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1
Introduction
FD-MIMO utilizes a large number of antenna ports with two-dimensional array configuration, so the benefits of both elevation beamforming and massive-MIMO can be simultaneously enjoyed. As compared to the MU-MIMO scheme in the existing specification, FD-MIMO is capable of realizing very high-order MU-MIMO transmission, so the number of UEs that can be co-scheduled in the same time-frequency resource is much higher. This improves spectral efficiency directly and thereby significantly increases the system throughput. According to [1], the objectives of this study item include:

· 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.
The scope of this contribution is focussed on Phase 2, and we aim to discuss some of the standard enhancements that should be considered when introducing FD-MIMO to Rel-13 or beyond, including reference signal design and feedback mechanism.
2
Considerations of Reference Signal Design
In order to achieve high spectral efficiency via high-dimensional MU-MIMO, the number of antenna ports in FD-MIMO is meant to be much higher than typical MIMO configurations in the current specification. Intuitively, the measurements for the channel responses corresponding to the additional antenna ports are required for proper operations. It is clear that the current design of reference signals in Rel-12 is not able to support MIMO schemes with 32 or 64 antenna ports as considered in FD-MIMO. If the traditional approach is used, that is, orthogonal time-frequency resources are dedicated for channel measurements of different antenna ports, reference signals would consume a large portion of resources in the time-frequency grid. Thus, how CRS, DMRS, and CSI-RS for 32 or 64 antenna ports can be accommodated efficiently is definitely an issue that should be addressed. 
Proposal 1:

The study of RS enhancements for FD-MIMO with more than 8 antenna ports should consider channel measurement efficiency in terms of RS occupancy in the time-frequency resource grid. 
3
Codebook and Feedback Mechanism
With elevation beamforming and FD-MIMO based on 2D antenna configurations, the beam direction can be controlled in both vertical and horizontal domain, which allows the eNodeB to steer the signal to the targeted UE in a more precise fashion.  This boosts signal reception quality at the desired UE, meanwhile reduces interference leakage to the other neighbouring UEs. As proper beamforming operations rely on CSI knowledge at the transmitter side, CSI acquisition at the eNodeB is one of the essential issues that should be studied and addressed.  In particular, this section discusses some potential enhancements such as new designs for codebook and feedback mechanism to support elevation beamforming and FD-MIMO, which is important for FDD mode where channel reciprocity cannot be exploited.

3.1 
Codebook Enhancements
As 2D antenna arrays are used for elevation beamforming and FD-MIMO, dual-PMI reporting mechanism could be introduced, where PMIs for vertical domain and horizontal domain are reported separately. Note that the range of adjustable down-tilt is generally much smaller than the azimuth angle of the beam. Hence, the number of bits used for the vertical PMI can be smaller than the horizontal PMI. On the other hand, this is also possible to design a codebook that jointly captures both dimensions.
Furthermore, the preciseness of beam steering depends on the accuracy level of channel knowledge at the transmitter, where the accuracy level is directly related to the bit width of PMI. That is, a larger precoder codebook gives a better representation of the channel status. However, this also expands the feedback payload. Thus, a codebook with adaptive size could be considered, where high-resolution codebook is only used when needed. For example, when the UEs in the neighbouring cells are suffered from strong interference, a codebook with higher-resolution can be invoked to reduce interference leakage.
Proposal 2:

Codebook enhancements that captures both horizontal and vertical domain of the channel should be studied. Also, adaptive codebook size can be considered to handle the trade-off between feedback payload and downlink performance. 
3.2 
Feedback for MU-MIMO based on Opportunistic Beamforming
In conventional MU-MIMO operations, the eNodeB could construct the precoding matrix for MU-MIMO in accordance to the CSI feedback from the UEs. This could be difficult in the scenarios of FD-MIMO with numerous antenna elements, as a very large precoder codebook is needed to capture the channel status within a more accurate manner. Therefore, we may consider a feedback scheme for MU-MIMO based on opportunistic beamforming. A prospect scheme is described below.

Instead of using constructing the precoding matrix based on PMI feedback, the eNodeB selects a precoding matrix for K layers (the number of columns is K), as well as choosing a CQI threshold level. The information relating to the chosen precoding matrix and the CQI threshold level can be provided to the UEs either explicitly or implicitly. Finally, each UE reports a bitmap to indicate which columns of the selected precoding matrix are preferable for its data reception.
Proposal 3:

Opportunistic beamforming can be considered for FD-MIMO to enable high-order MU-MIMO transmission. 
4
Conclusions

This contribution examines some potential standard enhancements to support elevation beamfoming and FD-MIMO in Rel-13 or beyond, and we proposed the following:
Proposal 1: The study of RS enhancements for FD-MIMO with more than 8 antenna ports should consider channel measurement efficiency in terms of RS occupancy in the time-frequency resource grid. 

Proposal 2: Codebook enhancements that captures both horizontal and vertical domain of the channel should be studied. Also, adaptive codebook size can be considered to handle the trade-off between feedback payload and downlink performance. 
Proposal 3: Opportunistic beamforming can be considered for FD-MIMO to enable high-order MU-MIMO transmission. 
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