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1 Introduction

In RAN plenary #71 meeting, the following agreements were achieved [1]
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
In this contribution, we first discuss the possible port layouts for a given number of antenna ports, and then the principle of codebook design is discussed.
2 Antenna Port Layouts
The possible port layouts for {20, 24, 28, 32} antenna ports expressed by (N1, N2) are shown as   
·  20 CSI-RS ports: (10, 1), (5, 2)   

· Transposition: (1, 10), (2, 5)
·  24 CSI-RS ports: (12, 1), (6, 2), (4, 3)
· Transposition: (1, 12), (2, 6), (3, 4)
·  28 CSI-RS ports: (14, 1), (7, 2) 

· Transposition: (1, 14), (2, 7)
· 32 CSI-RS ports: (16, 1), (8, 2), (4, 4)
·  Transposition: (1, 16), (2, 8)
As an agreement in WID, a subset of possible port layouts can be specified. So the first thing is to down select the antenna port layouts. In the practical deployment, the antenna size is limited, especially for the horizontal domain. Otherwise, the big size antenna will be difficult to be deployed in typical scenarios, such as antennas on a pole/tower, and it also will be impacted easily by the wind or other things. Thus, in our view, the number of co-polar antennas in horizontal domain is no more than 8 in case of 
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 antenna spacing.
In addition, it is known that only the case of 32 antenna ports was studied in FD-MIMO SI in Rel-13, other cases are not discussed and evaluated in RAN1. Considering the specification quality, the study and evaluation should be done before the specification for antenna ports layout for {20, 24, 28}. Thus, the antenna port layouts for 32 antenna ports can be the first priority and the other port number can be lower priority.  

Proposal 1: Consider the following possible layout for Rel-14,

First priority:

· 32 CSI-RS ports: (8, 2), (4, 4),
Second priority:

· 24 CSI-RS ports: (6, 2), (4, 3);

· 20 CSI-RS ports: (5, 2);   

· 28 CSI-RS ports: (7, 2);
3 Codebook design

3.1 Enhancement on configurable parameters
In LTE Rel-13, 2D codebook is generated based on the configured parameters, i.e. (N1, N2, O1, O2) and Codebook-config. To save the standardization effort, the new codebook design should be based on the existing configurable parameters.
Proposal2: The mechanism of codebook generation based on configurable parameters should be maintained.

The parameter (N1, N2) should be extended to support {20, 24, 28, 32} port layouts. For oversampling factor (O1, O2), there seems no reason to change the existing values. Thus we have the proposal
Proposal3:  Enhance the existing parameters (N1, N2) to support {20, 24, 28, 32} port layout
· 
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3.2 Considerations on W1 design
In LTE Rel-13, W1 contains 8 beam vectors, i.e. Kronecker Product of continuous 4 and 2 vectors in the first and second dimensions. As a result, there are 32 W2 codewords in the case of rank1/2 for a given W1. Codebook-config is configured by eNB to select a subset of codewords according to the deployment scenario. Consequently, the number of codebook candidates is decreased to 4 or 16, which reduces the W2 feedback overhead.

In Rel-14, the number of CSI-RS antenna ports will be extended up to 32. Two typical port layouts for 32 CSI-RS ports, i.e. (N1, N2) = (8, 2) and (N1, N2) = (4, 4), are illustrated in Figure1.
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                                               (N1, N2) = (8, 2)                                                               (N1, N2) = (4, 4) 

Figure1: 32 antenna port layout

The beam granularity is dependent on the antenna number and the oversampling factor. Given a configuration with 
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 ports and oversampling factor 
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 in the first dimension, the beam granularity is 
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. Due to the W1 is a long term and wide band channel information, there are multiple beams designed in W1, e.g., 4 beams in Rel-10 8Tx codebook. For the 32 antenna ports, with the increasing number of antennas, the beam width will be smaller. Thus, considering the channel variety for a long term and wide band, the coverage of W1 should be enhanced.
Scheme 1: more beams in each W1
One of the methods is to include more beam vectors in W1, i.e. continuous 16 beam vectors in W1 for 32 CSI-RS ports, which is illustrated in figure2.
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            W1 for (N1, N2) = (8, 2)                                              W1 for (N1, N2) = (4, 4)
Figure2: The new W1 structure for 32 ports codebook 
With the increasing beam number in W1, the codeword candidates for W2 are increased as well. To avoid introducing the large feedback overhead and processing complexity, the codeword subsets indicated by Codebook-config can be redesigned based on size extended W1, and eNB indicates one of the subsets via RRC signaling according to deployment scenario. Thus, the number of codewords in a subset is decreased to 4 or 16.
Codeword subset design

Since the number of beam vectors in new W1 is larger than that of legacy Rel-13 W1, a number of codeword subsets should be designed to fits various scenarios. For a channel model with rich scatters, the codebook subset with equally distributed beams within W1 is more suitable, which is illustrated in Figure 3 in the case of (N1, N2) = (4, 4).
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Figure3. Codeword subsets suitable for environment with rich multi-paths

Due to the sparse beams for the configured codeword subset, it has high probability that optimal beams are not within the beam candidates of the codeword subset. The performance loss will be suffered.
A more proper way to resolve this issue is to design more beam pattern for this configuration, and each beam pattern corresponds to one W1, which is illustrated in Figure4. Based on the CSI-RS, UE measures the channel information and selects one preferred W1, which corresponding to one beam pattern which matches the channel condition that UE is experiencing.
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Figure4.  Beam pattern design for different W1

With this beam pattern design, UE has more opportunity to select a set of optimal or suboptimal beams that matches the directions of instantaneous channel paths. The performance will be guaranteed.
Scheme 2: Multiple W1for a wide band
Another method is to keep the size design as legacy system, e.g., 4/8 beams in each W1, and feedback multiple W1s for the wideband, i.e., each W1 for partial band.

One example is illustrated in Figure 5, where the wide band is divided into two band parts and each band part with a W1 feedback. Then, the W2 feedback in the first bandwidth is dependent on W1(1), and the W2 feedback in the second bandwidth part is based on W1(2). 
With the multiple W1s feedback, the coverage of W1s and the granularity of the beams can be enhanced. There is no additional overhead of W2, which is short term and subband channel information.  The only increased overhead is additional W1 feedback, however, it is a long term channel information, so the overhead increasing is marginal,
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Figure 5. Multiple W1s feedback
From the discussion above, we have the following proposals
Proposal 4: For the antenna port layouts with more than 16 antennas, the following schemes can be considered to enhance the system performance.
·  More beams in W1
·  Multiple W1for a wide band
4 Conclusions
In this contribution, the principles of codebook design are discussed, and we have the following proposals

Proposal 1: Consider the following possible layout for Rel-14,

First priority:

· 32 CSI-RS ports: (8, 2), (4, 4),
Second priority:

· 24 CSI-RS ports: (6, 2), (4, 3);

· 20 CSI-RS ports: (5, 2);   

· 28 CSI-RS ports: (7, 2);

Proposal2: The mechanism of codebook generation based on configurable parameters should be maintained.
Proposal3:  Enhance the existing parameters (N1, N2) to support {20, 24, 28, 32} port layout
· 
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Proposal 4: For the antenna port layouts with more than 16 antennas, the following schemes can be considered to enhance the system performance.
·  More beams in W1
·  Multiple W1for a wide band
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