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1 Introduction

In RAN#65 meeting, study on Elevation Beam forming/Full-Dimension (FD) MIMO for LTE [1] was approved.  One of objectives of this study item is to: 

· 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.
In this contribution, the antenna configurations and evaluation scenarios for elevation beam forming and FD-MIMO are discussed. The following issues are addressed:

· Antenna configuration for 2D antenna array including antenna array size (i.e., total number of antenna elements, horizontal/elevation antenna element spacing), number of antenna port and the virtualization of antenna port
· Evaluation scenarios including homogeneous and heterogeneous network

· Target operating frequency range and traffic model 
2 Antenna configuration for 2D antenna array 
In this section, the antenna configurations for 2D antenna array are discussed from the following aspects: 
· Total number of antenna elements

· Antenna element spacing 

· Virtualization of antenna elements per TXRU
· Number of antenna port

· Mapping from TXRUs to antenna port 

Total number of antenna elements
Regarding antenna array size, the maximum size in horizontal and elevation dimension is ~ 0.320 meter and 1.5 to 2 meters respectively based on the investigation from practical network. Therefore, the limitation of the practical antenna array size shall be taken into account when determining the total number of antenna elements and antenna element spacing. Otherwise, it would be difficult to be deployed.
For the current Rel-10 system with 8 antenna ports, the typical antenna configuration is four columns of antenna elements with cross-polarization. Due to the limitation of horizontal array size, this horizontal antenna array deployment can be used for the EBF/FD-MIMO evaluation as well. 
Regarding the number of co-polarized antenna element in one column, the candidate values include 8, 10 and 12 based on the investigation from practical network and the proposal in [5]. Considering the simplicity of the mapping of antenna elements to TXRU, i.e. 2D antenna arrays with {8, 16, 32, 64} TXRUs, it is preferred to have 8 co-polarized antenna elements per column.
Proposal 1: The limitation of practical antenna array size should be considered when identifying the 2D antenna configurations
Proposal 2:  The total number of antenna elements is 64 
Antenna element spacing

In 3D channel model, the working assumption for horizontal antenna spacing is 0.5 lambda and 0.5/0.8 lambda for elevation dimension. Considering that 0.8 lambda’s antenna spacing has less coupling loss than that of 0.5 lambda and the size limitation in elevation dimension is less strict than the horizontal dimension’s, 0.8 lambda for elevation antenna spacing is preferred in practical system. But to align with the discussion in 3D MIMO channel mode, 0.5 lambda antenna spacing can also be an option.  According to the above discussion, we propose the following

Proposal 3:  Both 0.5 lambda and 0.8 lambda antenna spacing for elevation dimension are supported in Rel-13.
Virtualization of antenna elements per TXRU
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Figure 1.  The number of elements per TXRU with total 64 elements
To distinctly give the structure of antenna array, the mapping of antenna elements to TXRU and the mapping of TXRUs to antenna port are addressed. The mapping of antenna elements to TXRU decides the number of TXRUs for the 2D antenna array.  For example, given that the total number of antenna elements is 64, the mapping of antenna element to TXRU is shown in Figure 1. 

Number of antenna ports

By introducing elevation dimension, user’s separation can be done in both horizontal and elevation dimensions. It facilitates the multi-user (MU) MIMO technology by pairing more users. This will improve the spectrum efficiency. Although the performance increases with the increasing of antenna ports, more antenna ports simultaneously brings higher cost, e.g. more CSI-RS ports, more TXRUs etc, and in general larger antenna array size etc.  Furthermore, the introduction of more antenna ports needs more standard effort, e.g. standardization of CSI-RS extension, the design of codebook and CSI feedback etc. Considering the limitation of practical antenna array size, performance/cost trade-off and 3D MIMO standard schedule, up to 16 antenna ports should be supported in Rel-13.
Proposal 4:  At least the design of antenna port {16} should be finished in Rel-13.
Mapping from from TXRUs to antenna port 
One or multiple TXRUs can further generate one antenna port by virtualization. It is the mapping of TXRUs to antenna port.  Although, the more performance gain can be got when the antenna ports are larger, the eNB still can configure less antenna ports for a UE to save CSI-RS overhead.

In order to get the mapping of antenna elements to CSI-RS antenna port, the CSI-RS virtualization needs to be addressed in 3D MIMO. In previous 3D MIMO channel model discussion, DFT weighting factor with a down angle is used for CSI-RS antenna virtualization [3]. Generally, UE attachment is based on CRS. While in 2D antenna array, at least in system level evaluation of 3D MIMO, UE attachment can be based on the CSI-RS antenna virtualization. To align the further evaluation of 3D MIMO, DFT weighting factor with a down tilt angle as in [3] is proposed for CSI-RS virtualization.
Proposal 5: For CSI-RS virtualization, DFT weighting factor with a down tilt angle is preferred.  

