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1 Introduction

At the previous meeting RAN1#86b, orthogonal and non-orthogonal basis in advanced CSI have been extensively discussed with no conclusion. Our companion contribution [1] shows that the orthogonal basis is prior to non-orthogonal basis from a weighting estimate MSE perspective. Numerical results in [2] also show significant gain of orthogonal basis over non-orthogonal basis. Therefore, the orthogonal basis should be supported in advanced CSI.

A careful design of orthogonal basis can make reported channel representation converge to optimal precoder with limited feedback overhead. In this contribution, we first discuss the design principle and then provide detailed designs.  
2 Principle of Orthogonal Basis 
Our companion contribution [1] shows that if the channel subspace (spanned by columns of the wireless channel matrix) belongs to the space of a set of orthogonal basis vectors, the channel may then be represented as a linear combination of the orthogonal basis vectors, with a corresponding weighting factor for each basis vector. In general, the smaller number of orthogonal basis vectors, the less number of weighting factors, and furthermore, the less uplink overhead. 

For a given channel, it is well known that the optimal precoders are the eigenvectors of the channel correlation matrix. The DoA (Direction of Arrival) of channel path can more or less determine the channel correlation property. In LTE, the DFT vector is usually used to represent the direction of one dominate path and thus extensively used in codebook design. Hence, it is straightforward to use orthogonal DFT vectors as the set of orthogonal basis vectors. In addition, if a set of orthogonal DFT vectors can cover the arrival direction of major channel paths, the precoder can surely be well represented by associated DFT beams. The structure of DFT vector is highly dependent on the antenna layout. Hence network should inform UE the antenna layout information to facilitate orthogonal basis generation.
Proposal1: The orthogonal basis should be based on a set of DFT beams, which are determined based on antenna layout and DoA of major channel paths.
Some alternatives were proposed in last meeting for orthogonal beams selection, i.e. unconstrained beam selection vs. structured beam pattern selection. Unconstrained beam selection usually has better performance compared with constrained beam selection, because unconstrained beam selection always contains the best beams. Hence the unconstrained beam selection is preferred for orthogonal basis construction.
Proposal2: Support unconstrained beam selection in orthogonal basis construction.
3  Orthogonal Basis Design Details
In the legacy codebook design, the rank 1 precoder can be expressed as
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where 
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 is the Kronecker Product of two oversampled DFT vectors from the 1st and 2nd dimension, 
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 represents the co-phasing between polarizations, and 
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where 
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 are the number of ports in the 1st and 2nd dimension, and O denotes the oversampling factor. It is well known that legacy codebook is optimized for the one-cluster channel model. To improve performance in rich scattering channels, we may consider a linear combination of a set of orthogonal precoders. Two different alternatives are considered here.
Alternative-1: Each orthogonal basis vector is a Kronecker product of the co-phasing vector and the 2-dimensional DFT beam vector.
For the determined beam rotations (
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) in the 1st and 2nd domain and co-phasing 
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, the full dimension orthogonal matrix can be constructed as
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where 
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 denotes the 2D DFT beam vector, 
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After projecting eigenvector to 
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, M columns with the strongest power may be selected as the orthogonal basis.  For instance, if the 1st, 3rd, 4th and last columns have the maximal power, the orthogonal basis design can be 
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Then the precoder can be represented as 
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where c is the weighting vector. 
It is noted that the co-phasing 
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 may be fixed to be 1, or selected from 
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Alternative-2: Each orthogonal basis vector is 2D DFT beam vector
For the determined beam rotations (
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) in the 1st and 2nd domain, the full dimension orthogonal matrix may be constructed as
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where matrix 0 represents the 
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After projecting eigenvector to 
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, L beam vectors with strongest power in each diagonal matrix are selected to construct the orthogonal basis, which can be illustrated in formula (7).
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Compared with design alternative-2, design alternative-1 introduces a co-phasing factor into orthogonal basis designs, and has the following advantages and drawbacks

· Advantages: More choices for orthogonal basis generation
· For random column selection in alternative-1, UE has the more freedom to construct orthogonal basis. Alternative-2 requires identical beams selection for two polarizations. The number of orthogonal basis vectors should be even, i.e. 2L. Alternative-1 has not such restriction. In addition, each basis vector in Alternative-1 is potentially to be or close to the optimal precoder, while altermative-2 requires at least two columns to do that. So alternative-1 is a good basis from the representation efficiency perspective.

Even using the same number of orthogonal vectors in basis, altermative-1 is anticipated to have better performance than alternative-2. For example in alternative-1 Equation (4), UE may choose 3 beam vectors for orthogonal basis, while in alternative-2 Equation (7), UE chooses only 2 beams vectors for orthogonal basis. Obviously, more choices for beam selection would lead to potentially larger performance gain.  

· Drawback : Potentially more bits for reporting orthogonal basis selection 
· Of course, more choices for column selection would lead to more bits. Nevertheless, this is not serious since the orthogonal basis feedback would be mainly wideband based. 
The other concern is that Alternative-1 may not suitable for wideband amplitude feedback. However, our company contribution [3] has concluded that wideband amplitude feedback cannot works well for both alternatives unless the channel model has flat frequency. In addition, our evaluation [2] results also observe some performance gain of alternative1 over alternative-2 for both wideband and subband amplitude feedback. Based on the discussion above, we propose

Proposal3: Specify the orthogonal basis involving co-phasing.
4 Conclusions
In this contribution, the design principle for orthogonal basis is discussed. In addition, the two alternatives for orthogonal basis structure are discussed. Based on the above discussion, we have the following proposals

Proposal1: The orthogonal basis should be based on a set of DFT beams, which are determined based on antenna layout and DoA of major channel paths.
Proposal2: Support unconstrained beam selection in orthogonal basis construction.

Proposal3: Specify the orthogonal basis involving co-phasing.
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