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During the last meetings of 3GPP
 TSG RAN and 3GPP TSG T the issue of regional regulatory testing of terminals and base stations was raised. 3GPP TSG RAN have discussed this issue and arrived at the following conclusion, which it believes is in line with the principle adopted by the ITU:

Global circulation and roaming are essential for IMT-2000 terminals. To make this possible some of the UE requirements and conformance test limits need to be the same regardless of the country of manufacture or sale.

3GPP is a specification generation body that has no mandate to discuss and solve regulatory issues, however 3GPP TSG RAN and 3GPP TSG T have been given the mandate by it’s organisation partners to generate conformance specifications for IMT-2000 technologies as specified within the 3GPP scope. 3GPP RAN and 3GPP T kindly suggests that ITU-R WP 8F discuss this issue at their next meeting, the following points may help that discussion.

3GPP conformance specifications TS25.141, TS25.142, TS34.121, and TS34.122, have been written to provide a single source for global test requirements. The ITU may want to provide guidance to the regulators around the world on the setting of the regional requirements.

3GPP TSG RAN and 3GPP TSG T observe that the ‘shared risk’ principle (see Annex) is in-line with a number of current regional regulatory principles. However the conformance specifications shall define, consistently with system performance requirements, the allowable tolerance for every test, including the measurement test bench uncertainty. The test requirements are becoming stable, however the achievable measurement uncertainties are still under discussion and conclusions are expected to be reached by the next 3GPP plenary meetings in September 2000.

The aforementioned conformance specifications are the ones ITU-R WP 8F should refer to in order to provide regulators a basis on issues related to global circulation of equipment.
3GPP TSG RAN and 3GPP TSG T wish to thank ITU WP 8F in advance for considering this issue. If further clarification or information is required 3GPP would be glad to provide further guidance.

Annex:
1

ANNEX

Impact of measurement uncertainty on the distribution of equipment performance’,
Agilent Technologies*
Introduction

This paper is intended as technical background information to be used by TSG RAN WG 4 towards an understanding of the impact of measurement uncertainty on equipment performance.

Firstly, this paper will discuss conformance test limits in terms of their influence on the distribution of actual equipment performance prior to testing. Secondly, the effect that an uncertain measurement process has on the observation or measurement of the actual distribution is considered. Thirdly, three test philosophies for calculating test limits are analyzed (consumer risk, shared risk and supplier risk). The effect that each approach has on the distribution of equipment deemed to have passed the test is then derived. Finally a comparison of the three test philosophies is made and a proposal based on either shared risk or consumer risk is offered.

It is hoped that this contribution will help clarify the key drivers that define the performance variation of equipment that passes conformance tests. This understanding will help ensure that conformance limits and test philosophies are chosen to ensure the network is not over or under specified.

This paper uses two-sided limits as examples; however, the principles apply also to single-sided limits.

Conformance limits and their influence on equipment design

The standard method for specifying a two-sided conformance limit is to define the nominal, upper and lower limits. For example: 23 dBm +/- 1 dB. This range is considered absolute although occasionally a confidence level is also stated e.g. 23 dBm +/- 1 dB with 95% confidence. The latter specification intends that 95% of actual performance should lie within the specified range. The confidence level can also be specified in terms of standard deviation about the nominal value provided the distribution is gaussian. It is easy to specify limits with confidence levels, but much harder to develop statistically satisfactory tests that ensure conformance. For simplicity, this paper will assume the simpler conformance limit, which implies 100% confidence.

The nominal conformance limit (and associated upper and lower limits) is the primary target used for equipment design and implementation. If the actual performance of a large sample of equipment were plotted against the nominal limit, a graph not unlike Figure 1 would be expected.
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Figure 1

Actual equipment performance

The majority of the equipments have a performance that is centered on the nominal value, and in this case having a normal distribution centered on the nominal value. It is not possible at this stage to predict what percentage of the population of equipment falls inside the upper and lower limits.

For a well-behaved design, it would be expected that a very large proportion of the population would lie inside the limits - perhaps 99.9% (+/- 3 sigma) or even greater. This case may also hold if the specification is particularly easy to meet, or because the limits have been set particularly wide, as the parameter is not critical to system performance.

The opposite case is true for badly designed or implemented equipment where a much smaller percentage of the population lies within the limits, perhaps 95% (+/- 2 sigma) or less. This case may also hold if the specification is very hard to meet, or the limits have been set too narrowly based on over-optimistic implementation margins.

