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1. Introduction
In RAN #65 meeting, a new study item, “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, there is possibility of achieving system performance improvement to accommodate the increasing capacity demand. The study objects of phase 1 are shown as follows [1]:

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array.

In this contribution, the deployment scenarios, antenna configurations and simulation assumptions are discussed for elevation beamforming/full-dimension MIMO (EB/FD-MIMO).
2. Deployment scenarios for EB and FD MIMO
For SI of 3D channel model in Rel.12, Urban Micro cell with high outdoor/indoor UE density and Urban Macro cell with high outdoor/indoor UE density scenarios for both homogeneous network and heterogeneous network have been agreed as deployment scenarios with high priority for EB and FD MIMO [2]. The base station is above surrounding buildings for UMa cell and below surrounding buildings for UMi cell. The indoor hotspot with high UE density and rural scenarios are agreed with lower priority. For heterogeneous networks, the base station of Macro cell is above surrounding buildings, such as 25m high and low power node is below surrounding buildings, such as 10m high. The carrier frequency could be 2GHz and/or 3.5GHz for homogeneous and heterogeneous network. These conclusions related scenarios in SI of 3D channel model can serve as a start point for discussion since the accurate 3D channel model could be provided for evaluation. For heterogeneous network, small cell scenario 2a is the typical scenario for EB and FD-MIMO. High rise scenario is another agreed scenario for 3D channel model. However, some details of channel parameters are not agreed because of limit time in Rel.12. Thus, the schemes for EB and FD MIMO could also be considered for the high rise scenario. 
Proposal 1: Deployment scenarios agreed in SI of 3D channel model has the first priority.
3. Antenna configurations for EB and FD MIMO 
The antenna configurations are restricted by the size and weight of eNB antennas [3-4]. For a Macro cell, the base station has higher height and its antennas could be located on the roof. Thus, large antenna size could be used and it can be considered as the use case for large size of antenna. For Micro cells or low power nodes, placement of the antennas is most likely at lower heights (on ceilings or walls) and a small antenna size would be more popular. This can be considered as the use case of small size of antenna. The actual two dimensional antenna array size is determined by the number of antenna elements, polarization mode, carrier frequency and spacing of antenna elements. The supported antenna element number is given in Tab.1 for carrier frequency 2/3.5GHz and antenna spacing of
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with assumptions of large size for left table and small size for right table. If an antenna array with small size is designed with 0.2m per dimension, at most 4 antenna elements for one polarization direction could be used in one dimension in the case of an antenna spacing of
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. Every Tx/RU only contains one element. If the antenna array with large size is designed with 2.5m per dimension, at most 33 antenna elements for one polarization direction could be used in one dimension in the case of antenna spacing of
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. Besides, the {1, 2, 4, 8} port azimuth antennas are already supported in current LTE system. The configuration of two dimensional antenna arrays could be derived based on the available structure to reuse the available reference signal design and feedback mechanism in the azimuth dimension. Based on the above discussion, the possible two dimensional antenna array scheme is shown in Tab.2. 
Proposal 2: Antenna array schemes in Table.2 could be used for EB/FD-MIMO.
Table.1 Supported number of antenna elementswith size restriction 
Carrier Frequency: 2GHz                                       Carrier Frequency: 3.5GHz
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Table 2: Possible antenna array configurations
	Number of antenna ports 
	Large size antenna array configuration
	Small size antenna array configuration

