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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 present Phase 1 evaluation result and the performance of some standard transparent solutions for EBF/FD-MIMO.
2 Phase 1 evaluation results
In Phase 1, the performance of Rel-12 8TX under 3D UMa and 3D UMi is evaluated for calibration purpose.  We simulated four scenarios in Phase 1 as listed in Table 1. FTP model 1 is used to generate burst traffic with several different user arrival rate λ.  The simulation results are summarized in Table 2.
Table 1  Scenarios for Phase 1 evaluation

	Scenario
	ISD [m]
	Carrier freq. [GHz]
	Bandwidth [MHz]
	TX power [dBm]
	E-tilt [deg]

	3D-UMa
	200
	2
	10
	41
	104

	3D-UMa
	500
	2
	10
	46
	100

	3D-UMi
	200
	2
	10
	41
	100

	3D-UMi
	200
	3.5
	10
	41
	100


Table 2  Phase 1 performance results
	Scenario
	λ = 1 users/s/cell
	λ = 2.5 users/s/cell
	λ = 5 users/s/cell

	
	RU
	5% UPT 
[Mbps]
	50% UPT 
[Mbps]
	RU
	5% UPT 
[Mbps]
	50% UPT 
[Mbps]
	RU
	5% UPT 
[Mbps]
	50% UPT 
[Mbps]

	3D-UMa, 200m/2GHz
	12%
	13.00
	46.51
	44%
	3.53
	16.95
	90%
	2.17
	6.77

	3D-UMa, 500m/2GHz
	
	
	
	62%
	3.33
	11.11
	93%
	1.81
	5.26

	3D-UMi, 200m/2GHz
	11%
	12.67
	43.96
	46%
	6.07
	19.23
	82%
	3.65
	10.94

	3D-UMi, 200m/3.5GHz
	14%
	12.37
	28.67
	65%
	2.62
	10.90
	89%
	2.12
	5.98


3 Potential standard transparent enhancements
As discussed in [2] vertical sectorization is one way to exploit the elevation dimension without specification change. For eNBs configured with Active Antenna System (AAS), an antenna port can be associated to a transceiver unit (TXRU). TXRUs can be configured with different vertical tilting. TXRUs with the same tilting forms a vertical sector. Thus, a cell can be splitted into multiple vertical sectors. Each vertical sector is treated as a physical cell and up to 8 antenna ports can be configured based on Rel-12 specification. 
Vertical sectorization has some drawbacks. Firstly, the power cannot be adaptively allocated among vertical sectors based on the traffic. As the vertical sectorization is performed at the antenna element level, the power is statically allocated to vertical sectors. With burst traffic, however, some vertical sectors may have no active users in some TTI.  The power allocated to these vertical sectors will be wasted if they are muted due to traffic.  Secondly, without coordinated scheduling between vertical sectors, vertical sectorization may cause inter-sector-interference to each other. To overcome these drawbacks, we can virtually split the cell into multiple virtual cells by precoding the CSI-RS with several vertical and/or horizontal steering.  Each UE can be configured with one or more CSI processes.  Each CSI process is associated with a set of CSI-RS precoded with the same steering.  This allows UE to measure CSI in virtual cells formed by different precoded CSI-RSs and allows eNBs to dynamically allocate power among virtual cells split from the same physical cell. The eNB may also schedule downlink transmission based on CSIs measured on different virtual cells. 
To assess the performance benefit of potential standard transparent enhancements, system-level evaluation has been performed.  We have simulated the EBF/FD-MIMO performance with 64 TXRUs virtualized from an (8, 4, 2) cross-polarization 2D antenna element array. The Rel-12 8TX codebook is used for CSI feedback.  We use the Phase 1 8TXRU virtualization as our baseline.  For vertical sectorization, we assume each physical cell is split into two vertical sectors.  Each vertical sector is configured with 8 antenna ports.  For virtual cellization, CSI-RS is precoded with 2 and 4 vertical steerings. Single CSI feedback is assumed for all schemes.  Other simulation assumptions follow the Phase 1 evaluation assumption.  FTP model 1 is adopted and the user arrival rate for each physical cell is λ = 5 users/s. Note that for vertical sectorization, the user arrival rate is half of that for other schemes. The simulation results for 3D UMi 2GHz are summarized in Table 3. It shows that both standard transparent enhancements provides significant gain over the baseline scheme. 
Table 3.  SU/MU-MIMO performance in 3D-UMi, 200m ISD, 2GHz

	Scheme
	User arrival rate
[users/s/cell]
	RU
	5% UPT [Mbps]
	50% UPT [Mbps] 

	Baseline

(Tilt 100°)
	5
	82%
	3.65
	-
	10.94
	-

	2 vertical sect.

(Tilt 88°, 96°)
	2.5 x 2
	50%
	4.00
	10%
	13.75
	50%

	2 virtual cells

(Tilt 88°, 96°)
	5
	64%
	5.68
	56%
	15.38
	64%

	4 virtual cells

(Tilt 78°, 86°, 94°, 102°)
	5
	64%
	5.76
	58%
	15.87
	64%


Observations:
· Standard transparent techniques based on Rel-12 specifications can provide significant gain over the 8TX baseline.
· Standard transparent enhancements shall be considered as baseline for justifying the benefits of any standard change.
4 Conclusions
In summary, we discuss some standard transparent enhancements targeting 2D antenna arrays and study their performance.  We have following observations.
· Standard transparent techniques based on Rel-12 specifications can provide significant gain over the 8TX baseline.

· Standard transparent enhancements shall be considered as baseline for justifying the benefits of any standard change.
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