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1. Introduction

Currently two new OTA requirements have been identified for AAS base stations; Radiated transmit power and OTA sensitivity. It is therefore important to discuss how OTA testing shall be captured in the 3GPP specification framework. It is suggested to keep RF core requirements and conformance testing in two separate documents. The main reason for that is that it is reasonable to believe that the conformance specification will be large, a comparison with work done for UE OTA testing can be found in TS 34.114 which indicates the need for a separate conformance test specification for AAS BS. Also, having separate specifications for RF core and conformance testing is the practice used for the existing BS/UE specifications. 
At the RAN4 meeting in Beijing (RAN4#76) a way forward for AAS conformance testing was agreed in [1].

This contribution elaborates around how background information shall be captured in section 10 in TR 37.842 making it easy to develop the AAS base station conformance test specification. At the end of this contribution a text proposal for section 10 of TR 37.842 is prepared. The text proposal introduces sub-sections required to continue the work according agreed way forward.
2. Discussion

In the AAS SI several test methods was proposed. The list of potential test methods is captured in section 8 of TR 37.840 [2]. The discussion have progressed since the SI, currently there are two main test method candidates for OTA testing; Near-field scanner [3] and far-field in a compact antenna test range (CATR) [4]. Is shall be noted that other methods is not excluded, therefore a framework which can handle multiple test methods per test requirement needs to be developed. An essential part of the framework is the measurement uncertainty estimation required for each test method.
In the agreed way forward the directive for the test method framework can be concluded as:

1.
Multiple test methods may exist for each requirement.

2.
Each test method will require its own test procedure.

3.
A single conformance requirement applies for each core requirement, regardless of test procedure.

4.
Common maximum accepted test system uncertainty applies for all test methods addressing the same test requirement. Test methods producing significantly worse uncertainty than others at comparable cost shall not impact the common maximum accepted test system uncertainty assessment.

5.
Common test tolerances apply for all test methods addressing the same test requirement.

6.
A common way of establishing the uncertainty result from all test methods’ individual budgets is established.

7.
A common method of making an uncertainty budget (not a common uncertainty budget) is established.

8.
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. For each combination of measurement method and test parameter (EIRP or EIS) develop a list with measurement uncertainties.

9.
Describe potential OTA test methods relevant for testing radiated transmit power and OTA sensitivity. The description requires information about the test range architecture and test procedure. 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. 

10.
Providing example uncertainty budgets in the TS 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.

11.
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.

It is clear that RAN4 can and should not find one test method and mandate that method to be used for all requirements. Instead a framework allowing multiple test methods per requirement to be used should be developed. A test requirement is derived from the RF core requirement via a test tolerance. The test tolerance is harmonized with acceptable measurement uncertainty determined of what OTA methods can achieve. This means that for each test method to be accepted a measurement uncertainty estimation holding a budget and total expanded uncertainty must be determined.  
To establish this framework a method of evaluating measurement uncertainty of each OTA test method is a crucial part of the work needed when developing the conformance test specification. In earlier contributions [4, 5] a framework for calculating the expanded measurement uncertainty for EIRP as part of radiated transmit power and EIS as part of OTA sensitivity have been presented. A consequence is that for each combination of requirement and test method and measurement uncertainty budget calculation is required, as showed in Figure 2-1.
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Figure 2-1: Conformance test framework
Also is can be noted that a test method may be capable handling multiple test requirements, while other test methods may only work for individual test requirements.  

In [5] it was suggested, that for each requirement a set of different test methods can be captured in the AAS base station conformance test specification. As a minimum for each test method a description, test procedure and uncertainty estimation should be captured. This concept does not mandate that DL and UL characteristics are tested with the same test method as showed in an example in Figure 2-1. Different test methods will have different capabilities of capturing AAS requirements [6]. This means that the section structure may support that a method only could be used for one requirement, as visualized in Figure 2-2.
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Figure 2-2: Requirement to test method mapping
It is reasonable to believe that the uncertainty estimation will be unique for each combination of test requirement and test method, meaning that there should be a structure supporting unique measurement uncertainty estimation per test method and test requirement.
It is suggested to focus section 10 of TR 37.842 on new OTA requirements, since they are new for RAN4. Aspects related to testing of conducted requirement are known and can be kept together with individual requirement if necessary, typically in section 8. There is only a need to re-examine conducted conformance test aspects if something has changed. It is suggested to capture test methods for respective requirement using the following structure of section 10 of TR 37.842. For each requirement sub-sections for different test methods can be captured. This approach allows for multiple test methods to be specified per test requirement. Sub-section each test method capturing: Description, Procedure and Uncertainty estimation is required. 

