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1 Introduction
In RAN1#80bis meeting, the following enhancements of codebook structures related to non-precoded CSI-RS-based schemes for EBF/FD-MIMO were discussed and have been captured in TR [1].
· Scheme 1: Kronecker Product (KP) type codebook: In this example, the precoding matrix W is extended from Rel.10/12 to support 2-D array where W1 can be described as follows: 
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Here ( denotes the Kronecker product and the two sub-matrices represent two polarization groups. The columns of 
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 are taken from a DFT matrix. A precoding codebook associated with W2 can follow one the following alternative designs:

· The precoding matrix or vector W2 corresponds to a quantized co-phasing between two polarization groups in W1 and may also include column selection from W1. 
· The precoding matrix or vector W2 performs linear transformation to W1 per polarization, which may include beam selection, weighted linear combination of beams. 
· The precoding matrix or vector W2 performs distinct selection of beams per layer and/or per polarization, and quantized co-phasing between two polarization groups.
· Scheme 2: This scheme follows scheme 1 yet with a further constraint of 
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 to W1. That is, the two sub-matrices of W1 are identical.
· Scheme 3: The codebook associated with W1 contains only the identity matrix. In this case, the associated PMI(s) correspond to recommendation(s) of W2. In addition, RI, and CQI conditioned on precoding matrix hypothesis W are reported.

· Scheme 4: The precoding matrix or vector W1 performs selection of antenna ports. 

In this contribution, we provide a detailed codebook design for EBF/FD-MIMO systems. 
2 Impact of Channel Characteristics
A two-stage codebook structure is used for Rel.10 8Tx. The precoding matrix of Rel.10 8Tx can be represented by the product of two matrix, i.e., W = W1W2, where W1 has long term/wideband channel characteristics and W2 has short term/subband channel characteristics. The 8Tx is divided into two polarization antenna groups. Each antenna group has 4 co-polarization antennas, as shown in Figure 1. In addition, W1 is a beam group, which has 4 beam directions for both polarization groups. For each beam direction, it is represented by a
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 DFT vector, which is also the steering vector for the co-polarization antennas. 
The precoding matrix W2 is used for beam selection from W1 and co-phasing between two polarization groups.
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Figure 1. Rel.10 8Tx
The double codebook design utilizes the following characteristics:
· W1 has long term/wideband channel characteristics
· W2 has short term/subband channel characteristics.
Using above characteristics, it can save PUCCH feedback overhead by configuring long feedback and short feedback period for W1 and W2, respectively. 
For EBF/FD-MIMO systems, considering the 3D UE distribution and 3D channels, the 2D planar antenna configurations (e.g., 4 H (Horizontal) 2 V (Vertical) antenna configurations and 8H2V in Figure 2) have been introduced to enhance the system performance. Compared to the legacy passive antennas, the main feature of the EBF/FD-MIMO is the additional degrees of freedom in vertical dimension provided by the 2D planar antennas. 

It is known that the legacy codebook structure is designed only for the horizontal domain. Thus, to utilize the additional degrees of freedom in vertical domain, the vertical channel information also should be considered in codebook design. 

In generally, the mobility of UEs in vertical domain is slower than in the horizontal domain. It means that the channel variety in the vertical domain is long term information in most cases.
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Figure 2. 2D planar antenna configurations of 4H2V and 8H2V
Thus, there are the following characteristics also should be considered in EBF/FD-MIMO:

