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1. Introduction
As the 3D channel model for UMa/UMi becomes stable [1], companies are able to assess the potential of performance improvement by FD/3D-MIMO systems over the agreed baseline systems in the 3D UMa/UMi scenarios. In [2], we gave some preliminary simulation results on the throughput improvement of FD-MIMO systems. In this contribution, we provide more system level simulation results on the throughput improvement of FD/3D-MIMO systems.
2 FD-MIMO systems
We consider a 2D antenna array defined in [1]. It is illustrated in Figure 1 for convenience.
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Figure 1: 2D antenna array defined in [1].
Mathematically, the received signal in an FD-MIMO system can be described by:
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 is the number of layers. If the employed antenna array is a 2D antenna array as shown in Figure 1, [image: image27.png]N,
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 is usually much greater than 8. For example, when N = 2 and M = 10, [image: image31.png]


.

Without adding a larger number of antenna ports to the existing antenna port set {1, 2, 4, 8} for CSI-RS, one way to virtualize the total [image: image33.png]


 antenna elements into [image: image35.png]N.e{1,2,4,8}



 antenna ports is by mapping multiple antenna elements to one port. By doing so, (1) can be written as:
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2.1 Idealized FD-MIMO system
We can define the ideal FD-MIMO system when [image: image53.png]
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 in (1) is designed by UL sounding assuming that the channel covariance matrix is reciprocal between DL and UL and can be written in the form:
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 is the channel matrix of user [image: image61.png]
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 is the principal eigenvector for user [image: image67.png]
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 as the optimal rank one precoder for user [image: image71.png]


 when performing MU-MIMO transmission.
2.2 Baseline system
We can define the baseline system by mapping [image: image73.png]


 consecutive vertical antenna elements to one antenna port. [image: image75.png]


 in (2) is designed in this case to generate the electrical downtilt for angle [image: image77.png]


  QUOTE 180θ/π∈[0,180] .
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, [image: image83.png]


, λ is wavelength, and [image: image85.png]


 is the spacing between the vertical antenna elements. This modelling provides the baseline performance if the same tilt of [image: image87.png]8 =102



 degrees is applied to all eNBs.
2.3 3D-MIMO (elevation beamforming) systems

One of the main advantages of 3D-MIMO (elevation beamforming) over baseline systems is that the electrical downtilt [image: image89.png]


  can be optimized for each UE individually; in this case, [image: image91.png]


 is denoted by [image: image93.png]


. This can be mathematically defined by modifying equation (4) as:
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, λ is wavelength, and [image: image101.png]


 is the spacing between the vertical antenna elements. We assume [image: image103.png]


 can be estimated from uplink sounding or training by one additional CSI-RS resource which is shared among all UEs. In order to assess the best possible performance of elevation beamforming, we ignore the increased RS overhead and assume [image: image105.png]


 can be adjusted with very fine granularity, e.g., one degree.
3 System level performance comparison
In this section, we compare the performance of the baseline, FD-MIMO and elevation beamforming systems using the full buffer traffic model and PUSCH 3-1 like feedback. For FD-MIMO, we assumed 8 CSI-RS ports to cover the three-dimensional cell in order to approach the performance of idealized FD-MIMO systems defined in Section 2.1. A greedy scheduler tries to maximize the throughput per RBG by testing MIMO hypotheses from SU-MIMO to MU-MIMO including all active UEs. The cell-edge and cell average system performance is presented in Table 1. 10 vertical antenna elements are mapped to one CRS port in order to generate the 102 degree electrical tilting in the baseline system. In the case of the FD-MIMO and elevation beamforming systems, one antenna element is mapped to one CRS port in order to maximize its throughput [3].
Table 1: System throughput comparison of the baseline, FD-MIMO and elevation beamforming systems

	UMa
	Cell-edge (bps/Hz)
	Cell Avg (bps/Hz)
	UMi
	Cell-edge (bps/Hz)
	Cell Avg (bps/Hz)

	Baseline
	0.064 (100%)
	2.14 (100%)
	Baseline
	0.057 (100%)
	2.24 (100%)

	FD-MIMO
	0.084 (131%)
	3.00 (148%)
	FD-MIMO
	0.120 (217%)
	3.68 (164%)

	3D-MIMO
	0.073 (114%)
	2.48(115%)
	3D-MIMO
	0.090 (156%)
	3.18 (142%)


Observation: The potential system throughput gain of FD/3D-MIMO systems is significant for both UMa and UMi environments and for both cell average and cell-edge performance.
4 Conclusion
In this contribution, we compared the performance of FD/3D-MIMO systems with the baseline system using the 3D UMa and UMi channel models defined in [1]. The potential cell average throughput gain of FD-MIMO is 48% and 64% for UMa and UMi, respectively. The potential cell-edge throughput gain of FD-MIMO is 31% and 117% for UMa and UMi, respectively. For 3D-MIMO or elevation beamforming, the throughput gain compared to the baseline system is reduced but still significant. More analysis and simulation are required to gain more insight into the performance differences across different environments and metrics and will be reported accordingly in future contributions.
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