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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In study item of Rel-13, the potential enhancement for implementing elevation beamforming or full dimension MIMO will be evaluated with identifying the antenna configurations and the simulation scenarios as in [1]. The discussed 3D channel model will be used for performance evaluation. In this contribution, we generally discussed the potential standard enhancement requirements targeting exploiting the benefit of two dimensional antenna array operation.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Channel measurement 
As referred in [1], two dimensional antenna array with 8 or more TXRUs will be used to exploit the potential elevation beamforming benefit. To get 3D channel state information, UE needs to measure more antenna ports to get full channel information. Consequently, the enhancement of CSI-RS is necessary for 3D CSI measurement if the number of TXRUs or antenna ports is larger than 8. 
Straightforwardly, all CSI-RS antenna ports can be defined for all TXRUs where each antenna port of CSI-RS corresponds to one TXRU. Therefore, UE can get full downlink channel information by measuring the full dimensional reference signals with large CSI-RS overhead. In addition, it may be a challenge for UE to carry out channel estimation on so many antenna ports. 
Alternatively, two sets of CSI-RS can be configured for a UE to measure the 3D channel, where the two sets correspond to horizontal channel information and vertical channel information respectively. The method introduces low CSI-RS overhead, but UE only gets partial channel information. It may be a challenge to get an accurate CQI estimation. In this case, the vertical codebook and feedback are separately designed with existing horizontal ones. 
Another method is to configure multiple CSI-RS resources to a UE, and one resource corresponds to one vertical tilt. The vertical codebook includes multiple different down-tilt indexes. UE needs to measure multiple CSI-RS and decide the best vertical precoder index. In this case, the CSI-RS overhead depends on the size of vertical codebook. 
CSI-RS transmission schemes should consider the backward compatibility, the standard effort, the impact on legacy UEs, and the performance benefit as well.
Codebook and feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]As the above example of CSI-RS schemes for two dimensional antenna array, the codebook and feedback design are mostly related with CSI-RS transmission. Whether CSI-RS, codebook and feedback need to be separate into horizontal and vertical domain or not depends on the performance evaluation results. The new codebook design should consider the antenna calibration errors, the antenna coupling and correlation, and the channel estimation errors.
For feedback schemes, wideband or subband feedback, periodic feedback on PUCCH or aperiodic feedback on PUSCH should be reconsidered according to the new codebook.
Proposal 1: CSI-RS design, codebook design and feedback schemes are highly correlated. And whether they need to be separate into horizontal and vertical domain or not depends on the performance evaluation results.
MU-MIMO
Current specification supports maximum 4 MU-layers. In 3D-MIMO, higher dimensional MU-MIMO layers may be supported, which depends on the performance evaluation results. If yes, PDCCH/ePDCCH should be modified to support more than 4 layers. A new DCI format can be based on DCI format 2C and 2D. 
Proposal 2: Whether higher dimensional MU-layers should be supported or not depends on the performance evaluation results.
Antenna calibration
In TDD, channel reciprocity is expected to be fully exploited in downlink precoding processing as UE needn’t measure and feed back the downlink channel information. However, in realistic situation, the reciprocity might be imperfect as the RF properties of antennas depend on temperature, humidity, etc. To fulfil accurate downlink precoding processing by measuring uplink channel without RI/PMI feedback, the antenna calibration is necessary. Conventionally, there are two antenna calibration methods, self calibration and over the air calibration [2]. The self calibration is eNB implementation issues which needs additional hardware support. The over the air calibration is a software processing but needs standard effort. Since the current standard does not support the over the air calibration, the standard effort should be avoided unless the self calibration can not achieve the expected accuracy due to the increasing number of antennas.
Proposal 3: The standard effort should be avoided as far as possible for the antenna calibration.
Common channel coverage 
Unlike user specific beamforming for PDSCH, some common control channels include PBCH, PDCCH, PCIFICH, PHICH and some data channels should remain their coverage for all UEs. To ensure the coverage of these channels, the straightforward enhancement is to virtualize two dimensional antennas. And if the virtualized common channels and signals can provide enough coverage, standard modification is unnecessary.
Proposal 4: The standard modification can be unnecessary to ensure the common channel coverage.
3 Conclusion
In this contribution, the potential standard enhancement requirements for full dimension MIMO are discussed, and we propose
Proposal 1: CSI-RS design, codebook design and feedback schemes are highly correlated. And whether they need to be separate into horizontal and vertical domain or not depends on the performance evaluation results.
Proposal 2: Whether higher dimensional MU-layers should be supported or not depends on the performance evaluation results.
Proposal 3: The standard effort should be avoided as far as possible for the antenna calibration.
Proposal 4: The standard modification can be unnecessary to ensure the common channel coverage.
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