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1 Introduction
In order to achieve the DL high peak spectrum efficiency specified in [1], 8Tx antenna MIMO transmission with a maximum of eight layers is required. In current LTE Rel-8, 4-Tx codebook based MIMO transmission is supported. To support 8-Tx closed loop MIMO precoding, a new 8-Tx codebook is required. 
Some general guidelines for 8-TX codebook design are discussed in several contributions [2-16]. Examples of codebook designs are presented in [3-6] [9-11] [13] [15]. Though differences exist between these designs, some similar characteristics can be found，In this contribution, general 8Tx codebook design principles are discussed，and a unified design representation is proposed based on the 4Tx codebook in LTE Rel-8 and Kronecker product.
2 Codebook Design for 8TX 
In order to standardize codebook for eight transmit antenna ports in support of downlink SU/MU - MIMO, design rules have to be agreed first, similar to the process when designing Rel-8 4Tx codebook. In this section we present our views of these general principles, and we also propose as a unified design approach.
2.1 General principles for 8Tx codebook design
For Rel-8 codebook, the following design rules are followed:
· Fine properties such as unitary, finite alphabet, nesting and constant modulus
· Good beam property and acceptable chordal distance for rank one codebook
· Desirable chordal distance targeting   high rank codebook
· Simple structure and low complexity
In Rel-10, similarly, we should first specify the principles that codebook design should follow 
· Keeping the properties of Rel-8 codeword as much as possible such as 
1) Unitary, finite alphabet and constant modulus should be supported
2) Nested property can be relaxed ,since the DM-RS adoption in Rel-10
· Codebook structure should match dual polarized (DP) channel eigenvector property
In [8][12], It is pointed out that the eigenvectors of DP channel have special structure，this should be considered in the codebook design.  In short, following design targets should be considered:
1) Both correlated and scattered channel should be targeted, as in Rel-8

2) Good beam  on each group of co-polarized antennas should be considered 
3) Various relativity differences between two polarized direction should be considered  
· Codeword should be suited for closely spaced ULA with Rank one  
1) Codeword should provides support for forming well-defined beams which provides 8 TX array gain
2) Whether to have separate ULA and DP rank one codeword is FFS
· Simple structure ,with low complexity , low storage requirement and appropriate feedback overhead 
Without significant impact on performance, we expect 8TX codebook to have simple structure, low complexity, low storage space and feedback overhead
· Easy extensibility for further enhancement 
Codebook has the flexibility to be extended for further refinement to reduce quantization error and exploit

 frequency/time correlation of the channel.
2.2 A Unified codebook design approach for 8Tx 
For Rel-8 codebook, a unified codebook design method based on Household reflection provides good performance, as well as all the desired design targets. For Rel-10, companies present various examples of 8Tx codebook design [3-6][9-11][15],   similarities exists in these contributions , for which we summarize here:
· Reuse of Rel-8 4Tx codebook

In [3] [4] [5] [6][10][11], designs that reuse Rel-8 4Tx codebook are proposed. Reusing Rel-8 codebook can inherit good properties such as finite alphabet, and constant modulus etc. For 8TX codebook design, Rel-8 codebook can provide a lot of good 4-dimension base vectors   for constructing 8-dimension vectors. For example, 8 DFT vectors can be easily constructed from 4 DFT vectors in Rel-8 Rank one codebook and these vectors are well suited for antenna of the same polarization.
· Construction of codebook based on Kronecker product
In [18], Kronecker product format has been proposed to represent channel covariance matrix. In [5][6][10][11] , various design schemes based on Kronecker product has been proposed ,since it is specifically suited for DP  channel model representation. In [3], Tracy-Singh product, which also employs Kronecker product operation, is used to construct 8TX codebook. 
· Construction of  codebook from base vector or base Matrix

