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1 Introduction

During release 11 and the early part of release 12, the AAS study item considered potential impacts to the approach in RAN4 for setting RF core requirements of new basestation technologies in which antennas and radios are integrated into a complete system, potentially electronic beamforming is implemented and the radio functionality may be distributed. This was followed by the release 12 Work Item whose aim is to develop an RF core specification for AAS.
This document reviews the release 12 work and discusses the drivers and avenues for AAS work in release 13. Two potential areas for future work are reviewed. The first is to continue to develop further radiated requirements in order to make progress towards an eventual goal of removing the need to build antenna connectors into equipment for test purposes. Such a goal is motivated by for example cost reduction, PIM considerations or the possibility that radiated testing could be less extensive and time consuming than conducted testing for large arrays. The second is to introduce a framework for “beam pattern” requirements beyond the release 12 EIRP. Further discussion should take place about the usefulness and priority of these goals.
There is still some time before release 13 work will begin. Due to the scope and complexity of AAS, it is useful at this stage to begin to discuss potential goals in release 13 in order to lead to well scoped work and to put the release 12 work into the context of an evolution path.

2 Release 12 
For non AAS systems, a basestation is a separate product to an antenna. The two are connected via an RF cable and are physically separate. Co-located antennas are also physically separate, such that a large isolation exists. Furthermore, performance parameters of the basestation and antenna are essentially independent. 3GPP core requirements address the performance of the basestation. The radiation performance of a site can be predicted as an additive combination of basestation and antenna.

Integration of the radio and antennas, and production of a radiation pattern via beamforming changes this scenario. The radiation pattern is produced by the combination of the beamforming algorithm (which may be in the RDN or may be digital), transceivers, RDN and antennas. Integration of antennas and radio has the potential to impact element radiation patterns. In effect, the basestation becomes a single system, and requirements need to be set to take this in to account.
The release 12 Work Item is developing transmit and receive radiated power / sensitivity requirements in order to characterize the RF characteristics of AAS basestations. Radiated power and sensitivity requirements cannot be broken into requirements on sub-systems.

Emissions, in particular ones that are in the same band as the carrier can take on different spatial characteristics to those observed with passive basestations. The study item and work item have established that the spatial pattern of the emissions does not influence co-existence characteristics in macro deployments. There is therefore no need to set special requirements relating to spatial characteristics of emissions. However, there is the potential for coupling effects within an array leading to an increased TX intermodulation effect, which could cause emissions radiated from an AAS array to be somewhat higher than predicted by the current conducted tests, since the current conducted tests are designed for co-located antennas rather than arrays and assume a high degree of isolation between transceivers. Thus, the release 12 WI needs to consider how large this effect can be and how to ensure that radiated emissions levels are consistent with conducted ones.
The remainder of the requirements will remain conducted in the release 12 AAS specifications. It has been agreed that conducted requirements will be based on the current specifications as a baseline, making the assumption that parameters such as minimum coupling loss remain the same.

Thus in total the release 12 specifications will provide coverage for core RF requirements for a first generation of AAS systems that are deployed in similar scenarios and have somewhat similar antenna and radio parameters to non AAS basestations.
It should be noted that an underlying assumption in release 12 has been that AAS basestations in this timescale in general keep beamforming within the radio system, and that the RDN does not contain radio functionality. Furthermore, the standard even covers in principle beamforming systems in which radio and antennas are not fully integrated.

3 Release 13
Release 13 offers an opportunity to widen the scope of the AAS specifications to support a wider range of applications and technology options. Several possible approaches can be envisioned; 

· Developing equivalent radiated requirements or equivalent tests for the requirements that are conducted in release 12 

The purpose of developing further equivalent radiated requirements or tests to complement the conducted ones in release 12 would be to move closer towards an eventual goal of enabling all RF core requirements to be tested without the need to access antenna connectors. This is potentially important in the future as technology develops towards greater degrees of integration and larger arrays. Assuming that the release 12 WI completes a satisfactory baseline requirement coverage for whole system (i.e. transceivers, RDN and antennas) by means of EIRP, EIRS, coupling related and the remaining conducted requirements, then further radiated requirements or tests could be defined as alternatives to conducted tests with either type of test equally valid. A question that would be need to be addressed for each requirement would be whether both an alternative, radiated requirement and associated test would be needed or rather just a radiated test option for the existing conducted requirement.

