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1 Introduction 
In [1], reference radio architecture for Active Array System (AAS) has been proposed. It provides a baseline model to facilitate the discussions on the RF requirements and allowing the various test methodologies to be compared and evaluated. One important missing piece from the proposed radio architecture is the placement of the antenna connector(s) and/or reference point(s) that are necessary before further development of tests and RF performance requirements can proceed.
Previous contributions in [2],[3] have provided preliminary considerations from the perspective of testing methodology and requirements. In this contribution, we provide our views on the scope and definition of AAS and review the current definition. Topics raised on reference points so far in previous meetings are also addressed.

2 Discussions

Currently, as defined in Section 4.5.7 of TS 36.141: A BS using antenna arrays is defined as a BS which meets at least one of the following conditions:

1. the transmitter output signals from one or more transceiver appear at more than one antenna port; or

2. there is more than one receiver antenna port for a transceiver or per cell and an input signal is required at more than one port for the correct operation of the receiver thus the outputs from the transmitters as well as the inputs to the receivers are directly connected to several antennas (known as "aircombining"); or

3. transmitters and receivers are connected via duplexers to more than one antenna.

In case of diversity or spatial multiplexing, the above definition is not applicable and multiple antennas used for diversity or spatial multiplexing are not considered as an antenna array.
In TS 36.211, an antenna port is defined by its associated reference signal and more than one antenna ports can be defined for the support of MIMO. However, as noted in Section 4.5.7, the definition of BS using antenna arrays also excludes diversity and spatial multiplexing. It is therefore unclear why for example the transmitter output signals from one or more transceiver should only apply when it appears at more than 1 antenna port and at the same time excluding diversity and spatial multiplexing. The relationship between antenna port and antenna array should be clarified in the definition above. 

In addition, while it may be true for “traditional” BS using antenna arrays that diversity and spatial multiplexing is excluded, the current design and implementation of active antenna array (AAS) typically has the following characteristics:

· AAS includes all possible form of multiple antenna implementation such as diversity techniques, spatial multiplexing with MIMO and beam-forming. As pointed out in many past contributions, in practice AAS implementation support multiple techniques listed above. However, these techniques that currently excluded from Section 4.5.7. 

· Significant amounts of analog and digital processing are imbedded together within the antenna array system. This means that access to the traditional “antenna connector” to perform the needed tests is often impractical and would require access to within the “black box”. The “new” antenna connector therefore must be external to the “black box”.
Hence, given these new realities and the ambiguity of the existing definition of BS with antenna array, it is suggested that a clearer definition or properties defining a BS with antenna array should be adopted. A preliminary list may include the following: 

a. Represents both Active and Passive antenna array implementation;

b. Includes multitude of multiple antenna techniques such as spatial multiplexing, beam-forming, and diversity techniques. 

c. The architectural and functional split between BS and the active and passive part of the AAS is vendor implementation choice. 

d. Both the BS and the AAS are considered as one entity for conformance testing i.e. the interface between the BS and AAS can remain vendor implementation specific. 

The above proposed characteristic also is in line with the existing requirements in 36.141 which states that: 

“If a BS is used, in normal operation, in conjunction with an antenna system which contains filters or active elements which are necessary to meet the E-UTRA requirements, the conformance tests may be performed on a system comprising the BS together with these elements, supplied separately for the purposes of testing. In this case, it must be demonstrated that the performance of the configuration under test is representative of the system in normal operation, and the conformance assessment is only applicable when the BS is used with the antenna system.”

3 Reference Points

In the case of BS with antenna array as currently defined in TS 36.141, similar understanding of “antenna connector” exists with BS without antenna array. This means that the antenna connector is also the reference point onto which the requirements and tests are established for BS with antenna arrays. Following these principles, the subsequent sections in Section 4.5.7.1 and Section 4.5.7.2 detailed the Receiver tests and Transmitter tests, respectively. 
For BS with active antenna arrays, the reference point objective as has been discussed extensively for the past meetings should be a location where the radiation pattern of the AAS is best tested and hence RF performance requirements can be set. Alternatives are either conductive tests or over the air tests. The proponents for over the air test cite regulatory requirements and spatial characteristics as the key motivators. Our views related to these two aspects are provided below.  

1. Regulatory Requirements: 
a. The EIRP of a conventional base station is calculated using the output power measured at the base station output connector multiplied by the gain of the intended antenna.  The same methodology can be used for the AAS base station.  The output power measured at the combiner output (assuming the combiner loss is calibrated out) is multiplied by the element array gain to determine EIRP. The antenna element array gain is specified by the vendor.
b. On the issue of safety limit validation, if a particular geographical region requires that the radiated output power be verifiable in the field without the use of special test equipment (e.g., over-the-air monitoring), then products designed for that particular region may need to have a calibrated coupler that can be monitored with a power meter.  The coupler output would be analogous to the test combiner output, but at a reduced level.  This would obviously add complexity and cost to the AAS base station, but this may not be avoidable in some regions. All other regulatory concerns should be taken up as a separate region-specific effort.
2. Spatial characteristics
Accounting for the full spatial performance and characteristics of AAS would remain an ideal objective of this specification effort; however, we are limited by various other considerations:

a. Full testing of spatial characteristics: The innumerable number of implementations of the various weights, digital processing and signal distributions across the antenna arrays to match the deployment scenarios makes this option infeasible. 
b. Simplifying assumptions such as weights distribution, tapering and combining can be made to the extent that revealing of detail AAS implementation by the BS AAS vendors is not needed. One proposal is provided in [4] which can be summarized by:
· on-boresight testing for standard comparison across all vendors AAS equipment.
· AAS-specific minimum requirements specifications defined in accordance with on-boresight test methods.

· amplitude tapering configured at baseband in accordance with intended product use.
c. Backward compatibility: Current requirements for multiple antenna techniques such as MIMO and diversity techniques do not consider spatial effects since it has been considered separately from active antenna arrays. However, as been discussed extensively during this study item, AAS implementations and deployments cover a wide variety of multiple antenna approaches including MIMO, diversity and beamforming. Therefore, just as with conventional BS testing, the performance requirements and conformance tests for AAS should include AAS implementations that covers MIMO, Diversity etc and it serves for backward compatibility reasons that these new requirements retain as much commonality with existing requirements and testing methodology as possible. 

4 Summary

Based on the discussions presented in this contribution, we propose the following as working assumptions for further considerations:

· The definition and use of “antenna port” in Section 4.5.7 should be clarified.
· Working Assumption: 

· Antenna connector is the reference point for RF requirements and testing. The definition and location of the antenna connector for AAS is TBD.
· It is for further study whether or not the far field requirements would warrant the use of OTA testing. 

· A BS with Antenna Array is defined by:
· BS with Antenna Array includes all possible implementation of antenna array such as spatial multiplexing, beam-forming, and diversity techniques. 

· Both active and passive antenna array is covered by the definition of BS with Antenna Array. The architectural and functional split between BS, active and passive part of the AAS is kept as implementation specific. 

· Both the BS and the AAS are considered as one entity for conformance testing, i.e., the interface between the BS and AAS can remain vendor implementation specific. 
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