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1. Introduction

In RAN#65, the SID “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved. The main objectives of the SID are:
· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios
· Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes
· Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.
· Develop design principles for the identified techniques and identify potential specification impact. 

In this contribution we provide high level views on the transmission schemes to be considered in this study.
2. Discussion
With the 2D antenna array, especially the large array, there are many challenges in the system design. To reap most of the benefit of 2D antenna array and not to complicate the system design, we need to look into certain measures. The important measures are gain over the system with 1D antenna array, reference symbol overhead, UE feedback overhead, UE complexity, future proof design etc. And, the coverage of common channels should be carefully studied as well. In the following subsections we discuss the schemes which should be considered in the study.
2.1 Standard transparent transmission scheme
Virtualizing the antennas in the vertical domain to single port will reduce the 2D antenna array to traditional 1D antenna array. The tools available in Rel-12 can be utilized to reap the benefit of beamforming in elevation domain. It should be noted that a UE can be configured with TM-9 or TM-10 in Rel-12, and the performance of 2D antenna array system will vary significantly. The standard transparent elevation beamforming scheme should be evaluated and compared against the scheme with 8 TXRUs horizontal array with Rel-12 scheme as it is described in the SID phase I. In phase II of the study, the performance of the schemes with further specification enhancement should be compared with the performance of standard transparent elevation beamforming scheme.
2.2 Channel reciprocity based transmission scheme – TDD
In TDD system, the channel information in downlink can be obtained via measuring the uplink channel. The UE sends SRS in uplink and the eNB obtains the downlink channel information. As the operating frequency goes higher, the number of antenna elements in an array can also go higher, in such scenario channel reciprocity based transmission scheme can be attractive to avoid large amount overhead. The eNB can obtain un-quantized channel information and at the same time reduces the UE complexity and overhead. The system could be designed to fit all antenna configurations.
However, the eNB does not have information about the interference experienced by the UE, thus the interference information feedback or CQI feedback needed. Another challenge in the channel reciprocity based transmission scheme could be the antenna calibration at the eNB.
2.3 CSI feedback based transmission scheme
From Rel-8 through Rel-12, the MIMO transmission schemes are based on implicit feedback from the UE. The UE feeds back the corresponding precoding matrix index selected from the limited number of codebooks. The system performance depends on the resolutions of the codebooks, higher the resolution higher the overhead and better the performance. With large number of antenna ports at the eNB, UE specific high resolution beams can be formed, however the feedback overhead and computation complexity will dramatically increase. And, from the codebook design point of view, many different orientations of antenna array should be taken into account, which will complicate codebook design. A different set of codebooks should be designed for different array size, e.g., a separate codebook set is required for 2D antenna arrays with 8, 16, 32 or 64 TXRUs. 
A sub-optimal codebook design could be to separately design codebooks for horizontal and vertical antenna array and the UE separately reports the corresponding RI, PMI and CQI. One simple way is just to re-use the Rel-12 codebooks on vertical domain and horizontal domain, and the UE is configured with 2 CSI-processes. 
3. Conclusions
In this contribution, we discussed the schemes to be considered in the study of FD MIMO. The standard transparent scheme should be the baseline scheme; any further specification enhancement should show the potential system gain against the baseline scheme. For TDD system, channel reciprocity based transmission scheme should be studied including interference (or CQI) feedback with realistic antenna calibration error.
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