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Introduction
In RAN#65 meeting, the new SID on elevation beamforming/Full-Dimensin (FD) MIMO for LTE has been agreed, the study item consists of two phases, for 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.
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
· Evaluate the need for enhancement of channel reciprocity based operation.
· Evaluate the need for enhancement on diversity transmission scheme. 
· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).
· Evaluate the need for support in the standards for eNB antenna calibration.
· The maximum number of received layers per UE should be unchanged (up to eight).
· 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.
Compared with conventional MIMO, the elevation dimension can be exploited to improve system performance and coverage, by introducing 2D AAS, there are several standard transparent method such as cell virtualization and beamformed CSI-RS, which could also get the gain of exploiting elevation dimension:
· Vertical cell virtualization: the vertical element of AAS eNodeB can be virtually sectorized, by applying different vertical beams in one horizontal cell, and form different vertical cells with different cell IDs. The system performance can be improved because of the cell splitting gain, compared with only phase I Rel-12 DL MIMO scheme.
· Elevation beamformed CSI-RS: to exploit the elevation domain, take an 8 by 8 TXRUs as an example, each 8 horizontal CSI-RS resource can be elevation beamformed to different directions by different weighting vectors at eNB, and be configured to different UEs according to their locations, the channel estimation from DM RS could be done without knowing the exact beamformed weighting vectors, the selection of weighting vector for each UE can be based on RSRP report or UL measurement.
These standard transparent baseline methods have common characteristics that the elevation beams are fixed or semi-statically changed, in order to make the elevation beams changed flexible with the UE geometry, the maximum 64 TXRU which have independent amplitude and phase control can be deployed in each transmission point, but the CSI information of all these TXRUs need to be acquired at the eNB, and also need large amount of feedback information, so the CSI-RS design, codebook design, and also feedback need to be standardized, to get good performance with acceptable overhead and less standardization work. 
In this contribution, we share our views about the potential enhancement of reference design and feedback, to support Elevation beamforming/ FD MIMO more efficiently.
Potential enhancement of EB/FD-MIMO
Enhancement of CSI-RS design
The antenna ports supported in SID is up to 64 at maximum, the straightforward method is that the eNB can get full dimensional CSI information, that means it is assumed that the CSI-RS port and TXRUs is 1-1 mapping, in such case, the maximum 64 independent CSI-RS ports needs to be configured, then it could get upper bound of the performance gain of EB/FD-MIMO. This method can reuse legacy CSI-RS resource and single CSI process, and could enable joint PMI and CQI estimation at the US side. However the CSI-RS overhead is very large to support maximum 64 CSI-RS ports, on the other hand, jointly optimized two dimensional codebooks need to be newly designed, and the feedback overhead for the joint two dimension PMI in PUCCH container is much larger than now. In summary, this straightforward method could get the best performance gain, but is difficult to be designed and implemented in practice.
By exploiting the two dimension AAS structure, the channel covariance matrix can be well approximated by the Kronecker product of correlations in azimuth and elevation dimensions，and the precoding matrix can also be approximated shown as below:




The precoding matrixes of  an  could be obtained based on two CSI-RS resources and two separate CSI processes to separately measure the channel of horizontal/vertical dimension, in such case, the overhead of CSI-RS can be reduced, an example is shown as in figure 1, the CSI-RS port number can be reduced from 32 to 4 port CSI-RS resources for vertical dimension and 8 port CSI-RS resources for horizontal dimension, so that the legacy CSI-RS with {2,4,8} ports may be sufficient for feedback in each dimension. to be mentioned here is that the UEs have to be signalled that which resources is corresponding to the vertical or horizontal domain, in order to know which codebook is applied. On the other hand, the codebooks can also be divided into vertical and horizontal codebook separately, and the legacy PMI feedback overhead can also be reduced compared to the full channel information feedback mentioned above. However since the CQI feedback from UEs in each process only reflect each dimension separately, the CQI recalculation at eNB needs to be implemented or new CQI definition is needed to do good link adaptation. Furthermore, the system performance may degrade compared with full CSI-RS design and full channel information feedback.



Figure 1 Independent CSI-RS configuration
Proposal 1: Separate CSI-RS design in elevation and horizontal dimension needs to be considered.
Enhancement of DM RS and SRS 
Legacy Rel-12 MU-MIMO only support maximum four paired UEs with two orthogonal DM RS and two scrambling sequences, when antenna elements/ports are increased with two dimensional antenna array enabling elevation beamforming, the MU-MIMO user pairs can be increased accordingly, in order to efficiently support higher order MU-MIMO, the interference between different layer using quasi orthogonal sequence needs to be investigated firstly, and decide whether increasing the number of orthogonal DM RS need to be considered.
Considering the reciprocity characteristic of TDD systems, SRS can be used to do UL measurement and then get DL channel information to do beamforming in both elevation and horizontal dimension, when the simultaneous users supported in one cell is larger, the capacity of SRS need to be evaluated.
Proposal 2: The DM RS enhancement to support higher order MU-MIMO need to be considered.
Proposal 3: To better support EB/FD MIMO in TDD system, whether the capacity of SRS is enough need to be considered.
Conclusion
In this contribution, we analyse the standard transparent method of EB/FD MIMO firstly, and then share our views about the potential enhancement of reference design and feedback, to support Elevation beamforming/ FD MIMO more efficiently, and the following proposals are given:
Proposal 1: Separate CSI-RS design in elevation and horizontal dimension needs to be considered.
Proposal 2: The DM RS enhancement to support higher order MU-MIMO need to be considered.
Proposal 3: To better support EB/FD MIMO in TDD system, whether the capacity of SRS is enough need to be considered.
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