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1. Introduction
Two Way Forward proposals on UE feedback were presented during RAN1-59 meeting, one focusing on implicit CSI feedback [1] which is
· CQI and RI is reported
· Rel-8 type of PMI (precoder recommendation) is reported

· CQI is determined assuming a hypothetical transmission corresponding to the PMI

· Similar to Rel-8
· This allows designs within the scope of Rel-8 type of feedback
· Additional feedback for MU-MIMO is not precluded

And the other focusing on explicit CSI feedback [2] which is

· UE feedback optimized for both SU-MIMO and MU-MIMO

· Spatial information feedback is supported

· Feedback represents downlink channel information

· Rather than being viewed as suggested precoding transmission to eNodeB

· Unlike in Rel-8, this feedback facilitates MU-MIMO and CoMP in addition to SU-MIMO

· Content and forms of feedback is FFS
· Feedback of Rel-8 type PMI can also be supported for SU-MIMO

· Details of feedback such as CQI/RI is FFS

It appears that one major motivation of explicit CSI feedback is to maximize the performance potential of MU-MIMO. Although SU-MIMO can also benefit from the explicit CSI feedback, the extra overhead of Rel-10 DMRS and etc. may dilute the gain compared to Rel-8 SU-MIMO which does not require Rel-10 DMRS. 
In our view, MU-MIMO performance optimization itself may not be sufficient to justify the support of explicit CSI feedback. The reason was partially discussed in [3]:

· When the explicit feedback takes the form of an index of vector from a pre-defined codebook, it is hard to tell whether the indexed vector is the quantization of the spatial channel eigen-mode information, or is also reflecting the receiver’s structure/algorithms. The determination of the index is an implementation issue transparent to the feedback format specification in standards. 
· Rel-8 type of implicit feedback is quite good for MU-MIMO with rank=1 per user, especially with some extensions
The key determining factor may be whether MU-MIMO with rank>=2 per user is supported. If it is the case, the difference between implicit and explicit feedback shows up (even both with the codebook approach), the former would index to a precoder matrix, while the latter would contain a set of indices each representing a vector. And given the stringent accuracy requirement for the spatial CSI feedback, a single matrix indexing may never be able to provide fine enough granularity for antennas like cross-pols with reasonable codebook sizes. The support of MU-MIMO with rank>=2 seems needed at least for cross-polarization antennas with beamforming capability [4-5]. However, how to compress the spatial CSI is still a challenging task, especially when the number of antennas is large.

In this contribution, we propose a method to decompose spatial CSI into component CSIs. By doing so, appropriate codebook can be used for each component CSI, thus each can be accurately represented. 
2. Spatial CSI Feedback Decomposition
The basic idea is to apply Kronecker decomposition in [6] to codebook based CSI quantization. Such approach is particularly suitable for the antenna setting that contains multiple closely-spaced cross-pol antennas. In such setting, the spatial correlation statistics of cross-pol antennas and beamforming antennas are quite different. Kronecker product has been used in codebook design, for example for cross-polarization antennas [7]. More specifically, the codebook is constructed by Kronecker product of a LTE Rel-8 codebook and a unitary 2x2 matrix. Note that the idea in [7] is to have a single codebook and therefore the feedback is still an index of a codebook.
In [6], Kronecker product is used for decomposing a bigger covariance matrix R into two smaller matrices RULA and RPol so that the feedback overhead can be reduced. 
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A key thing to be pointed out is that the design principle of CSI feedback in [6] is to directly quantize the covariance matrices, element-by-element wise. Such approach is different from the codebook based quantization mentioned previously. Therefore, after Kronecker decomposition, the content of the feedback is still covariance matrix (or matrices), rather than codebook index (or indices).
At the UE, spatial CSI is measured first. The measurement can be directly on the channel matrix, or the covariance matrix R, or other metrics. Here, R is the major interest which can be directly estimated, or post-processed. Here for the simplicity of presentation, we assume that the measured spatial CSI, e.g., R, is of floating-point precision, although the chip implementations often use fixed-point arithmetic. In another word, we expect that the internal quantization in the chips is much finer than the quantization for the feedback.

Once the covariance matrix R is estimated, matrix decomposition can be carried out. To further illustrate the process, an example of 8 transmit antennas is shown in Figure 1 where there are four antennas in each polarizations (red and green). On each of the four pairs, two antennas are mounted along the orthogonal polarization directions—cross-pol. The spacing between cross-pol pairs is half wavelength. In this antenna configuration, high spatial correlation is expected between the four same-polarized antennas, while low spatial correlation is expected between different polarization antennas. Therefore, it is reasonable to decompose the spatial CSI between beamforming antennas and cross-pol antennas, as Equation (1) shows. More specifically, the 8 by 8 covariance matrix is decomposed into a 4 by 4 matrix RULA and a 2 by 2 matrix RPol.
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Figure 1. Cross-polarization 8Tx antennas with beamforming.[6]

Then for each smaller covariance matrix, a suitable codebook is used for the quantization. The codeword index can be chosen to minimize the distance between the quantized covariance matrix and the floating-point covariance matrix. For example, the distance can be measured as
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where 
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 is the i-th quantized eigenvector of the spatial channel which corresponds to the i-th column of the codeword and 
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is the i-th eigenvalue of RULA or RPol. Note that the index can point to either a vector or a matrix in a codebook. For the antenna configuration shown in Figure 1, mostly likely, an index pointing to a 4 by 1 vector (codeword) is used for RULA and an index point to a 2 by 2 matrix (codeword) is used for RPol. Therefore, the spatial CSI feedback would contain two indices.

Upon receiving the CSI feedback from the UE, a series of inverse operations are carried out by eNB. First, each quantized component CSI, e.g, RULA or RPol, is reconstructed by looking up the fed back index in the corresponding codebook and then doing the outer product, e.g., 
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. Next, the quantized composite CSI, e.g., R, is derived by Kronecker product of quantized RULA and RPol. At last, the quantized composite CSI is used to calculate the precoding matrices.
3. Conclusions
A method was proposed to decompose spatial CSI into multiple component CSIs based on Kronecker product, each compressed with an appropriate codebook.
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