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1 Introduction
This contribution presents our view on the 2D antenna array structure focusing on the number of antenna elements and element spacing in both horizontal and vertical directions to provide appropriate performance evaluation for feasibility study of FD-MIMO [1].

2 Discussion on 2D Antenna Array Structure
Two important factors to determine spatial channel characteristics generated by 2D antenna array would be the antenna element structure and antenna polarization. For a given number of vertical and horizontal antenna elements M and N, respectively, antenna element structures shown in Figure 1 would be typical way to implement the 2D antenna array. Note that the structures in Figure 1 were assumption in SI discussion on 3D channel modeling [2]. In particular, antenna elements are uniformly spaced in the both horizontal and vertical directions with spacing of dH and dV, respectively. For antenna polarization, both cross-polarized array (X-pol) as in Figure 1(a) and uniform linear array (ULA) as in Figure 1(b) could be taken into account for performance evaluation on FD-MIMO.
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(a) Cross-polarized array (X-pol).
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(b) Uniform linear array (ULA).


Figure 1 2D antenna structure.
If we consider using M elements in a column for generating CRS beam, the selection of M and dv determines 3dB beamwidth in vertical direction. In evaluation assumption in [3], the 10º 3dB-beanwidth is commonly used for 3 sectored passive antenna products. Taking into account the discussion in 3D channel modeling SI and vertical 3dB beamwidth, we consider two possible options for the selection of M and dv, which provide a 10º 3dB-beanwidth as follows: 
· Option #1 (M=10, dv=0.5λ): 
This option is aligned with the baseline assumption for vertical antenna configuration in TR 36.873 [2]. Figure 2(a) shows an example of Option #1 comprising 10 vertical antenna elements and dv=0.5λ with X-pol, where the elevation beamweights are chosen to provide an electrical vertical steering angle θetilt=102º from [2]. 
· Option #2 (M=8, dv=0.64λ): 
Figure 2(b) shows an example of Option #2 comprising 8 antenna elements and dv=0.64λ with X-pol. This option would be suitable for applying 2, 4, or 8 TXRUs with an equal partitioning of elements in a column that considered as possible TXRU configuration [4].  Figure 2(a) shows the beam patterns where the elevation beamweights are chosen to provide an electrical vertical steering angle θetilt=102º from [2].  
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(a) Option #1
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(b) Option #2


Figure 2 Example of antenna configuration (X-pol, θetilt=102º).
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Figure 3 Antenna gain between Option #1 and #2 (θetilt=102º)
As shown in Figure 3, both Option #1 and #2 have similar null positions and the antenna gains in main-lobe. The antenna gain differences in side-lobes are a negligible quantity. With Option #1(M=10), applying the 4 or 8 TXRU allocation in vertical direction results in an unequal partitioning of elements in a column. Note that the uneven partitioning can cause suboptimal CSI since the legacy codebooks have been designed under the assumption of equal inter-port spacing. On the other hand, Option #2 (M=8) would be suitable for applying 2, 4, or 8 TXRUs with an equal partitioning of elements in a column as well as providing 10º 3dB-beanwidth. 
Note that we can consider another options such as M=16 to support more flexible TXRU allocation in vertical direction. However, element spacing dv is required to study further with considering how we model TXRUs, 3dB-beamwidth, maximum antenna gains, and also overall antenna size.
Based on the above discussions, we summarize the observations as follows:

Observations 
· For a vertical antenna configuration
· Option #1 (M=10 and dV=0.5λ) provide 10º 3dB-beanwidth but an unequal partitioning of column elements can be used for 4 or 8 TXRUs which can cause suboptimal CSI.
· Option #2 (M=8 and dV=0.64λ) would be suitable for applying 2, 4, or 8 TXRUs with an equal partitioning of elements in a column as well as providing 10º 3dB-beanwidth.
· For more flexible TXRU allocation in vertical direction, more study for M=16 is required.
For antenna configuration over horizontal direction, N and dH can be selected to be efficient with MIMO performance and operation issue such as cost and antenna size. Considering single-user and multi-user MIMO transmission with same antenna configuration, closely spaced X-pol antennas are particularly prioritized in the performance aspects [5]. Therefore, we can consider N=1,2,4 for X-pol with dH=0.5λ as baseline assumption for horizontal antenna configuration. In addition, based on the above observations, Option #2 (M=8 and dV=0.64λ) seems to be reasonable to see MIMO benefits in the elevation dimension by allowing {2, 4, 8} TXRU allocation. Therefore, as a baseline FD-MIMO evaluation, it is proposed that
Proposals

·  For a baseline FD-MIMO evaluation:

· Use X-pol polarization

· Use N=1,2, or 4 with dH=0.5λ for horizontal
· Use M=8 with dV =0.64λ for vertical 

3 Conclusion
In this contribution, we have following observations and proposals for 2D antenna configurations to evaluate FD-MIMO performance: 
Observations 
· For a vertical antenna configuration
· Option #1 (M=10 and dV=0.5λ) provide 10º 3dB-beanwidth but an unequal partitioning of column elements can be used for 4 or 8 TXRUs which can yield suboptimal CSI.

· Option #2 (M=8 and dV=0.64λ) would be suitable for applying 2, 4, or 8 TXRUs with an equal partitioning of elements in a column as well as providing 10º 3dB-beanwidth.
· For more flexible TXRU allocation in vertical direction, more study for M=16 is required.

Proposals

·  For a baseline FD-MIMO evaluation:

· Use X-pol polarization
· Use N=1,2, or 4 with dH=0.5λ for horizontal
· Use M=8 with dV =0.64λ for vertical 
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