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1. Introduction
In elevation beamforming, eNB can adjust the transmission beam direction in azimuth and zenith dimension separately. Compared with the azimuth dimension in which the served UEs are distributed in the full azimuth span, the UEs are not distributed evenly in the full zenith span. More UEs are concentrated around the horizon direction in zenith dimension than off the horizon direction. On the other hand, there are two major closed-loop MIMO categories. The first category is single user MIMO (SU-MIMO), in which the eNB serves one UE in one radio resource. The second category is multi user MIMO (MU-MIMO) in which the eNB serves more than one UE in one radio resource using different beams. For SU-MIMO, the major interference one UE receives comes from its neighboring cells, i.e., inter-cell interference. However, for MU-MIMO the major interference one UE receives can come from other UEs sharing the same radio resource i.e., intra-cell interference. In this contribution, we give our view on optimizing elevation beamforming for SU-MIMO and MU-MIMO.
2 Elevation Beamforming for SU-MIMO and MU-MIMO
Due to different interference conditions in SU-MIMO and MU-MIMO, it is better to optimize elevation beamforming for SU-MIMO and MU-MIMO separately. In the case of SU-MIMO, it is better to consider both signal strength and the radiated interference to the neighboring cells. However, for the MU-MIMO case, it is better to only focus on signal strength since intra-cell inter-user interference is more dominant than inter-cell interference; also, since the signal power is split over multiple streams, any of those streams only contributes part of the total inter-cell interference.
Compared with MU-MIMO, SU-MIMO can be used in more scenarios. Although employing MU-MIMO in a system can improve the cell throughput comparing to the case that SU-MIMO is applied, MU-MIMO has two requirements. The first one is that data has to be available in the eNB transmission buffer for at least two UEs. The second requirement is that those active UEs must have sufficient spatial separation. However, in a lightly loaded network, e.g., the network load is less than 50%, the first condition is not often met. Most of the time, eNB is serving one single UE using all its radio resources. After the first condition is met, eNB can start testing whether the second condition is met by testing the CSI feedback from the active UEs. Hence, eNB will make the final decision whether to perform SU-MIMO or MU-MIMO dynamically in time and frequency.
From the UE point of view, the CSI optimized for SU-MIMO and MU-MIMO transmission might be different. Without any hint from the eNB what the reported CSI might be used for, UE would recommend a CSI which can maximize its own link capacity. While such CSI is optimized for SU-MIMO transmission at the eNB, it has been identified in past MIMO discussions in RAN1 that it may not be optimized for MU-MIMO transmission at the eNB. In other words, the capacity of MU-MIMO transmission using SU-MIMO based CSI can be less than the capacity using CSI which is optimized for MU-MIMO transmission. One example which has been found in the past is that when UE recommends rank two SU-MIMO transmission, the MU-MIMO performance can be degraded. Another example is related to elevation beamforming. For elevation beamforming which is optimized for SU-MIMO, the recommended elevation CSI needs to consider both signal strength and interference radiated to its neighboring cell. On the other hand, for elevation beamforming which is optimized for MU-MIMO it is better to optimize the elevation CSI only considering the signal strength.
In order to solve the mismatch problem between the eNB transmission hypothesis and the CSI computation hypothesis, the most straightforward way is to report the CSI for each eNB transmission hypothesis separately. This can be implemented by using Transmission Mode 10 which can report CSI using multiple CSI processes. However, this solution is not applicable to UEs which can only report CSI using a single CSI process. Furthermore, it will be desirable to have a solution in which UE only needs to report CSI using a single CSI process to reduce the CSI computation complexity. Figure 2 gives one example of elevation beamforming that is optimized for MU-MIMO (left) and SU-MIMO (right). The major optimization is on the beamformer design. For MU-MIMO, the beamformer has a much higher spatial resolution in order to maximize the signal strength. However, for SU-MIMO, a much smaller number of beamformers can be designed which can minimize interference radiation from the horizon angle to the neighboring cells.
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Figure 1: Elevation beamforming optimized for MU-MIMO (left) and SU-MIMO (right).
3 System Level Evaluation Results
In this section we evaluate the elevation beamforming techniques optimized for SU-MIMO and MU-MIMO. For comparison purposes, we use the baseline system defined in the 3D channel model SI [2]. We use a finer vertical beam granularity for MU-MIMO. With a finer vertical beam granularity, we can better concentrate the signal energy. On the other hand, we use a coarser beam granularity for SU-MIMO. By utilizing coarser vertical beam granularity, we can guarantee all the applied vertical beams radiate minimum interference to the horizon direction. From the simulation results, we observe that improving the vertical beam granularity does not necessarily improve the performance of SU-MIMO. On the contrary, the cell average throughput is degraded due to larger inter-cell interference. However, for MU-MIMO, improving the vertical beam granularity does improve the cell-edge and cell average throughput significantly. As a conclusion, we propose:
Table 1: Comparison of beam granularity in SU-MIMO and MU-MIMO in ITU-UMa
	SU-MIMO
	Cell Edge (bps/Hz)
	Cell Avg (bps/Hz)
	MU-MIMO
	Cell Edge (bps/Hz)
	Cell Avg (bps/Hz)

	Baseline
	0.045
	1.84
	Baseline
	0.064
	2.16

	Finer beam
	0.052
	1.87
	Finer beam
	0.073
	2.48

	Coarse beam
	0.054
	2.11
	Coarse beam
	0.06
	2.25


Proposal 1: Elevation beamforming needs to be optimized for SU-MIMO and MU-MIMO independently.
4 Conclusion
In this contribution, we studied elevation beamforming for SU-MIMO and MU-MIMO. Compared with SU-MIMO, the dominant interference that UE receives in MU-MIMO may come from other users sharing the same radio resource instead of neighbouring cells. Thus, we design elevation beamforming by considering the difference with respect to interference. Our system level results show that finer granularity in elevation beamforming does not improve the system performance of SU-MIMO due to higher inter-cell interference. However, the system performance of MU-MIMO is indeed improved with finer vertical elevation beamforming granularity. Therefore, it is beneficial to optimize the performance of elevation beamforming for SU-MIMO and MU-MIMO independently. As a conclusion, we propose:
Proposal 1: Elevation beamforming needs to be optimized for SU-MIMO and MU-MIMO independently.
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