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1. Introduction

In 3GPP RAN #57 meeting, the WID for enhancing DL MIMO was approved. In the WID for DL-MIMO enhancements, the CSI feedback enhancements are the main objectives as follows:  [1]:
· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signaling.
In this contribution, we discuss most of the above topics and give our opinion on each of these items.  
2. CSI feedback enhancement for DL MIMO
2.1. Codebook enhancement
For codebook enhancement, to increase the spatial domain granularity of codebook for 4Tx is the main consideration by most of the companies.
For this purpose, two-stage codebook structure can be a good reference which has been employed in Rel. 10 8Tx codebook design. By reusing this structure, specification effort can be reduced. Moreover, feedback overhead can easily match the current spec. The detailed codebook is FFS and depends on the 4Tx antenna configuration. It is better that we only design one codebook which considers the optimization of all the antenna configurations.
Proposal 1: To increase the spatial domain granularity of codebook for 4Tx, two-stage codebook structure can be a good reference. It is better to design one codebook which considers the optimization of all the antenna configurations. 
2.2. New CSI feedback mode
In current spec., for high layer configured subband feedback, only subband CQI can be reported. To provide sub-band CQI and sub-band PMI information, a new CSI feedback mode, PUSCH mode 3-2, can be considered, which includes both wideband PMI plus wideband CQI and subband PMI plus subband.
Proposal 2: PUSCH mode 3-2 can be introduced in Rel. 12 to support high layer configured sub-band CQI and sub-band PMI.
2.3. Finer frequency-domain granularity
Subband size for CSI feedback depend on the system bandwidth. For example, when the system has 20 MHz bandwidth, the subband size is 8 RBs in some cases. The granularity of subband for PMI/CQI feedback is getting worse when the system bandwidth is large, which can directly affect the performance. So it’s worthwhile to study this issued for new scenarios such as small cell where channel conditions may be different. However, the tradeoff between the granularity and the feedback overhead should be considered in the discussion.
2.4. CSI feedback enhancement for MU-MIMO 
Based on the current UE-specific reference signaling, when one UE is involved in the DL MU-MIMO operation, the maximum rank for him is only two. In current spec., The UE only reports SU-MIMO CSI information with rank from 1 to 8, which does not match the MU-MIMO operation when the RI is higher than 2. So to improve the support of MU-MIMO, one additional feedback with restricted rank (1 or 2) can be considered. Moreover, when rank is lower, it is also beneficial for MU-MIMO precoding matrix calculation and CQI prediction at the eNodeB side.
If there is one additional feedback for MU-MIMO with restricted rank, we can further reduce the MU-MIMO CQI mismatch problem by MU-MIMO CQI definition. To derive the MU-MIMO CQI in high accuracy, there can be a pre-defined companion PMI from the codebook in the spec., which can reflect the interference from the paired UE. The detailed pre-defined companion PMI assumption can be FFS for different codebooks. 
Proposal 3: To improve the support of MU-MIMO, one additional feedback with restricted rank can be considered. In addition, to derive the MU-MIMO CQI, there can be a pre-defined companion PMI from the codebook in the spec..
3. Conclusions

In this contribution, we discussed the issues of CSI feedback enhancements for DL MIMO. Based on the discussion, we mainly have 3 proposals as follows:
Proposal 1: To increase the spatial domain granularity of codebook for 4Tx, two-stage codebook structure can be a good reference. It is better to design one codebook which considers the optimization of all the antenna configurations.
Proposal 2: PUSCH mode 3-2 can be introduced in Rel 12 to support high layer configured sub-band CQI and sub-band PMI.
Proposal 3: To improve the support of MU-MIMO, one additional feedback with restricted rank can be considered. In addition, to derive the MU-MIMO CQI, there can be a pre-defined companion PMI from the codebook in the spec..
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