In Rel-8, codeword is selected from rank4 base matrix. This method can be applied to Rel-10 codebook selection for the superiority in maintaining low codebook storage space.  It can be found in [6][9][10][13] this method has more design flexibility  when comparing with method that selecting codeword from base vectors.
In [14], it is suggested we should focus first on the basic codebook design and  single 8-Tx codebook design as baseline. A simple unified codebook design will facilitate good codebook structure and design flexibility, satisfying the design rules and requirements stated in section 2.1. It can be a good start point for further considerations about detail variations inside the codebook. We propose a unified representation here:
8TX codebook is constructed based on the following Kronecker product structure
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 is a 4x4 Rel-8 Householder matrix, 
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 is one set of 2xk matrices. k could take 2 or other value.  Details of these matrices are FFS, example are discussed in next section.  Codewords for each rank are obtained by selecting sub-matrices from
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As can be seen, codebook proposed in previous mentioned contribution, can all be represented using this unified representation.
2.3 Further considerations on the details of the 8TX codebook 
We further discuss some design details based on the unified codebook representation proposed in section 2.1 for various antenna configurations:

Dual polarized (DP) antenna configuration at both eNodeB and UE:

· With +/-45 degree DP at eNodeB 
 It can be proved that 
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For high correlated channel, B tends towards to a zero matrix. So the available eigenvectors V will be in the form of
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Where 
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 is a 4 x j unitary matrix or vector(if j=1), 
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 is a 4 x k unitary matrix or vector(if k=1).and j+k is  the rank. Note that for high correlated channel,
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· With 90/0 degree DP at eNB 
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For high correlated channel, A,B tend to be similar, so the available eigenvectors V will be in the form of
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Where 
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 is a 4 by j unitary matrix or vector(if j=1)，
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 is a 4 by k unitary matrix or vector(if k=1).and j+k is the rank . With high correlated channel,
[image: image30.wmf]1

U

 is approaching  
[image: image31.wmf]2

U

 . the proposed design representation with  
[image: image32.wmf]2

2

´

=

I

K

n

 can match this situation very well. For 
[image: image33.wmf]1

U



 EMBED Equation.3  [image: image34.wmf]=

 
[image: image35.wmf]2

U

，
[image: image36.wmf]1

U

,
[image: image37.wmf]2

U

 can be selected from the same 
[image: image38.wmf]n

W

,for 
[image: image39.wmf]1

U



 EMBED Equation.3  [image: image40.wmf]¹

 
[image: image41.wmf]2

U

，
[image: image42.wmf]1

U

,
[image: image43.wmf]2

U

 can be selected from different 
[image: image44.wmf]n

W


 DP at eNodeB and ULA at UE:

With this configuration, the relative phase between two polarized directions depends on UE antenna polarization direction. Since UE orientation follows different usage scenario, so the proposed design representation with different 
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 can be considered. For example in [3][11] ,   different 2 by 2 matrix are employed.
ULA at both eNodeB and UE:
Rank one：The columns obtained by selecting vectors from 
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can be further transformed by a diagonal matrix, as is proposed in [6]. 8PSK property should still be preserved after the transformation, as well as the desired 8Tx beam property.
Other cases：if these codeword have a good chordal distance, reuse the codeword for DP channel,. Or we can apply transformation to the codeword, for example through block diagonal unitary matrix. Note 8PSK property should still be preserved after the transformation.
2.4 Further Consideration on codebook extensibility 
Performance of the codebook following the unified design approach proposed above is given in [19]. Codebook has the flexibility to be extended to further exploit time/frequency correlation of the channel to enable successive refinement of quantization of the CSI. Schemes such as differential [16][17], multi-granular feedback [20],adaptive codebook[21] approach could be applied on top of base codebook. For example, differential schemes can be easily implemented, as vectors in the 8TX codebook is constructed directly from 4 dimension vector, so 4Tx feedback scheme can be reused.
3 Conclusion
In this contribution we have discussed codebook design principles for 8Tx case and proposed a unified representation for 8TX codebook:

Proposal: A single 8Tx codebook should be considered as a start point. A unified codebook design approach for a single codebook satisfying most of the design rules and requirements should be considered
Proposal: Re-use of the Release 8 codebook structure and design principles in order to simplify implementation.
Proposal: Construction of 8TX codebook via Kronecker product as a unified representation
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