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1 Introduction

Downlink spatial multiplexing of up to eight layers is considered for LTE-Advanced [1]. This offers promising improvements in peak data rate for SU-MIMO transmission. Such gain, however, depends on a number of factors including efficient precoding design with limited feedback [2]. Because the feedback overhead increases with the number of transmit antennas, a more powerful limited feedback technique is required to achieve a better tradeoff between accurate channel state information (CSI) and feedback quantity. 

Up to now, a variety of theoretic and practical techniques have been discussed in [3]-[10]. These techniques can be classed into the following two categories. 
· Compression based feedback. The downlink CSI is feedback in forms of CQI. It can be compressed by source-coding-like techniques, including orthogonal transformations (wavelets) [3], principal (long-term and short-term) components analysis (e.g. incremental feedback [4]) and channel vector quantization (CVQ) [5]. The compressed CSI may be delivered to eNB using PUSCH or PUDCH. The quantized or unquantized downlink CSI can be alternatively spread and superimposed onto uplink data sequence when using PUSCH, so that exclusive occupation of resources by CSI can be avoided [6]. 
· Codebook based feedback [7]-[10]. The downlink CSI is feedback in forms of codebook. A codebook is a set of codewords which represent the quantized CSI. The principal properties for 8Tx codebooks are expected to consist with the codebooks defined in Rel-8. However, compared to the restricted codebooks in Rel-8, a more advanced codebook is required because the fixed codebooks in Rel-8 may not match the current channel status well and become inefficient in higher order MIMO channels [7]. Considering this, an adaptive codebook with better performance is presented in [8] for slow fading channels and a differential codebook with fixed reset using coarse codebook is proposed in [9]. 
Although the first category acts as a better option for limited feedback, we focus our attention on the second category. In this document we discuss a flexible codebook for SU-MIMO transmission in LTE-A which aims to achieve potential performance gains and feedback signalling overhead reduction. 
2 Options for Codebook Design
A codebook with higher performance is capable of catching and matching the instantaneous CSI and requires acceptable operation complexity and feedback amount. In order to approach the theoretic spectral efficiency in higher order MIMO channels, codebook with fine granularity is desired. Two methods can provide fine granularity, i.e. designing a fixed codebook with larger size or designing a dynamic codebook which can track the channel status. Thus, the options for codebook design mainly include:

· Fixed codebooks. Like the codebook defined in Rel-8, a set of codebooks with fixed size are predetermined and stored in eNB and UE. The feedback amount only depends on the number of codeword in one codebook which corresponds to a rank value. However, the sizes of codebooks for different rank values should be carefully determined. 
· Dynamic codebooks, including adaptive codebooks and differential codebooks. Such schemes can intuitionally achieve better performance than fixed codebooks with additional feedback overhead and slight operation complexity. 
For the performance evaluation of these distinct codebooks, we believe it is important to consider:

· The size of codebooks for different rank values. 64 codewords for rank 1, 7 and 8 and 32 codewords for rank 2~6 are preferable for the up to 8*8 channels.
· Terminals with different number of antennas. This will determine the rank values. 
· The spatial characteristics of the higher order MIMO propagation environment. 
· The probability distribution function (PDF) of rank values over all the terminal channels in a cell. In our view, the case of rank being equal to 1, 7 or 8 will occurs with lower probability, while the case of rank being equal to 2, 3, 4, 5 and 6 will occurs with higher probability. 
When considering schemes based on fixed codebooks, we agree with the idea that the size of codebooks designed for different rank values should be different. Intuitionally, the size of codebooks for rank 7 and rank 8 should be larger than that of codebooks for lower rank values, because the case of rank 7(8) occurs infrequently and thus the additional feedback amount can be ignored. 

Fixed codebooks, however, even with different number of codewords in each may not feasible for the complicated higher order MIMO channels. Setting 8 codebooks also needs more memory space. As an alternative for a fixed codebook, a flexible codebook can be considered for precoding in LTE-A.
3 Flexible Codebook
In the flexible codebook, only a common codebook
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) is the number of downlink substreams (rank values) which occurs with the highest probability than other number of substreams. b is the number of bits required to represent the index of each codeword. 
The basic idea to support different rank values (i.e. varying number of substreams) is given as follows. 
· Step 1. UE obtains the downlink CSI through channel estimation and determines the rank value, denoted by N.
· Step 2. When
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· Step 3. Select a codeword 
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 from the new codebook according to a certain performance criterion.
It is difficult to present the best 
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 because it depends on the statistics of the channel status and is not known in general. Here, we consider the design criterion for 
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4 Conclusion
To approach the system spectral efficiency, more improved codebook design techniques should be considered for codebook based precoding in LTE-A. As the first step, the pdf of rank values should be investigated. Although the knowledge of pdf is now unavailable, we believe that the sizes of fixed codebooks for different rank values should be different. To reduce the required memory space, we propose a flexible codebook. Both fixed codebooks and dynamic codebooks are preferable to compression feedback.
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