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1 Introduction

During the AAS Study Item, a reference architecture for an AAS basestation was agreed [1]. The reference architecture is generic and during the study item was not fully parameterized. During the WI phase, parameterization of the reference architecture should be developed further. We also believe that the reference architecture itself could be further refined [2].
The Study Item also discussed at length issues relating to requirements definition and testing, in particular the requirement definition point and the test definition point. However the context of these discussions was the reference architecture, which is generic and can cover multiple different types of implementation.

In our view, discussions during the WI phase could be better facilitated by defining a vocabulary that describes different types of AAS implementation. In this document, we propose a subdivision of implementation approaches that should be considered during the WI phase and a vocabulary for describing them
2 Types of multi antenna system
The possibility of implementing multi antenna systems has existed within the 3GPP specifications since Release 99 features such as STTD and TxAA in WCDMA. In later releases, 2 antenna MIMO (Release 7 WCDMA), 4 antenna MIMO (Release 8 LTE, Release 11 WCDMA) and 8 antenna MIMO (Release 10 LTE) were introduced. These types of MIMO system differ from the AAS systems studied in the SI phase and considered for the WI phase in several important aspects:

· The systems do not aim to beamform energy in such a manner that a spatially defined main lobe remains coherent over a significant period of time

· MIMO systems apply in general baseband precoding that is predefined in the specifications in some manner that changes on at least a TTI by TTI basis

· The array gain factor provided by MIMO systems is variable and lower than achieved by a beamforming system with many more elements (The aim of MIMO systems is to provide TX diversity or spatial multiplexing, not array gain)
· Each transmit chain is visible as a baseband port. Some requirements, such as timing alignment error can be set between ports in order to ensure proper performance
On the other hand, AAS systems possess a large number of transmit chains, are likely to provide some degree of beamforming over a period of time (potentially in addition to precoding based MIMO spatial multiplexing), and the TX chains are not necessarily visible as multiple baseband ports. Significant antenna gains can lead to large spatial variations of ACLR, EVM etc. as examined during the study item. Furthermore, large antenna arrays can potentially increase the amount of coupling between elements and lead to reduced spacing between transceivers, and this together with the properties of the transceivers (such as coherency in phase and frequency) can significantly impact the ability of the array to provide the required EIRP and footprint.

This Release 8-11 MIMO systems could be adequately covered by the existing specifications, whilst future arrays need addressing in the WI for the reasons addressed in the SI phase.

Proposal 1: Define systems with 1 transceiver per antenna branch performing release 8-11 TX diversity or 2, 4, or 8 branch precoding based MIMO as “legacy MIMO systems”. Such systems do not need to be addressed in the AAS WI

Array systems can be implemented using a variety of building practices. It is useful to distinguish at least 2 groups of building practice. Discussions in 3GPP on test and reference point have referred to a type of system in which antenna connectors are always available. Such a system may offer a beamforming solution (i.e. cell specific and some types of UE specific beamforming) with flexibility with respect to configuration and antennas. An alternative type of system is one in which multiple transceivers and antennas are integrated into the same unit, with the aim of reducing physical site footprint, losses, energy usage etc. The behavior of each of these types of implementation with respect to RAN4 requirements may differ. For example, in an integrated system the losses and coupling between transceiver and antenna, coupling between antennas and the scale and behavior of the transceivers may be quite different to a system that is not integrated. Also, testing solutions for an integrated system may differ from a system that is not integrated.

Both of these types of system are within the scope of the Work Item and should be addressed by RAN4 requirements. Preferably the same set of requirements will apply to each type of implementation, however approaches to testing may differ. It is useful to have a vocabulary during the discussions to differentiate at least these two building practices. In some senses, the term “active antenna” should apply when the antennas themselves contain active electronics. Hence we propose the following vocabulary:
Proposal 2: Systems with multiple transceiver chains per CRS port that implement cell specific or certain types of UE specific beamforming, with distinct antenna connectors for all transceiver chains and the possibility of testing without connected antennas should be called “beamforming systems”

Proposal 3: Systems with multiple transceiver chains that implement cell specific or some types of UE specific beamforming, in which antennas and active electronics are integrated and cannot be physically separated, and for which access to antenna connectors may not be possible for all elements should be called “Integrated Active Antenna Systems” (or alternatively just “Active Antenna Systems”)
By means of adopting this vocabulary, discussions on requirement and test point and effects that might be radiated will be better defined and understood in RAN4
3 Conclusion

In this paper, we have proposed a vocabulary for describing systems that should be addressed by the RAN4 requirements:

Legacy MIMO systems are systems in which there is 1 transceiver per CRS (or CCPCH) port and Rel99-11 TX diversity, 2, 4 or 8 branch precoding based MIMO is implemented. Such systems are not in the scope of the AAS WI.
Beamforming systems are systems with multiple transceiver chains per MIMO branch that implement cell specific or some type of UE specific beamforming (potentially in addition to spatial multiplexing MIMO), for which there is a distinct antenna connector for every transceiver and antennas can be separated

Integrated Active Antenna Systems  are systems with multiple transceiver chains per MIMO branch that implement cell specific some types of UE specific beamforming , in which transceivers and antennas are integrated into one unit and a full set of antenna connectors is not available
Ultimately, it will be the responsibility of a vendor to declare whether a system is compliant to a future AAS specification. Using this vocabulary can hopefully aid in improving the clarity of the 3GPP discussions.
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