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1 Introduction
In the RAN1 #59 bis meeting, we discussed feedback for MU-MIMO and most companies agree that Rel-8 type of implicit feedback (PMI/RI/CQI) should also be supported in Rel-10 [1]
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[2].
In the case of MU-MIMO, MUI (Multi-User Interference) cancellation would be processed at the eNB side by precoding wherein feedbacks of CSI are necessary to calculate that precoding matrix. There are three main categories of feedback so far i.e. explicit feedback, implicit feedback, SRS. Since implicit feedback is simple and easy to operate, the Rel-8 feedback employs this method. MU-MIMO and CoMP techniques would be adopted to improve cell average and cell-edge throughput in Rel-9 and Rel-10. The precoding by Rel-8 feedback is not enough to obtain MU-MIMO and CoMP gain. Many contributions have shown that Rel-8 feedback with additional feedback or new feedback schemes should be needed for MU-MIMO and CoMP [3]
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The feedback overhead reduction is an important problem and it should be considered. Generally, the explicit feedback gives accurate information and achieves high spectral efficiency [8]
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[9], however, many bits of feedback are needed for archieving high spectral efficiency. The additional feedback should be satisfied with reasonable feedback overhead.
In this contribution, we propose a precoding method for MU-MIMO and Joint Transmission CoMP (JT-CoMP) by hybrid feedback scheme consists of Rel-8 implicit feedback and additional analog feedback. The eNB can compute block diagonalized singular value decomposition (BD-SVD) precoding matrix of 1 rank and more than 2-ranks MU-MIMO with proposed hybrid feedback scheme.
2 Discussion

2.1 Feedback for LTE-A
Following TR36.814 [10], the three main categories of CoMP feedback mechanisms have been identified as :
· Explicit channel state/statistical information feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· Implicit channel state/statistical information feedback

· Feedback mechanisms that use hypotheses of different transmission and/or reception processing, e.g., CQI/PMI/RI 
· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 

