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1 Introduction
The WI of further downlink MIMO enhancement for LTE-A Rel. 12 [1] was already kicked off in RAN1 71. This contribution summarizes three promising MIMO enhancements for Rel. 12. A companion contribution [2], where the latest simulation assumptions agreed in [71-12] are used, reports the system throughput gains for the techniques proposed in this contribution. Other techniques can also be considered for Rel. 12 if satisfactory system throughput gains are reported.
2 Larger codebook
MU-MIMO enhancement has been extensively discussed in LTE-A Rel. 10 for homogeneous network. Precoding flexibility and accuracy were two hot topics during the Rel. 10 discussions. The CSI-RS/DMRS based RS structure provides much higher precoding flexibility than the conventional CRS based RS structure. Although the precoding flexibility is improved, the enhancement of feedback accuracy is still under discussion for Rel. 12 DL MIMO enhancement. It was agreed that Rel. 8 4Tx codebooks are reused in Rel. 10. For improving the accuracy, we notice that the constituent 4Tx precoding components of Rel. 10 8Tx codebooks have higher spatial resolution than the Rel. 8 4Tx ones. It may take minimum efforts to reuse those components for enhancing the 4Tx codebooks.
We believe that 6-bit codebook is a reasonable choice achieving a good trade-off between performance and complexity in most of the operator prioritized scenarios. Codebooks larger than 6 bits may be considered if sufficient performance gain is verified in the prioritized scenarios. Since the gain of closed-loop MIMO is expected to be smaller as the rank goes higher for 4Tx especially in MU-MIMO, the standardization efforts may be focused on enhancing the 4Tx rank-1 and rank-2 codebooks. 

For backward compatibility to Rel. 8/10 codebooks, we would like to maximize the reuse of those legacy components and methodology in constructing the new 6-bit codebook. For example, we can first increase the codewords of the 4Tx rank-1 codebook and then extending the rank-1 codewords to the rank-2 codewords using the nesting structure. One design example can be as follows. For the 48 codewords additional to the legacy 4-bits codebook, 24 of them can be the same as the 4Tx precoding components in Rel. 10 8Tx codebooks, which are DFT vectors with the spatial sampling resolution higher than the Rel. 8 4Tx codebook. Since those 24 codewords are DFT codewords, they benefit both XPol and ULA antennas. The remaining 24 codewords can be designed specifically for XPol antennas since this antenna configuration is more widely used in operators’ networks compared to ULA.

There are two ways, which are Rel. 8 and Rel. 10 codeword construction methods, to specify the codewords in the specification. Since the dimension sizes of the additional codewords are the same as the existing ones in Rel. 8, we propose to user the Rel. 8 construction method. 
Proposal 1:  Increase the 4Tx codebook size from 4 bits to 6 bits and use the Rel. 8 construction method to expand the codebooks.

3 MU-PMI
One general assumption is that eNB has access to all active UEs’ CSI reports but each UE can only see its own CSI. In order to benefit from MU-MIMO transmissions, two conditions need to be met. Condition 1: Number of active UEs should be at least two to perform MU-MIMO transmission. Condition 2: There is sufficient spatial separation among the UEs. The mechanism for the eNB to switch between SU-MIMO and MU-MIMO is described in Figure 1.
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Figure 1. eNB dynamically adapts SU-MIMO and MU-MIMO transmissions to the traffic and UE spatial distribution changes.

We have several observations on the eNB operation in the above flow chart. First, eNB dynamically switches between the two states, SU-MIMO and MU-MIMO. Second, when eNB switches to the other state, the UEs also need to switch the criteria of their CSI reports accordingly in order to maximize the throughput of the new state. For example, if the two conditions are met, the eNB may switch to MU-MIMO state and the original CSI reports optimized for high rank SU-MIMO may no longer be suitable for MU-MIMO. Third, the switching can be back and forth involving multiple UEs and the eNB. For example, the eNB may find enough active UEs for MU-MIMO and signal the switching to MU-MIMO. However, after reading the MU-MIMO CSI reports, the eNB may realize that the spatial separation among the UEs is insufficient for MU-MIMO and signal a switching back to SU-MIMO. It is apparent that a switch indication is needed for the UEs to change CSI report criterion between SU-MIMO and MU-MIMO. Finally, the indication bit may be broadcasted since MU-MIMO operation requires multiple UEs’ CSI reports targeted for MU-MIMO scheduling.  In summary we have the following proposal:
Proposal 2: eNB needs at least one broadcasting bit to inform all active UEs to switch between SU-MIMO optimized CSI reporting and MU-MIMO optimized CSI reporting.

4 PUSCH 3-2

We have shown in [2] that PUSCH 3-2 can provide reasonable throughput gains over PUSCH 3-1. Combining 6-bit codebook and MU-PMI can provide additional gains and the combined PUSCH 3-2, 6-bit codebook and MU-PMI can provide up to 25% throughput gains over the combined PUSCH 3-1, 4-bit codebook and SU-PMI. Therefore, we propose:
Proposal 3: PUSCH 3-2 should be supported in Rel. 12.
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