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1 Introduction
In the RAN#68 plenary meeting, a work item on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE was approved [1]. One of the main objectives of the work item is to design a codebook for 2D antenna arrays with 8, 12 and 16 antenna ports. In RAN1#82 possible options for 2D codebook based on W1W2 structure were agreed [2]. 
In addition to the decision of the actual 2D codebook structure, the parameters of the codebook are also important to define as they directly impact the actual FD-MIMO performance and implementation complexity of the UE. In this contribution we provide some evaluation results for W1.
2 Discussion
A to the Rel-13 WID objectives, the codebook structure should be extended to support 2D codebook structure with [8], 12 and 16 antenna ports. The possible 2D port layouts that should be supported by the 2D codebook are {4,2,2},{2,4,2},{3,2,2}, {2,3,2} and [{2,2,2}]. In this contribution we focus on the performance evaluation of the codebook for the {4,2,2} and {2,4,2} port layouts using the 3D UMi scenario as it provides the most promising FD-MIMO gains over the baseline system.
As agreed in [2], the W1W2 codebook can be extended to 2D by considering the Kronecker product between the vertical and horizontal precoders. For example, for W1 the set of candidate beams for beamforming may be determined as
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where 
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 correspond to the precoders for the candidate set of beams in each dimension.

The set of candidate beams 
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 for the horizontal and vertical dimension should follow the DFT structure, i.e., the actual beamforming vector in the set can be defined as
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where N is the number of antenna elements in the corresponding dimension and Q is the beamforming oversampling factor defining the total number of beams in the codebook. Given that the total number of beams in the codebook is closely related with the codebook size and, therefore, the CSI calculation complexity at the UE, careful selection of the oversampling factor x for both beamforming dimensions is required. 

Figures 1-3 show the performance comparison of the FD-MIMO system for the {4,2,2} and {2,4,2} port layouts for different beam oversampling factors in the horizontal and vertical domains. The 2x1 and 4x1 sub-array models were used. In the evaluation the performance of SU-MIMO is provided assuming non-full buffer FTP traffic model 1. The packer arrival rate in the evaluations was selected to achieve RU of approximately 15% (small resource utilization) and 40% (medium resource utilization). 
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(a) Small resource utilization







(b) Medium resource utilization
Figure 1: SU-MIMO performance for the {4,2,2} port layout with 2x1 sub-array for different beam oversampling in the vertical and horizontal dimensions
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(a) Small resource utilization







(b) Medium resource utilization
Figure 2: SU-MIMO performance for the {2,4,2} port layout with 2x1 sub-array for different beam oversampling in the vertical and horizontal dimensions
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(a) Small resource utilization







(b) Medium resource utilization
Figure 3: SU-MIMO performance for the {2,4,2} port layout with 4x1 sub-array for different beam oversampling in the vertical and horizontal dimensions

From Figures 1-3 it can be seen that beam oversampling is more beneficial for the cell-edge rather than for average throughput performance improvement. It can be also seen that the beam oversampling gains are increasing with the total number of antenna elements in the vertical dimension and the traffic load. For example, the gains due to beam oversampling for the {4,2,2} port layout is higher than for the {2,4,2} port layout for the same sub-array model 2x1. 
The best performance for both cell average and cell-edge is provided by maximum oversampling of 4 in both horizontal and vertical dimensions. However, considering the trade-off between the performance and the codebook size, Qv = 2 and Qh = 4 seem to be a promising compromise providing performance close to the maximum.
Observation:

· For 2D codebook beam oversampling in vertical and horizontal dimensions with Qv = 2 and Qh = 4, respectively, achieves the best trade-off between codebook size and performance.
Another design aspect of the 2D codebook is beam spacing in W1. More specially, the sets of the candidate beams 
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 for the horizontal and vertical dimension may correspond to closely spaced beams (as in Rel-10) or widely spaced beams (as in Rel-12). The performance comparison between the two options for the grid of beam design in W1 is provided in Tables 1-3. In the design of W1 it is assumed that the grids of beams are overlapping for closely spaced beams and non-overlapping for widely spaced beams. As a result the number of W1 matrices becomes smaller in the latter case.
Table 1: Comparison of grid-of-beams design for SU-MIMO performance with {2,4,2} port layout and 2x1 sub-array
	
	Widely spaced beam
	Closely spaced beams

	Load
	Med
	Low
	Med
	Low

	UE average packet UPT, %
	0.00%
	0.00%
	0.90%
	1.24%

	UE 5% packet UPT, %
	0.00%
	0.00%
	0.80%
	2.44%


Table 2: Comparison of grid-of-beams design for SU-MIMO performance with {4,2,2} port layout and 2x1 sub-array
	
	Widely spaced beam
	Closely spaced beams

	Load
	Med
	Low
	Med
	Low

	UE average packet UPT, %
	0.00%
	0.00%
	1.60%
	1.22%

	UE 5% packet UPT, %
	0.00%
	0.00%
	2.45%
	2.54%


Table 3: Comparison of grid-of-beams design for SU-MIMO performance with {2,4,2} port layout and 4x1 sub-array

	
	Widely spaced beam
	Closely spaced beams

	Load
	Med
	Low
	Med
	Low

	UE average packet UPT, %
	0.00%
	0.00%
	1.05%
	1.65%

	UE 5% packet UPT, %
	0.00%
	0.00%
	1.94%
	2.98%


In can be seen from Tables 1-3 that there is no significant performance difference between the two options of the grid of beams design. We also observed from the simulations that the difference between the two options is slightly higher for the {4,2,2} port layout. The small advantage of the closely spaced beams observed in the simulations is explained by the higher number of PMIs in the codebook. This advantage, however, is provided at the expense of the increased CSI calculation complexity and potentially CSI overhead.
Observation:

· No significant performance difference has been observed between closely and widely spaced grid of beams

Other sub-array configurations and port layouts should be considered to confirm these observations.

Summary
In this contribution we provide some evaluation results for W1. In particular we focus on the evaluation of the different oversampling factor in both dimensions and grid-of-beam design. Based on the evaluation results we have observed:

Observation:
· F For 2D codebook beam oversampling in vertical and horizontal dimensions with Qv = 2 and Qh = 4, respectively, achieves the best trade-off between codebook size and performance.
· No significant performance difference has been observed between closely and widely spaced grid of beams

Other sub-array configurations and port layouts should be considered to confirm these observations.
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Appendix
	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 16 TXRUs

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs

Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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