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1 Introduction
In RAN#65, the study item of elevation beamforming and FD-MIMO for LTE was approved [1].  Compared with conventional MIMO schemes, the introduction of 2D antenna array makes it possible to fully exploit the degrees of freedom in the elevation dimension and enable eNB to adapt the beam pattern individually for UE in vertical direction.  Using a 2D antenna array, the elevation domain can be exploited either via some standard enhancements or in a standard-transparent manner.  In this contribution, we discuss some initial performance results of potential enhancements targeting 2D antenna array.  The details of each enhancement is provided in the companion contribution [2].
2 Potential enhancements
2.1 Vertical sectorization

For base station configured with Active Antenna System (AAS), each antenna port corresponds to a transceiver unit with independent control of the amplitude and phase of signals over the 2D antenna array. Vertical sectorization is one way to exploit the elevation dimension. 
2.2 3D beamforming

Besides standard-transparent enhancements like vertical sectorization, 3D beamforming is a promising technique which allows full control of the beam pattern in both azimuth and elevation.  With the CSI in both azimuth and elevation, UE-specific 3D beamforming can be performed to increase the SINR by pointing the beam in the direction of the UE, while spraying less interference to neighboring cells.
3 Initial performance evaluation results
To assess the performance benefit of potential enhancements targeting 2D antenna array, system-level evaluations have been performed with SU-MIMO. We simulated the 3D eigen-beamforming (EBF) performance with {8, 16, 32, 64} TXRUs virtualized from an 8×N cross-polarization 2D antenna element array, where N = 1, 2, 4. Details of antenna array configuration is described in [3]. In Figures 1 and 2, we show the performance scaling in 3D-UMa with various antenna configurations. In Figures 3 and 4, we show the performance in 3D-UMi. The label “PV×QH” indicates the antenna configuration, e.g., “2V×8H” means 16 TXRUs are placed in 2 rows, each row has 8 columns. The antenna configurations connected in the same line are virtualized by the same antenna element array, e.g., 1V×8H, 2V×8H, 4V×8H, and 8V×8H are virtualized from a 8×8 antenna element array. The solid line denotes the cell average spectral efficiency while the dashed line denotes the cell-edge user spectral efficiency.  
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	Figure 1  Performance scaling of eigen-beamforming in 3D-UMa (w/o DL overhead)
	Figure 2  Performance scaling of eigen-beamforming in 3D-UMa (w/ DL overhead)
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	Figure 3  Performance scaling of eigen-beamforming in 3D-UMi (w/o DL overhead)
	Figure 4  Performance scaling of eigen-beamforming in 3D-UMi (w/ DL overhead)


Figures 1—4 show that for given the antenna element array, the performance of SU-MIMO without DL overhead increases as the number of virtualized TXRUs. For 3D-UMa, both cell-edge and cell average performance get saturated when more than 32TXRUs are used. For 3D-UMi, increasing number of TXRUs always brings some gain.  However, if the DL overhead is counted, increasing number of TXRUs is not always beneficial for SU-MIMO.  This is mainly due to the increased CSI-RS overhead.   
Observation 1:
· DL overhead should be considered when comparing performance w/ difference number of TXRUs. 
It is worth to notice that the performance of difference antenna configurations with the same number of TXRUs, e.g., those of 2V×8H, 4V×4H and 8V×2H, are different.  This is partially due to the total available number of antenna elements.  The 2V×8H, 4V×4H and 8V×2H TXRUs are virtualized by 8×8, 8×4 and 8×2 cross-polarized antenna element arrays, respectively. Theoretically, more number of antenna elements more beamforming gains.
Observation 2:
· Same antenna element array should be assumed when comparing different enhancements. 
Besides 3D eigen-beamforming, we also simulated the performance of vertical sectorization.  In our simulation, an 8×4 cross-polarized 2D antenna element array is virtualized to two vertical sectors with downtilt of 9° and 15°, each sector having 8 TXRUs corresponding to 8TX horizontal antenna ports. We use the same antenna element array for other transmission schemes but with different TXRU virtualizations. We show the 3D-UMi performance comparison with 3D EBF in Table 1. For SU-MIMO, rank adaptation with up to 2 layers are assumed. We take the 8TX 2D SU-MIMO performance as a baseline.  It shows that 3D SU EBF w/ 16 TXRUs provides about 25% and 15% gain in cell-edge and cell average performance, respectively. With vertical sectorization, both cell-edge and cell average gains can be observed over all other transmission schemes. This is because more layers can be co-scheduled compared to other transmission schemes.  Although in each vertical sector there’s no MU-MIMO operation, from the cell perspective, two UEs can be virtually co-scheduled on the same time/frequency resource.  Hence, up to 4 layers may be co-scheduled in each cell.   
Table 1:  Performance comparison: 3D beamforming versus vertical sectorization
	Transmission scheme
	5% UE throughput 
[bps/Hz]
	Cell average 
spectral efficiency [bps/Hz]

	2D SU EBF (1Vx8H)
	0.194
	
	4.46
	

	3D SU EBF(2Vx8H)
	0.242
	25.19%
	5.12
	15.01%

	Vertical sectorization SU EBF (1Vx8H)
	0.273
	41.13%
	5.57
	25.04%


Observation 3:
· Standard-transparent enhancements shall be served as the baseline for performance evaluation of any standard-enhancements.
4 Conclusions
In summary, we discuss initial performance results of some potential enhancements targeting 2D antenna array.  We have following observations.
· DL overhead should be considered when comparing performance w/ difference number of TXRUs. 
· Same antenna element array should be assumed when comparing different enhancements. 
· Standard-transparent enhancements shall be served as the baseline for performance evaluation of any standard-enhancements.
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