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1. Introduction
As the 3D channel model for UMa/UMi becomes stable [1], companies are able to assess the potential performance improvement of FD-MIMO systems over the agreed baseline systems in the 3D UMa/UMi scenario. In this contribution, we give some preliminary simulation results on the potential throughput improvement of FD-MIMO systems.
2 FD-MIMO systems
We consider a 2D antenna array defined in [1] as an example. It is illustrated in Figure 1 for convenience.

[image: image1.emf](0,0) (0,1) (0,N-1)

(M-1,N-1) (M-1,0)(M-1,1)

(1,0) (1,1) (1,N-1)


Figure 1: 2D antenna array defined in [1].
Mathematically, the received signal in an FD-MIMO system can be described by:

[image: image3.png]HPx +n




                                                                               (1)
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n is the  noise vector, [image: image24.png]


 is the number of receiving antennas, [image: image26.png]


 is the number of transmitting antennas, [image: image28.png]


 is the number of layers. If the employed antenna array is a 2D antenna array as shown in Figure 1, [image: image30.png]N,
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 is usually much greater than 8. For example, when N = 2 and M = 10, [image: image34.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: image36.png]


 antenna elements into [image: image38.png]N.e{1,2,4,8}



 antenna ports is possible by mapping multiple antenna elements to one port, which enables (1) to be written as
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2.1 Ideal FD-MIMO system

We can define the ideal FD-MIMO system when [image: image56.png]
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 in (1) is designed in this case 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: image64.png]
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 is the principal eigenbeam for user [image: image70.png]
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 as the optimal rank one precoder for user [image: image74.png]


 when performing MU-MIMO transmission.
2.2 Baseline system

We can define the baseline system by mapping [image: image76.png]


 consecutive vertical antenna elements to one antenna port. [image: image78.png]


 in (2) is designed in this case to generate the electrical downtilt for angle [image: image80.png]


 .
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, λ is wavelength, and [image: image89.png]


 is the spacing between the vertical antenna elements. This modelling provides the baseline performance if the same tilt of [image: image91.png]8 =102



 degrees is applied to all eNBs.

In order to have a fair comparison between the baseline and the ideal FD-MIMO systems, we can use ideal sounding to feedback the effective channel [image: image92.png]HP,



 so that there is no performance loss due to codebook quantization in the baseline system. Other parameters of the baseline system are unchanged compared to the agreed parameters defined in [1].
3 System level performance comparison
In this section, we compare the performance of the baseline (with ideal sounding feedback) and the ideal FD-MIMO systems using the full buffer traffic model. The used 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 ideal system. Since the same antenna elements to CRS port mapping is used in the baseline system and RSRP is measured on CRS in cell association phase, both systems have the same cell association results.
Table 1: System throughput comparison between the baseline and ideal FD-MIMO systems

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

	UMa Baseline
	0.0446 (100%)
	1.91 (100%)
	UMi Baseline
	0.05 (100%)
	1.85 (100%)

	UMa Ideal
	0.0487 (109%)
	3.47 (181%)
	UMi Ideal
	0.079 (158%)
	4.42 (204%)


Observation: The potential system throughput gain of FD-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 ideal FD-MIMO system with the baseline system (with ideal sounding feedback) using the 3D UMa and UMi channel models defined in [1]. The potential cell average throughput gain is 81% and 104% for UMa and UMi, respectively. The potential cell-edge throughput gain is 9% and 58% for UMa and UMi, respectively. More analysis and simulation is 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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