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1. Introduction

In RAN #51 meeting, the SI of downlink MIMO enhancement for LTE-A was approved [1]. Inline with the SI, new codebooks or techniques for codebook selection, modification or update will be identified and investigated for 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).
In this contribution, we analyze the potential codebook enhancements and provide our views on codebook enhancements for Rel-11 DL MIMO.
2. Scope of the codebook enhancements
The Rel-8 MIMO and subsequent MIMO enhancements in Rel-10 were designed mostly to optimize the performance in homogenous macro deployment. While in Rel-11, the requirements to enhance performance for non-uniform network deployments (e.g. heterogeneous deployment) has grown. The MIMO performance for non-uniform deployments, such as low-power nodes (including indoor), relay backhaul scenarios, especially macro-node with low-power RRHs attract more operators’ interests. Furthermore, in the offline discussions operators have clearly shown that ULA configurations are not preferred, while closely spaced cross polarized arrays will be widely deployed for both macro sites and RRH scenario. Practical antenna configurations especially 4 tx with closely spaced cross polarized arrays should also be paid more attentions to. Summarily, the enhancements in Rel-11 stage are bought in by newly introduced heterogeneous deployments and antenna configurations.
To well support the DL MIMO transmission for non-uniform network deployments and practical antenna configurations, the CSI feedback enhancement will be investigated and evaluated, including CSI feedback for a single or multiple transmission points in single-cell RRH scenario under the enhanced DL MIMO SI. For codebook enhancements, the requirements of enhancements come from the different antenna configurations and the different channel characteristics in new deployment scenarios from that of the Rel-10. Concretely, the new characteristics and new settings should be addressed are analyzed as follow.
· Closely spaced cross-polarized antenna configurations: For co-located transmit antenna arrays, closely spaced cross-polarized antenna configurations will be widely deployed in Rel-11. The Rel-10 8Tx codebook has been already designed for such antenna configuration; therefore, no further enhancement is required. For 2Tx, little performance gain can be anticipated by codebook enhancement due to the small number of transmit antenna; thus the necessity of 2Tx codebook enhancement is not emerged, either. While for 4Tx, the current codebook is optimized for closely spaced ULA and low correlated spatial channels, thereby performance may not be optimized for closely spaced cross-polarized antenna configurations, and many companies observed that there were significant gains for 4Tx codebook enhancements in Rel-10 time frame [2], especially in closely spaced cross-polarized antenna configurations. However, no enhancements were approved in Rel-10 due to limited time. Therefore, attention should be paid to codebook enhancement for this configuration to improve the channel quantization accuracy in Rel-11 stage.
· Geographically-separated antennas configurations: For distributed antenna arrays, the received power from different antenna ports may be quite imbalance due to different path loss to the same UE from different transmission point [3]. Nevertheless, Rel-10 codebooks which are with constant modular had been designed under the co-located antenna array assumption; hence it is necessary to evaluated and identified the codebook and feedback enhancements for this new scenarios. Up to now, two feedback mechanisms, the aggregated and per-point feedback have been proposed and discussed by several companies. In aggregated feedback mechanism, the aggregated channel from multiple points to a UE is fed back jointly by global information just like it was generated by a single point. The global information can be the recommended global precoding matrix, the aggregated channel matrix, the full transmit channel covariance matrix or its main eigen component(s). While for per-point feedback, the channel state information of each point is separately fed back, and the aggregated channel can be reconstructed by multiple per-point feedback and complementary inter-point information. If the implicit feedback (e.g., PMI/CQI/RI) is still adopted in Rel-11, for aggregated feedback, new codebooks for diverse antenna port numbers may be needed and 2Tx, 4Tx, or 8Tx codebook shall be evaluated under geographically-separated assumptions to identify whether codebook enhancements are also necessary. While for per-point feedback, the attention should be focused on whether the current codebooks are applicable for per-point feedback.
· Non-uniform deployments, such as low-power nodes (including indoor), relay backhaul scenarios: 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 or MU-MIMO transmission; while in relay backhaul, higher channel spatial correlation and clearer channel separation between relay nodes due to higher antenna configurations will lead to more frequency of MU-MIMO transmission. In light of the performances of MU-MIMO and CoMP are highly sensitive to CSI accuracy than SU-MIMO, MU-MIMO and CoMP performance should be evaluated to determine the necessity and method of codebook and feedback enhancements in such cases. 
Summing up the above analysis, the possible codebook enhancements for DL MIMO includes:
· 4Tx codebook enhancements for closely spaced cross-polarized antenna configurations
· New codebooks design considering received power imbalance and/or diverse antenna port numbers in single cell RRH scenarios.

· For aggregated feedback, new codebooks for diverse antenna port numbers and 2Tx, 4Tx, or 8Tx codebook shall be investigated and evaluated.
· For per-point feedback, evaluation to justify whether the current codebooks are applicable and performance gain of codebook enhancements should be done.
Furthermore, the necessity of codebook enhancements to improve feedback accuracy should be evaluated for MU-MIMO and/or CoMP transmission in non-uniform deployments.
3. Views on codebook enhancements
3.1. On 4Tx codebook enhancements

In Rel-10 stage, a way forward on 4Tx codebook enhancement were agreed [2] and the proposed 4Tx codebook enhancements include dual-codebook structure based codebook [4], adaptive codebook [5], and differential codebook [6]. Considering the objective and timeline of Rel-11 and reduction of testing burden possibly, an efficient scheme that has low impact on the specifications may be more desirable. For instance, a codebook design similar to 8Tx dual-codebook structure in Rel-10 is preferred considering the long discussions on this subject in the past and reuse of existing feedback frameworks. However, the other designs which can achieve superior performance are not precluded.
3.2. On codebook designs for single cell RRH
In another contribution [7], we discuss the feedback mechanisms for single cell RRH and recommend that per-point exactly per-pattern feedback is recommended for single-cell RRH, considering the standardization efforts and limited time of MIMO SI. Since for aggregated feedback, new codebooks for diverse antenna port numbers may be needed and results in lots of standardization efforts, and even for 2Tx, 4Tx, and 8Tx, codebook enhancements may also be needed considering the imbalanced received power among aggregated antenna ports. Further more, it is difficult to derive individual per-point channel information from the aggregated feedback, therefore a tradeoff between feedback overhead and scheduling constraint is needed for aggregated feedback.
For per-point feedback, evaluation to justify whether the current codebooks are applicable and performance gain of codebook enhancements should be done. 4Tx codebook enhancement in per-pattern feedback is evaluated to be beneficial for both CoMP and MU-MIMO for homogeneous deployments in [8]. Benefit of codebook enhancement for single cell RRH scenario may be also anticipated. We tend to that codebooks already available in Rel-10 can be reused for per-point feedback and even if per-point feedback may be beneficial from codebook enhancement; however, there is no need to enhance codebook for CoMP transmission specially if codebook enhancement have been being considered for MU-MIMO in non-uniform deployments.
4. Conclusions

In this contribution, we analyze the potential codebook enhancements and provide our views on codebook enhancements for Rel-11 DL MIMO.
· 4Tx codebook enhancement for closely spaced cross-polarized antenna configurations is necessary and a codebook design similar to 8Tx dual-codebook structure in Rel-10 is preferred.

· Per-point feedback mechanism is recommended for single cell RRH scenarios and the Rel-10 codebooks are preferred for per-point feedback. Even if per-point feedback may be beneficial from codebook enhancement; however, there is no need to enhance codebook for CoMP transmission specially if codebook enhancement have been being considered for MU-MIMO in non-uniform deployments.
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