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1. Introduction
A new study item was approved at RAN #65 with the goal of understanding the performance benefits available with two-dimensional antenna arrays used in conjunction with eight or more transceiver units (TXRUs) which can independently control amplitude and phase.  This contribution provides an overview of transmission schemes which make use of two-dimensional antenna arrays.
2. 2D Antenna Array Transmission Schemes 
A 2D antenna array can be described by a set of antenna elements arranged into N columns each with M antenna elements with uniform spacing between elements in both the horizontal and vertical directions. An antenna element has E element ports where E = either 1 or 2 depending on whether the antenna element provides single or dual polarization.

The maximum number of antenna ports available with this array is therefore M X N X E.  The precoding schemes used in Releases 8-12 could then be defined assuming one or more reference antenna array configurations with this number of ports.  This straightforward approach could provide single beams (no grating lobes) in both azimuth and elevation directions with the beamwidth in each dimension inversely proportional to the product of the number of elements and element spacing in the horizontal and vertical directions respectively. When the number of elements is large however, the hardware complexity required to independently control the amplitude and phase independently at baseband may be excessive with little performance benefit relative to schemes which form virtual antennas by a fixed network of gain and phase control to each antenna element. An example being an analog feed network which feeds K  antenna elements at RF to form M/K  antenna ports, each fed by a separate TXRU. 
Under this general framework of an antenna port driving a set of virtual antennas, there are two schemes which have been proposed which differ in how the virtualization is performed.. These will be discussed below.

2.1. Virtualization by Sub-arrays
Sets of K adjacent antenna elements can be grouped into sub-arrays with the element outputs within a sub-group summed or otherwise linearly combined to form a single virtual antenna output.  This results is an M/K element array whose effective element antenna responses are the product of the antenna element response and the array factor of the combining weights used to form the subarray outputs.  In addition the element spacing of the array has increased by a factor of K. [4]
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If the original antenna elements are spaced half a wavelength apart, grating lobes produced by the spatial sub-sampling are attenuated by the effective antenna array response. The ability to form narrow beams is preserved since the increase in the effective element spacing compensates for the reduction in the number of antenna ports.
2.2. Fixed Beam Virtualization 
Virtualization may also be performed by forming different weighted linear combinations of the array column’s M antenna element outputs. One example is where L length M vectors, f1, f2, …,fL are used to form L beams each at a different elevation angle.  In this case each virtualized antenna therefore corresponds to a specific elevation direction. In order to reduce processing complexity, the number of beams must be less than the number of antenna elements and therefore there are gaps between beams where a received signal would need to be reconstructed from the outputs of multiple virtual antennas. In the more general case the vectors f1, f2, …,fL  need not form beam in the sense of pointing in an elevation direction but rather just be a fixed set of linearly independent vectors [2] [3].
2.3. Key Design Parameters
Besides the antenna element design and virtualization scheme, 2D transmission schemes can be parameterized by the parameters of array height and width, total number of antenna ports (number of TXRUs), M, N, inter-element spacing in both horizontal and vertical directions, and single vs. dual polarization, i.e.,  E= 1 or 2.  One method of choosing a set of parameters for evaluating either of the above schemes would be to begin with three implementation assumptions: 
1) Baseband and feedback complexity as represented by the total number of antenna ports, 
2) Wind loading and site installation constraints as reflected by vertical height and width of the array. 
Then, a candidate set of tuples of (N, horizontal element spacing, E) could be considered. Given assumptions 1) and 2), the number of vertical ports is fixed and optimization can be performed over a reduced set of parameters. 

For sub-array virtualization, the sets of  parameters are

· K, the size of the sub-arrays

· M, the number of elements per column (or equivalently the vertical element spacing since a column height is assumed)

For fixed-beam virtualization, the parameters are 

· M, the number of elements per column
· The combining weights comprising the vectors f1, f2, …,fL
Here it is assumed that the antenna element outputs of the sub-arrays are simply summed as opposed to having their own length K weighting vectors.  Iteration over different tuples (N, horizontal element spacing, E) which all represent the same complexity /wind loading would then lead to a set of appropriate array and port configurations
2.4. Standards Impact
Both schemes potentially impact codebook design, CSI-RS design, and CQI/PMI Feedback.  The codebook design problems are likely to be different for the two virtualization schemes in that the transmit correlation structure differ by virtue of different subspaces being selected by the virtualization schemes. This in turn will impact the structure of the PMI feedback as different rates may be applicable to the vertical and horizontal precoding components.  Finally, the CSI/RS will need modification when the total number of transmission ports is greater than eight, at least for the FDD case, assuming uplink information cannot be utilized in this mode.
3. Conclusions
This contribution provided an overview of how 2D antenna array transmission may be implemented in future releases. Two antenna virtualization schemes and a procedure for optimization of 
their key parameters was described.
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