The key point at this stage in the discussion is that although it exists, the distribution of performance is not yet known – this is the purpose of the next step where the actual performance is observed using measurement.

Observing actual performance using a measurement process with known uncertainty

In order to turn the actual performance in Figure 1 into something that is known the actual performance of each equipment is “observed” using a measurement process. Unfortunately, the measurement process is not perfect, and the effect of this results in measured results that are spread wider than the actual performance. The amount of spreading depends on the measurement uncertainty. The uncertainty of the measurement process is usually defined in terms of an upper and lower limit around the actual value with 95% confidence. I.e. for 95% of results, actual_value – lower_limit < result <  actual_value+higher_limit.

The effect of applying the measurement distribution to the actual distribution is like sweeping the measurement distribution across the actual distribution. This results in the creation of the observed performance distribution, which is an estimate of the actual distribution. The amount by which the observed distribution differs from the actual distribution depends entirely on the ratio 

(conformance_upper_limit – conformance_lower_limit)

____________________________________________

(measurement_upper_limit – measurement_lower_limit)

Figure 2 shows a 2-sigma measurement uncertainty distribution. The upper and lower limits for 95% have been chosen such that the above ratio is 50%. I.e., the measurement tolerance is half the size of the conformance limit. This is a rather extreme example, but is used for ease of illustration.
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Figure 2

Measurement uncertainty (2 sigma limits)

Applying the measurement uncertainty of Figure 2 to the actual distribution of Figure 1 results in the new wider and flatter distribution of Figure 3. Note that the total area under the curve remains the same for both the actual and measured distributions.
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Figure 3

Measured performance

The main observation from Figure 3 is that since the measured distribution is wider, a lower percentage of the equipment is seen to fall within the original conformance limit. In addition, it can be concluded that the measurement uncertainty will have misreported equipment whose actual performance was near the upper or lower limits. Some equipment that was actually just inside the conformance limit will be measured as being outside, and, the smaller quantity of equipment just outside the limits will be measured as being inside the limits.

The obvious conclusion from the above is that the ratio between measurement uncertainty and conformance upper and lower limits should be kept as small as possible.

Calculating test limits – three different approaches
The final step in the process is deciding if particular equipment meets the specified criteria. In order to make a decision; the measured value has to be compared against a test limit. There are three main ways of calculating test limits from conformance limits and measurement uncertainty.

Supplier Risk (Never pass a bad DUT)

The first approach calculates test limits by narrowing the conformance limits by the measurement uncertainty. This is the most conservative of the three approaches, and it guarantees that only equipment with an actual performance inside the original conformance limits will pass. The percentage of equipment that passes will always be slightly less than the percentage that actually meets the conformance limits. Just how much less depends on the ratio of measurement uncertainty to conformance limits.

The term Supplier Risk conveys that it is the supplier of the equipment that accepts responsibility to guarantee performance. An attribute of this approach is that if the same equipment is re-measured with different measurement equipment that has the same measurement uncertainty, the DUT will always pass. Supplier Risk is not often used as a method for end-user equipment, but it is the de-facto standard for the specification of measurement equipment as it is the only one of the three methods that guarantees a distribution. Figure 4 shows where the Supplier Risk limits would be set.

Figure 4
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Consumer Risk (Never fail a good DUT)

The opposite of Supplier Risk is Consumer Risk. In this case, the test limits are calculated from the conformance limits by widening the conformance limits by the measurement uncertainty. This is the least conservative of the three approaches, and it results in some proportion of equipment with an actual performance outside the original conformance limits being passed. As a result, the percentage of equipment that passes will always be slightly greater than the percentage that actually meets the conformance limits. Just how much more depends on the ratio of measurement uncertainty to conformance limits.

The term Consumer Risk conveys that it is the consumer of the equipment that accepts the risk that the performance may be outside the conformance limit. An attribute of this approach is that if the same equipment is re-measured with different measurement equipment that has the same measurement uncertainty, the test result may be different which can lead to finger-pointing. Figure 4 shows where the Consumer Risk limits would be set.

Shared Risk

The second approach calculates the test limits by simply adopting the conformance limits without change. The effect of measurement uncertainty is therefore ignored. However, this does not mean that the measurement uncertainty is unimportant since its value directly effects the number of false fails and false passes. A false fail refers to equipment whose actual performance lies close to but still inside the conformance limits, but due to measurement uncertainty, is reported as lying outside the conformance limits. The opposite case of false fails occurs when equipment that is actually outside the conformance limit but due to measurement uncertainty is reported as lying inside the conformance limits. Clearly, the lower the measurement uncertainty, the fewer false passes and false fails.

