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[bookmark: _Ref301342314]Introduction
The character of user traffic distribution is generally three dimensional, particularly in metropolitan areas. In such cases there could be benefits to use a column of antenna elements to either sectorize vertically or even dynamically steer the antenna directivity in the elevation domain, so called elevation beamforming.  In some scenarios there may be benefits to use two dimensional sectorization or beamforming (2D-BF), meaning that beams can be steered towards individual users in both in elevation and azimuth, which requires 2D array antennas. This short contribution briefly discusses some schemes to consider in this study item.  
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Figure 1 Example of scenario for 2D sectorization or 2D beamforming.

Scenario dependent MIMO schemes
The added value to deploy elevation beamforming (1D-BF) or 2D-BF at a site highly depends on the environment and 3D traffic distribution. It is attractive due to many aspects that the size and form factor of current eNB antenna deployments are unchanged when introducing elevation beamforming. It is expected that the footprint given by the columns of cross polarized antenna elements used today remains the same after the enhancement of vertical cell sectorization. Hence, the fixed downtilt angle is replaced by a set of downtilt angles that creates multiple vertical sectors in the cell. 
The next complexity step is to introduce UE specific elevation beamforming where the cell specific sectors are replaced by dynamically adapted UE specific beams in elevation angle while still using the columns of antennas at the eNB. These two schemes are attractive from a deployment perspective since the size, wind uptake and mechanics of the front end is similar as today even though there is new antenna functionality. 
Also legacy terminals can benefit from such upgraded column antenna since the schemes mentioned above can also be implemented without standard modifications. The SI should investigate further if these schemes can be even more effective for UEs of future releases by any standard changes and the vertical sectorization can then serve as the performance baseline. 
Extending the antenna array to two dimensions, e.g. in a 2D planar array allows for 2D cell sectorization, where sectors are created in both elevation and azimuth dimensions. This can also be supported by legacy terminals and may thus serve as a performance baseline when studying enhancements related to the UE specific elevation and azimuth beamforming, which likely requires additions in the standard specification. Introducing these new antenna structures with many antenna elements also requires an enormous RAN4 work effort. 
Note that also other front end antenna form factors could be considered. Examples of such 2D antenna structures are conformal arrays mounted on lamp posts or spherical “disco ball” array antennas. It is desirable if any standard changes are flexible enough to support other kinds of antenna configurations than what RAN1 has time and resources to evaluate.   
Baseband or radio controlled beamforming
An important implementation related issue when the number of antenna ports increases that RAN1 need to discuss and decide early upon is whether the precoding or “beams” are created in digital (as has been assumed in current LTE development) or if the directive beams are created in the radio. The choice will impact the schemes, e.g. how RS signals are transmitted (“antenna space” or “beam space”) to support up to 64 TXRU as well as the CSI feedback scheme proposals. Somewhat briefly, there are two categories of implementation:
· Radio controlled beamforming: There are much fewer TXRU than the number of possible beams the antenna can create. Some dynamic control of, or selection of beam is performed in the digital radio, where the classical analog beamforming case is an extreme example where a TXRU maps to a beam. Hence, not all beams can be used in the same OFDM symbol and this has impact on channel measurements capability and CSI feedback structure since the full MIMO channel cannot be sounded in the same subframe and beam specific RS may instead be needed.
· Baseband (BB) controlled beamforming: In this case, the number of TXRU is of the same order of magnitude as the number of antenna elements (or number of antenna sub-arrays). As an example, each TXRU port can be connected to a single polarization of a single antenna element. This correspond to the classical digital beamforming where antenna specific RS is used. The full MIMO channel can thus be measured by the UE. This is the assumption of current LTE specifications which use a precoder codebook for CSI feedback. 
The radio controlled beamforming has a limitation in the number of simultaneously scheduled users/layers and additionally, the common control channels consume TXRUs. There are also limitations in MU-MIMO precoding flexibility and how the transmission of common channels and reference signals is performed. The measurement feedback latency associated with beamformed RS also speaks in favor of the BB controlled beamforming, where antenna specific RS can be used.  
Our preference is to continue support BB controlled beamforming approach in LTE since elevation beamforming and 2D-BF are interesting for the FDD macro cell with large UE uptake areas and thus many simultaneously served UEs. 
Conclusion
These proposals conclude this contribution:
Proposal: Study elevation and 2D cell sectorization as well as elevation and 2D UE specific beamforming in this SI. 
Proposal: Baseband controlled beamforming should be considered as the baseline scheme in the study item.
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