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1 Introduction  
In the last RAN#65 meeting, study on Elevation Beamforming/Full-Dimension (FD) MIMO [1] was approved. The performance gain of Elevation Beamforming/Full-Dimension (FD) MIMO should be given to justify this topic. In this contribution, we discuss the potential enhancements with 2D antenna array based on our initial evaluation results. 
It should be noted that the evaluation assumptions for the initial simulation results are only our temporary assumptions, and the simulation assumptions for further evaluation will be discussed and aligned in this meeting. 
2 Preliminary Evaluation results
In our companion contribution for high level view [3], we have proposed three types of use cases. Thus, in this contribution, we provide our initial performance evaluation based on the three use cases:

1) To improve coverage and cell edge user experience with EBF/FD-MIMO in the 3D-UMi scenarios;

2) To balance the load and improve the performance with EBF/FD-MIMO in heterogeneous network; 

3) To improve cell or UE average spectrum efficiency using MU-MIMO with FD-MIMO;

· Performance gain with beamforming in elevation dimension

In the evaluation, we assume there are total 16 antenna ports (128 antenna elements) at BS side. The system performance between 16H1V and 8H2V are compared, where16H1V represents 16 antenna ports in azimuth dimension and 8H2V stands for 8 antenna ports in azimuth dimension and 2 antenna ports in elevation dimension. In the simulation, we use FTP-1 traffic model with the packet arrival rate being 1. It is worth noting that the 2 elevation beams in 8H2V are assumed with the down-tilts -6 and 12 degrees respectively. Other details of simulation assumptions are attached in the appendix.
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Figure 1. Performance gain with BF in elevation dimension

From Figure 1, we can see that the performance gain is 22% in cell edge and 5% in cell average with the beamforming in elevation dimension. The gain comes from the coverage improvement with beams generated in elevation dimension. 
Observation 1: In the 3D-UMi, significant performance gain can be obtained in cell edge with beamforming in elevation domain.

· Performance gain of load balance with EBF/FD-MIMO in Het-Net 

In the SID [1], the heterogeneous network is an important scenario for EBF/FD-MIMO. Here, we provide our preliminary evaluation results with EBF/FD-MIMO in the low power node for load balancing. Each cell is assumed to be configured with 1 Macro BS and 4 low power nodes, and each low power node with 5 users and each macro BS with 10 users with the distribution being similar as the scenario of CoMP configure 4b.  In the simulation, we assume that each low power node is configured with 2H8V antenna ports (i.e., 16 antenna ports with 16 antenna elements) and each Macro BS is configured with 2H1V (i.e., 2 antenna ports with 16 antenna elements).  The other details of simulation assumptions can be found in appendix.
In the simulation, each of the offload UEs from Macro is served with a best UE specific elevation beam by low power node. Thereby, the actual SINR of offload UEs are increased. For comparison, the CRE with 6dB is simulated as the baseline. 
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Figure 2. Performance gain with load balance in Het-Net compared to CRE
From Figure 2, we can see that 27% average gain and 39% cell edge gain can be obtained with the load balance using EBF/FD-MIMO. Unlike cell range extension defined in LTE Rel-11 for heterogeneous deployments, the cell shaping through EBF/FD-MIMO is performed by eNB proactively. Thus, the performance gain comes from the load balance with actual SINR increased for the users.  
Observation 2: In the Het-Net scenario, the significant performance gain can be obtained with EBF/FD-MIMO. 

· Performance gain of MU-MIMO with EBF/FD-MIMO 

FD MIMO with MU pairing may improve cell or UE average spectrum efficiency with a decent gain number in the highly loaded scenarios (e.g. full buffer traffic or bursty traffic when radio resource utilization is high), however, this gain may reduce to be marginal in lightly loaded scenarios. In this section, we provide the preliminary simulation results of MU-MIMO with EBF/FD-MIMO in the full buffer traffic model and ideal feedback.

In the simulation, 4/8 azimuth antenna ports and 2/4/8 elevation antenna ports are configured in the eNB. Each user is configured with 2 antenna ports. We keep the number of antenna elements in elevation dimension to be 16 in the simulation. The number of users is assumed as 15, and the limitation of paired layers is assumed as 4 for 8H2V and 8H4V, respectively.

For comparison, the baseline is 8H1V with Rel-10 8Tx codebook and the maximum number of paired layers is assumed as 2.
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Figure 3. Performance gain of MU-MIMO with FD-MIMO in 3D-UMa
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Figure 4. Performance gain of MU-MIMO with FD-MIMO in 3D-UMi

In Figure 3, we show the performance gain of FD-MIMO in 3D-UMa in full buffer traffic model. With increasing the number of elevation ports and the number of paired layers, there is about 98.2% and 91.2% cell average and cell edge performance gain respectively. 
In Figure 4, we show the performance gain of FD-MIMO in 3D-UMi in full buffer traffic model. The cell average performance gain is 117.3% and the cell edge performance gain is about 116%.

