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1. Introduction

In RAN #65 meeting, a new study item, “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it is possible to further improve system performance to accommodate the increasing capacity demand. In this contribution, some considerations are presented on implementation of SU/MU transmission with elevation beamforming/Full-Dimension (FD) MIMO.
2. Considerations on schemes for elevation beamforming/Full-dimension MIMO
With elevation beamforming/Full-dimension MIMO, the antenna pattern could point directly to the specific UE by using a two-dimensional active antenna array. This not only increases beamforming gain but also reduces the interference. Moreover, enhanced high order MU-MIMO could be applied in both azimuth and elevation dimension. To harvest these potential benefits, some high level considerations are given from the following aspects.
· Reference signal design
In the current system, for TM9 and TM10, CSI-RS with a maximum of 8 ports is designed to obtain the channel state information of one angular dimension (e.g. azimuth). For two dimensional active antenna arrays, the channel state information for both azimuth and elevation dimensions are required to achieve elevation beamforming/FD-MIMO. It is straightforward to add more antenna ports to obtain the CSI of the elevation dimension. If more antenna ports, such as, {16, 32, 64}, are supported for different antenna array configurations, the resource location and/or association with angular dimensions  of the corresponding reference signals would need to be defined. 
High order MU-MIMO is an important means to achieve capacity gain. It is possible to multiplex more users by introducing additional elevation beamforming. The restriction of a maximal sum rank 4 could be relaxed. The interference between DM-RS of different layers could be further evaluated. The resource location, multiplexing and scrambling scheme could be further considered to achieve a good tradeoff between good channel estimation quality and overhead.
On account of the CSI-RS and feedback overheads in case of larger number of antenna ports, such as {16, 32, 64}, SRS could be used to achieve CSI by channel reciprocity, especially in a TDD system. On account of a possibly larger number of supported users per cell, the capacity of SRS needs to be further analyzed. The system performance considering inter-cell interference also needs to be further evaluated.
Proposal 1:   Enhancement of CSI-RS, DM-RS and SRS could be discussed and evaluated.
· Codebook and feedback mechanism
In the current LTE system, the codebook is designed to support, for example, CSI corresponding to one angular dimension (e.g. the azimuth dimension). There is no specific codebook support for the elevation dimension. If a codebook for elevation is designed, the elevation range of codebook should be related to statistics of the distribution of UE locations. The elevation resolution also needs further consideration on the account of different requirements for cell edge and cell center users. 
Regarding CSI feedback, independent or linked or joint feedback mechanisms could be further discussed for the azimuth and elevation dimensions. New CQI feedback could be introduced on account of a new PMI in the elevation dimension. The additional CQI information would be beneficial for eNB’s scheduling and improving system performance gain. On the other hand, the feedback overhead would become larger because of new feedback contents for elevation dimension. Aperiodic CSI reports can be used in combination with periodic CSI reports to reduce the feedback overhead. Periodic CSI report provides basic feedback information. Triggered (aperiodic) CSI reports can provide additional feedback information flexibly to harvest more performance gain. Moreover, if only the CSI for the desired dimension can be triggered to be reported, the feedback overhead could be further reduced. 
Proposal 2:  A new elevation-based codebook and feedback mechanism could be discussed and evaluated.
· Robust transmit diversity scheme
In current the LTE system, SFBC is adopted as a transmit diversity scheme. It is a CRS based transmission scheme and only at most 4 ports are supported. To exploit UE specific beamforming gain brought by two dimensional active antenna arrays, DM-RS based diversity transmission schemes could be further considered to achieve both diversity gain and beamforming gain. On the other hand, as the beam width becomes narrower and beamforming gain becomes larger with more antenna ports, an enhanced diversity scheme should be designed to guarantee robust transmission for high speed users. 
Proposal 3:  An enhanced diversity scheme could be discussed and evaluated.
· Common channel coverage , RRM measurement and cell/point selection
Reception reliability of the common channels is important and guarantees system coverage. It is based on CRS with a maximum of 4 ports. Therefore, the CRS port virtulization needs further discussion for a newly introduced vertical TXRU. Basically, a large beam width is beneficial for system robustness but not good for achieving beamforming gain. On the other hand, performance of cell edge users is improved by directional beams for specific users. Thus, there exists some performance difference between common channels and data channels. Additional methods could be investigated to ensure the reliability of common channels on account of elevation beamforming and FD-MIMO for data channel. Since legacy UEs could not use these enhanced methods, the conventional method is also required to be available in order to support legacy UEs.
Proposal 4:  Additional methods for ensuring reliability of common channel coverage, cell/point selection and RRM measurement could be investigated.

3. Conclusions
Based on the above discussion, the following proposals could be discussed and evaluated:
Proposal 1: Enhancement of CSI-RS, DM-RS and SRS
Proposal 2: New elevation-based codebook and enhanced feedback mechanism
Proposal 3: An enhanced diversity scheme 
Proposal 4: Enhancements for common channel coverage, cell/point selection and RRM measurement
Enhanced control signaling related the above aspects could also be discussed and evaluated.
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