The term Shared Risk comes from the fact that there is a sharing of risk between supplier and consumer. For a typical Gaussian distribution of equipment performance, the percentage of equipment that passes will be very slightly lower than the percentage that actually met the conformance limit. This is due to their being a slightly larger number of false fails than false passes since the distribution of performance around the conformance limits is dropping off.

So which is the best approach?

Unfortunately, there is no right answer, as this depends on the environment the equipment is being used in. For example, when the environment is unknown, i.e. the supplier of equipment does not know the purpose for which it is being used, the safest approach is to adopt Supplier Risk. This is standard practice in the world of metrology that relies on Supplier Risk equipment specifications to provide traceability to industry standards.

The environment in which 3GPP is operating is one where we are effectively in control of all the factors that contribute to the distribution of equipment performance necessary to support an effective radio network. The key factors relevant to this performance distribution are:

1)
Conformance limits

2)
Measurement equipment uncertainty

3)
Test limits

Since we are fortunate to control all three, we are also at liberty to share out the budget of uncertainty and implementation margins in any way we choose. For example:

Scenario 1.
When drafting the core requirements, allowance is made (implicitly or explicitly) for measurement uncertainty. This implies conformance limits have already been relaxed, so are the same as the test limits. By definition, this is Shared Risk.

Scenario 2.
When drafting the core requirements, system performance relies on the population of equipment falling inside the conformance limits. This implies that test limits need to be set inside the conformance limits to allow for measurement uncertainty. By definition, this is Supplier Risk.

Scenario 3.
When drafting the core requirements, measurement uncertainty was not considered. In this case it is necessary to retrospectively decide if system performance is significantly influenced by the population of equipment being inside, around, or outside the conformance limits. Depending on the answer, any one of the three risk approaches is the correct answer.

Equipment distribution not centred on the nominal value

A non-obvious attribute of the different risk approaches is the extent to which they may be vulnerable from equipment performance not being centered on the nominal value. For the case of Supplier Risk, where the application is not known, there is no advantage to be had by being either high or low in the distribution and the best performance should result from centralized distributions.

In the case of Shared Risk, there is some scope for offsetting performance within the conformance limit, provided the implementation margin of the equipment is better than originally planned in the core requirements. The effect of this on system performance for e.g. maximum power should not be ignored.

Finally, Consumer Risk offers the most scope for offsetting performance, since not only is any excess equipment implementation margin available, so is any excess measurement equipment margin obtained by using measurement equipment that significantly exceeds the allowed uncertainty.

Conclusion and proposal

The “right” answer for 3GPP with regard to deciding on the test philosophy to use depends on the assumptions made at the time the core requirements were drafted. But the most important factor is probably to determine the extent to which the performance (capacity, cost etc.) of the system is affected by having equipment performance be guaranteed to be inside conformance limits, be “around” conformance limits, or be relaxed from conformance limits.

For the purposes of “harmony” with the test methods of other major standards, and while we still control all three pieces of the equipment performance distribution puzzle, the best solution is probably to adopt Shared Risk as a test method. This may require that some conformance limits need to be relaxed where they are deemed to be unnecessarily tight for optimum system performance.

An alternative to this - which would theoretically produce an identical system performance - would be to back off any existing allowance for measurement uncertainty from the conformance limits and add this back in the form of relaxed test limits. This would then result in a Consumer Risk approach. All else being equal, there are two drawbacks to this approach. Firstly, Consumer Risk is non-standard within the industry and may cause regulatory problems or misinterpretation in some countries. Secondly, in the future there will be increased opportunity to abuse implementation margins and skew performance when network equipment and measurement equipment matures and no longer requires the original margins built into the standard.

Finally, the 3GPP standard specifies measurement equipment uncertainty in terms of a known distribution (tolerance with 95% confidence). So the measurement equipment suppliers have to use Supplier Risk in their own test process, since this is the only method that results in a guaranteed distribution.

_________________
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* 	This contribution was developed in 3GPP TSG RAN.


� 	For further details about 3GPP, see � HYPERLINK "http://www.3GPP.org" ��www.3GPP.org�.





* 	(3GPP RAN WG 4 Document R4-000499.
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