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1 Introduction
In RAN#68, WI on EBF/FD-MIMO was agreed [1], and the objectives of the WI include the following aspects:

· Specify enhancements on reference signal in the following areas [RAN1]

· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Specify enhancements on CSI reporting in the following areas [RAN1]

· 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. 
This contribution discusses high-rank FD-MIMO codebook designs according to the FD-MIMO codebook framework proposal in [2]. The proposed codebook can be used for various 2D antenna configurations, channel conditions and deployment scenarios. As discussed in [3], a single codebook is sufficient for both “fat” and “tall” 2D configurations for each of 12 and 16 port cases. The main idea is to have a master rank-1 codebook that can support above-mentioned design criteria and to apply codebook subset restriction (CSR) on the master codebook to configure codebook parameters UE specifically so that the configured codebook can achieve small UE complexity.
2 Maximum codebook rank to specify in R13
Considering the limited time allocated to R13 FD-MIMO, it seems challenging to design the codebook all the way up to rank-8. The codebook design efforts have been partitioned into rank-1 & rank-2, rank-3 & rank-4 and rank 5-8 in the previous releases, and in R13 it is proposed to take rank-1 and rank-2 codebook design as first priority, rank 3&4 as second priority and 5-8 as last priority.

Proposal: Prioritize the codebook design in R13 according to the following: 

· Highest priority: Rank 1-2 

· Second priority: Rank 3-4

· Least priority: Rank 5-8

3 Discussions on rank-2 codebook design

In the legacy rank-2 codebook design, dual-pol propagation and azimuth angle spread have been taken into account. In the Rel-10 8-Tx rank-2 codebook, rank-2 precoder codebook comprises two types of rank-2 precoding matrices:
· Type 1. Same-beam: the two beams for the two layers are the same

· Type 2. Different-beam: the two beams for the two layers are different

For each selected beam pair for the two layers, two precoders can be constructed with applying two co-phase matrices of 
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For FD-MIMO, a similar rank-2 codebook construction can be considered. Relying on the Kronecker structure, a rank-2 master codebook can be constructed with these two types of rank-2 precoding matrices. For the 2D antenna configurations, the type 2 precoding matrices are further classified into:

· Type 2-1. Different-beam in horizontal only: the two beams for the two layers are different for the horizontal component

· Type 2-2. Different-beam in vertical only: the two beams for the two layers are different for the vertical component

· Type 2-2. Different-beam in both horizontal & vertical: the two beams for the two layers are different for both horizontal and vertical components

Figure 1 illustrates total 136 (=1 + 2 + … + 16) beam combinations that can be used to construct FD-MIMO rank-2 precoders, with assuming a beam index mapping table of Table 1. The figure further shows the corresponding precoding matrix types. Considering the two co-phase matrices, the total number of rank-2 precoders in this case become 136x2 = 276, which seems to be too many, even for a master codebook.
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Figure 1 Total Rank-2 beam pair combinations with 16 beams per layer

Table 1 Beam index mapping for (L1, L2) = (4, 4)

	Beam index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	(V,H)
	(0,0)
	(0,1)
	(0,2)
	(0,3)
	(1,0)
	(1,1)
	(1,2)
	(1,3)
	(2,0)
	(2,1)
	(2,2)
	(2,3)
	(3,0)
	(3,1)
	(3,2)
	(3,3)


One potential way to construct a master codebook with a reasonable size is to reuse the Rel-10 8-Tx beam pair combinations for both dimensions as illustrated in Figure 2. In this case, the number of beam pair combinations per dimension per beam group is 8: {(0,0),(1,1),(2,2),(3,3),(0,1),(1,2),(0,3),(1,3)}. In this case, the total number of beam pair combinations for the 2 dimensions per beam group is 8x8 = 64. With applying the two co-phase matrices, the total number of rank-2 precoding matrices per beam group constructed in this way becomes 64x2 = 128. When compared with the total 64 number of rank-1 precoding matrices per beam group, this master rank-2 codebook still has twice large number as the rank-1 precoding matrix in the master codebook. 
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Figure 2 Rank-2 beam pair combinations obtained with extension of Rel-10 8-Tx design to 2D

