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1. Introduction

In RAN1#66 meeting, it was agreed that the following scenarios (A, B, C) would be studied with high priority, and Scenarios A and C would be the first priority, while Scenario B would be the second priority [1].
A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx)
· Closely or widely spaced
B. Outdoor and/or indoor low-power RRHs, with coordination with the macro
· High power RRH + low power RRHs 
C. Outdoor small cell(s) with localized antennas
· Cross polarized/Co-polarized (mainly 4Tx)
· Uncorrelated (less correlated)
· Low mobility
After RAN1#66Bis meeting, CSI feedback enhancements related to a single CSI-RS/CRS resource has been identified to be investigated under the AI of DL MIMO.
This contribution provides our views on codebook and feedback enhancements of Scenarios A/C and B for Rel-11 DL MIMO. The discussion is limited to single CSI-RS resource feedback.
2. Views on codebook enhancements

Though the relationship between CSI-RS resource and transmission point is an implement issue and transparent to UE, it should be identified at first for codebook design because different assumptions will lead to different channel spatial characteristics and thus different codebooks. In this part, codebook enhancements under single point and multiple point assumptions are discussed, separately.
2.1. Codebook enhancement under single point assumption
As discussed in the former contribution [2], it had been observed:
· Observation 1: 4Tx codebook should be enhanced for Scenarios A to improve the SU/MU-MIMO performance under cross-polarized antenna configuration.
· Observation 2: Whether 2Tx codebook should be enhanced or not for Scenario C is FFS.

· Observation 3: 4Tx codebook should be enhanced under both closely spaced cross-polarized antenna array and ULA configurations for Scenario C.

· Observation 4: Since the channel spatial characteristics of Scenario B is the same with that of Scenario C, the codebook optimized for Scenario C is also optimized for Scenario B under single point assumption.

A unified 4Tx codebook designed for both Scenarios A/C and Scenario B under single point assumption considering all prioritized antenna configurations was proposed with similar dual-codebook structure to the 8Tx codebook in [3]. Simulation results show that moderate performance gain (around 10%) could be achieved by codebook enhancement in all scenarios.
Proposal 1:

· Unified 4Tx codebook for Scenarios A/C and Scenario B under single point assumption should be enhanced; dual-codebook structure should be used as the baseline for 4Tx codebook enhancement.
2.2. Codebook enhancement under multiple point assumption
Codebook design under multiple point assumption in Scenario B was not recommended in the former contribution [4] considering the standardization complexity. Due to the same reason, it is not recommended in any scenarios in Rel-11 stage. Though high quantization accuracy can be achieved by PMI feedback with multiple point assumption theoretically, various factors make codebook design under multiple point assumption very hard in real-life, and much more feedback overhead may be required to achieve considerable feedback accuracy.
On one hand, the unequal transmission power and different path loss cause the imbalanced received power among the aggregated antenna ports, thus new codebooks with non-constant modular elements are required; otherwise, only TPs within a small power difference range can be scheduled. On the other hand, diverse antenna configurations and TP deployments leads to the diversity of spatial channel characteristics, for example, the spatial characteristics of aggregated channel with antenna configurations of || and X will be much different from that of antenna configurations of X and X, and the spatial characteristics of aggregated channel of two Macro cell are also different from that of two low power nodes. Therefore, multiple codebooks or a unified codebook with large size is prerequisite to address channel quantization in different conditions.
However, the channel measurement and feedback with single CSI-RS resource under multiple point assumption is not forbidden since the relationship between CSI-RS resource and transmission point is an implement issue. If enough feedback accuracy can achieved by codebook designed under single point assumption, the channel measurement with single CSI-RS resource can be utilized and the aggregated channel can be fed back using the codebook designed under single point assumption.
Proposal 2:

· Codebook enhancement under multiple point assumption is not recommended in any scenarios in Rel-11 stage.
3. Views on feedback enhancements
In the former contribution [7], we discussed the potential areas of CSI feedback enhancement and proposed that:
· Implicit feedback should be reused considering the limited time and burdensome task of Rel-11.

· Similar dual-codebook design to the 8Tx is desirable for 4Tx codebook enhancement of Rel-11.

· The problem of interference measurement should be well addressed.
· Feedback mode enhancements with increased feedback overhead can be considered in scenarios with higher UL throughput.

· Based on dual-codebook structure, a unified codebook combining with different codebook subset can adapt to various scenarios.
For feedback mode enhancement, the performances PUSCH reporting mode 3-2 is evaluated under Scenarios A/C and B in [5] and [6], respectively. The simulation results show that significant performance improvement (more than 15%) can be achieved by the combination of codebook enhancement and PUSCH reporting mode 3-2.
The largest obstacle of feedback mode enhancement is the increase of UL overhead. In Rel-11, besides the homogenous macro deployment (Scenario A), heterogeneous deployment with low power nodes (Scenarios B and C) are also considered. The reduced path loss in small cells and resulting higher UL throughput can enable higher feedback payloads for an affordable overhead, thereby allowing more CSI feedback enhancements. Moreover, the channels of small cell have different characteristics from that of Macro cell due to larger angle spread and smaller delay spread. The current feedback modes designed under the Macro cell may be not suitable for small cell. Therefore, small cell is the most important scenario for feedback mode enhancement.
Proposal 3:

· Feedback mode should be enhanced considering the different channel characteristics and higher UL capacity of small cell.
4. Conclusions

In this contribution we provide our views on codebook and feedback enhancements of Scenarios A/C and B for Rel-11 DL MIMO with the following proposals.
· Proposal 1: Unified 4Tx codebook for Scenarios A/C and Scenario B under single point assumption should be enhanced; dual-codebook structure should be used as the baseline for 4Tx codebook enhancement.
· Proposal 2: Codebook enhancement under multiple point assumption is not recommended in any scenarios in Rel-11 stage.
· Proposal 3: Feedback mode should be enhanced considering the different channel characteristics and higher UL capacity of small cell.
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