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1. Introduction

In RAN #51 meeting, the SI of downlink MIMO enhancement for LTE-A was approved [1]. The main points on CSI enhancements are:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

In this contribution, we discuss CSI feedback enhancement for DL MIMO and propose adopting implicit feedback and SRS-based channel reciprocity in the stage of Rel-11. For 4Tx, necessity of CSI feedback enhancement is essential. We suggest designing a new codebook for 4Tx and primarily consider applying dual-codebook structure as in Rel-10 8Tx codebook.
2. CSI feedback enhancement for DL MIMO 
After extensive discussion, Rel-8 type of implicit feedback consisting of RI, PMI and CQI reports and SRS-based operation complemented with implicit CQI feedback were adopted in Rel-10. Since no changes in feedback methodology need to be done, much of the extensive work in RAN4 when it comes to testing methodology can be reused. On one hand, implicit feedback is clearly preferable for SU-MIMO as it minimizes the signaling overhead for a given performance, on the other hand, it also enables to reduce spatial quantization errors for MU-MIMO and other advanced transmissions by advanced feedback enhancement techniques such as multi-granular precoder [2], differential feedback [3], and adaptive codebook [4] and so on. Further more, substantial investigations show that short term CSI for TDD and long term CSI for FDD can be derived by exploiting channel reciprocity [5][6]. It is natural to use channel reciprocity to derive channel information if it is available since no more feedback overhead and very little standardization efforts are needed. In contrast, explicit feedback needs more signaling overhead, and it seems highly unclear how to test explicit feedback. Even the definition of explicit feedback, i.e., “Channel as observed by the receiver, without assuming any transmission or receiver processing” [7] is unclear since receiver processing will always be included when measuring the channel. Therefore, the study of CSI feedback enhancement should be within scope of implicit feedback and SRS-based channel reciprocity in Rel-11.
Proposal 1:

· CSI feedback enhancement should be within scope of implicit feedback and SRS-based channel reciprocity in Rel-11.

In Rel-10, the CSI feedback to support downlink MIMO has been enhanced with a new dual-codebook structure for 8-tx antenna case aimed at improving CSI accuracy at the eNB without increasing the feedback overhead excessively. Feedback enhancements for 4Tx with single cell MIMO transmission were also widely discussed. Though no agreements were reached, many companies had agreed that there were significant gains for enhanced feedback schemes for 4Tx case [8].
Besides MIMO transmission in traditional homogeneous deployments, DL MIMO enhancements in Rel-11 should also be considered in new scenarios, including non-uniform networks deployments, low-power nodes, relay backhaul and practical antenna configurations. 4Tx cross-polarized antennae system could be expected to be deployed widely in future. However, the current codebook in [6] is not accurate enough for this configuration even for traditional single cell MU-MIMO. Moreover, in the new scenarios as low-power RRH, due to much smaller coverage of each transmit point, users will be scheduled more frequently under CoMP mode, while in relay backhaul, higher channel spatial correlation and clearer channel separation between relay nodes due to highly correlated antenna configurations will lead to more frequent MU transmission. In light of the performance of MU-MIMO and CoMP, accuracy of CSI feedbacks are highly sensitive than in SU-MIMO case, CSI feedback enhancements become necessary in those cases. Therefore, improving CSI accuracy can achieve more throughput gains. CSI feedback enhancement especially for 4Tx is more essential in Rel-11.
Proposal 2: 
· CSI feedback enhancement especially for 4Tx is more essential in Rel-11.
Considering the limited time for SI in Rel-11 and testing burden, we should avoid too many CSI feedback options. Therefore, an efficient scheme that has a low impact on the specifications is desirable. For instance, a codebook design similar to 8Tx dual-codebook structure in Rel-10 may be preferred considering the long discussions on the dual-codebook structure design in the past and reuse of existing feedback frameworks. The concrete precoder is constructed as 
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where, the first precoder W1 is to track wideband/long-term channel properties and changes slowly over time so W1 does not need to be reported often. The second precoder W2 tries to match the frequency-selective/short-term time channel properties, such as phase alignment for constructive combining of transmitted signals on receiving side, or orthogonalization of the effective channel. As such it needs to track the instantaneous properties of the channel and thus may benefit from being reported often and in a frequency-selective manner. The main idea of this design scheme is to compress the channel using the long-term codebook in a lower dimension, whose variation is then tracked using the short-term codebook. The combination of W1 and W2 depicts the spatial channel with high accuracy. 
Details codebook and feedback design should consider the channel properties of different environments and deployment scenarios, e.g. relay backhaul scenario and cross-polarization antenna configuration, and benefit of channel reciprocity should be considered in order to reduce signaling overhead. Reusing the existing feedback frameworks should be considered as much as possible.
Proposal 3: 
· Dual-codebook structure is preferred for 4Tx codebook design.
3. Conclusions

Based on the discussion above about CSI feedback enhancement, we have the following proposals:
Proposal 1: CSI feedback enhancement should be within scope of implicit feedback and SRS-based channel reciprocity in Rel-11.
Proposal 2: CSI feedback enhancement especially for 4Tx is more essential in Rel-11.

Proposal 3: Dual-codebook structure is preferred for 4Tx codebook design.
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