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1 Introduction

During the couple of years since the beginning of the AAS work item, considerable effort has been placed into developing the new specification and requirements. The new AAS specification will consist of the following elements:

· A new requirement on radiated transmit power accuracy

· A new requirement on OTA sensitivity

· A new requirement relating to intra-array coupling

· Adjustments to conducted requirements. All conducted requirements remain valid.

This document considers the new AAS specification in the light of different potential types of array. 
2 Discussion

The new AAS specification captures properties of systems with integrated antennas and beamforming that are not relevant to traditional basestation designs. It has been developed in the context of Release 12 LTE & MSR specifications, which envisage up to 8 Antenna Ports.

In developing the new radiated requirements, considerable efforts have been made in developing a requirements framework that is flexible and scalable. Importantly, the radiated requirements apply to the basestation as a black box and are based on beams. However, conducted requirements continue to apply. Conducted requirements are based at the transceiver array boundary. For highly advanced AAS basestations with close integration of antennas, RDN and radios, the transceiver boundary is difficult to identify. Assumptions on the nature of the coupling and RDN that have been made for setting non AAS conducted requirements are not necessarily correctly dimensioned for such systems. Furthermore, conducted requirements are individual transmitter centric. For legacy systems, this was correct as systems had a low number of transmitters. However for systems applying array processing, it is not clear that requirements on each transmitter are scalable in a linear fashion, and it is more appropriate to place requirements on a whole system.

Whilst delivering an appropriate set of requirements for 8 Antenna Port (AP) systems and a baseline for future work, the specification and in particular the conducted part is thus not directly scalable to larger arrays when a number of aspects are considered:

Validity of requirements based on individual radios:

The current non-AAS and new AAS specifications rely extensively on conducted testing of individual radios at the “transceiver boundary”. For high dimension and highly integrated antenna arrays, there is a risk of the definition of “transceiver boundary” becomes less clear than currently. The existence of filtering, attenuation, delays or potentially active components within a distributed radio/RDN architecture may mean that a conducted measurement at some point within the architecture gives a false impression of performance. Furthermore, it is always the composite performance of the whole array, not that of individual radios that is of interest.

It should be noted that one significant assumption that has been made in developing the new AAS specification is that the RDN is all passive.

Emissions requirements

The current discussion on emissions requirements is going in the direction of scaling emissions with the number of Antenna Ports. During the Study Item and early on in the work item, a number of co-existence studies were performed which demonstrated that the spatial distribution of AAS emissions do not influence co-existence KPIs on victim cell such as throughput. Based on the simulations, it was concluded that the per transceiver ACLR requirement can be retained for AAS.

It is important to note, however that scaling emissions with the number of antenna ports is equivalent to setting an ACLR of  45dB – 10log(Number of Antenna ports) in the co-existence simulations framework. Thus, the decision to scale the emissions requirements is not based on the co-existence simulations (which in effect assumed a single Antenna Port), but on experience in the field that emissions with 2-4 AP are tolerable.

The argument for the emissions being scaled to up to 8 times (9dB) is based on the premise of “today’s specs already allow it”. In case there would in the future be a larger number of AP in the RAN1 specifications, however, it is far from clear that it would be appropriate to assume that total emissions could be increased by 12dB and upwards.

Basestation classifications

Basestations with large arrays are capable of performing user specific beamforming with narrow beams and achieving high EIRP. This behavior is quite different from the moderate and low directivity assumptions used when setting the requirements for e.g. local area basestations. For larger arrays, the concept of basestation classification may need revisiting and updating.

Transmit signal quality

The transmit signal quality requirement (EVM) is set on individual radios, although what is really of interest for link quality is the combined EVM for the whole array. Setting the EVM requirements on radios for large arrays artificially constrains design decisions and is likely to unnecessarily increase cost or render large arrays infeasible. Furthermore, the goals and feasibility of requirements such as TAE may need to be revisited.

Intra array coupling

Intra-array coupling has been discussed and captured in release 13 by means of a declaration of the array coupling levels and a conducted IMD test. A coupling declaration should be straightforward for 8 ports, however for large arrays, in particular with more complex configurable modes of operation the declaration framework may need some extending.

Reference sensitivity

Receiver sensitivity relates to the receiver noise figure is a fundamental design parameter that drives cost and feasibility. The current specification requires all receivers to have the same noise figure as is the case for the whole system. For a small number of radios, this is reasonable, in particular if the antenna aperture size is similar to a non AAS. However for an array, what is of interest is the array sensitivity, and the design of radios should not be constrained. Furthermore, integration of the radio, RDN and antenna changes the nature of the signal path to the receiver, which means that the baseline requirement becomes incorrect.

Receiver blocking, ACS etc.

The Study Item considered a blocking scenario consisting of a hexagonal macro deployment, with an AAS antenna that had exactly the same characteristics as passive antennas. From the SI simulations, it was concluded that the blocking level for an AAS can be set the same as the blocking level for a non AAS. It was also noted that this is true for the simulated scenarios. For more advanced systems with larger integrated arrays, it is not clear that the blocking level and test is appropriate.

Testability for large arrays
The current specifications will require all existing conducted tests to be performed (in some cases with modifications to the requirement levels). This is feasible for 8AP arrays, however for future larger arrays it is quite possible that the need to build antenna connectors for performance verification will become a negative design constraint, or even not possible. For this reason, greater flexibility to verify requirements using OTA is desirable.
3 Conclusion

The AAS WI is making progress towards developing a Release 13 AAS specification that will include requirements suitable for systems with up to 8 antenna ports. In parallel with this activity, RAN1 is currently studying the possibilities for specifying more than 8 antenna ports as part of the FD-MIMO Study Item. 

To avoid possible confusion, RAN4 should be clear on the implicit restrictions in the specification that is currently under development. The specification is developed with integrated systems of up to 8 antenna ports in mind. For systems with more antenna ports, the requirements may not be valid, economic or cost-effectively testable. Clearly, though, the release 13 work will act as a baseline for developing future requirements for more ports.

There is no need to take any action during the ongoing AAS WI, apart from discussing and capturing limitations of the work.
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