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1. Introduction
At RAN #57 meeting, study on “Further downlink MIMO enhancement for LTE-Advanced” has been approved as a Rel.12 WI, where CSI feedback enhancement candidates are listed. To evaluate CSI feedback enhancements and identify the most promising solutions, the evaluation assumptions for DL MIMO enhancement were discussed in RAN1 #71 meeting and agreed during later email discussion. In this contribution, we show our views on CSI feedback enhancements for DL MIMO in Rel.12.
2. Discussion on CSI feedback enhancements
During the discussion on downlink MIMO enhancement in Rel.11, RAN1 decided to study the scenarios of Macro cell and outdoor small cell with high priority [2]. For Macro cell, cross-polarized antennas with closely or widely spaced are preferred choices of the operators and will be widely used in the future. For outdoor small cells, both cross-polarized and co-polarized are assumed. The channel has the properties of lower correlation among transmit and receive antennas, low mobility and low delay spread [3]. With these newly introduced small cells, configurations with geographically separated antennas become real-life MIMO deployments, which have the property of power imbalance between antenna ports. Based on these common views for MIMO scenarios and channel properties, we further discuss the following CSI feedback enhancements.
· 4Tx feedback codebook enhancement
Accurate feedback of spatial channel information is important for the eNB to choose a suitable precoder and thus achieve MIMO gain, especially for MU-MIMO which is more sensitive to feedback accuracy. Since small cells may have fewer UEs, and hence fewer burdens on uplink capacity, larger feedback overhead could be supported to accommodate a larger size codebook. Finer spatial domain CSI feedback is preferred. In Rel.10, a dual codebook structure is adopted for 8Tx codebook design to improve CSI accuracy without increasing the feedback overhead excessively. This can be considered as a candidate for 4Tx codebook enhancement, especially for cross-polarized antenna configuration. On the other hand, line-of-sight situations are common in small cell. More precise beams are beneficial for directional transmission to intended UEs. Codebook with finer spatial resolution, especially low rank codebook, is preferred for supporting precise beamforming.
For geographically separated antenna configurations, the existing constant modulus codebook cannot reflect transmit power difference between geographically separated antenna ports. Enhanced codebook may be considered for global precoding, which takes into account both relative power imbalance and phase information between different transmission points [4]. 
Proposal 1: Codebook with finer spatial domain resolution could be used for 4Tx codebook enhancement.
· Additional CSI feedback for MU-MIMO
User pairing and multi-user CQI prediction are two key problems to achieve potential system gain with MU-MIMO transmission [5]. To make proper pairing and reduce interference between users, more spatial channel directional information is required. Additional feedback of best companion PMI provides null-space directional information and is useful for user pairing. Also, additional feedback with companion PMI cluster index is another alternative, which has more scheduling flexibility and larger pairing probability.
During Rel.10 discussion, the simulation results show that mismatch between the CQI feedback and the actual channel and interference condition causes performance loss [6]. For scenario with geographically separated antennas, the possibility of power imbalance for different antenna ports makes interference situation more complex. CQI prediction at UE’s side could reduce mismatch with more accurate channel state information and assumed companion PMI. Therefore, additional CQI feedback for MU-MIMO could help to harvest MU-MIMO performance gain, which could use differential feedback relative to single user CQI to reduce feedback overhead. 
Proposal 2: Additional CSI feedback could be used to improve MU-MIMO system performance.
· New feedback mode
For new CSI feedback mode, frequency selective PMI and frequency selective CQI are reported in the same PUSCH. It provides system performance gain with more feedback overhead. It was suspended during Rel.10 because of the tight schedule and the elaborated details of mode design such as whether to use subsampling. For small cell scenario, larger feedback overhead could be supported and new feedback mode can be introduced. To account for the tradeoff between feedback overhead and system performance gain, the feedback granularity of subband PMI needs to be further evaluated. The subband feedback granularity is another area for improvement. In the current specification, subband size is determined by system bandwidth and feedback mode according to a predefined table in TS36.213. For example, we consider subband size is 8 with a configuration of 20MHz system bandwidth and feedback mode 3-1. In this case, a smaller subband size could be introduced to achieve finer PMI/CQI feedback and thus improve MU-MIMO performance for the channel with large delay spread. Therefore, it is worthwhile to study the suitable suband size.
Proposal 3: A new CSI feedback mode with reasonable feedback overhead is introduced to improve system performance. 
3. Conclusions
In this contribution, we share our views on CSI feedback enhancements for DL MIMO. Our proposals are as follows:
Proposal 1: Codebook with finer spatial domain resolution could be used for 4Tx codebook enhancement.
Proposal 2: Additional CSI feedback could be used to improve MU-MIMO system performance.
Proposal 3: A new CSI feedback mode with reasonable feedback overhead is introduced to improve system performance.
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