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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 proposes rank-1 FD-MIMO codebooks for 12 and 16 ports according to the FD-MIMO codebook design framework proposal in [2]. 
2 Rank 1 Codebook Structure
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Figure 1 Proposed “transpose” indexing

As discussed in [2], for each of 12 and 16 ports, only a single master codebook needs to be designed in R13, with the transpose indexing, e.g., for antenna config A. Under this assumption, the first dimension corresponds to a longer dimension of the two, and the second dimension corresponds to a shorter dimension. With config A, the first dimension is horizontal dimension, and the second dimension is vertical dimension.
When the KP structure is adopted, rank-1 precoders in the master codebook, 
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where:
· 
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N

 = number of configured CSI-RS ports in the CSI-RS resource, e.g., 12, 16, etc.
· 
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 is a Nx1 oversampled DFT vector for a first dimension, whose oversampling factor is 
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 is a Mx1 oversampled DFT vector for a second dimension, whose oversampling factor is 
[image: image8.wmf]2

o

.
· 
[image: image9.wmf]p

j

 is a co-phase, e.g., in a form of 
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When the double codebook structure is adopted as well as the KP structure, the precoder indices, m, n, p are indicated by the PMIs of i1,1, i1,2, and i2, where {i1,1, i1,2} corresponds to the first PMI (W1) and i2 corresponds to the second PMI (W2):

· i1,1 determines a beam group in the first dimension;

· i1,2 determines a beam group in the second dimension; and

· i2 selects one beam out of the beams in the beam group constructed by {i1,1, i1,2}, and determines a co-phase. Effectively, i2 can be de-composed into 
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 to indicate a beam choice in the first and the second dimensions and a co-phase. 

3 Rank 1 Master Codebook 

For master codebook construction according to the proposed structures, the following group of parameters are necessary to be specified for each dimension d:
· an oversampling factor od;
· a beam skip number sd (for 
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; the first beam in adjacent beam group is sd beams away from that of the current beam); 
· a beam spacing number pd (for 
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; the beam spacing within the beam group is pd) and;
· a number of beams Ld (number of beams in a beam group in dimension d) 
In order to support a variety of deployment scenarios and antenna configurations, it is proposed that some of these parameters should be made configurable. For example, beam spacing number (pd) has been investigated in the advanced 4-Tx codebook design discussions in Rel-12, and it has been argued [4] that widely spaced beams are more robust with widely spaced two x-pol antennas, while closely spaced beams tend to give better performance with closely spaced two x-pol antennas. During the course of the discussion, it has been proposed that the beam spacing should be configured as a parameter, but it has not been accepted in Rel-12. For FD-MIMO, the effective vertical antenna-port spacing for 16-port config A according to the antenna configuration in the FD-MIMO SI is 3.2 λ (= 0.8x4), while the horizontal antenna-port spacing for 16-port config B is 0.5 λ. It can be seen that the beam spacing configuration can be useful to support with these two different configurations (This has been shown in our companion contribution [5]). 
As an example, a rank-1 parameterized master codebook with L1 = L2 = 4 is constructed in Table 1. It is noted that this master codebook can be used for both 12-Tx and 16 Tx. For this master codebook sd and pd can be flexibly configured, and 
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Here, the oversampled DFT vectors 
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 are determined as a function of oversampling factors. For example, for 16-Tx codebook, with oversampling factors o1 and o2 for the two dimensions:

· 
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Table 1: Master codebook for 1 layer CSI reporting for L1 = L2 = 4
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For example, the following legacy parameters can be configured for the first (four x-pols: 8-Tx codebook) and the second (two x-pols: 4-Tx codebook) dimensions to configure a master codebook based on Table 1:

· o1 = 8 and o2 = 16:

· In this case 
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, and the denominator for the oversampled DFT vectors for both dimensions is 32. 

· s1 = s2 = 2:

· With these choices of oversampling and beam skipping, 8 bits are needed for reporting the first PMI in both dimensions: {i1,1, i1,2}. 

· (L1, L2) = (4, 4):

· The total number of beams in each beam group is 16. For the i2 reporting in this case, 6 bits (selecting one out of 16 beams, and QPSK for co-phase) are required if no CSR is in place. 
According to this construction, numbers of bits to be reported for W1 and W2 in the master codebook are 8 bits and 6 bits respectively, resulting in total 14 bits. The reporting overhead and UE complexity involved with exhaustive search for the 14 bit PMI seem to be intolerable, and further restriction of the number of codewords for the CSI reporting is necessary. CSR can be applied for the restriction, as investigated by the next section. 
Proposal: 

· Adopt the master codebook in Table 1, with (L1, L2) = (4, 4).
4 Codebook Subset Restriction
The 14-bit size master codebook constructed in Section 3 is too big to be supported by UE implementation and feedback overhead seems to be too large. In the codebook framework proposed in [2], CSR is a core mechanism to reduce feedback overhead and UE complexity. To design the CSR, a first question would be how large the codebook should be, after the CSR. In our preliminary investigation of current states of the arts, it seems that up to [10] bit codebook can be considered tolerable for exhaustive search. 

