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1 Introduction
In 3GPP RAN #68 meeting, the work item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. The agreed work scope of the work item as documented in [1] can be summarized as follow:
The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas: non-precoded CSI-RS, beamformed CSI-RS, SRS, DMRS
· Specify enhancements on CSI reporting
As captured in the work item description, the target of the FD-MIMO work item is to provide specification support for eNBs with 2D antenna arrays. One aspect that is clearly different due to the utilization of a 2D antenna array at the eNB is that transmission signals can be steered not only in the horizontal direction as in conventional MIMO systems but also in the vertical direction. This capability to steer the transmission signal in the vertical direction provides new opportunities to enhance the performance of LTE.
This contribution discusses how steering transmission signals in the vertical domain is different from conventional MIMO systems in the context of inter-cell interference.
2 Vertically Steered Downlink Transmissions
In conventional MIMO systems, the eNB antennas are arranged in the horizontal axis resulting in downlink transmissions which can only be steered in the horizontal direction. Figure 1 shows a conceptual diagram of an eNB’s possible range of steering downlink transmissions in the horizontal direction.
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[bookmark: _Ref427174174]Figure 1. Horizontal steering of downlink transmission by an eNB.
The direction in which the downlink signal is steered is determined by an eNB’s scheduling decision which is a function of the channel status of individual UEs connected to that eNB. The channel status of individual UEs can either be acquired from UE selected CSI reports or SRS transmissions. Due to the randomness of the downlink data, UE location, and channel status, the horizontal direction to which an eNB transmits is quite random which leads to the so called flashlight effect. Flashlight effect generates a time variation in interference level experience by the UE leading to suboptimal link adaptation performance. Although horizontal steering of downlink transmissions lead to this flash light effect, it typically does not change the time averaged interference level that a UE experiences.
Compared conventional MIMO, FD-MIMO allows the signal to be steered not only the horizontal direction but also in the vertical direction. Although both horizontal and vertical steering have similarities such as the directions being random there is one key difference. As mentioned above, the level of interference that an eNB can ‘inflict’ on a neighboring cell can significantly vary as a function of the vertical angle in which the downlink transmission is made. Figure 2 shows a conceptual diagram where one eNB is transmitting on two different vertical directions.
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[bookmark: _Ref427174349]Figure 2. Vertical steering of downlink transmission by an eNB.

In Figure 2, eNB1 is transmitting on two different vertical angles. ‘angle 1’ is more towards the horizon while ‘angle 2’ is more downwards. Comparing these two cases, it can be easily observed that the level of inter-cell interferences caused by the two transmissions would be quite different. Transmission in the direction of ‘angle 1’ is expected to be generate higher level of inter-cell interference.
Observation: Depending on the vertical direction of a downlink transmission, the level of inter-cell interference on neighboring cells can significantly vary.
The issue of larger interference being inflicted on neighboring cells can be addressed in one of multiple approaches that rely solely on implementation or require some degree of specification support.
· Approach 1: eNB makes sure not to transmit on the direction the horizon
· Approach 2: eNB lowers the transmission power in the direction of the horizon
Compared to Approach 1, Approach 2 imposes a ‘softer’ restriction on the downlink transmission. In Approach 1, the eNB makes sure to avoid transmission on the direction of the horizon and therefore this approach can be considered as a hard restriction. However, in Approach 2, the eNB makes transmission with a lower transmission power thereby reducing the level of inter-cell interference experienced by the neighboring cells.
For Approach 1, we do not see any need for specification enhancement targeted solely for this issue. It is primarily an implementation issue that the eNB takes care of. Approach 1 can be realized with or without codebook subset restriction. If codebook subset restriction is applied, the eNB can configure a UE such that the UE does not select precoders that are close to the direction of the horizon. If codebook subset restriction is not applied, the eNB can rely on smarter scheduling or precoder modification to restrict transmissions in the direction of the horizon.
For Approach 2, some specification support might be necessary. In order for the UE to select an optimal precoder, it needs to know that the transmission power on one direction is lower than the other. Therefore, a UE specific configuration of the power allocation information for different precoder directions would be needed to be supported in the specifications.
Proposal: Provide specification support to control the inter-cell interference due to vertical steering of the downlink transmissions in FD-MIMO.
3 Conclusions
This contribution discusses how steering transmission signals in the vertical domain is different from conventional MIMO systems in the context of inter-cell interference. In order to address the larger inter-cell interference generated by downlink transmissions in the direction of the horizon, two different approaches are introduced.
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