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1. Introduction
It has been agreed that downlink spatial multiplexing of up to eight layers is supported by LTE-A. The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback [1]. 8Tx codebook has to be specified in order to facilitate precoding-based SU/MU transmission.
In RAN1#60 meeting, it had been agreed [2]  that “for Rel-10 feedback:
· A precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure”.
Based on the above way forward, two matrices indicated by two PMI would jointly form an overall recommended precoder 
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 is matrix function describing the mapping from the two constituent matrices to the overall recommended precoder [4]. The mapping function 
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 can take several forms, such as Kronecker [5], or product structure [6]. In [7], we have proposed a new feedback framework based on the agreed way forward, which contains several novel mapping functions.
In this contribution, we provide two codebook schemes for 8Tx DL MIMO and the corresponding mapping functions to jointly form the overall precoder. 
2. Principles for codebook design
First of all, to well support the feedback framework agreed in RAN1#60 [2], 8Tx codebook shall be constructed by dual-codebook [6] or dual-level [8] structure.
Secondly, to take full advantage of dual-PMI feedback, one of the two codebooks should target wideband and/or long-term channel properties, while the other one targets frequency-selective and/or short-term channel properties.
Thirdly, the overall precoder jointly formed by two matrices should inherit properties of Rel-8 codebook, such as unitary, a finite alphabet, nested and constant modulus, as many as possible. A specific structure leading to efficient computation is desired.
The last but the most important one, the codebooks should be designed to perform reasonably well in prevalent closely-spaced dual polarization (DP) antenna configurations, for both SU and low rank MU transmission. Moreover, acceptable performance should be achieved under any particular deployment scenarios.
3. Codebooks for 8Tx DL MIMO
Due to the non-uniform correlation profile of DP array, the codebook performance for DP antenna configuration may be remarkably affected by the antenna element indexing. In this contribution, we assume the antenna indexing illustrated in Figure 1, where 
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Figure 1: DP antenna indexing
3.1. 8Tx codebook scheme 1
Closely spaced DP antenna array can be considered as two groups of ULA. Each ULA generates high correlated channels, while the channels between these two groups are low correlated. From this perspective, we propose a codebook scheme with dual-level structure [8]: one of the two codebooks, which is named as base-codebook,  is designed to quantize high correlated channels generated by each ULA; while the other codebook, which is defined as transform-codebook, targets the channel properties between these two ULA groups. This 8Tx codebook scheme is summarized as follows:
The base-codebook for rank r includes 8 matrices 
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The mapping function from the two constituent matrices to the overall recommended precoder for rank 
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Table 1: Definition of base-matrices
	Index
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Table 2: Definition of transform-matrices
	Index
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3.2. 8Tx codebook scheme 2
Though each group of ULA in closely spaced DP antenna array generates high correlated channels, AoD of the main path is the steadiest over both time and frequency domains, and other properties of ULA channels are relatively “variable”. From this viewpoint, we design 8Tx codebook scheme 2. In this scheme, the base-codebook is utilized to quantize the AoD of main path, while the transform-codebook targets other channel properties, such as the relatively lower correlation properties of ULA and the channel properties between two ULA groups. This scheme is described as follows:
The base-codebook includes 8 vectors 
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The mapping function from the two constituent matrices to the precoder for rank 
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is the PMI corresponding to the transform-codebook, 
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 is the precoder index in the whole-codebook.  
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 on the main diagonal. The whole-codebooks which contain all possible precoders for Rank1~Rank4 are given in Appendix.
Table 3: Base-codebook
	Index
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Table 4 Transform-codebook
	Index
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4. Conclusions
In this contribution, we present two 8Tx codebook schemes with dual-codebook structure, which satisfied all codebook design principles given in section 2. We propose them as candidates for 8Tx codebook in LTE-Advanced. 
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6. Appendix A
Table A1: Rank1 whole-codebook of scheme 2
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Table A2: Rank2 whole-codebook of scheme 2
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Table A3: Rank3 whole-codebook of scheme 2
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