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1. Introduction
In RAN1 #85, conclusions were made about codebook design to support up to 32 ports:
Conclusion:
· Class A codebook enhancement: 
· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 
· To be concluded in RAN1#86
· Examples: 
· Down select from 19 (N1,N2) combinations; and/or
· Reduce the number of (O1,O2) combinations
· Other possibilities are not excluded 
The discussion is mainly focused on supported antenna layer out and corresponding parameters, (N1, N2) and (O1, O2) combinations, which can be easily extended from Rel-13 Class A codebook. In our view, besides codebook designed for implicit feedback, codebook designed for explicit feedback should also be considered together.
In this contribution, we give some considerations on codebook design based on explicit feedback.
2. Householder based Linear combination codebook
The advantage of explicit CSI feedback has been intensive discussions in the before meetings, and prompt to design a new mechanism to support explicit CSI feedback.
In Rel-14, the codebook design for newly supported antenna port number {20,24,28,32} is still ongoing. Larger antenna port number can achieve higher spatial resolution, greater power gain , and provides more dimensions for interference mitigation. . Even so, the disadvantage of implicit feedback still exists, such as poor performance in MUMIMO scheduling because of inaccurate CSI information. Advanced CSI feedback schemes based on  Rel-13 codebook may not be directly used in Rel-14. There is a need to extend the advanced CSI feedback schemes for the newly supported antenna port number. 
Observation 1:	Explicit CSI feedback should be supported in newly supported antenna port number {20,24,28,32}
In [2], we present a householder based linear combination codebook (LC codebook) for explicit feedback of up to 16 ports. It can also be extended to support newly designed codebook for implicit feedback in R14.
LC codebook is a dual stage codebook [2][3]: 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 from a householder matrix for Codebook-Config = 2,3,4, and
· co-phasing value belonging to {1,j,-1,-j}.
The rank 1 and rank 2 pre-coder can then be expressed as



,

where Nb is the number of beams in W1, k=1,…,K，K is the number of codewords 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 are obtained through computer search from the column of Ck to maximize chordal distance.
The rank 5 and rank 6 pre-coder can then be expressed as





Here k1 ,k2 and k3 are obtained through computer search from the column of Ck  to maximize chordal distance.

For different Nb, different householder matrix should be searched based on chordal distance.
Proposal 1:	Householder based linear combination codebook can be extended to support newly designed codebooks up to 32 ports.
Proposal 2: For different Nb, different householder matrix should be searched based on chordal distance.
3. Conclusions
From the perspective of design principles, we give our observations and proposals
Observation 1:	Explicit CSI feedback should be supported in newly supported antenna port number {20,24,28,32}

Proposal 1:	Householder based linear combination codebook can be extended to support newly designed codebooks up to 32 ports.
Proposal 2: For different Nb, different householder matrix should be searched based on chordal distance.
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