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1
Introduction
Elevation beamforming and FD-MIMO have been proposed as new techniques to further improve system performance in 3GPP Rel-12 and beyond. Specifically, incorporating active antenna systems (AAS) into two-dimensional antenna arrays could allow the eNB to additionally adjust the beam direction vertically [1], instead of only in horizontal domain as in conventional beamforming schemes. The emitted energy could thereby be focused in a more precise manner, which results in several advantages such as:
· Higher signal gain

· Lower interference leakage

Based on such observations, this contribution aims to discuss the scenarios where elevation beamforming and FD-MIMO are particularly useful. To be specific, we consider how FD-MIMO can be combined with the concepts of interference coordination.
2
Interference Coordination with Elevation Beamforming or FD-MIMO
2.1 Scenario

Although FD-MIMO is promising from the perspective of downlink data throughput, the implementation of such scheme may require the heavy channel state information feedback from the UE. For instance, a precoder codebook with higher granularity than the existing codebooks in the specifications is probably required for FD-MIMO. In general, transmission mode associating with FD-MIMO is probably not applied when the UE is experiencing very good channel quality with respect to the eNB (e.g, when the UE is located at the cell center), and transmission modes with smaller feedback overhead is employed instead. However, FD-MIMO could be event-triggered when the UEs in some other cells are suffering from severe interference. 
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Figure 1: An exemplary scenario where FD-MIMO could be triggered under good link quality.
Consider a small cell deployment scenario illustrated in Figure 1, wherein the macro-cell UE is experiencing good channel quality as it is located at the cell center and hence conventional transmission modes might be sufficient, but its downlink transmission may generate heavy interference to the neighbor small-cell UEs. In such cases, UE-specific elevation beamforming or FD-MIMO could be used at the macro-cell eNB to steer the signal beam in vertical dimension, which effectively reduces the interference leakage to the other nearby cells.
Proposal 1:

Interference coordination should be considered as a potential scenario for application of event-triggered UE-specific elevation beamforming or FD-MIMO transmission. 

2.2 Coordination Approach
In order to enable interference coordination based on FD-MIMO discussed above, the cell that serves victim UE may inform the aggressor cell via backhaul an interference map which represents the interference severity levels among different subbands, as shown in Figure 2. The signal format for such information could be, for example, a bitmap, where each bit indicates whether the interference level in the correspondent subband is higher than a threshold.
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Figure 2: The information that could be provided by the victim’s cell via backhaul for interference coordination.
In Figure 2, the serving cell receives notification from the neighbor cell via backhaul stating that high interference level is observed in subband 3, so it may instruct the UE to be scheduled in subband 3 to feedback spatial channel information with a higher detail level (for example, report PMI based on a codebook with a higher resolution), in order to carry out FD-MIMO or elevation beamforming operation that tends to reduce interference leakage.
Proposal 2:

With interference coordination, inter-cell information exchange via backhaul connections is utilized to suggest UEs in which subbands should use feedback mechanisms specifically designed for elevation beamforming or FD-MIMO transmissions. 
3
Conclusions

The proposals of this contribution are:

Proposal 1: Interference coordination should be considered as a potential scenario for application of event-triggered UE-specific elevation beamforming or FD-MIMO transmission. 
Proposal 2: With interference coordination, inter-cell information exchange via backhaul connections is utilized to suggest UEs in which subbands should use feedback mechanisms specifically designed for elevation beamforming or FD-MIMO transmissions. 
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