Observation 3: From the simulation result, significant performance gain can be observed when the number of antenna ports increase to 16 in 3D-UMa and 3D-UMi with FD-MIMO. 

Observation 4: The performance gain seems limited from 16 antenna ports to 32 antenna ports. 
3 Potential enhancements 
From the initial simulation results, we have the following views for potential enhancements with 2-D antenna array. 

1) Due to the limited time for WI and the significant performance gain, at least up to 16 antenna ports should be defined in this SI.
2) In order to support 16 antenna ports at least, it is needed to enhance CSI-RS. DMRS enhancement is needed to support higher order MU-MIMO, where more than 4 orthogonal layers should be supported. 
3) In the simulation, we use ideal feedback for the cases of more than 8 antenna ports as there is no codebook and feedback mechanism currently. Therefore it is proposed to start CSI feedback topic discussion as early as possible in order to complete this SI on time. 
4 Conclusions
In this contribution, we provide the preliminary evaluation results of Elevation Beamforming/ Full-Dimension (FD) MIMO in three use cases, and also discuss the potential enhancements targeting 2-D antenna array. The following observations are given:
Observation 1: In the 3D-UMi, significant performance gain can be obtained in cell edge with beamforming in elevation domain.

Observation 2: In the Het-Net scenario, the significant performance gain can be obtained with EBF/FD-MIMO.
Observation 3: From the simulation result, significant performance gain can be observed when the number of antenna ports increase to 16 in 3D-UMa and 3D-UMi with FD-MIMO. 

Observation 4: The performance gain seems limited from 16 antenna ports to 32 antenna ports. 

Based on the observations, we have the following views:
1) Due to the limited time for WI and the significant performance gain, at least up to 16 antenna ports should be defined in this SI.
2) In order to support 16 antenna ports at least, it is needed to enhance CSI-RS. DMRS enhancement is needed to support higher order MU-MIMO, where more than 4 orthogonal layers should be supported. 
3) In the simulation, we use ideal feedback for the cases of more than 8 antenna ports as there is no codebook and feedback mechanism currently. Therefore it is proposed to start CSI feedback topic discussion as early as possible in order to complete this SI on time. 
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Appendix:  Simulation assumptions
	Parameter
	
	UMa
	UMi

	Channel Mode
	Channels:
	3D channel model
	3D channel model

	Basic parameters
	Carrier frequency:
	2GHz
	2GHz

	
	Bandwidth:
	10MHz
	10MHz

	
	UE speed:
	3km/h
	3km/h

	
	PDCCH:
	3 OFDM symbols
	3 OFDM symbols

	
	Cell selection:
	RSRP[Alt.4], 1 dB handover margin
	RSRP[Alt.4], 1 dB handover margin

	
	OLLA:
	10 % target BLER
	10 % target BLER

	
	HARQ:
	max 3 retransmissions
	max 3 retransmissions

	
	Traffic mode:
	Full buffer/ FTP1
	Full buffer/FTP1

	
	Channel estimation:
	ideal
	ideal

	UE topo
	Indoor/outdoor ratio:
	80% indoor, 20% out door
	80% indoor, 20% out door

	
	UE topo type:
	3D
	3D

	
	Max floor number:
	8
	8

	
	Floor height
	3
	3

	
	Number of users in cell
	     15
	     15

	Antenna configurations
	BS horizontal antennas:
	4/8
	4


	
	BS antenna polarizations
	X
	X

	
	BS antenna space:
	0.5 wavelength
	0.5 wavelength

	
	UE antenna number
	2
	2

	
	UE antenna polarization:
	| |
	| |

	
	UE antenna space:
	0.5 wavelength
	0.5 wavelength

	
	TX power
	46dBm
	41dBm

	Transmission configuration
	TX mode
	TM10 with 1 CSI process,
MU 2/4 layers
	TM10 with 1 CSI process,
MU 2/4 layers

	
	RX type
	MMSE
	MMSE

	
	PMI type
	Ideal beamforming
	Ideal beamforming

	
	CSI feedback delay
	4 ms
	4 ms

	
	CSI feedback period
	10 ms
	10 ms

	
	Feedback mode
	PUSCH32
	PUSCH32

	Scheduler
	Scheduler type
	PF
	PF

	
	Down tilt
	12
	12

	
	Vertical antenna elements
	16
	16
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