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1 Background
In RAN4#74, it was proposed that reaching a common understanding on OTA requirements can be quicker if some understanding of the measurement uncertainty is shared. Some contributions on the topic were provided in RAN4#74 and further contributions in RAN4#74bis and RAN4#75. It can be expected that conformance requirements will be an increasing share WI work in the following meetings. This contribution suggests a method to approach the issue of determining test requirements for the conformance specification with regard to OTA requirements.
2 Introduction

The general approach for setting conformance requirements is to first agree on core requirements, and thereafter investigate how testing can be made of such requirements. The test requirements in the conformance specifications are generally the result of test tolerances applied to the core requirements.
The test tolerances are generally based on the measurement uncertainty of a prescribed test procedure. In order to find the test tolerances, it is this necessary to find the test uncertainties.
In the following, a general way for addressing measurement uncertainties of various test procedures is suggested.

3 Method Discussion
The OTA testing distinguishes itself from conducted testing by the substantially greater complexity. This is much related to the fact that conducted testing generally is applied per connector and hence can avoid multidimensional variations of the test setup that must be controlled.
OTA measurements for UE has initially reduced this complexity by the fact that the core requirements are related to the flux through an entire surface of a sphere, and thus in some sense remains one-dimensional, although three dimensional sampling is required for verification. Despite this fact, much can be learnt from the development of the UE OTA requirements.
 [1] provides a “walk through” of the first OTA conformance specification produced by 3GPP, [2], and compares it with what may be expected regarding the AAS BS OTA requirements.
Some commonalities that can be noted are:

· Multiple test methods will exist for each requirements

· Each test method will require its own test procedure.
It is important to note that the core requirements addressed with the test remains the same regardless of test method. It can also be noted that in the test requirements are the same. Whilst there may be tests procedures where the measured parameter implies the wanted parameter, the implication is always explicit, and thus the wanted parameter can always attributed with a measurement uncertainty. Hence it is safe to say that the practice of a common test requirement (potentially implicit in some cases) can be used also for AAS BS OTA conformance specifications.
· A single conformance requirement applies regardless of test procedure.

If the assumption that the test tolerances are based on the measurement uncertainties related to each measurement method, this leads to a common uncertainty requirement for all test methods/procedure addressing the same test requirement.

· Common test uncertainty requirements apply for all test methods addressing the same test requirement.
It is clear that different test methods cannot be expected to have identical uncertainty contributions. Hence there is a need to establish the total test uncertainty from different contributions. One method for this is prescribed in [2].
· A common way of establishing the uncertainty result from each test method’s individual budget is established.

· A common method of making an uncertainty budget (not a common uncertainty budget) is established.
The method of calculating the resulting uncertainty  in [2] is applicable if all contributions are small (fractions of dB), but this cannot be guaranteed for AAS BS conformance testing in general. Therefore, a more robust uncertainty calculation is proposed in the next clause of this document.

In, [2], two test methods are prescribed for each requirement. Each test method is provided with an uncertainty budget in the form of a list of contributions to the measurement uncertainty. It can be noted that different types of DUT are also given different uncertainty budgets as examples, without mentioning the test method applied. Whilst it is unclear what method is used, it illuminates the fact that different types of DUT will have different uncertainty for each test method. This is probably more pronounced for AAS BS, since the variation in size and shape can be expected to be greater than for a portable device. Each test method must therefore be described in such detail that its interaction with the DUT is captured. This is probably a bit beyond what has been done in [2].
· Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others must be in this list. The list of error contributions can be long.
Accompanied with the uncertainty contribution list in [2] are references describing each contribution in some detail. This practice is very useful, and needs to be enhanced so that each error contribution can be assessed properly. This is especially important for items that can take different values in a test facility/ test procedure for different DUT. This is done in [2] in a bit of ad hoc manner. The value of these assessments can be greatly improved if parameters describing the mechanism creating the error, the expected distribution of the error and how it interacts with properties of the DUT (like size, output power, or wavelength, etc.) are described in the assessment.
· Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 
The type of budget examples with values, provided in [2] can be useful also for AAS BS OTA testing. However, they should be clearer on the type of DUT and the type of test method/ procedure in each case. It must be clear that the figures are just examples and not generally applicable.
· Providing example uncertainty budgets will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.
[2] provides criteria for test facility specification and evaluation. This is probably a very complex task for AAS BS conformance testing facilities. It can be questioned whether it is meaningful to produce this, or whether individual protocols to be provided by the tester where the uncertainty for the combination of test facility and DUT is detailed in ways similar to the example budgets would be more rational.
· Each test may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested.

As can be seen from the above there is still a fair amount of work to be done to establish the test tolerances required to produce test requirements for the conformance specifications regarding OTA requirements.

TT can only be established after at least one test method per core requirement is investigated regarding uncertainty for a wider range of DUT varieties. A suitable task for the coming meetings would be to propose a range of AAS types that can represent the range of DUTs to be addressed for uncertainty calculations with the measurement methods proposed.
4 Measurement uncertainty estimate
The OTA measurement procedure can be considered to include two stages. In Stage M the actual measurement of the tested property of the Device Under Test (DUT) is performed. In Stage C the calibration of the absolute level of the DUT measurement results is performed. The calibration method can vary with the measurement method and the property measured, but many calibration methods comprise using a calibration antenna whose absolute gain/radiation efficiency is known at the frequencies of interest. The complete calibration is specific to each test facility.
The calculation of the uncertainty contribution is based on [3]. 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 C and Stage M and therefore cancel.

