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1. Introduction

In RAN#57 meeting, the WI of further downlink MIMO enhancement for LTE-advanced was agreed [1]. In this contribution, we present a structured codebook design which is identical to the codebook we proposed in SI [2] in order to enhance the performance of downlink 4 Tx MIMO.
2. Codebook Structure

A rank-1 element, v (v∊C4×1) is represented by a separate encoding of gain and phase information into different feedback bits. To support low-complexity operations, the 4×1 vector is represented by information defining 2×1 two sub-vectors. Phase information represents both the relative phase between complex entries within each sub-vector (intra-phase), and the relative phase between sub-vectors (inter-phase). The gain information is coded with a permutation codebook and allows for both equal and unequal gain to different complex entries corresponding to different antennas or groups of antennas. Each rank-1 element v is defined by 4 parameters, with total codebook size of B (= bg+p1+p2+p3) bits:
1. A joint gain vector and permutation with bg bits
2. Two intra-subvector relative phase scalars θ1 and θ2 with p1 and p2 bits respectively

3. One inter-subvector phase scalar θ3 with p3 bits

v is defined as the eq. (1) with the gain vector g={g(1),g(2),g(3),g(4)} and permutation I={i(1),i(2),i(3),i(4)}.
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                       (1)                           
2.1 Permutation and gain vector
The gain vector g and permutation I are defined as one of 2^{gb} combinations by a codebook. One example of a joint permutation-gain codebook for gb=3 bits is shown in Table I. It is also noted that in Table I, the existing 4-bit PMI codebook is embedded into index 7.
Table I – A possible design of a 3-bit joint gain and permutation codebook.
[image: image2.emf]Index Permutation “I” Gain Vector“g”

0 {1,2,3,4} {1/2, 1/2, 1/2, 1/2}

1 {1,2,3,4}

2 {1,3,2,4}

3 {1,4,2,3}

4 {2,3,1,4}

5 {2,4,1,3}

6 {3,4,1,2}

7 Use Rel. 8 codebook for first 16 entries

dB)   6   (e.g.,   10   where

2 2

1

   

2 2

1

   

2 2

   

2 2

10 /

 













   





b

b b b

b

b

b


2.2 Phase codebooks

The phase codebooks each represent a uniform sampling of phases from 0 to 2π, with a sampling granularity defined by the number of bits (i.e., p1, p2, or p3) for the given phase value. Specifically, a convenient way to define a codebook as two dimensional vector elements is as follows:
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2.3 Rank-2 extension

For every possible rank-1 element defined by a combination of permutation-gain and phase indices there is an easy way to define a Rank-n: 1<n≤4, companion to the Rank-1 vector.  As an example, consider the rank-1 codebook element in eq. (1). one potential and simple definition of a corresponding rank-2 codebook element is defined by
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      (3)                           
with g={g(1),g(2),g(3),g(4)} and I={i(1),i(2),i(3),i(4)} being the same permutation and gain used in the corresponding rank-1 element, and  is some any known (pre-set) phase value. Rank-3 and Rank-4 elements can also be defined by operations on vectors v2 and v.
3. Summary
In this contribution, we present a structured codebook design in order to enhance the performance of downlink 4Tx MU-MIMO. Further details of the codebook can be shown in [2].
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