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1. Introduction
In RAN #65, the Rel-13 Study Item (SI) “Study on Elevation Beamforming and FD-MIMO for LTE” was approved. According to the SID [1], the goal of the SI is to investigate performance benefits and standard impacts for the introduction of 2D active antenna system (AAS). The 2D AAS is expected to bring significant benefits in the system performance. However, it needs to be pointed out that such a 2D antenna array may incur a significant increase in the CAPEX as well as entailing a large standardization effort. Therefore, the SI should examine whether the performance benefits thanks to 2D AAS is compelling enough to justify the operator’s investment. To achieve such a large performance gain, the improvement of MU-MIMO performance would be particularly beneficial since SU-MIMO may bring only a limited performance improvement in 3D beamforming. It is evident that with an increased number of antennas and also with a larger number of UEs, MU-MIMO can achieve much larger system degrees of freedom, compared to SU-MIMO. In what follows, we briefly present our views on elevation beamforming and FD-MIMO schemes.


2. Discussion
· Reference signal design 
One of RS enhancements to support elevation beamforming and FD-MIMO should include an extension of CSI-RS, which is used to additionally measure channel information over the elevation domain. The candidates for the number of enhanced CSI-RS may include 8, 16, 32, and 64 antenna ports. The performance improvement is expected from additional CSI-RS antenna ports at the expense of overhead increase, which should be considered during the SI phase.

· Codebook and feedback mechanism
To fully exploit the benefits of 2D AAS, the scheduler needs additional information with respect to the elevation domain and inter-user/inter-sector interference, for which codebook and feedback mechanism should be enhanced with acceptable overheads. To this end, we need to introduce an appropriate MU-CSI feedback mechanism that can allow flexible scheduling to achieve the target performance improvement.

· The maximum number of MU layers 
The use of more than 4 MU layers needs to be investigated during the SI phase. Introducing 2D AAS leads to higher throughput with the help of increased spatial degree-of-freedom. In this case, the performance can be benefited from higher-dimensional MU-MIMO operation with more than 4 MU layers, for example, up to 8 MU layers. Also an urban hot-spot environment should be included as one of the typical deployment scenarios of the SI. Assuming that a larger number of UEs are served by a 2D AAS, the maximum number of transmission layers for MU-MIMO should be increased as much as possible for a given number of antenna ports. At the same time, we should consider DM-RS overhead required to support the large number of layers.

· Standard support for antenna calibration
Since elevation beamforming and FD-MIMO entail use of large number of TXRUs, it may be prone to antenna calibration error. The calibration error may distort the beam shape, reducing desired channel gain while increasing inter-layer/user/sector interference. If it turns out that the calibration error degrades the system performance significantly, then the antenna calibration may need to be done with the help of standard support or a certain amount of residual calibration error can be considered in the codebook enhancement.

· Support of various antenna configurations
In addition to the comparison of various 2D antenna configurations, it is natural to compare 2D antenna configurations with 1D horizontal/vertical antenna configurations for a given number of antenna ports or active antenna elements. In this context, we may need to revisit the existing 8-Tx MIMO to some extent if new findings in this SI prove significant performance benefits.

· Backward compatibility 
Finally, we believe that the legacy UEs should be supported since FD-MIMO eNB will cover macro area. All FD-MIMO schemes should be backward compatible, i.e., be transparent to legacy UEs. 


3. Conclusion
In order to fully exploit the spatial degree of freedom of 2D AAS, we believe that the issues discussed above should be given high priority during the SI phase. Also, we expect the large portion of performance improvement will come from MU-MIMO enhancement with 2D AAS specific features.
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