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1 Introduction

At RAN4#66bis, we introduced the concept of a so-called “equivalent antenna port”. The motivation for introducing such a concept is to both relate AAS requirements to the current requirements base-line as well as to enable flexibility to define requirements that can be applied to the wide variety of potential AAS applications and implementations. [1] provided a brief discussion of equivalent antenna ports and this paper provides further description and discussion
2 Discussion

2.1 The need for a concept of “equivalent antenna port”

Section 6 of 37.104 describes TX requirements for basestations. Requirements are defined at the antenna connector. For basestations with multiple MIMO branches, the requirements apply to each antenna branch.
For some AAS requirements, testing each transceiver individually may be inappropriate for capturing the requirement. For example:

· For the transmit power requirement, we believe it is important to capture the ability of the AAS system to generate EIRP, rather than simply the TX power of individual power amplifiers. EIRP is not a simple sum of individual power measurements and depends on the antenna parameters and array and transceiver properties

· Similarly for receiver sensitivity, it is appropriate to capture the achievable EIRS of the array as a whole as opposed to RX signal levels at individual receivers. EIRS is not a simple sum of receive signal levels but depends on array and transceiver properties

Furthermore, “Integrated Active Antenna System” type basestations [2] might not have access to some or all antenna connectors. For OTA testing, transceivers could in principle be activated one at a time. However such a procedure would not capture aspects such as timing, coherency etc.

However due to the potentially large diversity of AAS implementations and applications, it is not straightforward to design a simple set of requirements that can apply regardless of the operation of the AAS. For example, in an AAS implementing virtual sectorisation the definition of a main lobe is clearly different to an AAS implementing downtilt and different again to an AAS with user specific beamforming. Thus, there might be a need to define modes of AAS operation to which requirements can be applied.

2.2 Definition of equivalent antenna port

A means of mapping requirements to the operation of the basestation is by using the concept of “equivalent antenna ports”. An equivalent antenna port is in principle a specific beam created by the antenna array, which corresponds to a logical grouping of array elements.
In order to create a requirement and test framework that can be applied to all types of AAS basestation, we propose that equivalent antenna ports be based on a beam in the boresight of the antenna system (i.e. with zero degrees tilt on each axis). For commonality with the existing specifications and to allow for breaking down the test framework to manageable levels, an equivalent antenna port should be declared for each MIMO branch that can be supported by baseband. In case the basestation has different modes of operation with different numbers of MIMO branches, then for the maximum output power requirement the number of equivalent antenna ports should be based on the maximum number of configurable MIMO branches. Other constallations for equivalent antenna port should not be precluded to ensure future proofness of AAS for more advanced schemes.
An “equivalent antenna port” will not necessarily relate to specific physical connectors. 

Whilst setting and testing a requirement based on a beam created in the boresight of the antenna allows for a common framework for testing and requirements, setting a requirement only with zero degrees tile does not capture some properties of the antenna array that influence spatial performance and the ability to deliver EIRP, for example the antenna spacing and coupling, which directly relates to the accuracy of the main beam and of the sidelobes. Thus in addition to the equivalent antenna ports, the manufacturer should declare the maximum tilt angles in both elevation and azimuth domains over which the EIRP in the main lobe is maintained.

Thus the manufacturer declares:
· How many MIMO branches (i.e. equivalent antenna ports) are supported

· The EIRP per MIMO branch achieved in the equivalent antenna port when maximum TX power is configured
· The range of elevation and azimuth angles over which the EIRP is maintained

The requirement will then relate to the accuracy with which the EIRP is achieved.

2.3 Relationship between equivalent antenna ports and antenna elements
An “Equivalent antenna port” does not necessarily relate to an accessible physical connector.
In the following example, an AAS system is used to provide a variable downtilt. 4 branch MIMO is applied. Four equivalent antenna ports are defined in this case, each relating to a specific MIMO branch. The physical implementation is based on two columns of cross polarized elements, with each element connected to a transceiver. In this example, each “equivalent antenna port” maps to the 10 physical elements of a column and polarization.
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A second example is of a basestation that provides 2 branch UTRA MIMO using VAM precoding. In this case, a single column with cross polarized elements is used. However due to the VAM, both MIMO branches map to all of the elements. Thus in this case it is not possible to relate the MIMO branches to unique sets of elements. However it still remains possible to set a requirement on and measure EIRP for each MIMO branch individually.
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3 Conclusion

This document has elaborated on the concept of an “equivalent antenna port”. By using this concept, requirements on an AAS system can be defined in a manner that is parallel with the current specifications and that allows flexibility to define different applications and implementations whilst applying requirements and tests consistently.
The concept will be useful for defining several requirements; for example EIRP per equivalent antenna port for maximum TX power and EIRS per equivalent antenna port for reference sensitivity.
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