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[bookmark: _Ref301342314]Introduction
Some initial results showing the benefits of introducing UE specific beamforming in the elevation domain are presented for the 3D UMa and 3D UMi channel models. 
Simulation setup
We have assumed a baseline system using vertical sectorization in the elevation domain using two vertical sectors with fixed tilt angles, where each sector has a power constraint of P/2, hence the total transmit power for these two sectors is P.
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Figure 1 Baseline system with fixed vertical sectors
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Figure 2 UE specific elevation beamforming 


Each antenna consists of 4,8 or 16 cross polarized antenna sub-element stacked on top of each other, these antenna configurations are denoted 4X, 8X and 16X respectively. The spacing between the sub-elements is 0.8λ.  The fixed tilts are created by DFT vectors and the used tilts are optimized. A non-full buffer simulation with 500 kB packet size is used. See additional simulation assumptions in the appendix.



Results
In the table below we show the gain when going from baseline to UE specific elevation at 50% resource utilization (RU). The micro scenario benefits the most since the UEs are located both above and below the eNB position, while for the macro case the benefit is somewhat smaller but still significant at the cell edge. It should be noted as well that the lower sector have a larger RU than the upper sector in the baseline scenario.

Table 1 Simulation results when introducing UE specific elevation beamforming relative to the baseline with two sectors in elevation domain
	Case
	Baseline served traffic at 50% RU [bps/Hz/sector]
	Cell-edge user-throughput gain
	Mean user-throughput gain

	3D-UMi, 4X
	1.01
	+43%
	+42%

	3D-UMi, 8X
	1.10
	+68%
	+52%

	3D-UMi, 16X
	1.13
	+67%
	+104%

	3D-UMa, 4X
	1.04
	+5%
	+0%

	3D-UMa, 8X
	0.99
	+9%
	+9%

	3D-UMa, 16X
	1.02
	+20%
	+31%



Conclusion
Our initial evaluations show significant gains in by UE specific elevation beamforming in both 3D-UMa and 3D-UMi compared to a baseline system with two vertical sectors in elevation.  Note that these results are preliminary and should serve as showing the potential of the feature since all details such as CSI-RS have not been modeled. 
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Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa, 3D UMi [1]

	Cell layout
	3 azimuthal sectors per site, 57 azimuthal sectors in total
2 vertical sectors per azimuthal sector (baseline)

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	6 ms

	CSI mode
	Aperiodic mode 3-1

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm per polarization in UMa
41 dBm per polarization in UMi

	Traffic model
	FTP model 1, 500 kb packets

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	HARQ
	Max 5 retransmissions
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