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1. Introduction

In [1], a SI on Rel-11 downlink MIMO enhancement is approved to study MIMO performance in practical antenna configuration, especially 4Tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs. Also, it is approved to evaluate UE CSI feedback accuracy enhancement, especially for MU-MIMO operation. 
After RAN1 #66 meeting, there was an e-mail discussion to agree on the scenarios and assumptions for DL MIMO feedback enhancements. 

Here is the summary of agreement [2].

Focus on the high priority scenarios (A, B, C) for feedback enhancement in the DL MIMO SI, within which Scenarios A and C have higher priority than Scenario B. The scenarios identified with lower priority, including their simulation assumptions, can be discussed in a later stage when the study on the high priority scenarios is close to completion.

The feedback solution optimized for single point transmission (Scenarios A/C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission.
So, it is desirable to consider single point CSI feedback (scenario A and C) first while we can further optimize/extend it for multiple point CSI feedback (scenario B). Anyhow, for all scenarios it is assume to employ cross-polarized antennas at each point.
Since single point CSI feedback for cross-polarized antenna cases were discussed during Rel-10 timeframe, we would like to describe the overview of Rel-10 proposals for CSI feedback enhancement in this contribution. And detail proposals and evaluation results for 4Tx codebook design and feedback enhancement are further discussed in companion contribution [3] while new consideration points such as multiple point perspective are also discussed in other companion contribution.
2. Proposals in Rel-10 for CSI Feedback Enhancement
Two possible areas of MU-MIMO feedback enhancements were discussed during Rel-10 timeframe such as finer CSI feedback granularity reporting and MU-MIMO based CQI/PMI reporting.

2.1. Finer CSI feedback granularity 
One of possible enhancement areas of MU-MIMO transmission is CSI feedback granularity increment [4]-[12]. In this category, finer beam granularity and time/frequency CSI reporting granularity were considered. 

In case of increasing frequency granularity, the PUSCH reporting mode 3-2, i.e. subband PMI/CQI reporting, was proposed. 

In case of increasing beam granularity, multi-granular codebooks were proposed. Although the Rel-8 codebook is well designed to use universally regardless of the antenna configuration and the spatial correlation, the performance of the low rank is not fully optimized due to coarse beam resolution. Therefore, to further enhance the performance of the low rank transmission and/or MU-MIMO transmission, new feedback codebooks can provide finer beam resolution in lower rank with reasonable feedback overhead. Proposals for feedback codebook enhancement for 4Tx can be categorized by adaptive codebook, differential codebook and GoB-based codebook. The adaptive codebook transforms a base codebook (i.e. Rel-8 codebook) into a transformed codebook to further increase spatial correlation so that beamforming gain can be enhanced. To reduce the excessive overhead of covariance matrix feedback, the covariance matrix is estimated and averaged over the whole frequency band in a long duration, and quantized so that a limited number of bits for the covariance matrix feedback are used. The differential codebook adopts phase diagonal matrix to refine beams formed by a base codebook in frequency / time domain. Since the wideband beam is adjusted by subband phase diagonal matrices, the finer beam granularity is provided with the even less feedback overhead compared to that of Rel-8 codebook assuming frequency selective precoding. The last one is a GoB structure which was adopted for 8Tx feedback codebook design to provide a unified precoding structure optimized for both cross-polarized and co-polarized antenna configurations at the same time so that reasonable performance could be obtained irrespective of the antenna configurations with even less feedback overhead as well compared to that of Rel-8 codebook under the frequency selective precoding assumption. When it comes to feedback overhead, GoB structure based codebook or differential codebook rather than adaptive codebook can have an advantage of reduced feedback overhead
Proposal: Finer CSI feedback granularity such as new codebook and/or frequency granularity increase can be considered as a part of Rel-11 feedback enhancement while performance verification is needed for overhead increase.
2.2. MU-MIMO based CQI/PMI reporting 
To better estimate supportable MCS level or reduce co-channel interference, MU-MIMO based CQI calculation with reference rank indication [13] and the best companion PMI along with its associated CQI reporting [14]-[17] have been proposed. 
For MU-MIMO based CQI calculation, a reference rank can be provided by an eNB so that a UE calculated the MU-MIMO based CQI by assuming that the composite transmission rank of MU-MIMO transmission is the same as the reference rank. In this case, the CQI is calculated with the preferred beam vector with nulling beam vector(s) within the reference rank which implies that a UE assumes one beam is used for the UE and the other beams are used for other UEs. Since the reference rank can be fixed or semi-statistically configured by higher layers, there is almost no overhead increase.

For the best companion PMI along with its associated CQI reporting, a UE reports recommended PMI(s) for co-scheduled UE(s) which can be used to minimize the interference by using ZF-beamforming at the eNB transmitter. In addition to that, the UE reports associated CQI. In this case, performance gain can be obtained by additional CQI/PMI reporting.

One important consideration point for new feedback mechanism is maintaining feedback overhead comparable as that of Rel-10 since there is a trade-off between CSI accuracy and uplink feedback overhead. Moreover, if we maintain feedback overhead comparable as that of Rel-10, then we don’t need to put much additional specification efforts in terms of uplink physical control channel or UE reporting procedures.

Proposal: MU-MIMO based PMI and/or CQI such as indicating reference rank and/or reporting best companion PMI can be considered as a part of Rel-11 feedback enhancement.
Proposal: Feedback overhead and performance enhancement trade-off analysis should be investigated in Rel-11 study item phase.
3. Summary
In this contribution, we discussed on the CSI feedback enhancement on single point transmission in Rel-11. The discussions could be summarized as follows:

· Finer CSI feedback granularity such as new codebook and/or frequency granularity increase can be considered as a part of Rel-11 feedback enhancement.
· MU-MIMO based PMI and/or CQI such as indicating reference rank and/or reporting best companion PMI can be considered as a part of Rel-11 feedback enhancement.
· Feedback overhead and performance enhancement trade-off analysis should be investigated in Rel-11 study item phase.
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