A summary of possible observations in this section is provided below.
Observation: 
1. A Rank-2 master codebook can contain four different types of rank-2 precoding matrices:

a. Type 1. Same-beam
b. Type 2-1. Different-beam in horizontal only

c. Type 2-2. Different-beam in vertical only

d. Type 2-2. Different-beam in both horizontal & vertical

2. A master codebook can be constructed with down-selecting beam-combinations out of the total 136 beam combinations illustrated in Figure 1.

3. One way of constructing master codebook is to reuse the Rel-10 8-Tx beam pairs for both dimensions; in this case the total number of beam combinations is 64, as illustrated in Figure 2.
4 Codebook Subset Restriction

As discussed in the companion contribution [2], in the proposed framework CSR should be used for restricting UE complexity and limiting feedback overhead. If total number of CWs after the CSR should be restricted to 1024 (10 bits), the 10 bits can split into W1 and W2 portions. Two alternatives can be considered, the tradeoff of which are analyzed in another companion contribution [4]: 

· Alt 1. 6 bits are allocated to W1 and 4 bits are allocated to W2; and 

· Alt 2. 4 bits are allocated to W1 and 6 bits are allocated to W2. 

In any case, eNB should be able to cope with three different scenarios with differently restricted subsets corresponding to different rank-2 types. One possibility of enabling this operation would be to configure the CSR in such a way as:

· Scenarios with relatively large azimuth spread: include only type 1 and type 2-1

· Scenarios with relatively large elevation spread: include only type 1 and type 2-2; and

· Scenarios with relatively large azimuth & elevation spread: include all the types of type 1, type 2-1, 2-2 and 2-2.

With Alt 1, the total number of beam combinations per beam group after CSR should be restricted to 8, as in the legacy specifications. Similarly to the rank-1 counterpart [1], three choices can be considered as numbers of beams for the two dimensions: (L1, L2) ∈ {(1,4),(4,1),(2,2)}. To construct The four beams in the beam group can be indexed as (0, 1, 2, 3), in which case a rank-2 precoders for the selected beam group can be constructed with the 8-Tx beam pairs: {(0,0),(1,1),(2,2),(3,3),(0,1),(1,2),(0,3),(1,3)}.

Observation: 

1. Rank-2 CSR can be used for supporting different antenna configurations & deployment scenarios, e.g., with selecting rank-2 types to support in the CSR set. 

2. With CSR according to (L1,L2) ∈ {(1,4),(4,1),(2,2)}, number of beam combinations can be retained to be 8, and the number of bits for W2 becomes 4-bit (same as legacy).

5 Conclusion
This contribution has showed our views on the high rank codebook design, and has made the following proposals and observations:
Proposal: Prioritize the codebook design in R13 according to the following: 

· Highest priority: Rank 1-2 

· Second priority: Rank 3-4

· Least priority: Rank 5-8

Observation 1: 

· A Rank-2 master codebook can contain four different types of rank-2 precoding matrices:

· Type 1. Same-beam
· Type 2-1. Different-beam in horizontal only

· Type 2-2. Different-beam in vertical only

· Type 2-2. Different-beam in both horizontal & vertical

· A master codebook can be constructed with down-selecting beam-combinations out of total 136 beam combinations illustrated in Figure 1.

· One way of constructing master codebook is to reuse the Rel-10 8-Tx beam pairs for both dimensions; in this case the total number of beam combinations is 64, as illustrated in Figure 2.
Observation 2:

· Rank-2 CSR can be used for supporting different antenna configurations & deployment scenarios, e.g., with selecting rank-2 types to support in the CSR set. 

· With CSR according to (L1,L2) ∈ {(1,4),(4,1),(2,2)}, number of beam combinations can be retained to be 8, and the number of bits for W2 becomes 4-bit (same as legacy).
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