The SRS feedback using channel reciprocity is a very useful technique in TDD system. But in FDD system, the statistical reciprocity of channel is available when uplink and downlink are using close frequency bands. Generally the explicit feedback with high resolution by many bits of feedback gives accurate channel state information. In that case, the eNB transmitter can achieve more optimal precoding, but it reduces uplink throughput. There is a trade-off relationship between overhead and performance.
Analog feedback belongs to explicit feedback method. The analog feedback is one of the solutions for overhead problem. The scalar quantization needs many bits per complex value, but analog feedback requires just 1 resource element per complex value. 
The analog feedback directly maps the channel information, and it is affected by uplink channel and noise. In case of high SNR at downlink, the channel estimation error at receiver side is low. The quantization error of implicit feedback is not affected by uplink channel SNR (assuming perfect decoding) and is limited only by the number of feedback bits. Therefore, at high SNR analog feedback may yield less quantization error than implicit feedback with limited number of feedback bits.
2.2 Hybrid feedback
It is an important issue how to utilize implicit feedback and what kinds of additional information is fed back for LTE-A. As mentioned in section 2.1, the analog feedback is suitable for additional feedback. A hybrid digital-analog feedback consisting of implicit and analog feedback including quatization error between optimal feedback and implicit feedback have been proposed in [11]
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[12]. The detail of the processing method is as follows.
 A UE feeds back the PMI selected by chordal distance metric to the eNB for minimizing the projection two-norm distance [13]. The chordal distance between matrix F1 and F2 is given by
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 denotes Frobenius norm of matrix A. The UE chooses the PMI which minimizes chordal distance metric between right singular vectors of channel V and Rel-8 precoding matrix Vic. This is represented by
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The i represents the index of Rel-8 precoding matrix. There is quantization error between V and VcPMI. For minimizing the norm of analog feedback, the phase of each row vector of matrix V should be aligned with phase rotation. Vrot denotes the rotated matrix of V. The phase rotation r and all of each vector’s rotated phase are given by
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 where the r means r-th row of matrix, and each vector indicates 
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 The analog feedback feeds back error between Vrot and VcPMI.
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where Va denotes additional analog feedback. This hybrid feedback scheme improves the accuracy of feedback. This scheme is applicable to enhanced SU-MIMO.
In our view of hybrid feedback, UE feeds back quantization error information by analog feedback in order to reconstruct optimal precoding matrix V. The analog feedback does not use digital modulation and get information of complex value directly. It means analog signal does not use analog singal up to transmission power limit. Since the precoding matrix VcPMI is optimized by 4bits codebook, the norm of the error between VcPMI and V becomes small. It means dynamic range of amplification becomes wider than direct analog feedback of H or V. For this reason, we can archieve additional signal gain by amplifying analog signal.
2.3 Propossal for combined hybrid feedback and precoding method for MU-MIMO
In our proposed hybrid feedback scheme, the feedback for multi-layer MU-MIMO is considered.
The eNB needs more feedback for MU-MIMO precoding. In our feedback scheme, we choose the feedback of the eigen value vectors of covariance channel matrix for MU-MIMO precoding. The SVD of channel matrix and EVD of covariance channel matrix are represented by
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V denotes right singular vectors of channel and  denotes eigen value vectors of covariance matrix of channel. The eNB obtains V by PMI and additional analog feedback. The is related to CQI Rel-8 feedback which is a 4-bit representation of the equivalent SNR of the channel. The quantized SNR can be estimated from the CQI. The quantization error between the quantized SNR and SNR is fed back by analog feedback. UE feeds back CQI and additional analog feedback. Following this method, the eNB can get V and .
This proposed hybrid feedback scheme requires additional feedback of 5 resource elements (REs) per layer with Rel-8 feedback PMI, CQI, RI in case eNB has 4 antennas. 4 REs are used for addional feedback of PMI, one RE is used for additional feedback of CQI. It is equal to 5 bits transmitted by QPSK with 1/2 coding rate.
Hk represents k-th user’s channel gain matrix. The k-th user received signal is represented by
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 The nk is k-th user’s the additive Gaussian noise with each element having a variance equal to 2. The W indicates precoding matrix and x indicates transmit signal. Each UE feeds back PMI, CQI, RI and additional analog feedback of PMI and CQI. The eNB then performs precoding for MU-MIMO such as Block-Diagonalization-SVD (BD-SVD).
The channel of k-th UE and SVD of channel are represented as
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The covariance matrix of H with eigen value decomposition (EVD) is represented by
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The UE estimates channel by reference signal and feeds back PMI, CQI and the error of optimal precoding V and real SNR. The eNB gets k-th user’s Vk and k. The block diagonalized channel matrix 
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The 
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 denotes matrix which is orthogonal with all other user’s channel. It is expressed as
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where \k represents all of elements excepting k. Then the precoding matrix for MU-MIMO is given by
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A detailed description is given in appendix A. In this way, the eNB can operate BD-SVD MU-MIMO.
MU-MIMO rank adaption can be operated by changing the precoding matrix size computed with 
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2.4 Extension of precoding for JT-CoMP
 In our proposed hybrid feedback scheme, it is easy to extend JT-CoMP. The operation of feedback and precoding is same as single cell. Hkn represents the channel matrix between k-th UE and n-th cooperative eNB. The extended channel of k-th UE is given by
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The SVD of H is given by
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 The UE feeds back SU-MIMO hybrid feedback and addional other cell’s hybrid feedback for CoMP to each eNB or serving eNB. Then each eNB can obtain Vkn and perform precoding for SU-MIMO JT-CoMP. The precoding matrix at n-th eNB is 
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 In MU-MIMO JT-CoMP, the operation is combing SU-MIMO JT-CoMP and MU-MIMO. UE feeds back feedback SU-MIMO JT-CoMP and additional analog feedback of CQI same as MU-MIMO hybrid feedback. The block diagonalization matrix and precoding matrix are computed same as the method of section 2.3. In this way, the hybrid feedback can be extended to MU-MIMO JT-CoMP.
3 Conclusion

In this contribution, a hybrid feedback and precoding method for MU-MIMO has been proposed. This proposal has shown how to perform BD-SVD MU-MIMO precoding by additional analog explicit feedback with low overhead as compared to explicit feedback. As a summary it can be concluded that:
1.  The hybrid feedback scheme reuses Rel-8 implicit feedback with additional analog explicit feedback for higher accuracy.
2.  In the proposed hybrid feedback scheme, the eNB reconstructs the right singular vectors of downlink channel gain matrix (V) and eigen value vectors of covariance matrix of channel gain matrix (). The MU-MIMO BD-SVD precoding is obtained from V and of all users.
3.  The proposed combined hybrid feedback and precoding method is scalable feedback scheme. It can be extended up to MU-MIMO JT-CoMP.
Appendix A : 
The covariance matrix of block diagonalized channel matrix 
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And this equation can be expressed in another way using SVD of 
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 The eNB obtain Vk and k by hybrid feedback. The 
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 is computed by V of other users. Then the covariance matrix of 
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The eNB transmits data with the computed precoding Wk. The received signal yk at k-th UE is given by
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,
where xk denotes transmission singal for k-th user and yk denotes received signal of k-th UE, and m represents the total number of multi-user transmission.
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