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1. Introduction
In RAN#68 meeting, the FD MIMO WI was approved and one of the objectives is to define codebooks for 2D antenna array as follows [1]:
· Specify enhancements on CSI reporting in the following areas

· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 

· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports

In RAN1#82 meeting, 4 alternatives of FD-MIMO codebook have been agreed [2]. Among them, Alt 1 and Alt 2 belong to the parameterized codebook, which are characterized by the configurable parameters. And the CSI reporting class A concept has also been approved, whose definition is that UE reports CSI according to W=W1W2 codebook based on {[8],12,16} CSI-RS ports. We proposed a parameterized dual-stage codebook structure in the last meeting [3].  In this contribution, we further discuss its corresponding parameters configurations for CSI reporting class A.
2. 2D Codebook Structure 

According to [2], the parameterized dual-stage codebook, which is suitable for various 2D antenna configurations, is defined as
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where 
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 characterizes the long term properties of the channel such as beam directions, and 
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 describes the short term channel characteristics such as the phase variations between two polarizations.
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 is a block diagonal matrix as given by 
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where 
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 represent the kth precoder of the 1st dimension and the lth precoder of the 2nd dimension  per polarization respectively. The 1st dimension may be horizontal and the 2nd dimension be vertical or vice versa. Let 
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. In either dimension, the ith precoder 
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 is characterized by the following 5 parameters:

· Antenna port number 
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· Oversampling factor 
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· Number of beams in each beam group 
[image: image13.wmf]d

L


· Beam group spacing 
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· Beam spacing 
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Among them, 
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 is the number of antenna ports per polarization, 
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 is a spatial oversampling factor, which determines the beam resolution. So there are total 
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 beams available for the codebook in the dimension per polarization. In addition, 
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 defines the difference of the leading beam indices of two adjacent beam groups and 
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 denotes the difference of two adjacent beam indices in each beam group. Hence, the ith precoder  
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where each beam is an 
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 DFT vector of length 
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In this way, the block diagonal entry 
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 matrix with each column constructed by the horizontal beam and the vertical beam. 

[image: image29.wmf]2

W

 could be directly extended from Rel-10 codebook, which targets for beam selection and phase adjustment between two polarizations. For higher rank, 
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 has multiple columns, each corresponding to a data layer. Define
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where 
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 is column selection indicator vector for 
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 for the lth layer, and 
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 is the corresponding phase difference between two polarizations. 

3. Discussion on codebook parameter configurations
As discussed above, there are total 10 parameters (5 parameters in each dimension) to define the 2D codebook. To make the codebook flexibility acceptable, certain parameters should be configurable to deal with various antenna configurations, while the others have fixed values or associated with the configured parameters. The values of the configurable parameters could be RRC signaled. And in order to maintain a reasonable codebook size, we further need to have some constraints on the candidate parameter values. In this section, we present our views on the parameter configurations. 
· Antenna port number
According to the WID of FD-MIMO and the CSI reporting Class A definition, the 2D codebook shall support {8,12,16} CSI-RS ports. And, for either 12 or 16 CSI-RS ports, there are at least two different 2D antenna port layouts as given in Figure 1. If the 1st dimension is assumed to be horizontal and the 2nd dimension to be vertical, we’ll have 
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 for the 12 CSI-RS ports in Figure 1(a). Therefore, the port numbers in both dimensions are required to describe a unique port layout. In addition, considering forward compatibility, it is beneficial to inform 
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 to the UE as independent parameters to support more antenna port layouts in future. So we propose 
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  are configured by RRC signaling.
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(a) 12 Ports                                                             (b) 16 Ports
Figure 1: 2D antenna port layouts
· Oversampling factors

