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Discussion
Introducing 2D antenna arrays with a larger number of TRXUs demand for new requirements in RAN4. The ongoing RAN4 discussion on AAS is complex and even after 3 years, a list of open issues remains open to complete a first specification. There is still considerable uncertainty how to handle large antenna array with many ports and due to this the release 12 timescale for the current work in RAN4 is in danger. 
The RAN4 work is highly related to our study item on EB/FD-MIMO. Listed below are issues that need to be handled by RAN4 when introducing 2D array antennas:
· It is not clear how unwanted emissions from a 2D array sum and the extent to which they sum coherently with arrays with a larger number of antenna elements. The need to build filtering to meet emissions requirements will directly impact the feasibility of building large arrays in different frequency ranges and the antenna spacing that can be achieved.
· Regarding mutual coupling, it is not clear how much isolation can be achieved between array elements in practice when there are many antenna elements.
· The mutual coupling can have an impact on radiated emissions and potentially transmitted signal quality (EVM) that do not appear in current conducted RAN4 tests, and RAN4 has not identified solutions for guaranteeing radiated emissions and EVM for densely packed arrays. Note that there will be no radiated emissions requirements for AAS in Release 12.
· It is not clear how the conducted radio sensitivity requirement should be set for a large 2D array antenna; it does not make sense to require all [64] radios to have the same sensitivity that would be needed for a non AAS base station of the same class.
· There has not been much investigation of uplink blocking effects and Minimum Coupling Loss with this type of array; RAN4 investigations have focused on macro scenarios
· RAN4 has still not fully sorted out how to do radiated EIRP requirements that capture all array effects based on beam declarations; such requirements would clearly be essential and may need extending from the current RAN4 baseline for FD-MIMO
· Similarly, RAN4 has not yet completed defining a radiated sensitivity requirement, which is needed to capture all factors of a built array that influence receiver performance
· Most requirements in RAN4 remain conducted requirements, which require antenna connectors to be built. It is not clear whether FD-MIMO hardware architectures with a large number of ports can support antenna connectors.
· In addition to these things, RAN4 has within their current work never addressed the issue of how to capture beamforming performance with requirements; the discussion is fully focused on core RF requirements
· RAN4 has yet to commence a detailed assessment of Over the Air test techniques and their associated accuracies
In general, the introduction of 2D array antennas with many antenna elements and larger number of ports would be likely to require revision and potentially extension of radio and performance requirements for TX beams and RX signal detection. 
Experience with the current first stage of AAS RF requirements in RAN4 suggests that deriving new requirements and tests, especially over the air is an extremely complex and time consuming task. Such an enhancement of requirements has to begin in RAN4 as soon as possible, as the requirements framework will influence the feasibility of array types and building practices which in turn will impact the feasibility and benefit of schemes seen in RAN1. 
Otherwise, there exists a strong risk the RAN1 study item outcome will merely be a paper product that cannot be turned into a RAN1 work item and that feasibility of meeting radio requirements and measuring performance will limit the ability to build and deploy the outcomes of the work. 
Conclusion
This proposal concludes the contribution:
Proposal 1: RAN4 should consider whether studied 2D array antenna configurations with up to 64 TXRU need to support antenna connectors for testing, what antenna spacing is feasible to support and whether a high level of isolation between transmitter chains can be maintained. Also RAN4 needs to consider the feasibility of meeting emissions requirements and in general the complexity of testing RAN1 schemes. 
Proposal 2: During this study item, RAN1 should therefore inform and involve RAN4 as early as possible in their findings through LSs in order to avoid unnecessary delays in starting a potential Rel-13 work item on standardization of 2D beamforming related functionality.  
There is also a need for RAN1 to evaluate performance taking into account mutual coupling and calibration errors. In [1] we discuss these issues further.
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