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1. Introduction
A study item on Elevation Beamforming and FD-MIMO for LTE was approved in [1]. The SI aims to understand the performance benefits of the enhancements to the standard targeting 2D antenna array operation. 2D antenna arrays can exploit the elevation dimension, in addition to the azimuth dimension. 2D antenna arrays can be used in different application scenarios, such as vertical sectorization, and multi-user vertical beamforming.

2. Elevation Beamforming Schemes
Vertical sectorization and vertical beamforming are two prevalent application scenarios of vertical processing.
2.1 Vertical Sectorization
Vertical sectorization exploits the elevation domain by creating additional sectors, that can be used to better serve elevated floors with inadequate coverage, or increase the overall network capacity by dividing the tri-sectorized area into more sectors per site, each with a unique cell ID. Vertical sectorization has limited standardization impact, and it can increase the network capacity by serving more users simultaneously. Vertical sectorization can suffer, however, from increased inter-cell interference to the cell edge users, and increased handover overhead. 

The direction of the main lobe and the maximum transmit power of the newly created vertical sectors can be adapted based on the users density. In fact, the user distribution in the elevation domain is not uniform, as can be observed also from the distribution of the users considered in the 3D channel model SI [2]. Vertical sectors formation, antenna array configurations, and transmit power allocation between different vertical sectors has to take into account the distribution of the users both in the elevation and horizontal domain. 

Proposal 1: Vertical sectorization should take into account the user distribution in the elevation and azimuth dimensions. 

2.2
Vertical Beamforming

Vertical beamforming can use advanced signal processing to serve multiple users in the vertical domain without additional sectorization. In such a scenario, antenna arrays can be used to tilt the beam towards the user being served, as in per-user vertical beamforming, or serve multiple users in multi-user vertical beamforming. 

Multi-user vertical beamforming can be used for high population area scenarios such that transmissions can be made simultaneously to multiple users at the same time, increasing the order of the MU-MIMO transmission over 8 TX MU-MIMO. Multi-user vertical beamforming can further be coupled with advanced multi-user scheduling to limit intra-cell interference and improve the network throughput.

Multi-user vertical beamforming is even more attractive when considering the limited zenith angular spread as observed from the phase 2 calibration exercise in [3]. ZSD is small with high probability for both UMa and UMi deployment scenarios, irrespective of the antenna configuration. Multiple beams transmitting to UEs that are spatially separated do not interfere with high probability.  
Observation 1: MU-MIMO beamforming is an attractive scheme to harness the benefits of FD-MIMO. 

2.3
Towards Implementing FD-MIMO

To harvest the benefits of using FD-MIMO, potential standard enhancements may be required. 

Channel Estimation for Large Number of Antenna Ports

Multi-user vertical beamforming relies on the base stations having a good enough channel knowledge, both on the uplink and the downlink. For the UE to estimate the channels from N antenna ports: (1) the base station can transmit CSI-RS with legacy overhead (~1 RE/port/PRB). This dramatically increases CSI overhead, and may not be feasible for large number of TXRUs; (2) The base station can transmit CSI-RS to measure the 1D horizontal and vertical antenna arrays channels separately. This reduces the accuracy of the estimation of the channel, but the CSI-RS overhead may be reasonable; (3) The CSI-RS resources can be used to measure elevation beams with pre-determined tilts that can be varied dynamically. This provides the lowest CSI-RS overhead at the expense of a limited number of elevation beams and non-UE specific beamforming. 
To overcome the problem of estimation for a large number of antenna ports, TDD-based channel reciprocity can be further emphasized for use in FD-MIMO systems, while taking into account issues related to antenna calibration.

Feedback and Codebook Design

Current codebooks are constructed as a function of only the azimuth angles. New codebooks that take into account both the azimuth and the elevation angles of arrival and departure, are needed to enhance the performance of FD-MIMO beamforming schemes. The CQI feedback mechanism will also need to be enhanced for FD-MIMO. The difference in the reported, and actual CQIs may be larger when elevation beamforming is also accounted for, hence MU-CQI feedback may need to be revisited for FD-MIMO. 
Proposal 2: Enhancements and modifications to the standard, for example in channel estimation and feedback, need to be included to accommodate the large number of antennas in FD-MIMO systems.
3. Conclusion
In this contribution, we provided our views on elevation beamforming schemes and discussed the various issues associated with the different schemes. We put forward the following proposals and observations.
Proposal 1: Vertical sectorization should take into account the user distribution in the elevation and azimuth dimensions. 

Observation 1: MU-MIMO beamforming is an attractive scheme to harness the benefits of FD-MIMO. 

Proposal 2: Enhancements and modifications to the standard, for example in channel estimation and feedback, need to be included to accommodate the large number of antennas in FD-MIMO systems.
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