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Introduction

LTE-A supports high peak spectral efficiency via 8x8 SU-MIMO, and achieves high cell average/edge spectral efficiency via MU-MIMO and dynamic switch between SU/MU-MIMO. While most company agree that the 8x8 SU-MIMO could achieve sufficient spectral efficiency by extending Rel-8 implicit feedback, we still need more discussion to make a decision for the feedback scheme supporting MU-MIMO. For further discussion, most of all, we need an agreement on whether we need additional feedback to support enhanced MU-MIMO, and if we agree with this, then we need in-depth discussion on what would be the necessary and sufficient feedback. SRS measurement based precoding, which utilizes channel reciprocity, could be a reasonable solution in case additional feedback overhead is not deemed acceptable, or other feedback schemes such as eigen vector feedback or best companion reporting which would require slightly increased feedback overhead would well meet the system requirement if additional feedback overhead is allowed. In this document, we present the analytical background of abovementioned MU-MIMO feedback schemes, and compare their characteristics.
Features of Rel-10 SU/MU-MIMO 
LTE-A should support high data rate transmission, and the data rate enhancement will be achieved by wider bandwidth and higher spectral efficiency than Rel-8. We expect that higher rank transmission whose rank would be higher than 4, would be actively considered to increase spectral efficiency, and transmit antenna will be configured to support high rank transmission. Channel rank is determined by received power per layer, and it is related with transmit power, channel distortion and antenna correlation. The simulation results show that when high correlation exists between transmit antenna, 8x8 MIMO has rank 4 or less with more than 95% of probability [1]. Thus, medium ~ low correlation transmit antenna configuration will be adequate for LTE-A MIMO. 

MU-MIMO without additional feedback 
The use of reciprocity principle has been regarded as an attractive implementation technique since it provides ‘free’ downlink channel information in both TDD and FDD system. However, in FDD system, only the statistic reciprocity holds between uplink and downlink channel, and the temporal difference between the UL and DL channels would not be negligible even when the two bands are closely located if they are in rich scattering or wide angular spread environment [3]. As a way to utilize statistic reciprocity, in [2], covariance matrixes of a certain narrow band are measured for uplink, and the statistic downlink covariance matrix is derived by averaging those several covariance matrixes. According to the analysis, statistic covariance matrix supports higher ergodic capacity. Considering the case where the uplink band and the downlink band are separated far apart in frequency domain, covariance matrix translation algorithm which predicts downlink covariance matrix by measuring the uplink covariance matrix and the central band difference is suggested in [4]. 

When the statistic reciprocity based downlink covariance matrix estimation is applied to highly loaded cell of LTE or LTE-A (which would be the major interest of MU-MIMO application), eNB would need to measure several SRS symbols since each SRS symbol will not contain the whole wide band information, and thus, this feature would be difficult to use for short term precoding. Also, in rich scattering environment where the angular spread is large, the statistic reciprocity gets loose and eNB will need to measure more SRS to get reliable covariance matrix. This would make the processing take longer, and surely degrade the performance. Thus, for the urban macro or micro cell, we suggest that SRS measurement based precoding needs more study. 
MU-MIMO with more feedback overhead than Rel-8

The current agreements about the uplink frame structure support much higher peak spectral efficiency than ITU requirement. So, if a significant performance enhancement is expected, it could be reasonable approaches to increase the UL feedback overhead for downlink MIMO. The increased feedback overhead could increase the accuracy of PMI feedback, or a new feedback schemes could be designed for LTE-A downlink. Eigen vector feedback or codebook based eigen vector feedback is suggested as a candidate to support MU-MIMO [6], [7]. 
The research of MIMO started with eigen vector based precoding (SVD). When transmit power per antenna is not limited, MIMO transceiver shows the maximum ergodic capacity by SVD precoding. Since SVD is a classical research issue in MIMO, the optimum precoder solutions for a SU-MIMO or a MU-MIMO are already known for unlimited power transmission. However the real communication system requires some modification for SVD precoder.
First of all, since the optimum SVD based precoding requires unbalanced transmit power among transmit antennas, when the SVD precoder or the measured eigen vector at receiver is reported to eNB and used as preccoder without modification, the efficiency of power amplifier at eNB will decrease and total transmit power or received power of each layer will also be decreased. Second, for MAI control, since SVD based spatial division multiplexing request adaptive power allocation which allows different transmit power for layer [8], the power allocation and control scheme of LTE would need modification to achieve better performance at MU-MIMO, or the MAI mitigation ability of SVD based MU-MIMO will be damaged. 
Though those two characteristics of SVD spatial division multiple access breaks in current LTE system, the scheme can still show remarkable performance enhancement in MU-MIMO [6], and we also expect that eigen vector feedback should be a major alternative to support MU-MIMO. But due to the heavy overhead to support high rank transmission, eigen vector feedback of SU-MIMO is FFS. – We need to feedback more eigen vectors as transmit rank increases - 
When MU-MIMO uses codebook based feedback, UE may measure the expected precoding gain of all the codeword included in the codebook, and will report the best codeword which supports the maximum coding gain, and could also report the ‘best companion(BC)’ which will generated the minimum MAI at the receiver [9]. BC reporting may require additional overhead as one more PMI, and it can support MU-MIMO and dynamic switching between SU/MU-MIMO without any impact on SU-MIMO operation. The simulation result shows that 11~20% performance enhancement is possible at MU-MIMO [9]. 
Conclusion 
Finding better curve for the trade off between the performance and feedback overhead is a classic issue in MIMO, and we need careful approaches when the real communication environment is a concern. The use of reciprocity principle which guarantees the statistic reciprocity between up and downlink channel provides overhead free channel information at eNB, and the information seems useful in some antenna configuration or environment. But due to the current configuration in LTE-A, the SRS measurement based precoding has limited utilization such as long term precoding, and we need more verification to confirm that SRS measurement based precoding can support enhanced MU-MIMO. 
Eigen vector feedback would be a good choice for MU-MIMO, but due to the overhead and the characteristic that SVD requires unbalanced power distribution over transmit antenna, PMI feedback would be a better solution for SU-MIMO. 
Our suggestion is summarized as following. 

1. BC reporting would be a good candidate to support MU-MIMO and to support dynamic switching between SU/MU-MIMO 

2. PMI feedback would be a good candidate to support SU-MIMO and low rank eigen vector feedback would be good for MU-MIMO. These two feedback information could be either simultaneously reported to eNB or separately. 
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