On the other hand, it is well known that W1 and W2 structure allows more efficient PMI search implementation than the exhaustive search. Hence, the split of the numbers of bits for W1 and W2 is also important. There are many possibilities to split the [10]-bit payload to W1 and W2, but it is proposed to focus on two most important alternatives:

· Alt 1: 6 bits for W1 and 4 bits for W2; and

· Alt 2: 4 bits for W1 and 6 bits for W2

W1 is wideband/long-term information, and W2 is subband/short-term information. Then, Alt 1 is likely to have smaller total PUSCH reporting payload and subband PMI search complexity at the expense of potential performance loss due to the CSR on W2 (from 16 beams to 4 beams in each beam group). On the other hand, Alt 2 is likely to have better subband estimation accuracy at the expense of performance loss due to the more aggressive CSR on W1 (from 8 bits to 4 bits). 

Proposal: 

· CSR should be configured so as to reduce number of PMI bits to be reported. 

· Total number of codewords (bits) after CSR should be [1024] ([10] bits).
· For the split of bits into W1 and W2, study the following two alternatives further:

· Alt 1: 6 bits for W1 and 4 bits for W2; and

· Alt 2: 4 bits for W1 and 6 bits for W2

In order to make the number of bits for W1 to be either 4 or 6 bits as in Alt 1 and Alt 2, beam subsampling factors should be able to be flexibly configured. For example, when subsampling factor 2 is applied to both dimensions, every other beam groups in the master codebooks are selected, and hence the total number of W1 bits becomes 6 bits. When subsampling factor 4 is applied to both of the two dimensions, every fourth beam groups are selected, and hence the total number of W1 bits becomes 4 bits. 

Depending on the channel conditions and deployment scenarios, relative strength of elevation and azimuth spread values varies. For example, for those users close to the eNB elevation spread tends to be large, and for those users far away from the eNB elevation spread tends to be small. Hence, with small ISD in the urban scenarios, it is expected that the elevation spread of those serving users are correspondingly large. Hence, it would be beneficial to make number of beams (L1, L2) in each beam group for the two dimensions configurable. The values of parameters L1 and L2 determine how to apply CSR on rank-1 i2 indices for the master codebook in Table 1. The number of bits to indicate i2 is 4 bits (same as legacy codebooks) if the CSR parameter (L1, L2) = (1,4), (4,1) and (2,2); and the number is 6 bits if no CSR is applied, i.e., (L1, L2) = (4,4).
On the other hand, as discussed in Section 3, beam spacing (p1,p2) parameters may also be important to support different scenarios and configurations. As in Rel-12 4-Tx codebook, (p1,p2) = (8,1) can be used for CSR such that beams are widely spaced in the first dimension and narrowly spaced in the second dimension, and (p1,p2) = (1,1) can be used for CSR such that beams are narrowly spaced in both dimensions.
Proposal: 

· CSR parameters for the master codebook, to support various antenna configurations:
· Beam spacing (p1,p2), where pd ∈ {1,8}.
· CSR parameters to reduce total PMI payload to [10] bits:

· For W1:  Beam group subsampling factors per dimension, to be selected from 1, 2, 4 and 8.
· For W2:  (L1, L2) to be selected from{(1,4), (4,1), (2,2)} … for Alt 1 only.
5 Conclusion
This contribution has investigated rank-1 codebook design aspects, and has made the following proposals:
 Proposal: 

· Adopt the master codebook in Table 1, with the following set of parameters:
· o1 = 8 and o2 = 16; and
· (L1, L2) = (4, 4).

· CSR should be configured so as to reduce number of PMI bits to be reported. 

· Total number of codewords (bits) after CSR should be [1024] ([10] bits).
· For the split of bits into W1 and W2, study the following two alternatives further:

· Alt 1: 6 bits for W1 and 4 bits for W2; and

· Alt 2: 4 bits for W1 and 6 bits for W2

· CSR parameters for the master codebook, to support various antenna configurations:
· Beam spacing (p1,p2), where pd ∈ {1,8}.
· CSR parameters to reduce total PMI payload to [10] bits:

· For W1:  Beam group subsampling factors for each dimension, to be selected from 1, 2, 4 and 8.
· For W2:  (L1, L2) to be selected from {(1,4), (4,1), (2,2)} … for Alt 1 only.
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