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1 Introduction
In RAN1 #59bis, a way forward on the feedback in support of single-cell SU-MIMO and MU-MIMO is agreed. In summary, two feedback enhancements are supported: feedback enhancement for SU-MIMO is supported as well as the feedback for enhanced MU-MIMO is supported. 
Recall the agreement in RAN1 #59 meeting in Jeju that “switching between SU- and MU-MIMO transmission is possible without RRC reconfiguration.”

Therefore, a natural question comes: how to provide feedback support for a transmission mode which supports both SU-MIMO upto 8 layer spatial multiplexing and MU-MIMO upto 2 layers per UE?
In this contribution, we will introduce a feedback framework based on Rel-8 type of implicit feedback and show how the introduced feedback framework could provide efficient support for dynamic switching between SU-MIMO and MU-MIMO.

2 Feedback Support for SU-MIMO

In Rel-10, SU-MIMO upto 8 layer spatial multiplexing will be supported. A natural feedback support for this type of transmission scheme is to use Rel-8 type of CQI/PMI/RI feedback with new 8 Tx codebook as illustrated in [1]. In this case, 

· PMI/RI are determined based on the distance measure between the UE’s observed channel and the codebook entry in the codebook. PMI and RI jointly specify a codebook entry.

· CQI is computed assuming that the reported codebook entry is interpreted as a recommended precoder by the eNB 
3 Feedback Support for Enhanced MU-MIMO
In Rel-10, enhanced MU-MIMO upto 2 layers per UE will be supported. As discussed in previous RAN1 meetings and observed by Mr. Chairman in RAN1 #59 meeting that “techniques based on Rel-8 CQI/PMI feedback extension to focus on”. Therefore, it is desirable to let the feedback support for enhanced MU-MIMO to have similar structures as Rel-10 SU-MIMO feedback. There are multiple ways to achieve this goal: 

· Alt. 1: Rank restricted SU-MIMO feedback in support of enhanced MU-MIMO: as suggested in [2, 3] that both rank 1 and rank 2 PMI/CQI/RI feedback for SU-MIMO could be used to generate precoding information and MU-CQI predication at eNB. The accuracy of the generated MU-MIMO precoding and CQI predication depends on the feedback granularity of the PMI and CQI.

· Alt. 2: Multiple PMIs/CQIs feedback in support of enhanced MU-MIMO: as suggested in [4], best-companion PMI feedback can be used to provide enhanced feedback support for MU-MIMO. Essentially, the best-companion PMI tells eNB about the null-space of the particular UE and this information could be helpful in generating MU-MIMO precoding at the eNB. Alternatively, instead of sending the additional PMI as best-companion PMI to describe the null-space, UE could also send the additional PMI to better describe the signal space. This method can be seen more clearly in [5].
Note that the difference between Alt. 1 and Alt. 2 mainly lies in the feedback granularity. If single PMI/CQI/RI feedback report has sufficient granularity, there is no need to use additional feedback report to convey information on either the null-space or the signal-space of the channel. Therefore, there will be no need to use Alt. 2 on top of Alt. 1. However, if the feedback granularity is not sufficient, then methods like Alt. 2 should be considered for providing higher resolution of the channel to the eNB since MU-MIMO is more sensitive to accuracy of the channel feedback. 
4 Feedback Framework for Enhanced SU/MU-MIMO

As discussed in the previous sections that LTE-A needs to support both of SU-MIMO and MU-MIMO transmission schemes dynamically and these two schemes can be both supported in the Rel-8 type of feedback framework, we could potentially multiplex the feedback supports discussed in Section 2 and Section 3 to enhance SU/MU-MIMO dynamic switching as shown in Figure 1. 
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Figure 1: Multiplex Two Feedback Components

As a detailed example, we could have two feedback components: no-rank restriction of CQI/PMI/RI feedback for SU-MIMO transmission scheme upto 8 layers spatial multiplexing and rank restriction CQI/PMI/RI feedback to enhance MU-MIMO transmission scheme. This can be seen more clearly in Figure 2.
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Figure 2: Multiplex PMI/CQI/RI Based Feedback
In Figure 2, a UE is configured to periodically feedback Rel-8 type of PMI/CQI/RI and periodically feedback upto rank 2 Rel-8 PMI/CQI/RI feedback. The periodicity of feeding back the Rel-8 type of CQI/PMI/RI is P subframes while the periodicity of feeding back the rank restricted feedback is MP subframes. 

5 Discussion on Feedback Accuracy

For both SU-MIMO and MU-MIMO, methods to improve feedback accuracy are needed. Potential methods include adaptive codebook [6], differential codebook [7], multi-granular codebook [8], and multiple description code [9]. Note that since the two feedback components in the introduced feedback framework share the same feedback structure the methods to improve feedback accuracy should be used for both components. Once the methods to improve feedback accuracy are supported, we could potentially nail down the selection of the corresponding feedback information for enhanced MU-MIMO, that is, the selection between Alt. 1 or Alt. 2 in Section 3. 
6 Conclusion
In this contribution, we analyze the feedback information for supporting both SU-MIMO and enhanced MU-MIMO. A unified framework based on Rel-8 type of feedback is proposed. The proposed framework is a rather simple extension of the Rel-8 feedback framework where currently discussed methods for improving feedback accuracy could be readily incorporated.
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