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1. Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1]. Compared with conventional MIMO schemes, the introduction of 2D-AAS array makes it possible to fully exploit the degrees of freedom in the elevation dimension and enable eNB to adapt the beam pattern individually for UE in vertical direction. In order to accurately assess the benefits of elevation beamforming and FD-MIMO, it is important to identify the relevant deployment scenarios and applicable transmission schemes for the purpose of initiating further discussions and studies within RAN1. In this contribution, we presented our high level views on this topic.
2. 3D Transmission Schemes 
2.1. Vertical sectorization
For base station configured with Active Antenna System (AAS), each antenna port corresponds to a transceiver unit with independent control of the amplitude and phase of signals over the 2D antenna array. Vertical sectorization is one way to exploit the elevation dimension. As shown in Figure 1, one horizontal sector is partitioned into two vertical subsectors via applying different downtilts. A higher downtilt is used for the cell-edge users to increase the coverage and a lower downtilt is used for UEs close to the eNB to reduce the interference to adjacent cells. With the time and frequency resource reuse, the vertical sectorization can improve the system performance. However, it is noted that the vertical sectorization does not allow completely adaptively control the beam pattern in elevation dimension since the downtilt for each vertical sector is usually fixed or semi-static configured. Furthermore, the overlap between the two vertical sectors has to be optimized in order to balance good coverage and low interference between the cells. Vertical sectorization is one such standard-transparent technology and it should be considered as one of transmission schemes for evaluation of elevation beamforming and FD-MIMO.
[image: image1.emf]
Figure 1. Vertical sectorization
2.2. Advanced virtual cell partitioning

The main drawback of vertical sectorization is the loss of flexibility to control the beam in elevation dimension. In some scenarios, it is preferable to adapt the beam orientation based on the overall user location within the system. For example, when there is no users or users not in active state in one of the vertical sectors it shall be possible not to steer the beam to the specific direction. For dense urban micro with high rise building, the cell specific downtilt may create the spatial nulls by using stacked antennas in the vertical direction. In such case, a group-common downtilt can be used and UE-group elevation beamforming can be applied. This means that several users which are closed to each other can be assigned to the same group with a common downtilt. By adaptively changing the downtilt the nulls can be avoided since the null locations change for different downtilts.
Another feature for advanced virtual cell concept is that the cell partitioning is not limited only to the vertical direction. For the case of two virtual cells, we can create one horizontal virtual cell with sector specific elevation beamforming for cell edge users and another vertical virtual cell with sector specific azimuth beamforming for cell center users since the elevation angle change for cell edge users are very small while for cell center users the channel variation in vertical domain plays a more important role.
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Figure 2: Illustration of the concept of group-specific virtual cell

2.3. 3D Beamforming
To be able to completely adaptively control the beam pattern in both elevation and azimuth domains, the 3D beamforming can be applied. In other words, UE specific elevation beamforming and UE specific azimuth beamforming are used to increase the SINR by pointing the beam in the direction of the UE, while spraying less interference to other users. Not only SU-MIMO but also MU-MIMO can benefit greatly from the 3D beamforming transmission. Efficient precoding/CSI feedback is the key to enable the 3D-MIMO technology. UE needs to feedback both elevation and azimuth CSI measured from a 2D antenna port array. Increasing the number of antenna ports is challenging for both UE and eNB. For TDD, it is possible to acquire the CSI via uplink sounding due to the uplink-downlink channel reciprocity. But the increased precoding complexity on eNB processing cannot be ignored. Hence, complexity reduction technique for precoding/CSI feedback for 3D-MIMO with large number of antenna ports shall be considered and investigated in the elevation beamforming and FD-MIMO study.

3. Summary
In this contribution we present our views on the applicable transmission schemes for elevation beamforming and FD-MIMO. It is recommended that RAN1 includes both the standards transparent and standard non-transparent transmission schemes discussed in this contribution for elevation beamforming and FD-MIMO study and carefully evaluate the benefit of the standard enhancements
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