid to 12,75 GHz



<± 6 dB

For the test methods, according to the present document, the measurement uncertainty figures shall be calculated in accordance with TR 100 028 and shall correspond to an expansion factor (coverage factor) k = 1,96 or k = 2 (which provide confidence levels of respectively 95% and 95,45% in the case where the distributions characterising the actual measurement uncertainties are normal (Gaussian)).

The maximum values of the absolute measurement uncertainties, given above, are based on such expansion factors.

The particular expansion factor used for the evaluation of the measurement uncertainty shall be stated.

Conclusion

TFES notes that the approach presented in this Liaison Statement has now been used successfully for many years, in particular for systems which had been designed to be used in a variety of countries. It is therefore expected that such as approach could be as successful for global and multi-regional systems.

It is hereby also noted that the freedom of choice of test equipment provided by the approach presented above has been fully appreciated.

� European Norms are standards which have completed an approval process involving public consultation. The term “Harmonized Standard” refers to the legal status of some ENs, and does not have any relationship to Harmonisation. References to Harmonized Standards are publish in the EU Official Journal.
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