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1. Introduction
MIMO feedback has been discussed in previous few meetings, as a fundamental aspect on downlink MIMO operations. Identifying a reasonable feedback scheme should consider some key factors, such as performance, complexity and backward compatibility. It is fortunate that some initial agreements were reached in the RAN1#59bis meeting, as the following way forward for feedback enhancements:

· SU-MIMO is supported

· Release 8 type of feedback will be extended for 8 Tx antenna configurations
· CQI/RI are computed assuming that the reported codebook entry is interpreted as a recommended precoder by the eNB 

· Use of other types of feedback are not precluded

· Improved accuracy of spatial feedback should be supported if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO.

· Enhanced MU-MIMO is supported
· The enhancements are in relation to feedback
· At least the feedback specified for SU-MIMO can also be applied for MU-MIMO operation
It is noticeable that diversified extensions of Rel-8 PMI feedback were proposed and sounded exciting and promising. However, before any further agreements are reached, potential enhancements should be justified to provide substantial gains compared to Rel-8/Rel-9 feedback scheme. In this contribution, we discuss, in general, some aspects of the extensions of the Rel-8 PMI feedback. 
2. SU-MIMO 
In Rel-8/9, SU-MIMO can be implemented with precoding or beamforming. In the uncorrelated antenna array, PMI type feedback is undoubtedly a reasonable feedback mechanism, while providing apparent gain with low feedback overhead. In the high correlated antenna array, especially more than 4 antennae in the eNB, beamforming transmission can significantly improve date rate of cell-edge users. The proposals on PMI extensions in past few meeting were brought up by some companies, such as CDI or adaptive codebook, however it is not convinced that substantial benefits can be obtained in limited feedback overhead. Improved feedback accuracy may provide performance gain to some extent, but whether this marginal gain is necessary needs to be investigated when considering the feedback overhead and additional standardization efforts. When we review the discussions on the Rel-8 PMI feedback, relevant optimizations and compromises had been debated, therefore, it is difficult to generate a new promising solution in the same feedback framework. Another argument is the testability, which has received considerable interests. RAN4 test case and CQI feedback addressing the receiver type are also important. Given that PMI type feedback is the benchmark of other implicit feedback schemes, Rel-8 PMI feedback is relevantly an optimized solution to SU-MIMO, which can be inherited in the Rel-10. 
Then we shed the light on 8-Tx operation in the Rel-10. In a typical 8 antenna configuration, cross-pole high correlated antenna array setup is common. It is noticed that the 8-Tx cross-pole antenna array comprises the long term/wider band channel property, as well as short term/narrow band channel property [1]. Nevertheless, it is demonstrated that Rel-8 type PMI feedback can be utilized in the 8-Tx transmission [2]. From codebook construction point of view, a single codeword can both carry wideband information and subband information. As a consequence, single PMI feedback is feasible. If same feedback overhead of 8-Tx can be maintained as in Rel-8 4-Tx case on the basis of acceptable performance, additional standardization efforts are very minimal. 
Hence, we suggest: 
Proposal
· Rel-8 type PMI feedback is enough to support SU-MIMO, targeting rank1-rank8 transmission.
3. MU-MIMO 
In Rel-9, dual layer beamforming was introduced to enhance downlink transmission. As a consequence, SU-MIMO and MU-MIMO both got significant improvement. In fact, thanks to DMRS, Rel-9 mode 8 has exceeded the initial expectation. Because of no limitation of the antenna array configuration in the eNB, Rel-9 MU-MIMO function can be used to fulfill the ITU requirements. Furthermore, Zero-forcing precoding is not precluded in the Rel-9 mode 8, which has been demonstrated with acceptable performance. Due to quasi-orthogonal DMRS sequence, at most 4 users MU-MIMO is supported. Regarding feedback accuracy, more accurate channel quantization can bring more performance gains. However, if we want to upgrade feedback accuracy without any limitation, any novel quantization and compression technologies are possible. But this exceeds the implicit feedback framework. Considering the timeline of Rel-10, feedback enhancement addressing MU-MIMO should focus on those simple solutions. 
It is well known that MU-MIMO can provide significant benefit in high correlated antenna array. We have noticed that Rel-8 4-Tx codebook has included 8 DFT-type matrixes, which facilitates MU-MIMO. In the RAN1#59bis meeting, not more than 2 layers per UE and up to 4-layer in total for MU-MIMO transmission were agreed, in this context, some additional feedback schemes, for example, multiple PMI feedback or adaptive codebook feedback, can not bring sufficient performance gain over Rel-9 MU-MIMO functionality at the same feedback overhead. Considering foreseeable standardization efforts, Rel-9 MU-MIMO feedback is reasonable to be reused in Rel-10.
Proposal
· Rel-9 MU-MIMO functionality should be inherited in the Rel-10.
4. Conclusions

In this contribution, we present some analysis on extensions of Rel-8 feedback in downlink MIMO. Based on the discussion above about feedback type for SU-MIMO and MU-MIMO we propose:

· Rel-8 type PMI feedback is enough to support SU-MIMO, targeting rank1-rank8 transmission.
· Rel-9 MU-MIMO functionality should be inherited in the Rel-10.
5. References

[1]. R1-100051, “A Flexible Feedback Concept ”, Ericsson, ST-Ericsson
[2]. R1-100890, “Codebook design for 8Tx DL MIMO”, CATT
[image: image1.png]




































































































































































































































































































































































































































































































































































































































































































































