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1 Introduction

In [1] and [2], it is argued there are needs to select subset of codebook when overhead is concerned for 8Tx. Such subset selection may also be called as “subsampling” because subset selection in this case naturally corresponds to the reduction of granularity in direction and/or phase offset (details in section 2).

In this contribution, we discuss methods to subsample codebook for 8Tx eNB antennas, especially for rank one codebook. Rank one codebook possibly requires more overhead [1] hence subsampling for rank one codebook is important. The prioritized 8Tx antenna configuration should be taken into account i.e. closely-spaced dual polarized antenna [3]. 
In this document we investigate subsampling method aiming PUCCH reporting.
2 PUCCH Mode with W1/W2 in the same subframe
We focus on subsampling for PUCCH mode with W1 and W2 in the same subframe because this seems the mostly agreeable mode that needs subsampling [2]. For PUCCH mode with W1 and W2 in different subframe, the payload size constraint is a bit looser and its subsampling is not discussed in this contribution.
In this mode, W1 and W2 are reported in the same subframe which is similar to Rel-8 PUCCH reporting mode 1-1. In this case, the overhead of PMI reporting is the total number of bits for both W1 and W2 reporting. We study possible codebook designs for three different overheads: 6 bits, 5bits and 4 bits, respectively. We can see that the 5bit and 4bit codebook can be deducted as a subsampling result of 6bit codebook. The subsampling principle can be easily applied to codebook with finer angular and/or co-phasing granularities.
(a) 6-bit codebook

The feedback for dual polarized antenna naturally includes two components, direction for each polarization and co-phasing for 2 polarizations. Therefore, the rank 1 precoding vector is in the form 
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 is a 4x1 vector and corresponds to direction; 
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 corresponds to phase offset. In the following discussion, we call codebook of W1*W2 as total codebook.
Based on the above rank one precoding vector expression, it is natural to consider the total codebook includes the following 64 elements, as shown in Fig 1. Here the set of 
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 are DFT vectors in direction [0, 
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]. The set of co-phasing values are [1, -1, j, -j]. This codebook requires 6bit to report W1 and W2.
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Fig1. 6-bit codebook for rank one

(b) 5-bit codebook

In case that overhead is concerned, methods that can reduce overhead are needed. Here we consider methods to reduce the size of total codebook (from 6 bits to 5 bits).
1. Uniform subsampling. 
To reduce one bit in total codebook, it is possible to either reduce the number of direction from 16 to 8, or reduce to number of co-phasing from 4 to 2. Such subsampling methods correspond to Fig 2a and 2b, respectively.
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Fig 2a. Uniform subsampling: Reduce the number of co-phasing ([image: image11.wmf] 

 used codepoint, [image: image12.wmf] 

 not used codepoint)
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Fig 2b. Uniform subsampling: Reduce the number of directions ([image: image14.wmf] 

 used codepoint, [image: image15.wmf] 

 not used codepoint)
The method in Fig 2a and 2b reduces co-phasing granularity and direction granularity, respectively.

2. Staggered subsampling.

To keep better granularity, staggered subsampling may be applied, as shown in Fig. 3. Intuitively such subsampling method keeps better granularity in co-phasing and direction than uniform subsampling, but further evaluations are still needed.
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Fig 3. Staggered subsampling of 8Tx codebook. ([image: image17.wmf] 

 used codepoint, [image: image18.wmf] 

 not used codepoint)

We further note that codebook in Fig. 3 includes all 16 DFT vectors, while the codebook in Fig. 2a and 2b do not do so. This phenomenon means that Fig. 3 shall outperform Fig. 2a and 2b in case of correlated ULA 8Tx antenna.

(c) 4bit codebook

In case that codebook size is constrained to be 4 bits, the following two codebooks may be considered:
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Fig 4: Uniform subsampling: 4-bit codebook (one bit reduction in direction, and one bit reduction in co-phasing)
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Fig 5. Staggered subsampling: 4-bit codebook (one bit reduction in direction, and then apply staggered subsampling)

Both of them shall cause quite visible performance loss compared with 6bit codebook due to the loss of co-phasing and direction granularity. The exact comparison of the two 4bit codebooks shall depend on numerical evaluations.
Overall we propose:

· Study subsampling methods of 8Tx total codebook

· Consider uniform and staggered subsampling
3 Conclusions

In this contribution, we discuss methods of subsampling 8Tx codebooks. Uniform subsampling either direction or co-phasing and staggered subsampling methods are illustrated. We see further study is required including numerical evaluations.
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