	8
	X-Polarized: 2H×2V; 
ULA: 4H×2V, 2H×4V
	X-Polarized: 2H×2V
ULA: 2H×4V or 4H×2V

	16
	X-Polarized: 2H×4V or 4H×2V, 
ULA: 4H×4V, 8H×2V, 2H×8V
	X-Polarized: 4H×2V, 2H×4V
ULA: 4H×4V

	32
	X-Polarized: 4H×4V or 8H×2V or 2H×8V, 
ULA: 4H×8V, 8H×4V
	X-Polarized: 4H×4V

	64
	X-Polarized: 4H×8V or 8H×4V, 

ULA: 8H×8V
	FFS by actual antenna size


For Macro base station, a carrier frequency of 2GHz is typically used. For low power base station, carrier of 3.5GHz could be used for heterogeneous networks, such as scenario 2a of small cell. Considering antenna size restrictions, this higher carrier frequency is beneficial for placing more antenna elements. Therefore, carrier frequencies at least between 2 and 3.5GHz should be supported for EB and FD-MIMO. The antenna element spacing is assumed 
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for calibration of 3D channel model. It’s a typical value for beamforming at azimuth dimension. On account of beam width design and different beam resolution requirements in the azimuth and elevation directions, the possible element spacing values could be further discussed. 

Proposal 3: Carrier frequencies between 2 and 3.5GHz should be supported for EB and FD-MIMO.
Dual-polarization antenna elements can provide independently polarized channels and improve system capacity. It is a typical antenna configuration in real LTE systems. Also, high priority is put on this kind of antenna for codebook design. Two dimension active antenna arrays with dual-polarization could still be the focus of antenna configuration for EB and FD-MIMO. Uniform linear array is another antenna practical configuration and is suitable for beam-forming. Thus, two dimension active antenna arrays composed of linear arrays could also be considered.

Proposal 4: Both dual-polarization and ULA could be considered in two dimension antenna array for EB and FD-MIMO.
Following the RAN4 discussion [5], the antenna array pattern can be modelled by: 
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The element location vector is given by
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where 
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 where is the elevation angle, 
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 is the azimuth angle. We could reuse the complex weighting factor of Table 7.1-1 in TR36.873 for virtualization of antenna elements, which is given by:
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Proposal 5: Complex weighting factor in TR36.873 could be reused for virtualization of antenna elements.
4. Simulation assumptions
The simulation parameters of performance evaluation in 3D channel model could be a starting point for discussion. On account of the possibility of new schemes, the RS overhead, feedback scheme could be provided by every company in detail. Based on above discussion of antenna configurations, proposed simulation assumptions with details are listed in the following Table 3.
Table.3 Details of Simulation assumptions
	Parameter
	Values

	Scenarios
	3D-UMa, 3D-UMi for homogeneous network, 

Small cell scenario 2a for heterogeneous network

	BS/Rx antenna configurations
	Both dual-polarized and ULA, FFS for space of antenna element

	System bandwidth
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz for homogeneous network, 2G/3.5G for heterogeneous network

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per cell
	30 (10 active user)

	UE distribution 
	TR36.873 Table 6-1

	UE speed
	3km/h

	Polarized antenna modelling
	Angle-Independent based scheme (TR 36.814) or 

Slant Angle-Dependent based (R1-136036 yellow part) 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Geographical distance based

	Channel model
	3D channel model in TR36.873

	Handover margin (for calibration)
	0 dB

	Traffic model
	Full-buffer and non-full buffer

	Scheduler
	PF

	Receiver
	Ideal channel estimation 

	
	MMSE-IRC receiver 

	Interference model
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback scheme
	Details to be provided by each company

	Overhead
	Details to be provided by each company, including details of RS

	Transmission scheme
	SU-MIMO and MU-MIMO

	Metrics
	Cell average SE

	
	5% cell-edge SE


5. Conclusions
Based on the above discussion, our proposals are made as follows:
Proposal 1: Deployment scenarios agreed in SI of 3D channel model has the first priority.

Proposal 2: Antenna array schemes in Tab.2 could be used for EB/FD-MIMO.

Proposal 3: Carrier frequencies between 2 and 3.5GHz should be supported for EB and FD-MIMO.
Proposal 4: Both dual-polarization and ULA could be considered in two dimension antenna array for EB and FD-MIMO.
Proposal 5: Complex weighting factor in TR36.873 could be reused for virtualization of antenna elements.
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