The oversampling factor defines the beam granularity and the total available number of beams in each dimension. And the total available number of beams determines the codebook size of 
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. It should be noted that each antenna port is associated with one TXRU for CSI reporting class A, which is virtualized by several antenna elements. In practical deployment, TXRU virtualization may be different because of various antenna element number of the antenna array or various antenna element spacing, which leads to different beam patterns. Considering the beam granularity in each dimension, the oversampling factor should be made configurable for each antenna port layout to deal with various beam patterns. The values of 
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 are determined by compromising the system performance and the codebook size. Based on our simulation results in [4], the candidate values of the oversampling factors are 
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. For the supported 2D antenna port layouts, the maximum number of ports per polarization is 8. Then there are at most 512 beams available with 8x oversampling in both dimensions. So the code book size of 
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 is no more than 9 bits.
· Number of beams in each beam group
The number of beams in each beam group influences both the rank adaption and the feedback frequency granularity in each dimension as discussed in [3]. In addition, the codebook size of 
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 is also related to the beam number. The 
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 size is critical to the PUCCH design because of the 11bits payload capacity limitation. With larger size, it may need to define new PUCCH report types for PMI2 feedback and thus the periodic feedback overhead increases correspondingly. Therefore, we propose to maintain the legacy codebook size of 
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. Refer to Rel-10 8Tx codebook and Rel-12 4Tx codebook, for rank=1,2, each beam group consists of 4 beams, which results into 4bits codebook size for 
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.While for rank=3,4, there are 4 orthogonal beam pairs in each beam group, which leads to 4bits and 3bits codebook size for 
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 respectively. For the parameterized codebook, we prefer to constrain 
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. Then, there are 3 combinations for the beam group configurations, i.e. 
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. For rank=1,2, all of the 3 combinations could be configured. For rank=3,4, 
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 is configured to construct the orthogonal beam pairs.
· Beam spacing

Beam spacing defines the difference of two adjacent beam indices in each beam group. It has been investigated during the Rel-12 4Tx codebook design and shown that close beam spacing performs better with closely spaced cross-poles antenna array while wide beam spacing is more robust with widely spaced cross-poles antenna array. For this reason, it becomes natural to make the beam spacing parameters 
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 and 
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 configurable considering various practical antenna array deployments. According to Rel-12 4Tx codebook, for wide beam spacing, the parameter value is determined by the oversampling factor and the beam group number in that dimension. Therefore, the beam spacing parameters are configured as 
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· Beam group spacing

The beam group spacing indicates the difference of the leading beam indices of two adjacent beam groups. The parameter value could be a definite value given the number of beams in each beam group and the beam spacing in that dimension. Therefore there is no need to configure the beam group spacing parameters by eNB. Considering the legacy codebook for reference, the beam group spacing could be calculated with the following rules:
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Based on the above discussion, the resulting codebooks with rank=1-4 are defined in the appendix Table A1-A6.

Moreover, to avoid large interference to neighboring cell induced by certain beams, beam subset restriction (BSR) would be preferred targeting for the system performance. In each dimension, the beam index values of   
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 could be restricted. And similar to the codebook subset restriction aims of Rel-8 to Rel-12, the PMI bit number does not vary with BSR.
4. Conclusions

In this contribution, we discuss the parameters configurations of the parameterized dual-stage codebook for CSI reporting class A. To make the codebook flexibility acceptable, certain parameters are configurable, while the others are associated with the configurable parameters. Therefore, the codebook size is kept no more than 13bits for various antenna port layouts, and the same 
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 size as the legacy codebook is maintained. We have the following proposals:

Proposals:

· The following parameters with the candidate values are configurable by RRC signaling for the parameterized dual-stage codebook:

· Antenna port number 
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 configured as independent parameters
· Oversampling factors
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· Number of beams in each beam group 
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· Beam spacing 
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· Beam subset restriction (BSR) would be preferred targeting for the system performance 
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The grid-of-beams in both dimensions are represented by
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The 2D beams are constructed by
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and the co-phasing factor is 
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The parameterized codebook for rank=1-4 as discussed above are defined in Table A1-A6.
Table A1: Rank-1 codebook 
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Table A2: Rank-1 codebook 
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Table A6: Rank-4 codebook
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