TSG-RAN Working Group 4 Ad Hoc TEM01 meeting #1
R4T(00)0003
Edinburgh, Scotland, 9-10 August 2000


Agenda Item:
4
Source:
IFR

Title:
TEST SYSTEM VERSUS TEST EQUIPMENT MEASUREMENT UNCERTAINTY 

Document for:
Discussion
___________________________________________________________________________

Introduction

It is important to define the principles on which measurement uncertainties will be used before deriving and quoting potentially misleading values.

Background Assumptions

The specification TS25.141 v3.2.0 is currently written as “never fail a good DUT” which means that a bad DUT could pass with parameters up to 2 times the measurement uncertainty worse than the core specifications. 

Most other standards as pointed out by the ARIB proposal in Tdoc R4-000419 use “shared risk”. This means that a bad DUT could pass with parameters up to one measurement uncertainty worse than the core specifications. This is the approach taken in ETSI specs such as GSM and TETRA and is the method defined in ETSI Technical Report ETR 028, “Radio Equipment and Systems (RES); Uncertainties in the measurement of mobile radio equipment characteristics.” Appendix B of ETR 028 states “The measurement value related to the corresponding limit should be used to decide whether an equipment meets the requirements of the relevant standards.” GSM 11.10-1 states “This process is often referred to as shared risk.

Issues

Although it would seem preferable to use “shared risk” to be consistent with ARIB and ETSI, whether “shared risk” or “never fail a good UUT” is used it is necessary to quote maximum allowable measurement uncertainties.

For critical performance requirements, never pass a bad UUT would be preferred to be able to guarantee a level of performance. Alternatively a “shared risk” mechanism could be used but the core specifications would need to be tightened to guarantee the required level of performance. Whichever approach is used, the actual performance requirement for the communication system needs to be defined. The test limits and measurement uncertainties are then established for the equipment requirement and reasonably achievable design margins for the DUT. This implies a balance between communications system performance, design margins and test equipment uncertainty.

Section 4.1 of TS25.141 v3.2.0 states that the uncertainties apply to the test equipment only and do not include system effects due to mismatch between the DUT and the test equipment. Whilst this may make it easier for test equipment suppliers to define the uncertainties, the values will probably be misleading because they do not include total test system uncertainty from mismatch, combiner networks, cable insertion losses etc which will widen the uncertainties further. This similarly needs to be taken into account in clause 4.2 of TS25.141 v 3.2.0. which should refer to test system uncertainties not just test equipment uncertainties. A practical example of the effect of mismatch effects is given below.

Simple Example on Mismatch

This simple example examines the effect of mismatch on the receiver power level accuracy.

If we take a commercially available signal generator specification, then the power accuracy at 2.2GHz is quoted as being  ±0.9dB. The source VSWR is 1.9:1.

Typically this will be verified using a power meter.

At 2.2GHz, the power sensor has a match of 1.18 VSWR

The measurement uncertainty due to mismatch (expressed in dB) is 
10*Log (1± ρsρl)2
With a Source VSWR of 1.9:1 and a load (the power sensor) VSWR of 1.18:1 then this gives measurement uncertainties of +0.219dB/-0.225dB which are quite reasonable in the overall context of the signal generator accuracy of 0.9dB.

However if the same signal generator is then used to make a measurement on a receiver with an input match of 2.0:1 VSWR then the mismatch uncertainty alone is +0.855dB/-0.948dB.

There has been an increase of approximately 0.7dB in the mismatch uncertainty, and this is now of the same order of magnitude as the accuracy specification. It is no longer viable to claim that the device under test has been tested to the accuracy specification of the signal generator.

Conclusions

Before it is worthwhile defining measurement uncertainty values we must agree the principle of whether the uncertainties should apply to practical values for a test system not just the test equipment. (ETR 028 may be a useful reference for calculating these uncertainties coupled with practical experience from builders of conformance test systems)

Critical parameters must be identified. The uncertainties and limits are to meet the minimum acceptable values for these critical parameters must then defined in the light of acceptable design margins.

