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1. Introduction

In RAN1 #72 meeting, there has been discussion on further DL MIMO enhancement in terms of CSI feedback enhancement [1]. As a result, the following WA was made:
Working Assumptions from RAN1 #72:
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback
· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10
· A wideband PMI
· 2 Tx: 0 bit

· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively
· Per subband PMI(s)

· 2Tx: 2/1 bits for rank 1 – 2

· 4Tx: FFS with the consideration of codebook enhancement in Rel.12

· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively

· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel

· Additional information in the CSI reports for this new feedback mode

· For example CSI feedback enhancements targeted at improving MU performance 

As shown in the above WA, a new codebook structure for 4 antenna feedback could be considered as one of candidates for CSI feedback enhancement and hence this contribution discusses the enhancement of 4-tx codebook in details. To be specific, we present an enhanced 4-tx codebook based on the existing 8-tx codebook structure in Rel-10 and further optimized 4-tx codebook by means of sub-sampling according to antenna configuration.
2. Discussion
2.1. 4-tx codebook enhancement based on Rel-10 8-tx codebook structure
Since 4-tx codebook has relatively coarse beam resolution in Rel-8, there have been lots of studies on the new 4-tx codebook structure targeting the performance enhancement especially for rank 1 and rank 2 operations. In our view, it is desirable to enhance 4-tx codebook with relatively small feedback overhead increment and minimized standardization effort. Thus, the existing 8-tx codebook structure, which was adopted in Rel-10, can be a good framework for the design of enhanced 4-tx codebook structure. As the 8-tx codebook, the overall precoder of 4-tx codebook can be represented as multiplication of two matrices as
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where the inner precoder 
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 and the outer precoder 
[image: image3.wmf]2

W

 are used to represent wideband/long-term and subband/short-term channel properties, respectively. In the design of detailed 
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, it is beneficial to achieve the performance gain in both antenna configurations including co-polarized and cross-polarized antenna configuration. Since the block diagonal structure of 8-tx codebook was highly efficient for cross-polarized antenna configuration, we consider some modifications of downscaled 8-tx codebook in [2] to guarantee linear phase increment property for the case of co-polarized antenna configuration. To this end, the codebook of 
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 was designed as
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where 
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-th row and 
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-th column are defined by
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Then, the codebook of 
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 can be represented for rank 1 as
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and for rank 2 as
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where 
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 denotes a 8-element selection vector with all zeros except the n th element which is equal to one.  It should be noted that that the diagonal matrix 
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 is used to preserve linear phase increment property for co-polarized antenna configuration. Moreover, last 4 codewords in the codebook of 
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 for rank 2 are designed to keep the linear phase increment property of both beams for two layers with the use of 
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2.2. Sub-sampling according to antenna configuration
Considering the new PUSCH mode described in WA, finer feedback granularity of PMI in frequency domain could be possible. If both of the enhanced 4-tx codebook and the new PUSCH mode supporting subband PMI are introduced in Rel-12, it is natural to consider the reduction of feedback overhead. To this end, it is beneficial to adopt sub-sampling for the above enhanced 4-tx codebook. As shown in section 2.1, there are two classes of codewords; some codewords were designed for cross-polarized antenna while the others were designed for co-polarized antenna. Regarding this, further optimized 4-tx codebook could be derived by means of sub-sampling according to antenna configuration. As a result, the antenna specific 4-tx codebook can be represented as in Table 1.
Table 1. 4-tx codebook with antenna configuration specific sub-sampling
	Codebook for 
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	Codebook for 
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 for rank 1
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 for rank 2
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	Sub-sampling for co-polarized antenna
	Sub-sampling for cross-polarized antenna
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3. Conclusion
This contribution considers the enhanced 4-tx codebook based on 8-tx codebook structure as one of possible solution for CSI feedback enhancements for DL MIMO. The following 4-tx codebook structure was designed for DL MIMO enhancement:
Table 1. 4-tx codebook with antenna configuration specific sub-sampling
	Codebook for 
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	Codebook for 
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	Sub-sampling for co-polarized antenna
	Sub-sampling for cross-polarized antenna
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