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1. Introduction
Current feedback scheme provides very good trade-off between CSI feedback overhead and system performance for SU-MIMO systems. For MU-MIMO, some companies think that it has not fully exploited the potential gain of MU-MIMO by using the current CSI feedback.  Many feedback enhancement schemes has been proposed and studied during Rel-10 and Rel-11 DL MIMO SI phase.  Unfortunately, no consensus on whether to specify CSI feedback enhancements was reached due to a large variation in the gains presented by different companies. So these schemes are further studied in Rel-12 [1] with the updated simulation assumptions agreed in email discussion after RAN1#71.  In Rel-11, new CSI feedback schemes are specified for supporting COMP which can also be reused for MU-MIMO enhancement. With that, we revisit some of these schemes in this contribution and give our views and proposals.
2.  Multi-component Feedback

Under the current CSI feedback, a UE is not aware of the co-scheduling users when determining CSI. Hence it only evaluates its own link performance and report CSI feedback i.e. RI/CQI/PMI based on the assumption of SU-MIMO. The reported CSI may be ill-matched to MU-MIMO transmission which may have different ranks.  Multi-component feedback scheme [2] tries to address this issue.  For example, in addition to SU-MIMO CSI report without rank restriction, a rank-restricted CSI report for MU-MIMO operation is fed back. Performance gain can be achieved through better SU/MU scheduling flexibility due to multi-component feedback. 
In Rel-11, multiple CSI processes scheme has been specified.  Rank restriction is done independently for each CSI process.  In addition, CSI-process specific Pc can be configured by eNB. This allows the eNB to flexibly control assumption on the PDSCH power of each process when the UE determines the CSI feedback. Reusing this scheme achieve the effect of multi-component CSI feedback. The eNB can configure two CSI Processes to UE with different Pc. The value of Pc can softly control the RI selection of the corresponding CSI process at UE side.  If a small value of Pc is configured for a CSI process, UE will assume PDSCH power is low and hence low RI is fed back in higher chance in the corresponding CSI process.  Therefore, multi-component feedback is already supported in Rel-11.  
Observation: Multi-component feedback is already supported in Rel-11 specification.
3. MU-CQI

In order to achieve noticeable gain from MU-MIMO, accurate link adaptation and reliable dynamic switching between SU and MU-MIMO is very important.  For that, an accurate estimate of the CQI for MU-MIMO is necessary.  Best companion approach for single-cell is proposed in [3] for achieving better MU-CQI prediction. Orthogonal codewords in the current codebook have a much larger chance to be selected as a best companion. Hence, a UE can compute one or a set of best companion CQI based on the pre-assigned companion set(s).  However, it may be difficult for the UE to define pre-assigned companion set(s).  The network can signal the UE about the set(s) but it will costs additional signaling and there is signaling on delay if it is done via RRC.  It is expected standardization effort for this feedback mechanism is not small.
Starting from Rel-11, the UE can measure interference based on IMR. However, Rel-11 doesn’t specify the interference measurement to be done in a particular subframe explicitly.  It is a UE implementation issue to do the interference averaging across the IMR resources in different subframes.  We can reuse the new interference measurement scheme specified in Rel-11 with a small modification on reference subframe to obtain best companion CQI.  The network can assign a UE specific subframe which contains aperiodic IMR for interference measurement.  This subframe can be just the reference resource of aperiodic CSI feedback. If MU CSI feedback is required from the network, the network can trigger the UE to report aperiodic feedback.  At the same time, the network can generate interference signal from the serving TP on the IMR in the CSI reference resource.  The interference signal can be decided by the serving TP itself based on the expected scheduling in the future subframes.   Multiple UEs can share the same IMR if the same MU interferer is expected for these UEs.  If a different MU interfering precoder is expected for another UE, the network can do the same CSI triggering at some other subframe with transmission of interference with different precoder on the IMR as shown in the figure below. 
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In summary, periodic IMR can be shared by multiple UEs to achieve the effect of UE-specific aperiodic IMR if the network can control the interference averaging window on the UE.
Proposal 1: Configurable interference averaging window or aperiodic IMR should be supported in order to support MU-CQI.
4. 4Tx Codebook enhancement
For MU-MIMO, CSI feedback accuracy on precoding is required to minimize the MU-interference. CSI feedback error can cause inter-user interference that may wipe off the gain of MU-MIMO over SU-MIMO, especially when it reaches interference limiting scenario as SNR increases. Unlike 8Tx codebook design in Rel-10, we didn’t optimize MU-MIMO performance fully when we design 4Tx codebook in Rel-8. In our previous contribution [4], we show our 4+3bit 4Tx codebook design and evaluation results based on the new simulation assumptions are given in [5]. We can see the enhanced codebook still provides significant spectral efficiency gain with small overhead increasing in PUSCH feedback modes 3-1 and 2-2.
Proposal 2: Enhanced codebook should be supported at least for PUSCH mode 3-1 and 2-2
5. Finer frequency-domain granularity
CQI feedback granularity is also an important factor affecting performance. Simulation is done to evaluate the impact of CQI feedback granularity on performance. The results in [5] are given for SU-MIMO and MU-MIMO scenarios respectively. We compare two granularities, 3RB and 6RB.  The results demonstrate benefit of using finer granularity of CQI feedback.  7% gain can be achieved on cell average spectral efficiency.
Proposal 3: Finer and configurable subband granularity for PUSCH feedback modes should be considered.
6. Conclusion
In this contribution we revisit various feedback enhancement schemes proposed in Rel-10 and Rel-11. We give our views and proposals considering the new CSI feedback schemes introduced in Rel-11.
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