3 Evaluation scenarios  

UE-specific elevation beam forming on the vertical dimension of the two-dimensional array can further concentrate the transmit energy and reduce the interference leakage to the neighbouring cells. In this section, we list some scenarios that benefit from such advanced MIMO technologies as shown in Table 1.
Table 1.   Typical evaluation scenarios
	
	Scenario A
	Scenario B

	Network  type 
	Homogeneous macro network
	Heterogeneous network

	Antenna configuration 
	Cross-polarization
	Cross-polarization

	Elevation antenna array parameters
	a) The number of vertical antenna port: 1(baseline), 2, 4, 8 etc.

b) The mapping from antenna elements to one vertical port : 1 to M
	a) The number of vertical antenna port: 1(baseline), 2, 4, 8 etc.

b) The mapping from antenna elements to one vertical port : 1 to M

	UE distribution 
	3D UE distribution in Macro/Micro cell
	3D UE distribution in Macro cell and low power node

	Channel Models
	3D UMa or 3D UMi
	3D UMa and 3D UMi

	BS height
	Macro node height:25m

Micro node height:10m


	Macro node height:25m

Low-power node:10m


	UE number
	Same as TR 36.814 for homogeneous networks
	Same as TR 36.814 for heterogeneous networks

	Transmission power
	Macro node: 46/49 dBm for 10/20MHz

Micro node: 41/44 dBm for 10/20MHz
	Macro node: 46/49 dBm for 10/20MHz 

Low power node: 30/33 dBm for 10/20 MHz

	 Number of low-power nodes per macro node
	None
	N = 4, and N =1, 2, 10, optional


Proposal 6: In order to evaluate the benefit of 3D MIMO, scenario A/B can be defined for homogeneous network and heterogeneous network.

4 Target operating frequency range and traffic model 
In 3D channel model SI [2], for heterogeneous network, the carrier frequency(s) for a macro/low-power node can be 2 or 3.5 GHz and for homogeneous network, the carrier frequency can be 3.5 GHz. In addition, the path loss model in 3D channel model SI is applicable between 2-6GHz.  Considering the frequency range in [2] and spectrum regulation, the target frequency range can be assumed below 6GHz, typically 2GHz, 2.6GHz and 3.5GHz can be considered. The corresponding wavelengths are listed in Table 2.
Table 2:  The relationship between frequency and wavelength
	Frequency (GHz)
	2 GHz 
	2.6 GHz
	3.5 GHz

	Wavelength (meter)
	0.15
	0.12
	0.09


Assuming the same antenna array size, more antenna elements can be deployed when the carrier frequency is higher. For example, when the vertical antenna element spacing is 0.8 lambda and the total number of vertical antenna element is 10, the height of antenna array at 2GHz is 1.08 meters.  Given the same height of array size, the total number of vertical antenna elements at 2.6GHz and 3.5GHz are 12 and 16 respectively. If the implementation complexity is acceptable, it is beneficial to achieve 3D beam forming gain when more antenna elements are deployed. On the other hand, for the same number of antenna element, the antenna array size can be smaller with the increasing of frequency. Therefore, the typical frequency below 6GHz (e.g. 2GHz, 2.6GHz and 3.5GHz) can all be as the target operating frequency range. 
Proposal 7: Frequency below 6GHz (e.g.2GHz, 2.6GHz, 3.5GHz) can be used as the target operating frequency.
For elevation BF and FD-MIMO, there would be an additional freedom, i.e., elevation, for controlling beam compared to conventional azimuth beam forming. In order to obtain the full scale evaluation, both full buffer traffic and bursty buffer traffic should be considered at this SI stage. For the bursty traffic FTP I is preferred because it was already used in the previous evaluation, e.g., Rel-12 4Tx MIMO.   
Proposal 8: Full buffer and FTP I can be used as the traffic model in Rel-13 3D MIMO.
5 Conclusions

This contribution discusses the antenna configurations and evaluation scenarios for elevation beam forming, and the following is proposed:

Proposal 1: The limitation of practical antenna array size should be considered when identifying the 2D antenna configurations.

Proposal 2:  The total number of antenna elements is 64.
Proposal 3:  Both 0.5 lambda and 0.8 lambda antenna spacing for elevation dimension are supported in Rel-13.
Proposal 4: At least the design of antenna port {16} should be finished in Rel-13. 
Proposal 5: For CSI-RS virtualization, DFT weighting factor with a down tilt angle is preferred. 
Proposal 6: In order to evaluate the benefit of 3D MIMO, scenario A/B can be defined for homogeneous network and heterogeneous network.
Proposal 7: Frequency below 6GHz (e.g.2GHz, 2.6GHz, 3.5GHz) can be used as the target operating frequency.
Proposal 8: Full buffer and FTP I can be used as the traffic model in Rel-13 3D MIMO.
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