· Revising existing requirements to cover new types of applications, technology or deployment scenarios

Existing requirements may need to be revised or even new requirements added if technology developments or deployments reveal scenarios that are not satisfactorily addressed with the release 12 requirements. Such needs have not been identified in recent release 12 discussions and there is currently no reason to believe that any adjustments to requirements are needed.

· Developing new requirements on beam characteristics (e.g. beam pattern etc)
The third possibility is developing new requirements on radiated beam characteristics. Characterising performance of AAS applications is of course vitally important. To a large extent, performance characterization may need to be proprietary, as it is difficult to define generic requirements applicable for any kind of application. It is conceivable though that in some circumstances standardized characterization of some beam characteristics could be beneficial. Circumstances in which radiated beam characteristic related requirements would be beneficial and feasible to standardize are likely to be ones in which an application is clearly definable, or in relation to a beamforming application whose Uu operation has been standardized in RAN1.

Considering these possibilities, it is clear that the first possibility, developing further radiated tests is a technology enabler in that it is needed to open the pathway to reduced cost, greater integration and larger arrays. The third possibility, beamforming performance related requirements is something that is driven by the availability of technology and emergence of applications. 

The release 12 WI has demonstrated that developing radiated requirements and testing is a highly complex and time consuming task. In order to make efficient progress, it is desirable to set a pathway and focus for developing future radiated requirements and tests. Firstly, it should be decided whether to focus on extending the scope for radiated testing of core RF requirements, or developing beam shape requirements or both.

For extending the set of core RF radiated tests, a sensible pathway is to concentrate firstly on requirements that are related to regulatory needs and requirements that are based on measuring signal levels. Examples of such requirements are emissions levels (UEM, SEM, spurious emissions). In the TX direction, in band emissions is an obvious starting place. In the receive direction, blocking and selectivity requirements are signal level based, although radiated testing of such requirement is much more complex and will require further consideration. A second class of core RF tests are those that are based around signal characteristics, for example EVM, TAE, frequency accuracy etc. Developing equivalent radiated requirements and tests for these requirements is somewhat more demanding and it is suggested that such requirements are treated as a second priority after signal level based requirements. The total set of equivalent radiated requirements / tests that could be developed in release 13 will be limited by time and complexity, but an overall goal of moving towards an ability to build equipment that does not need to support antenna connectors should be maintained.

Beam pattern requirements should be made in relation to well defined applications. It is likely that within a release 13 timescale, at most one or two such requirements or tests could be developed related to specific applications.
Additionally, it is likely to be useful in release 13 to try to scope the type of system that will benefit from the availability of additional radiated testing, or to which beam shape requirements should be applied. From this perspective, it is reasonable to assume that within the timescale of release 13, AAS systems will always fully integrate antenna and radio, and that the radio functionality may become more distributed.

4 Conclusion

The work on developing AAS requirements should continue in release 13. The scope for work is potentially huge, and effort should be focused. Firstly, it is necessary to consider whether to focus on extending the ability to do radiated testing of core RF requirements, or on beam shape requirements, or both. For core RF testing, the following proposal for prioritization is made:

· Firstly equivalent radiated requirements and tests for operating band unwanted emission emissions

· Then signal level type receive requirements (e.g. in-band blocking, ACS)

· Then as time allows signal characteristic type requirements

Further discussion should take place, about the need and potential for beam quality requirements, driven by a view on target scenarios such that the need and scope for a WI or WI component can be clarified. An example draft WID for release 13 based is provided in [1]. Depending on views on the need for core requirement testing, beam shape requirements and the type of system being addressed, this draft would obviously require further development.
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