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1.  Introduction
A study item “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved at RAN Plenary #65 [1]. The objective of this study is to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. 
The study item consists of two phases:
· Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.
· Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.
In this contribution, we present our views on the system design and specification impact of Elevation Beamforming/Full-Dimension MIMO. 
2. Views on system design and specification impact
In LTE/LTE-A, MIMO was one of the key technologies to address the capacity demands. Elevation Beamforming/Full-Dimension MIMO (EB/FD-MIMO) has been identified as the further enhancements of MIMO technologies considering both the azimuth dimension and the elevation dimension with two-dimensional (2D) active antenna array. 
From technology perspective, vertical sectorization (or vertical cell splitting) is a standard-transparent technology without the need of additional specification impact. Vertical sectorization can improve the system performance through the higher gain of the vertical sector patterns with different PCIs. On the other hand, for UE-specific elevation beamforming, the beam can be generated to point at the vertical antenna pattern in the direction of the UE while spraying less interference to adjacent sectors by virtue of being able to steer the transmitted energy in the elevation direction. UE-specific elevation beamforming can exploit more flexibility via MU-MIMO than vertical sectorization in both the azimuth dimension and the elevation dimension, but more standardization efforts are needed. When studying EB/FD-MIMO, vertical sectorization should be the baseline, and both of the performance and standardization efforts should be taken into account.
Observation 1:

Vertical sectorization should be the baseline, and both of the performance and standardization efforts should be taken into account.
The system design of UE specific beamforming may probably require new reference signal design, new CSI reporting mechanism, new codebook design, etc.
Reference signals are necessary for demodulation of downlink data signals and for CSI estimation. Up to 8 CSI-RS antenna ports are specified in Rel-12. In order to support EB/FD MIMO with more antenna ports, e.g. 16, 32 or 64, the scalability of CSI-RS and accuracy of channel estimation relying on CSI-RS should be carefully considered. The CSI-RS design principle is crucial to the system design as it will determine the codebook design, CSI reporting mechanism. One straight forward approach is to extend the current design principle, i.e., each CSI-RS resource element corresponding to one antenna port, but this will incur large overhead. How to efficiently design CSI-RS for FD-MIMO should be carefully studied. Antenna virtualization to reduce CSI-RS overhead can be considered. 
Observation 2:

How to efficiently design CSI-RS for FD-MIMO should be carefully studied. Antenna virtualization to reduce CSI-RS overhead can be considered.
LTE Rel-12 defines that the maximum number co-scheduled UEs for MU-MIMO is four and up to four DM-RS with two orthogonal ports and two scrambling codes can be multiplexed. EB/FD MIMO utilizes a large number antennas to realize high order MU-MIMO transmissions. The system design may consider multiplex a larger number of DM-RS (e.g., 8 or 16) for MU-MIMO, by increasing the CDM spreading factor or increasing the number of resource elements to carry the DM-RS. Compared with Rel-12 where the maximum number of co-scheduled UEs for MU-MIMO is limited to four, EB/FD-MIMO can be capable of supporting significantly larger number of UEs simultaneously (e.g., 8 or 16).
Observation 3:

EB/FD-MIMO may consider multiplex a larger number of DM-RS (e.g., 8 or 16) for MU-MIMO and can be capable of supporting significantly larger number of UEs simultaneously (e.g., 8 or 16).
High order MU-MIMO transmissions is one of the key aspects to enhance system throughput for EB/FD MIMO. The performance of MU-MIMO highly relies on the CSI estimation and CSI reporting. In Rel-12, CSI reporting was designed to optimize the performance of SU-MIMO. For EB/FD-MIMO, CSI reporting should be designed to take MU-MIMO performance into account. In Rel-12, the codebook was designed for 2, 4 and 8 antenna ports respectively. For EB/FD-MIMO, if the codebook is still designed with different principle or criterion for different antenna ports, e.g., 16, 32, 64, huge standardization efforts are needed. Thus, it is desired to design the scalable codebook with a common design principle for different antenna ports. The CSI reporting and codebook design is also related to reference signal, so they can be jointly considered with reference signal design.
Observation 4:
CSI reporting mechanism should be designed to take MU-MIMO performance into account. CSI reporting and codebook design should be scalable with a common design principle and can be extended to more antenna ports. CSI reporting and codebook design can be jointly considered with reference signal design.
3. Conclusions
In this contribution, we present our views on the system design and specification impact of Elevation Beamforming/Full-Dimension MIMO and have following observations.
Observations:

Observation 1: Vertical sectorization should be the baseline, and both of the performance and standardization efforts should be taken into account.
Observation 2: How to efficiently design CSI-RS for FD-MIMO should be carefully studied. Antenna virtualization to reduce CSI-RS overhead can be considered.
Observation 3: EB/FD-MIMO may consider multiplex a larger number of DM-RS (e.g., 8 or 16) for MU-MIMO and can be capable of supporting significantly larger number of UEs simultaneously (e.g., 8 or 16).

Observation 4: CSI reporting mechanism should be designed to take MU-MIMO performance into account. CSI reporting and codebook design should be scalable with a common design principle and can be extended to more antenna ports. CSI reporting and codebook design can be jointly considered with reference signal design.
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