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1 Introduction
It is known that a codebook based pre-coding MIMO can provide spectral efficiency benefit in the downlink closed-loop SU-MIMO. In the 3GPP LTE standards [1],  4 Tx limited-feedback based closed-loop MIMO precoding is supported. The 4bits 4 Tx codebook in LTE has the following properties: 

1. Given a set of 4-dimensional 16 generating vectors, the codewords are generated by Householder refection. 
2. The entries of the codewords are restricted in 8-PSK alphabet.

3. The codebook is designed with constant modulus (CM) property.

4. The codebook has nested property to enable eNB rank-overriding.
In the LTE-A requirement discussions,  it was decided that downlink spatial multiplexing of up to eight layers is considered for LTE-Advanced. In addition,  frequency-dependent precoding is typically better than open-loop SM, especially in the case of LTE-A system, where higher frequency selectivity is expected with larger BW transmissions.
2 Guidelines for 8Tx codebook design
Based on the experience in the  LTE codebook design, we consider it important to have  good discussion on a set design guidelines that can be used to form the foundation of the 8Tx codebook design, in order to avoid unnecessary delays and iterations in the later stages of the study. This set of guidelines can also be used to expedite  and smooth out the harmonization process. From our viewpoint, some desirable properties of the LTE-A  8 Tx codebook are:
1. Constant modulus (CM): One of the requirement of the codebook is to have constant modulus property as the baseline to ensure PA balance. This is the same as the existing  LTE codebook. 

2. Nested property: nested property is another LTE codebook property that we think should be preserved to ensure the performance in the case of rank override and to help reduce CQI calculation complexity.
3. Constrained alphabet: Choosing the elements of the codeword matrix among 8-PSK alphabet, 
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, avoids the need for computing matrix multiplication in CQI calculation. To have QPSK alphabet, 
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, in order to  further decrease the CQI calculation overhead is a big constraint in achieving additional spectral efficiency gain, since the most computational burden in computing CQI for each codeword, for example, if we assume to use MMSE receiver, comes from the matrix multiplication required to inverse the instantaneous covariance matrix, and not from the inner product of channel matrix and precoder. Besides, since LTE already used 8-PSK alphabet, we think LTE-A can reuse the same design guideline on 8-PSK alphabet constraint.
4. Correlated channel performance: In the real communication environment, the uncorrelated channel implies that the antennas are spaced at least half wavelength at the UE and the antennas are spaced at least ten wavelength at the base station [3]. Especially, for the 8 Tx case, given the whole array dimension (usually we assume 10 wavelengths), each Tx antennas more like to be correlated. Thus, the 8Tx codebook designed for LTE-A should have good performance in correlated channel.  
5. Size of the codebook: The tradeoff  between the performance and the size of the codebook should be balanced  when designing a practical codebook. It is evident that having a large size codebook gives better performance than having small number of codewords.  However, the amount of the performance enhancement gradually decreases with the increase of the codebook size. In addition, when rank adaptation is used, the large size of the codebook implies huge amount of CQI calculations. In a practical scenario mentioned above, it is usually required to have 
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 dimension for the whole array at the BS, i.e. for 8 Tx system less than
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 spacing between antennas. This means channel is highly correlated at the BS side. In this correlated channel scenario, it is well known that smaller size of the codebook can still provide sufficient spectral efficiency. 
With this correlated scenario in mind, we propose to design 8 TX codebook with 4 bits size, i.e. 16 precoders for each rank. This way, we can also re-use the 4-bit  CQI/PMI feedback structure designed for LTE 4Tx codebook. Of course, if weed to also optimize the codebook for uncorrelated scenario as well, then we need to design larger codebook such as 6 bit codebooks.

6. Supporting dual-polarized antennas: One solution to decrease the necessary physical space needed for building 8Tx antennas is to employ dual-polarized antennas. Collocated dual-polarized antenna system provides a cost-space efficient alternative to other MIMO antenna systems. Thus, the LTE-A 8 Tx codebook should provide reasonable spectral efficiency not only with single polarized antennas but also with dual-polarized antennas.

3 Summary
We discussed the necessity of the 8 x 8 transmission to meet the LTE-A requirement , as well as the  advantages of the closed loop SM in LTE-A. In addition, several design guideline for the 8 Tx codebook are proposed to ensure the codebook. We would like to use this contribution to start discussion on the necessity of  DL 8Tx codebook, as well as the design objectives of this codebook. 
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