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1. Introduction
MIMO is one of the key technologies to meet the rapid growing spectrum efficiency requirement.  In the current LTE-Advanced, 2D MIMO is supported only up to 8 antenna ports.  To explore more gain with advanced MIMO techniques, the SID on elevation beamforming and FD-MIMO [1] is approved.  The major goals of this MIMO enhancement are seeking for: (a) More beamforming gain, (b) Multiplexing more spatial layers(SU/MU), (c) Less interference between multiple layers and different TPs (d) Better overall coverage. Significant interest has been raised on Elevation Beamforming(E-BF) and Full-Dimension (FD) MIMO schemes which are the key candidates to exploit potential MIMO gain. The former extends 2D MIMO to 3D MIMO while the latter increases the number of antenna ports. In this contribution, we give some high level views on these MIMO schemes.  
2. Research areas of Rel-13 E-BF/FD-MIMO
Supporting FD-MIMO and Elevation BF simultaneously in Rel-13 will face more challenges than considering only the elevation beamforming using 8 antenna ports.  However, it is expected FD-MIMO with more antenna ports will potentially bring more meaningful gain.  It is reasonable to strive for common scalable design considering more number of antenna ports (i.e. up to 64 ports in Rel-13).  The main issue of FD-MIMO and E-BF is how to obtain reasonable CSI accuracy and performance with acceptable cost including RS overhead and eNB/UE complexity.  Higher CSI accuracy is important to achieve more beamforming gain and to multiplex more spatial layers including SU/MU.   Other issues: e.g. DMRS enhancement and interference coordination issues can also be studied if time is enough.  Here we divide into two major types of schemes targeting for FDD and TDD respectively.   
For FDD system, several schemes to obtain CSI for FD-MIMO/E-BF are listed bellow：

(a) Extend the dimension of current CSI-RS and RI/PMI/CQI feedback 
Traditional scheme with un-precoded CSI-RS based CSI (RI/PMI/CQI) feedback have been studied fully and perform well when the number of antenna ports is no more than 8.  This is an important candidate scheme if the number of antenna ports is not too large.  If FD-MIMO is introduced, the maximum number of ports is extended and pilot overhead will increase obviously.   Considering CSI-RS overhead, techniques like aperiodic CSI-RS and partial CSI-RS (partial bandwidth or partial ports), compressed sensing and pilot interpolation schemes can be considered. Moreover, the performance of CSI-RS should be re-evaluated to see whether the channel estimation performance is reasonable for FD-MIMO which may support larger coverage and require better CSI accuracy. 
The precoder model in Rel-12 codebook utilizes spatial correlation and polarization characteristic of channel for improving CSI quantization efficiency.   Dual PMI feedback structure further exploits the time/frequency correlation to reduce feedback overhead.  Because of the much larger number of antenna ports than the current 4/8Tx MIMO, FD-MIMO calls for more efficient feedback design for high MIMO dimension.  Hence we should further study how to fully exploit Spatial/Frequency/Time correlation and 3D/Polarization characteristic. Multiple PMI feedback scheme based on more accurate and efficient precoder model is a good enhanced direction for improving CSI quantization efficiency and reducing complexity of PMI selection.  The codebook design and feedback framework should be scalable to adapt to different number of antenna ports. 
(b) Precoded RS with reduced dimension

In [4], it provides the CSI feedback scheme with measurement on the precoded RS with reduced dimension.  CSI-RS is precoded based on the M eigenvectors considering the NtxNt channel covariance matrix.  CSI feedback is based on this type of precoded CSI-RS with reduced dimension to achieve reduced overhead.  A promising direction is to combine with beam selection scheme and other feedback schemes (RI/PMI or explicit low dimension H feedback). Restructuring the virtual channel by selected beams can reduce the dimension.  After reducing the dimension,  other feedback schemes can be used for the low dimension virtual channel.   This method efficiently achieves RS compression and reduced feedback overhead.   To support higher number of antenna ports for FD-MIMO, this is a competitive scheme which deserves more attention.  
Specifically, for 2D antenna array, the separate elevation/azimuth CSI-RS and feedback schemes using the current multiple CSI processes framework can be considered for dimension reduction.
(c) Explicit CSI feedback
In Rel-10, explicit CSI feedback has been studied as a feedback candidate along with the current implicit feedback. For FD-MIMO, at the present stage, explicit channel information feedback should not be excluded, especially if up to 64 ports are supported.  Note that the various correlation features are caused by the same sparse channel multipath.  Consequently, an important direction is to study how to decompose the channel and obtain more essential channel information (e.g. path information) in feedback design.  The challenging part of explicit feedback is the feedback overhead for each path which can be very large because of the high precision requirement and lots of various path parameters.  To reduce overhead, we can utilize the channel characteristics.  In most cases, only wideband and long term feedback signaling is needed for most of the parameters, e.g. amplitude, delay, direction. Therefore, the overall overhead may not be too large. 
For TDD system, channel reciprocity based scheme is the important method to obtain CSI
The major advantage of TDD system is that channel reciprocity is available for obtaining CSI information.  However, it also has some challenging design problems.  
(d) SRS enhancements

Channel reciprocity accuracy is important factor to TDD MIMO system performance.   Similar to FDD, FD-MIMO would require higher CSI accuracy.  However, the accuracy of SRS based channel estimation can be affected by the number of UEs.   The major impact may come from SRS design.  SRS capacity can be one of the issues for TDD to support FD-MIMO which deserves more investigation.  Meanwhile, SRS performance should be evaluated and possible enhancement should be considered to satisfy the increasing CSI accuracy requirement and deal with the large UE numbers. e.g. SRS resource set can be extended, and signaling enhancement can be considered for the higher flexibility of aperiodic SRS.

(e) TDD CQI feedback enhancement

In the current LTE-A, TxD based CQI is supported for feedback without RI/PMI mode which is mainly considered for TDD system.  It is expected the mismatch of TxD based CQI and codebook based CQI is larger for FD-MIMO and is harder to adjust by implementation.  Some feedback schemes considered for FDD can be only used for TDD.  e.g.  using precoded RS for higher CQI accuracy or use codebook based CQI without feeding back the PMI.  
(f) Calibration for channel reciprocity

Another area is calibration for channel reciprocity.   Generally speaking, propagation channel itself is essentially reciprocal.  There are calibration based solutions that have already been tested [2][3].  Further investigation is needed to study the impact of channel reciprocity calibration considering FD-MIMO and potential enhancement for more accurate calibration.
3. Conclusion
In this contribution, our high level views on the schemes and research areas for EBF and FD-MIMO are provided.  
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