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1 Introduction
In RAN1#79 meeting, the performance of different 8 antenna port configurations was given with reusing the 8Tx codebook and feedback mechanism in Rel-12 in [1].  It showed that the gap between the system performance with codebook and ideal feedback varies depending on the antenna array configurations. 
In this contribution, a codebook structure for EBF/FD-MIMO is proposed and the corresponding evaluations are given.    
2 Codebook for EBF/FD-MIMO
2.1 Codebook design for 8 antenna ports
In EBF/FD-MIMO, two general antenna structures in practical deployment for 8 ports with cross-polarization are shown in Figure 1. Where 8H1V is the legacy passive 1D antenna configuration and 4H2V is the 2D antenna array configuration, which can enable elevation beamforming. 
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Figure 1. Antenna array structures of 8 antenna ports

 In Rel-12, antenna array is placed only in horizontal direction, i.e., 8H1V. The steering vector for co-polarization antennas is represented by DFT vector. 
For 2D antenna configuration, the steering vector for co-polarization antennas can be expressed by the Kronecker product of horizontal and vertical steering vectors, each of which can be represented by a DFT vector. With the characteristic, we propose a codebook structure for 4H2V antenna configuration, which uses a Kronecker product of horizontal and vertical vectors.
In addition, we compare the performance of new codebook with legacy codebook. The codebook size of new codebook is the same as the legacy 8Tx codebook. The antenna indexing of new codebook is shown in Figure 2. 
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Figure 2 Antenna index for 4H2V
The rank-1 and rank-2 codebook for 4H2V are shown in Table 1 and Table 2 of Appendix 2, respectively. Where the quantities 
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is the co-phasing factor. 
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 represent the horizontal and vertical vectors, respectively. 
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. The relation between m and k, l is as follows. 
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In Rel-10 8Tx codebook, there are 32 directional vectors for co-polarization antennas, each of which is expressed as DFT vector 
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.  To keep the same codebook size as Rel-10, the new codebook also has 32 directional vectors for co-polarization antennas, which is expressed as 
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. Considering that UE is uniformly distributed in horizontal direction, using more horizontal vectors is beneficial for distinguishing users in horizontal direction. So there are 8 horizontal and 4 vertical vectors for 
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, respectively.
It’s worth noting that the codebook structure can be easily extended for the antenna configurations with more than 8 antenna ports.

2.2 Performance evaluation
The simulation results are given in case of UMa scenario with ISD 500m. The FTP I model is assumed in this simulation and the packet arrival rates are set to 3.6, corresponding to 70% RU. The detailed simulation assumptions are given in Appendix 1. The 5% UPT and average UPT are shown in Figure 3 and Figure 4, respectively.
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Figure 3.  Performance gain in cell edge         Figure 4.  Performance gain in cell average
According to above simulation results, there is the following observation and proposal. 

Observation:  With the same codebook size as Rel-10 8Tx, the Kronecker based new codebook has about 10%  gain over Rel-10 codebook in 4H2V. 
Proposal: For 8 antenna ports, a new codebook based on Kronecker product can be introduced for the new antenna configurations. 
3 Conclusions

In this contribution, we compare the performance between R10 codebook, new codebook and ideal feedback. According to the simulation results, we have the following observation and proposal. 
Observation:  With the same codebook size as Rel.10 8Tx, Kronecker product based new codebook has about 10% gain over Rel-10 codebook in 4H2V. 

 Proposal: For 8 antenna ports, a new codebook based on Kronecker product can be introduced for the new antenna configurations.
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Appendix 1: 
Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees .

4H2V,8H1V.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook
And New 8 Tx codebook

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2 or 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation, PUSCH 3-0 for reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB


Appendix 2:  
Table 1 Rank 1 Codebook for 4H2V
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Table 2 Rank 2 Codebook for 4H2V
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