The procedure of forming the uncertainty budget in measurement is:

1) Compile lists of individual uncertainty contributions for measurement both in stage C and stage M
2) Omit the contributions in stage C and M respectively which cancel completely from the following steps. For contributions which cancel partially, the resulting uncertainty remainder is used below.
3)
Determine the standard uncertainty of each remaining contribution by

a)
Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)
b)
Determine whether the distribution is logarithmic or linear (lognormal or Gaussian, rectangular dB or rectangular linear parameter, etc.)
c)
Determining the maximum value of each uncertainty (unless the distributions is Gaussian or lognormal)

d)
Calculating the standard uncertainty by dividing the uncertainty by 
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 if the distribution is U-shaped, and by  if the distribution is rectangular.
4)
Combine all linear distribution uncertainties by the RSS method in linear scale. (Note that both calibration and actual measurement contribution are combined.)
5)
Convert the result from 3) into decibel.

6)
Combine the result from 4) and the logarithmic standard uncertainties by the RSS method.

7)
Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level.
5 Observations
· Linear distributions are treated as logarithmic distributions in [2] whereas they are here combined before conversion to logarithmic scale in the calculation of the resulting uncertainty.

· The end result uncertainty is lognormal in linear values (linear in dB) as in [2]. 

6 Conclusion
· Multiple test procedures will be supported
· Each test procedure requires its own error budget.

· Single conformance test requirement will be applied (per core requirement).

· Descriptions of the error contributors is extended compared to [2].

· Error budget calculation is altered compared to [2]

· Individual error budgets per measurement may be needed due to the interaction between the measurement facility and the DUT.

· Type devices for AAS BS should be defined for development of uncertainty budgets for different test methods, in order to establish TT.
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10
Conformance testing aspects

10.x 
OTA conformance test measurement uncertainty
The general approach for setting conformance requirements is to first agree on core requirements, and thereafter investigate how testing can be made of such requirements. The test requirements in the conformance specifications are generally the result of test tolerances applied to the core requirements.

The test tolerances are generally based on the measurement uncertainty of a prescribed test procedure. In order to find the test tolerances, it is this necessary to find the test uncertainties.

In the following, a general way for addressing measurement uncertainties of various test procedures is suggested.

· Multiple test methods may exist for each requirement
· Each test method will require its own test procedure.

· A single conformance requirement applies for each core requirement, regardless of test procedure.

· Common test uncertainty requirements apply for all test methods addressing the same test requirement.

· Common test tolerances apply for all test methods addressing the same test requirement.

· A common way of establishing the uncertainty result from each test method’s individual budget is established.

· A common method of making an uncertainty budget (not a common uncertainty budget) is established.

· Establish budget format examples for each addressed test method in the form of lists of uncertainty contributions. Contributions that may be negligible with some DUT and substantial with others must be in this list.

· Addressing each item in each uncertainty budget with respect to the expected distribution of the errors, the mechanism creating the error and how it interacts with properties of the DUT. 

· Providing example uncertainty budgets will be useful in order to demonstrate the way a budget should be defined and how calculating its resulting measurement uncertainty is done, but the figures used in the examples will clearly be only examples and not applicable in general.

· Each test instance may require an individual uncertainty budget applicable for the combination of the test facility, the DUT and the test procedure and property tested. Here, the tester demonstrates that the uncertainty requirement is fulfilled during the conformance testing.
10.x 
Calculation of resulting OTA uncertainty estimate
The OTA measurement procedure can be considered to include two stages. In Stage M the actual measurement of the tested property of the Device Under Test (DUT) is performed. In Stage C the calibration of the absolute level of the DUT measurement results is performed. The calibration method can vary with the measurement method and the property measured, but many calibration methods comprise using a calibration antenna whose absolute gain/radiation efficiency is known at the frequencies of interest. The complete calibration is specific to each test facility.
The calculation of the uncertainty contribution is based on [x]. 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 C and Stage M and therefore cancel.
Calculation of uncertainty budget result:
A list of uncertainties for each test method shall comprise uncertainty contributions from both the calibration of the test facility (stage C) (related to the measurement method and the DUT properties) and the conformance measurement itself (stage M).
The procedure of forming the uncertainty budget in measurement is:

1) Compile lists of individual uncertainty contributions for measurement both in stage C and stage M
2) Omit the contributions in stages C and M respectively which cancel completely from the following steps. For contributions which cancel partially, the resulting uncertainty remainder is used below.
3)
Determine the standard uncertainty of each remaining contribution by

a)
Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)
b)
Determine whether the distribution is logarithmic or linear (lognormal or Gaussian, rectangular dB or rectangular linear parameter, etc.)
c)
Determining the maximum value of each uncertainty (unless the distributions is Gaussian or lognormal)

d)
Calculating the standard uncertainty by dividing the uncertainty by 
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 if the distribution is U-shaped, and by 
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 if the distribution is rectangular.
4)
Combine all linear distribution uncertainties by the RSS method in linear scale. (Note that both calibration and actual measurement contribution are combined.)
5)
Convert the result from 3) into decibel.

6)
Combine the result from 4) and the logarithmic standard uncertainties by the RSS method.

7)
Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level.

