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1 Introduction

In the WI description of DL MIMO enhancement, it was agreed that CSI feedback enhancement candidates include

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance.

In RAN1 #72 it was also agreed as working assumption that the codebook enhancement for 4Tx should reuse Rel 10 codebook structure with W=W1W2 for DMRS based TMs.  The codebook design candidates should be submitted by 8th March 2013 for further evaluation and comparison in RAN1 #72 bis. 
In this contribution, we propose a suitable codebook for 4Tx, which basically reformats the codebook structure in [1]. It can flexibly and efficiently support a variety of antenna configurations, and improve spatial granularity of PMI with a single unified structure. 
2 Codebook Design for 4Tx Antenna Array
With a two stage codebook structure W=W1W2, it is proposed here (in common with many companies’ proposals in RAN1#72) that W1 is a 4x4 diagonal matrix corresponding to long term and/or wideband channel properties, and W2 is a short-term/narrowband channel estimation quantizing phase shift and/or amplitude difference between two polarizations. 

The matrix W1 represents long-term and/or wideband channel information for antenna elements with the same polarization of a 4Tx cross-polarized antenna array. It can be shown with following diagonal form:
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                                                                                                  where 

The matrix W2 represents short-term and/or subband channel estimation for each polarization and the impact of XPD for 4Tx CLA.  For any rank 2 and higher ranks, corresponding codebook can be obtained by selecting several columns from the Householder transformation matrix based on the rank 1 W2 codebook design.  One example of rank 2 W2 is given below.  
· For rank 1: 
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                                                            or                                             where

· For rank 2:
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                                                                                        or                                                                       where          

If power imbalance between polarizations needs to be supported, the codebook design of W2 can be easily modified with following diagonal matrix:
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Note that if
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, it has a constant modulus. 
The design principle is to support a variety of antenna array configurations with a single unified codebook structure without significantly increasing feedback overhead. The codebook size of both W1 and W2 are assumed to be 4 bits so far. Further compression can be considered. Moreover, the Rel 10 rank 1 4Tx codebook is a subset of this codebook. The extra overhead of the proposed codebook is the long-term channel feedback W1 only. 
· For a fully calibrated cross-polarized antenna array with half-wavelength spacing, the proposed codebook accommodates 128 codewords with 16 beam directions by W1 and 8 phase shifts between polarizations by W2. In this case, only 
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 may be needed, and this can be indicated to a UE by codebook subset restriction. 
· For a fully calibrated uniform linear antenna array with half-wavelength spacing, the proposed codebook accommodates 16 beam directions if n=m or n=m+8. In this case, only 
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 may be needed, and this can be indicated to a UE by codebook subset restriction. 
· For a widely-spaced cross-polarized antenna array, W1 may be limited to be an identity or other matrix representing long term channel characteristics. 
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may be needed in order to create two orthogonal or non-orthogonal precoding vectors from two uncorrelated polarizations.  
3 Conclusions
In this contribution, a 4tx codebook design has been proposed for CSI feedback enhancement for further downlink MIMO enhancement, which is
Proposal 1: Finer spatial granularity and improved matching to different antenna configurations should be introduced for the 4 tx PMI feedback, by means of the codebook proposed above. 
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