A general sub-section is added to capture the general measurement uncertainty calculation principle, which is common for all test methods.
Draft section 10:
10
Conformance testing aspects

This section focus on conformance testing aspects related to OTA testing of AAS base stations.

10.1
General

This sub-section captures the measurement uncertainty calculation principle, e.g.:

 The measurement procedure required to capture radiated characteristics, can be considered to include two stages. In stage 1 the actual measurement is performed. In stage 2 the calibration of the absolute levels of the test object measurement results is performance using a calibration antenna whose absolute gain is known at the frequencies of interest. The maximum acceptable uncertainty of the test system is specified for each test (e.g. EIRP, EIS, etc). The test system shall enable test to be measured with an uncertainty not exceeding the specified values. All uncertainties are absolute values and are valid for a confidence level of 95%.

The procedure of forming the uncertainty budget for an OTA test method can be described as:

1. Compile a list of individual uncertainty contribution for both stage 1 and stage 2.

2. Determine the standard uncertainty contribution by:

a. Determining the distribution of the uncertainty contribution (Gaussian, U-shaped, rectangular, etc.)

b. Determining the maximum value of each uncertainty (unless the distribution is Gaussian)

c. 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.

3. Combine all the standard uncertainties by 
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4. Combing the total uncertainty in Stage 1 and Stage 2 by 
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5. Convert the units into decibels.

6. Multiply the result by an expansion factor of 1.96 to derive the expanded uncertainty at 95% confidence level: 
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10.2
Radiated transmit power

This sub-section captures how the radiated transmit power test requirement is derived.  The test requirement is derived based on manufacturer declared EIRP per beam and EIRP test tolerance as described in an earlier contribution [].
10.2.1
Near-Field scanner

This sub-section describes the Near-Field scanner test method.
10.2.1.1
Procedure

This sub-section describes the test procedure including calibration, measurement, Near-Field-to-Far-Field transformation and other information unique for the test method.

10.2.1.2
Uncertainty estimation

This sub-section holds the uncertainty estimation related to radiated transmit power and Near-Field scanner testing. The estimation shall be based on uncertainty contribution relevant for testing EIRP using a Near-Field scanner based test method.
10.2.2
Compact antenna test range
This sub-section describes the Compact Antenna Test Range (CATR) method configured for EIRP testing.
10.2.2.1
Procedure
This sub-section describes the test procedure including calibration, measurement and other information unique for the test method.
10.2.2.2
Uncertainty estimation
This sub-section holds the uncertainty estimation related to radiated transmit power and CATR testing. The estimation shall be based on uncertainty contribution relevant for testing EIRP using a CATR based test method.
10.3
OTA sensitivity
This sub-section captures how the OTA sensitivity test requirement is derived.  The test requirement is derived based on manufacturer declared EIS and/or specified EIS level and EIS test tolerance as described in an earlier contribution [].
10.3.1
Compact antenna test range
This sub-section describes the Compact Antenna Test Range (CATR) method configured for EIS testing.
10.3.1.2
Procedure
This sub-section describes the test procedure including calibration, measurement and other information unique for the test method.
10.3.1.3
Uncertainty estimation
This sub-section holds the uncertainty estimation related to OTA sensitivity and CATR testing. The estimation shall be based on uncertainty contribution relevant for testing EIS using a CATR based test method.

The presented structure above allows the test method for respective test requirement be described separately. A specific test method does not need to be applicable for all requirements, as shown in the structure above.

Compared to the structure presented in [7], this structure is compact with a reasonable structure depth.
3. Conclusion

Before capturing background information in TR 37.842 section 10 a proper structure is required. Even though conducted test requirements still remains for AAS base stations it is suggested to focus on OTA testing in section 10. The conducted test requirements and aspects related to conformance testing can be captured in section 8, since it is expected that the conducted testing will remain as for non-AAS base stations with some additions.
This contribution describes how section 10 of TR 37.842 can be structured to capture general measurement uncertainty principles and multiple test methods per test requirement. Each test method is described per test requirement including test procedure and measurement uncertainty estimation.

Influenced by the agreed way forward for AAS base station conformance testing a text proposal adding second level of sub-section into section 10 of TR 37.842 was created. 

It is suggested to start with second level allowing RAN4 to include background information relevant for conformance testing in TR 37.842.
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