· The degrees of freedom in vertical domain should be considered in codebook design
· The channel variety of vertical domain is long term information
Therefore, on one hand, the two-stage codebook structure can be reused to reduce the feedback overhead in the EBF/FD-MIMO codebook design with considering the channel features. On the other hand, we also should consider the impact of freedom in vertical domain, i.e., additional degrees of freedom in vertical domain and the character of slower channel variety in vertical domain, which is the main feature of EBF/FD-MIMO.  
3 Codebook Design for EBF/FD-MIMO
In this subsection, based on the analysis of the impact of channel characters, we give the codebook design. At first, the two-stage codebook structure is discussed in the following 
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where 
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 is a long term/wide-band channel information, which includes a group of beams. 
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 is a short term/subband channel information, which is designed for beams selection from  
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 and provide co-phasing between two polarized antennas. 
In the Rel-10 8Tx codebook design, each 
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 at least for rank-1 and rank-2 is a block diagonal matrix can be expressed as
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where the block matrix 
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 DFT vector. We rewrite
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Since the two-stage codebook is beneficial to reduce the feedback overhead with separating channel information as long term and short term parts, the codebook structure in (1) ~ (3) can be reused in the new codebook design. Considering the impact of elevation domain with 2D antenna configurations, the vertical channel information should be considered in 
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 and/or 
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. As discussed in section-2, the channel variety in vertical domain is slower than that in horizontal domain, which means it only needs a long term feedback. Thus, one of the codebook designs is to add the impact of vertical domain into 
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 design. 

In the following we provide the details of the codebook design. At first, we keep the block diagonal structure design for 
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 as shown in (3). Each DFT vector in 
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where 
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stand for the DFT vector for horizontal and vertical domains, respectively. 
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 denotes Kronecker product. 

It is well known that the angular spread in vertical domain is less than that in the horizontal domain [2]. The small angular spread corresponds to a high spatial correlation in antenna array for the vertical domain. Thus, for a UE, in each
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, a number of vectors are required in horizontal domain to cover the channel variety (such as 4 DFT vectors in Rel-10 8Tx codebook). However, if the number of antennas is no more than in the horizontal domain, the number of vectors required in the vertical domain will be smaller. In this proposed scheme, we keep the total number of combined beams in each 
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 is 4, so that the same feedback overhead as Rel-10 8Tx codebook. Then, in each
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in the whole codebook can be 8, and total for 
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In the codebook design, the legacy
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 design in Rel-10 8Tx codebook can be reused, as an example 
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 for rank 1 codebook, and 
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 for rank-2 codebook.
3.1 Codebook Design for 8TXRUs
For 8TXRUs, a new codebook is designed for 4H2V, where each DFT vector in 
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DFT vector, respectively. Such as,
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where the 
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have 8 candidates with the granularity of  
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. The different of granularity of DFT vectors in the vertical and horizontal domains is due to the different user distributions, where more users uniformly distributed in horizontal domain. 
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If the index of 
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is determined (i.e., 
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 in (3)), the included 4 beams, i.e.,
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3.2 Codebook Design for 16TXRUs
For 16TXRUs, here we give an example codebook for 8H2V also keep the same codebook size as Rel-10 8Tx codebook, each DFT vector in
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DFT vector. In the example, 
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where the vector granularity is the same as the 8TXRUs case and
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If the index of 
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4 Benefits of the proposed codebook
As discussed in section-2 and section-3, we can see that in the codebook design, the channel characters are well considered in the codebook, such as
· The two-stage codebook structure is reused, where 
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is designed for the long term channel information to reduce the feedback overhead.
· The degrees of freedom of vertical domain also considered in the codebook design, which provide finer DFT vector granularity than the legacy codebook (i.e., a fixed DFT vector or downtilt).
· Considering the slower channel variety in vertical domain, the impact of vertical DFT vectors is considered in the long term feedback information, i.e., 
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In the schemes captured in TR, such as
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The beams in 
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are always correspond to the same vertical vectors in each
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However, in the proposed scheme, as shown in (3), we write as follows for convenience,
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In each 
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, each vector is formed by horizontal vector and vertical vector independently, i.e., 
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In summary, with the same codebook size, the proposed codebook scheme provide more flexible in the beam combination between horizontal and vertical domain. The related performance evaluation is given in our companion contribution[3].
Proposal: The following codebook structure is proposed:
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 includes beam selection and co-phasing. For rank 1, 
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5 Conclusions

In this contribution, we give the analyses of codebook enhancement in EBF/FD-MIMO systems and provided details of a codebook design. According to the analyses, we have the following proposal.

Proposal: The following codebook structure is proposed:
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 includes beam selection and co-phasing. For rank 1, 
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