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1. Introduction
It is well-known that beamforming technology can improve the signal to interference plus noise ratio (SINR) by concentrating the transmission energy to the user of interest and minimizing the interference leakage to other users. The newly introduced 2-D antenna array enables beam steering in both zenith and azimuth directions. UE-specific elevation beamforming and full dimension MIMO are two techniques that can exploit the beamforming capability in zenith dimension. However, a certain standardization effort is required. In contrast, vertical sectorization seems to be standard transparent. In RAN1, maximizing the reuse of the existing specification has always been a key factor to decide whether new specifications are required for new technology. In this contribution, we provide some initial analysis on the vertical sectorization first. Then, we share our views on the antenna configurations of 2D antenna array with {8, 16, 32, 64} transceiver units (TXRUs) as identified in the working scope of the study item [1].
2 Vertical Sectorization
In conventional MIMO systems, eNB optimizes the cell coverage for UEs on the ground using downtilted narrow beam. As a results, for UEs on high floors, when they are served by the downtilted beam, the quality of service (QoS) may degrade. Figure 1 illustrates the zenith angle distribution for the line of sight (LoS) direction. Since UEs are all below the eNB antenna height in the UMa scenario, the LoS direction is distributed between 90 and 122 degrees. In contrast, because the eNB antenna height can be lower than the UE, the LoS direction is distributed from 60 to 120 degree in the UMi scenario.
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Figure 1: Zenith angle of LoS direction distribution in UMa (left) and UMi (right).

In order to better serve UEs on high floors without degrading the service to UEs on the ground, we split each cell into two cells in the zenith dimension. That is, for the UMi scenario, one vertical cell serves the UEs below the antenna array by utilizing down-titled beams and the other vertical cell serves the UEs above the antenna array using up-titled beams. Each vertical cell still has multiple TXRUs in the horizontal direction to perform azimuth closed-loop beamforming. The vertical sectorization beam pattern for the UMi scenario is shown in Figure 2 (right). Compared to the vertical beam pattern generated from DFT vectors shown in blue, the new pattern has relatively flat antenna gain in the targeted zenith angle span. This flat pattern results in uniform coverage in the zenith dimension unlike the conventional coverage with multiple nulls as shown in blue in Figure 2.  The left part of Figure 2 shows an example of vertical sectorization in the UMa scenario. The first vertical cell reuses the DFT beam pattern. The second vertical cell (green curve) is designed to serve those UEs which are placed close to the eNB.
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Figure 2: Vertical sectorization patterns for UMa (left) and UMi (right).

3 Antenna Configurations

In this section we provide our views on antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs. Figure 3 shows a general 2D antenna array with 2N by M TXRUs. Each row has 2N TXRUs and each column has M TXRUs. The total number of TXRUs is picked from {8, 16, 32, 64}. For each number of TXRUs, we can have multiple (N, M} combinations. For example for 64 TXRUs, we can support any of the following combinations: (1, 32}, (2, 16} (4, 8}, (8, 4}, (16, 2}, (32, 1}. It is important to keep the number of combinations as high as possible so that the FD-MIMO/elevation beamforming techniques can be widely applicable.
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Figure 3: 2D antenna arrays with 2NM∈{8,16,32,64} TXRUs.

For each TXRU, L antenna elements can be used to create the beam pattern. Although the L antenna elements may be placed along the horizontal dimension, it is beneficial for vertical beamforming to place those L elements along the vertical dimension such that the antenna pattern of the TXRU is synthesized or virtualized by the L antenna elements. In addition, the virtualized antenna pattern of each TXRU can be different. For example, we can use one row of TXRUs to create a downtilted cell and another row of TXRUs to create an uptilted cell. The parameter L needs to consider the tradeoff between the size limit of the antenna array and the design complexity of the virtualization pattern. For example, we can choose a small L for a large M value or vice versa to keep the vertical size of the array the same. Finally, the antenna element spacing can be simply defined as half wavelength or 0.8 wavelength. Based on this discussion we propose:
Proposal 1: It is important to study different (N, M} combinations for the same number of TXRUs to ensure wide applicability of FD-MIMO technology. Each TXRU is mapped to L vertical antenna elements. The virtualized antenna pattern of each TXRU can be different. We may fix the total vertical size of the antenna array and choose different values for L. Half wavelength or 0.8 wavelength antenna element spacing can be used.
4 Conclusion
In this contribution, we explore the zenith dimension of the 3D spatial channel model using vertical sectorization techniques. In order to better serve UEs on the ground and UEs on high floors simultaneously, we split each cell into two vertical cells at the same location. In the UMi scenario, one cell is designed to serve UEs above the horizon direction and the other cell is designed to serve UEs below the horizon direction. In the UMa scenario, one cell is designed to serve UEs far away from the eNB and the other cell is designed to serve UEs close to the eNB. Additionally, we also provide our views on the antenna configurations for different number of TXRUs. For the same number of TXRUs, there can be different combinations of (N, M) values for one 2D antenna array. In order to make the elevation beamforming/FD-MIMO design widely applicable, it is recommended to study as many combinations as possible. As a conclusion of this contribution, we propose:
Proposal 1: It is important to study different (N, M} combinations for the same number of TXRUs to ensure wide applicability of FD-MIMO technology. And each TXRU is mapped to L antenna elements vertically placed. The antenna virtualization pattern for each TXRU might not be the same. We may choose different values for L for the same antenna array size. Half wavelength or 0.8 wavelength antenna element spacing can be used.
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