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1.
Introduction

In recent RAN4 meetings, test methods have been discussed extensively. Many different types of test methods have been presented for discussion. This contribution presents a summarized overview of available test methods for capturing AAS RF performance in time, frequency and space. 
This text proposal presents a list of methods applicable for testing an AAS BS with respect to defined performance requirements. The text proposal will not favor any specific method or methods. 
2. Discussion
In the work going on in the SI “Study of RF and EMC requirements for Active Antenna System (AAS)” several test methods for capturing spatial performance have been brought up for discussion [1, 2, 3, 7, 8, 10]. This paper will categorize and list all available methods and add a table into the TR 37.840, as presented in [8].
All test methods have their merits in terms of complexity, test time, measurement accuracy repeatability, product impact, and asset investment cost.
A conductive test is simple since no anechoic chamber are required, one the other hand a OTA measurement will capture all spatial characteristics of an AAS. 
Based on specific requirement an appropriate measurement method should be selected to verify the requirement maintaining criteria’s for accuracy and repeatability. 
2.1 Test methods
The test methods are mainly divided into two main categories: conductive test and OTA test.

Measurement methods combining conductive testing and OTA testing may exist [1].
A method for capturing unwanted emission must support testing over the whole frequency range (e.g. 9 kHz to 12.75 GHz, even if only CATA/CATB requirements apply). All methods must support all applicable UTRA and E-UTRA bands for collocation and coexistence measurements. 
2.1.1
Conductive test
All conductive based test methods require access to available RF ports. Two main variants of conductive measurement methods are known: Individual port test and Simultaneous multi-port test.
2.1.1.1 Individual port test
This method is based on conducted measurements performed on each single transceiver port in the AAS BS. 

Assumptions regarding coherent versus non-coherent combining of signals, uniformity of gain across the array, are required for this method, as described in [11]. 
The measurement accuracy of this measurement method relies heavily on the array configuration assumptions.
AAS RF requirements need to be strengthened depending on array configuration. The model for this should be determined by OTA evaluations to reflect spatial effects of the antenna array.

2.1.1.2 Simultaneous multi-port test
The result from this method is based on signal information to/from all transceiver ports of the AAS BS. The signal combinations can be performed passively with phase shifters and a RF-combiner/splitter or digitally in a multi-port signal acquisition/processing test equipment. 
If a passive network is used the combined signal is connected to a measurement receiver or a signal generator. 

The output from this method is relying on an array assumption including parameters such as array geometry, element coupling and element characteristics. 

This method will capture some spatial properties, such as antenna pattern and beam steering. But it will not include distortions related to the antenna element it self, such as element coupling and RF interference generated by the AAS BS it self.
2.1.2 OTA
This test method is based on near-field or far-field measurements performed on a complete AAS BS. 
2.1.2.1 Far-field test

The method will capture overall performance without introducing insertion loss uncertainties for connectors and cables. 

Far-field OTA testing gives the full picture of the spatial characteristics of the DUT. 

All conductive transceiver RF requirements can be translated to corresponding OTA requirement measuring EIRP/EIRS. 
The OTA test method does not require physical access to any RF ports/connectors.
2.1.2.2 Near-field simultaneous multi-port test “Test-hat”

The RF test-hat is a near-field array placed just in front of the DUT. This method requires that the test-hat is self is matched to the DUT size. Since the near-field is coupled to the test antenna it is crucial to place the test-hat in a correct position aligned against the DUT antenna elements at a predefined distance. The measurement accuracy will be determined by the coupling between DUT element and test hat element and the ability to suppress coupling effects caused by the test hat it self.
3.
Conclusion
Test methods for AAS BS were discussed in many contributions. These test methods are mainly divided into two basic aspects: conductive test and OTA test. Both conductive test and OTA test have their benefits and drawbacks. There has also been discussion to adopt requirements based approach were possibly testing approach should be considered per requirement basis. Using the conductive test is simple since there is no need to map far-field requirements onto individual ports. On the other hand far-field requirements may more correctly capture overall performance including spatial characteristics which is an essential part of AAS.
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<Text to be added> 
8.1 Comparison of different test methods

Test methods are mainly divided into two aspects: conductive test and OTA test. Both conductive test and OTA test have their advantages and disadvantages. Using the conductive test is simple since there is no need to map far-field requirements onto individual ports. On the other hand far-field requirements may more correctly capture the overall performance including spatial characteristics which is an essential part of AAS. Table 8.1-1 compare the test methods applicable for AAS RF performance measurement with respect to advantages and disadvantages. 













Table 8.1-1 AAS BS test methods.

	Method
	Advantage
	Disadvantage

	Individual port test
	1. Simple method that could be used to course estimate spatial performance through an antenna model assumption.

2. Straight-forward comparison of test results with existing requirements.
	1. This method will not capture spatial performance associated to the physical antenna array.

2. Certain assumptions regarding coherent vs. non-coherent combining of certain types of signals, uniformity of gain across the array elements, etc., must be assumed when using this method. The method relies heavily on assumptions within the calculation and brings great errors. 
3. Influence of self-inference coupled to the antenna is not captures.

	Simultaneous multi-port test
	1. The method is described to some extent in TS 36.104 and TS 36.141.
2. The method can be designed to include gain and phase offset taps to emulate the intended tapering and beam steering for the antenna array.
	1. This method will not capture spatial performance associated to the physical antenna array.
2. A passive RF network will introduce loss caused by the combiner and phase shifters.
3. FCC publication 662911 D01 has stated an FCC position to disallow the use of combiners for testing in which multiple antennas are connected to multiple transceiver ports as would typically be the case using this method.
4. Element feed-points are typically optimized for connection to antenna radiator elements. The impedance of these feed-pointes may be incompatible with test equipment.
5. Influence of self-inference coupled to the antenna is not captured.

	Far-field OTA test
	1. The method is capable of capturing all spatial characteristics of the DUT.
2. The integrated system will be tested minimizing uncertainties added by access RF connectors.
3. Measurement accuracy is set by measurement range configuration.
4. No prior assumptions specific to vendor’s design are required.
5. Coherent with FCC test in which multiple antennas are connected to multiple transceiver ports as would typically be the case for an AAS BS.
	1. To maintain measurement accuracy and repeatability an anechoic chamber is requirement.

2. The size of a far-field range is set by the far-field region defined by the expression
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 , meaning that the size of the test range is set by antenna aperture and frequency.

3. OTA measurements generally require extensive amount of measurement data resulting in long test time.

4. High costs are associated to access OTA test ranges 

5. All existing requirement and procedures are defined for conducted tests.

	Near-field simultaneous multi-port test “Test-hat”


	1. Provides a single test connection to all the receiver and/or transmitter included in the system.
2. No test connectors are required between antennas and transceivers.

	1. A custom near-field array with a passive combiner is required.
2. An additional loss will be introduced by passive combiner.

3. In AAS products, some features (alignment pins, threaded holes, brackets, alignment slots) need to be designed to facilitate the alignment and mounting of the test hat.
4. The AAS under test would be set for a specific pattern (down tilt, pointing direction of bore sight, beam taper) to correspond to the weightings of the fixed test hat. Antenna characteristics aren’t described flexibly.


Based on specific requirement to be verified appropriate measurement method fulfilling measurement accuracy and repeatability criteria’s, a method should be selected. 

[The end of text proposal]
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