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1 Introduction

In recent RAN4 meetings, test methods have been a hot topic in AAS. Many methods were proposed to test AAS RF requirements. This contribution summarized all of test methods from contributions of different companies, and listed every test method feature for comparison. Text proposals for TR [1] are included for approval.
2 Discussions
In AAS, test methods were discussed in many contributions [2-8]. These test methods are mainly divided into two aspects: conductive test and OTA test. Both conductive test and OTA test have their merits. Using the conductive test is nice since there is no need to map far-field requirements onto individual connectors. On the other hand, far-field requirements may more correctly capture the overall performance. According to the contributions [2-8], the advantages, disadvantages and how to implement are summarized in table 1 to compare these test methods. It will be easier to help us find which methods should be used to test AAS.
Table 1 Advantages, disadvantages and how to implement AAS test methods
	Test methods
	Advantages
	Disadvantages
	How to implement

	Individual transceiver  test
	The most practical and least complicated to implement.

	1. The method is of limited use in characterizing spatial performance. If the spatial characteristics are described, a consensus methodology based on OTA evaluations for relevant requirements will be needed.
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.
	Clearly identify how single transceiver requirements need to be strengthened (e. g. UnwEm ACLR = a20*log (N), SE = b10*log (N), where a and b are FFS, and should be based on OTA evaluations, etc) to reflect spatial effects of the antenna array. 

	Passive combiner test
	1. The method is described to some extent in TS 36.104 and TS 36.141. The specification doesn’t need to be modified too much,
2. The method can be designed to include gain and phase offset taps to emulate the intended tapering and beam steering for the AAS element array.
	1． The additional loss will be introduced by passive networks or phase shifters.

2． Much greater complexity and most likely require much more understanding on how each vendor implement its AAS.
3． Requires a larger degree of simplifying assumptions in the test methodology.
4． Requires the system testers to make the appropriate connections and settings.
5． Antenna performance cannot be considered.
6． FCC publication 662911 D01has 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 for AAS tests.

	The tests are performed from each radiator feeding point or a combination of them equivalent to main beam direction through an MxN:1 combiner/splitter at each antenna array. The active antenna array is tested at boresight direction where the combining will be at zero-degree relative phase shift between all element paths in the array.

	RF Test Hat
	Provide a single test connection to the receiver or transmitter system.

	1．A custom close field array passive coupler device need to be designed.

2．Coupler device performance needs to be considered.
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 ( downtilt, pointing direction of boresight, beam taper) to correspond to the weightings of the fixed test hat. Antenna characteristics aren’t described flexibly.
	The test hat consists of a matching MxN coupling array, such that each radiating element of the MxN AAS system is coupled to a corresponding element in the test hat.  The test hat also contains the appropriate MxN:1 combiner, with the appropriate magnitude tapering and phase offsets to combine (or divide) all the signals into (from) one test connector port. 

	OTA test
	1． Most accurate
2． Capture overall performance and test integrated system requirements without extra insertion loss.
3． Spatial characteristics can be captured.

4． No prior assumptions specific to the 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 AAS tests.
	1. Need an anechoic chamber or far field test environment.

2. Long time and high cost
	The measurement instrumentation only is changed slightly based on existing passive antenna test environment. 
Calibration is realized by transmitting and receiving signals between two reference antennas.
All of transmitter RF requirements can be achieved by measuring EIRP, Equivalent Isotropic Radiated Power.

All of reciever RF requirements can be achieved by measuring EIRS, Effective Isotropic Reference Sensitivity.


From the table 1, each method has its limit. We need balance the advantages and disadvantage of these test methods. Maybe different test methods should be adopted to different RF requirements.
3 Conclusion
In this contribution, advantages, disadvantages and how to implement AAS test are summarized and compared. From theses compares, each method has its limit. Maybe different test methods should be adopted to different RF requirements.
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8.1
Comparison of different test methods

In AAS, test methods were discussed in many contributions [2-7]. These test methods are mainly divided into two aspects: conductive test and OTA test. Both conductive test and OTA test have their  merits. Using the conductive test is nice since there is no need to map far-field requirements onto individual connectors. On the other hand far-field requirements may more correctly capture the overall performance. According to these contributions, the advantages, disadvantages and how to implement are summarized in table 1 to compare these test methods. It will be easier to help us find which methods should be used to test AAS.

Table 1 Advantages, disadvantages and how to implement AAS test methods
	Test methods
	Advantages
	Disadvantages
	How to implement

	Individual transceiver  test
	The most practical and least complicated to implement.


	1. The method is of limited use in characterizing spatial performance. If the spatial characteristics are described, a consensus methodology based on OTA evaluations for relevant requirements will be needed.
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.
	Clearly identify how single transceiver requirements need to be strengthened (e. g. UnwEm ACLR = a20*log (N), SE = b10*log (N), where a and b are FFS, and should be based on OTA evaluations, etc) to reflect spatial effects of the antenna array. 

	Passive combiner test
	1. The method is described to some extent in TS 36.104 and TS 36.141. The specification doesn’t need to be modified too much,
2. The method can be designed to include gain and phase offset taps to emulate the intended tapering and beam steering for the AAS element array.
	1． The additional loss will be introduced by passive networks or phase shifters.

2． Much greater complexity and most likely require much more understanding on how each vendor implement its AAS.
3． Requires a larger degree of simplifying assumptions in the test methodology.
4． Requires the system testers to make the appropriate connections and settings.
5． Antenna performance cannot be considered.
6． FCC publication 662911 D01has 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 for AAS tests.

	The tests are performed from each radiator feeding point or a combination of them equivalent to main beam direction through an MxN:1 combiner/splitter at each antenna array. The active antenna array is tested at boresight direction where the combining will be at zero-degree relative phase shift between all element paths in the array.

	RF Test Hat
	Provide a single test connection to the receiver or transmitter system.

	1．A custom close field array passive coupler device need to be designed.

2．Coupler device performance needs to be considered.
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 ( downtilt, pointing direction of boresight, beam taper) to correspond to the weightings of the fixed test hat. Antenna characteristics aren’t described flexibly.
	The test hat consists of a matching MxN coupling array, such that each radiating element of the MxN AAS system is coupled to a corresponding element in the test hat.  The test hat also contains the appropriate MxN:1 combiner, with the appropriate magnitude tapering and phase offsets to combine (or divide) all the signals into (from) one test connector port. 

	OTA test
	1． Most accurate
2． Capture overall performance and test integrated system requirements without extra insertion loss.

3． Spatial characteristics can be captured.

4． No prior assumptions specific to the 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 AAS tests.
	1. Need an anechoic chamber or far field test environment.

2. Long time and high cost
	The measurement instrumentation only is changed slightly based on existing passive antenna test environment. 

Calibration is realized by transmitting and receiving signals between two reference antennas.

All of transmitter RF requirements can be achieved by measuring EIRP, Equivalent Isotropic Radiated Power.

All of reciever RF requirements can be achieved by measuring EIRS, Effective Isotropic Reference Sensitivity.


From the table 1, each method has its limit. We need balance the advantages and disadvantage of these test methods. Maybe different test methods should be adopted to different RF requirements.
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