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1. Introduction
In RAN#65, the study on elevation beamforming / full-dimension MIMO for LTE was approved [1], aiming at studying potential enhancements to support MIMO operation in elevation domain in addition to the azimuth domain that has been considered in the earlier LTE releases. In particular, the study targets utilization of 2D antenna arrays with up to 64 antenna ports. In this contribution we provide some initial high-level views on the 3D MIMO CSI schemes to be included in the study. In [2] we have provided some related evaluation results.
2. Discussion
Earlier LTE releases have targeted mainly the azimuth domain of the channel assuming that the transmit antennas are placed horizontally. For instance, different CSI feedback schemes have been defined, as well as precoding codebooks for {2, 4, 8} transmit antennas. Moving to 2D antenna arrays and elevation domain, we note that several techniques are already possible based on the Release 12 specifications and as such should be considered as baseline schemes in the evaluations. At least the following standard-transparent schemes should be considered as baseline schemes over which some benefits should be shown to justify any standard changes:

· Fixed downtilt should obviously be the ultimate baseline to which any enhancements are compared.
· Vertical sectorization, enabled by elevation domain beamforming, means basically splitting the cell in the elevation direction in multiple separate cells each with its own cell ID. This, while providing additional cell splitting gain and beamforming gain, also introduces additional inter-cell interference and CRS interference. Also the number of handovers would increase.
· Elevation-beamformed CSI-RS: Vertical sectorization can be also operated with a shared cell ID by using multiple CSI-RS resources, each of which is beamformed in elevation domain using a distinct elevation beamformer. The operation is similar to vertical sectorization, except that the additional CRS interference as well as the additional handover overhead are avoided. Essentially the same methods as in CoMP can be utilized for selecting the CSI-RS resource or CSI-RS resources for which the UE should provide CSI feedback: The simplest way is to just configure only three CSI-RS resources in the whole cell, each differently beamformed in elevation domain, and let the UE provide CSI feedback for each. While this provides a method to select the elevation beam even dynamically, it also consumes CSI-RS resources that can be configured to the UE. Another way could be to rely on uplink signals (even in FDD systems due to the narrow elevation spread of the multipath propagation) to select a CSI-RS resource to be configured to the UE. Finally, in principle after Release 12 and the advent of discovery signals, it is possible to let the UE measure e.g. RSRP from a larger set of elevation-beamformed CSI-RS resources, and based on the measurement results, down-select the best CSI-RS resource to be configured to the UE for CSI feedback. It is noted that the uplink and discovery signal –based mechanisms allow in principle also more than three elevation-beamformed CSI-RS resources to be used within a cell.
The above schemes do not necessarily call for any additional specification support. However, the schemes also do not provide full UE-specific elevation beamforming support that might be required to reap the full benefits of 2D antenna arrays. Thus some enhancements on top of the above schemes should be studied.
In order to be able to fully utilize up to 64 antenna ports in a UE-specific manner, some CSI is required for both elevation and azimuth domains. A standard-transparent way of obtaining the CSI at the eNB would be to rely on uplink signals: Similarly to the existing non-PMI –based operation, in TDD the eNB can obtain even short-term CSI based on SRS transmissions in uplink. Also in FDD, uplink signals could be used to obtain long-term CSI. In these cases, however, CQI reporting would only reflect the azimuth direction (but still reflect the potential precoding of CRS or CSI-RS in the elevation domain), thus it may need to be evaluated whether the existing CQI reporting is sufficient in this case.
On the other hand, measuring CSI for full 64 antenna ports at the UE side is obviously not feasible in terms of RS overhead. One potential solution worth further consideration would be splitting the channel in elevation and azimuth directions, and deriving separate precoding indications for each. The indicated azimuth and elevation precoders can be then combined to get the precoding weights for the full 2D antenna array. Specification-wise, this could require for instance defining separate CSI-RS resources for elevation and azimuth directions, and possibly a new codebook or codebooks for elevation direction while the existing codebooks would remain applicable for the azimuth direction. Also for such CSI feedback methods, possible modifications to CQI reporting would need to be studied.
3. Conclusion 
We have provided some initial high-level views on the 3D MIMO CSI schemes that should be further considered. In particular, we want to highlight that the existing specification already provides limited support for utilizing also the elevation domain with 2D antenna arrays. We have the following proposals:

Proposals:

· Evaluate solutions to enable UE-specific precoding in both elevation and azimuth domains, considering at least the following:
· Utilization of uplink signals for obtaining short-term or long-term CSI in elevation direction. 

· Separation of CSI feedback to azimuth/elevation directions.
· At least the fixed downtilt –based scheme as well as the elevation beamformed CSI-RS –based scheme should be kept as baseline schemes for the evaluations.
In [2] we have provided some initial evaluation results, also showing that a significant fraction of the achievable gains can in fact be obtained by standard-transparent techniques.
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