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1. Introduction
In 3GPP RAN #85, some agreements about the design of advanced CSI feedback scheme were achieved 
as below:
Agreements:
· Advanced CSI
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:
· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 
· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation
· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered 
This contribution proposes an explicit CSI reporting scheme using householder based linear combination codebook.
2. Discussion on CSI reporting enhancements
FD-MIMO is characterized by using 2-dimentiaonl antenna array and greater number of antenna ports. The additional elevation dimension and the increased spatial resolution due to large number of antennas may allow more UEs to be transmitted simultaneously, and make higher order MU-MIMO more feasible, provided that sufficient CSI is known in the eNB.
In TDD system, where the eNB and UE share the same frequency band for transmission, the eNB can exploit reciprocity to acquire the downlink channel from uplink signal. However, in FDD system, CSI can only be obtained through UE feedback, which highly affect the system performance, especially in MUMIMO transmission.
High resolution CSI feedback would benefit in the sense that through precoder design, interference between UEs could be ideally cancelled in the downlink [3][4][5]. If the CSI at the eNB is not accurate enough, precoder might introduce interference between UEs and severely impede downlink performance compared to the ideal case. From our perspective, it is necessary to enhance current CSI reporting.
Observation: 
· It is necessary to enhance current CSI reporting.
Potential approaches for CSI reporting enhancements are listed below:
· Alt1: Linear combination W2 codebook
· Alt2: Analog feedback for explicit H
· Alt3: Spatial covariance feedback
Alt 1 with linear combination (LC) codebook proposed in [2] is used to capture effects of multipath. With the combination of multiple DFT based precoding vectors, more accurate CSI can be obtained. But it needs to design a new W2 codebook and has large uplink feedback overhead and UE implementation complexity. However, compared to Alt 2 and Alt 3, this scheme has less standardization effort, which is important considering the limited TU and relatively large scope of R14 eFDMIMO. 
Alt 2 proposed in [3] is highly affected by interference, and its performance in real network environment need to be further studied, especially under UE implementation constraint. 
Alt3, although it was proven that the long-term statistical spatial covariance feedback can greatly improve MU-MIMO performance especially for correlated antenna configurations, it is more challenging to feedback such large matrix in large number of antenna ports system.
In this contribution, we present another alternative of enhanced CSI reporting scheme as introduced in next section.
3. Householder based Linear combination codebook
In linear combination codebook scheme, the choice of W2 is critical, which directly influences the CSI feedback accuracy and feedback overhead. This section gives another linear combination codebook scheme based on householder matrix.
The LC codebook is a double codebook: W = W1W2, where
· W1 is for the first PMI (i1,1,i1,2), the same as in Rel. 13, and
· W2 is for the second PMI i2 indicating, which is chosen form a householder matrix for Codebook-Config = 2,3,4, and
· a co-phase  value belonging to {1,j,-1,-j}.
Since W1 has 4 beam in Rel13, householder matrix can be reuse 4Tx codebook.
The rank 1 and rank 2 pre-coder can then be expressed as



,

where k=1,…,K，K is the number of codeword in W2 codebook CW2={C1,C2,…,CK}，Ck is householder matrix, ck is the first column of Ck and is the cophasing factor with n= 0,1,2,3.
The rank 3 and rank 4 pre-coder can then be expressed as






Here k1 and k2 is obtained by computer search from the column of Ck in the object of max chordal distance.
The rank 5 and rank 6 pre-coder can then be expressed as





Here k1 、k2 and k3 is obtained by computer search from the column of Ck in the object of max chordal distance.
Rank 7 and rank 8 still uses Rel. 13 pre-coder since it already include all the beams in W1
It's so easy to see that householder based LC codebook can be quite convenient to extend to rank 3~6, because of the characteristic of unitary householder matrix.  
Figure 1 shows the chordal distance of different codebook schemes(selected precoding vector VS real channel), “Single” using codebook in[2], “HH” using householder based codebook, “Legacy” using Rel13 codebook, “DFT” using DFT vectors of 4x upsample. Because of householder matrix has good chordal distance property, combination of the beams in W1 may also has high resolution, which needs further evaluation to prove it.
 [image: ]
[bookmark: _Ref446407979][bookmark: _Ref446935097]Figure 1:Chordal distance of different W2 codebook
Since the combination factor of each beam in W1 is fixed in selected householder matrix, there is no need to indicate each beam factor, in the result of less feedback over head.
Observation: 
· Householder based LC codebook has the following advantages: 
· Householder based LC codebook has good chordal distance property,
· It is hard for other unitary matrix is hard to achieve the same chordal distance property, e.g. DFT matrix;
· It’s quite convenient to extend to rank 3~6, because of the characteristic of unitary householder matrix.
· Less feedback overhead is needed compared to [2]
Proposal: 
· For rank 1~6, linear combination codebook can be generated based on Householder matrix.
Currently, W1 only has 4 beams, then the number of combination factors in W2 is 4. Since 4Tx codebook has been used in Rel8, it is can be reused in W2 codebook, which has less standard effort.
Proposal: 
· R8 4Tx Householder codebook can be reused in W2 codebook construction.


4. Conclusion
This document proposes another alternative of enhanced CSI reporting scheme based on householder matrix. The proposals and observations made can be summarized as follows.
Observation: 
· It is necessary to enhance current CSI reporting
· Householder based LC codebook has the following advantages: 
· Householder based LC codebook has good chordal distance property;
· It is hard for other unitary matrix is hard to achieve the same chordal distance property, e.g. DFT matrix;
· It’s quite convenient to extend to rank 3~6, because of the characteristic of unitary householder matrix;
· Less feedback overhead is needed compared to [2].
Proposal: 
· It is necessary to enhance current CSI reporting
· For rank 1~6, linear combination codebook can be generated based on Householder matrix.
· R8 4Tx Householder codebook can be reused in W2 codebook construction.
· Further system level evaluation is needed 
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