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[bookmark: _Ref301342314]Introduction
In the approved SID [1], the following section describes Phase 1 discussions to start at the current meeting:
Phase 1 (Start at RAN1#78bis):
· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.
· […]
In this contribution, we discuss the antenna configurations for 2D antenna arrays including the antenna element spacing, number of antenna elements per TXRU etc. 
Discussion on antenna configurations
Even though the study includes up to 64 TXRUs, by the use of sub arrays where one TXRU is connected to multiple antenna elements, there is a huge number of possible different array antenna configurations. Therefore it is important to down select to a smaller number of more relevant configurations for our study. For instance, it is questionable if we need to include co-polarized antenna arrays in this study.  Cross-polarized antennas are in practice much more common and are more compact and thus more suitable in this study when the total number of antenna elements increases. Hence, we propose
 Proposal: Limit the evaluations in this study to cross-polarized antennas 
At the same time, if we specify standard enhancements in a following work item phase, it is unfortunate if enhancements are tailored to the few specific antenna configurations we have chosen. It is likely so that other factors such as building practice or making the 2D array antenna blend in to a city environment put different requirements on the 2D array design that are difficult to foresee now. See Figure 1 and Figure 2 on two different examples on 2D array antennas.
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[bookmark: _Ref399500436]Figure 1 Cylindrical antenna array e.g. mounted on a street lamp
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[bookmark: _Ref399500437]Figure 2 Flat antenna (wall mounting)

We thus make this observation:
Observation: The fact that we evaluate and study a few antenna configurations and cross-polarized antennas only should not limit the applicability of any specified enhancements to only these studied configurations. 
The physical size of the 2D array antenna can be used to set a bound on which configurations are feasible to study. Assume that a 2D array antenna is characterized as (M,N,K), where N is the number of columns and M is the number of antenna elements with the same polarization in each column. The parameter K is the number of antenna elements of a sub-array of a column. Hence, the number of virtual antenna ports, is MN/K. 
Both tall rectangular, wide rectangular and square 2D arrays are of interest and should be studied in this study item. When K>1, then a DFT based weight vector can at least initially be used to tilt the sub-array response, as was done in 3D channel model calibration. However, this should not be restrictive; companies should have the freedom to use other virtualization of antenna ports to antenna elements if they are described in the corresponding contributions, so that results can be reproduced. This virtualization can even be UE specific. 
Proposal: As an initial baseline, use DFT based weight vector for virtualization of antenna ports to sub-arrays of K antenna elements
To improve isolation between antenna elements, the antenna spacing is likely to be larger than λ/2 in practical array antennas. For evaluation purposes, we suggest to use the 0.8λ spacing in vertical domain as it is consistent with common antenna designs while a horizontal element spacing of 0.5λ might be more suitable for horizontal spacing for compatibility with existing 3GPP codebooks. Note however it is not clear how much isolation can be achieved between array elements in practice when there are many antenna elements. Guidance from RAN4 on practical antenna spacing would be useful, particularly if this study item continues into a work item phase. See further a discussion on RAN4 involvement in [2].

Proposal: Use 0.8λ and 0.5λ spaced antenna arrays in vertical and horizontal array respectively in the Phase 1 evaluations
Antenna configurations for Phase 2 evaluations
For the phase 2 evaluation starting in the RAN1 meeting in November 2014, 8 TXRU will be considered (while >8 TXRU will be considered from the February 2015 meeting and onwards). Assume that eight cross polarized antenna elements in the vertical direction are used, which will give a height of a base station of reasonable size. The eight virtual antenna ports can be distributed over one column (i.e. a vertical array), two or four columns. Hence, we propose:
Proposal: For the phase 2 evaluation until meeting #80 evaluate 8 TXRU cases with
· A fixed (8) number of crossed polarized antennas in the vertical direction
· A linear antenna configuration with 4 TXRU per polarization in a vertical array (K=2)
· A square 2D array antenna with 2 TXRU per polarization in both vertical and horizontal dimensions (K=4)
· A linear antenna configuration with 4 TXRU per polarization in a horizontal array (K=8)

These possible configurations (which gives reasonable physical dimensions of the array antenna) are shown in Figure 3 below. 
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[bookmark: _Ref399506213]Figure 3 The 8 TXRU array antenna configurations where a green box indicates a sub-array group. 

Conclusions
We propose the following:
Proposal: Limit the evaluations in this study to cross-polarized antennas
Proposal: As an initial baseline, use DFT based weight vector for virtualization of antenna ports to sub-arrays of K antenna elements
Proposal: Use 0.8λ and 0.5λ spaced antenna arrays in vertical and horizontal array respectively in the Phase 1 evaluations
Proposal: For the phase 2 evaluation until meeting #80 evaluate 8 TXRU cases with
· A fixed (8) number of crossed polarized antennas in the vertical direction
· A linear antenna configuration with 4 TXRU per polarization in a vertical array (K=2)
· A square 2D array antenna with 2 TXRU per polarization in both vertical and horizontal dimensions (K=4)
· A linear antenna configuration with 4 TXRU per polarization in a horizontal array (K=8)
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