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Discussion
1
Introduction
In RAN1 #66 meeting, the deployment scenarios and assumptions including antenna configurations were agreed for single cell CSI feedback enhancement [1]. Three deployment scenarios (A, B, C) were captured with a prioritization in order to avoid overlapped discussions between enhanced DL-MIMO and CoMP studies. Scenarios A and C have been prioritized for CSI feedback enhancement in the enhanced DL-MIMO study item.

Scenarios for enhanced DL-MIMO:

· 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

In this contribution, we provide our views on candidates for CSI feedback enhancements in Rel-11 for single point CSI feedback. In this context we consider deployment scenarios A and C,  and a prioritized number of antenna ports.
2
CSI Feedback Enhancement
Single point CSI feedback enhancements have been studied in the RAN1 extensively, especially for MU-MIMO performance improvements. Enhancements which have been considered include; codebook enhancements, CSI feedback granularity, MU-MIMO specific CSI reporting, and interference measurement enhancements.
Codebook Enhancements
So far, several codebook enhancements have been proposed for four eNB antenna ports including new codebook structures, and/or an increased codebook size including adaptive codebook, and a dual-stage codebook. An adaptive codebook may provide enhanced beamforming gain by using the channel covariance matrix to increase the antenna correlation. As the spatial channel correlation increases benefits are shown mostly for lower rank transmissions due to an increased beamforming gain. Another approach to enhance the codebook is  to consider a dual-stage codebook for  4 Tx similar in design to that used for 8 Tx.  Since the most interesting antenna configuration is a cross-polarized 4 Tx for both high power macro eNB, and low power nodes, the dual-stage 8 Tx codebook structure may fit to 4Tx case as well. 
A benefit of the dual-stage codebook is that the PMI feedback overhead can be significantly reduced by the introduction of a different feedback granularity consistent with the correlation characteristics. Note that long-term wideband quantization is used for co-polarized antennas within 8 antnna ports, and short-term subband quantization is used for cross-polarized antennas. This may allow a larger codebook size with a similar CSI feedback overhead. These new codebook structures [2]-[3] were studied extensively in the previous releases, and showed a limited performance benefits while also requiring a non-negligible specification effort. Therefore, it is recommended to consider codebook enhancements as the lowest priority among those considered here for the single point CSI feedback enhancement candidates.
Proposal 1: Consider a new codebook design with lowest priority among the CSI feedback enhancement candidates. 

MU-MIMO Related CSI Feedback

The CSI feedback schemes adopted in previous releases are based on single-user MIMO, consequently co-channel interference is not considered in the CQI and PMI feedback derivation. Therefore, multi-user MIMO scheduling, and its associated link adaptation, completely dependent on the CSI feedback adjustment capability at the eNB transmitter. There is a potential for MU-MIMO performance enhancement by the introduction of MU-MIMO specific CSI feedback such as MU-CQI where CQI is calculated using an assumption for the co-channel interference. We also note that the additional MU-MIMO specific CSI feedback, in addition to SU-MIMO related CSI feedback, may also provide increased system throughput by allowing efficient dynamic SU-/MU-MIMO switching with appropriate link adaptation information. Common CSI feedback for SU-/MU-MIMO dynamic switching support was studied in Rel-10, several proposals including best/worst companion based MU feedback, and multi-component feedback [4]-[5] were discussed. During this discussion it was concluded that additional MU-MIMO specific CSI feedback resulted in a significant feedback overhead, and UE implementation complexity, while the performance gain was shown only in a few limited cases. Hence, another approach was introduced to use soft rank restriction in order for eNB to handle rank reporting by introducing a weight factor for each rank separately, without an unnessary feedback overhead increase so that the eNB may give more weight to lower rank transmissions even when the UE experiences a high geometry for MU-MIMO scheduling. These type of approachs seem to be quite attractive since they do not significantly increase the implementation complexity, and specification efforts. Therefore, we recommend to study MU-MIMO specific CSI feedback in Rel-11 which only requires a minimal specification effort, and/or implementation complexity.

Proposal 2: Study MU-MIMO specific CSI feedback designs which support a minimum specification effort. 
CSI Feedback Granularity

A finer CSI feedback graunarity can be supported in the time, frequency and spatial domains. A finer feedback granularity may provide better opportunities at eNB scheduler for multi-user scheduling, and/or accurate link adaptation. Unfortunately the CSI feedback overhead may be increased significantly as the CSI feedback granularity becomes finer.   
In Rel-8/9/10, PUSCH mode 3-2 was proposed as a CSI feedback enhancement. PUSCH mode 3-2 provides support for the combination of subband PMI reporting with subband CQI reporting.  This allows support for a finer time/frequency CSI feedback granularity.  
The benefit of supporting PUSCH mode 3-2 has been observed for MU-MIMO transmission since finer CSI feedback information provides advantages for mitigation of co-channel interference for multi-user MIMO scheduling at the transmitter if ZF-beamforming based MU-MIMO is used. Therefore, it is recommended to study the potential introduction of PUSCH mode 3-2 in combination with MU-MIMO specific CSI feedback.

Proposal 3: Study support of PUSH mode 3-2 in combination with MU-MIMO specific CSI feedback.

Interference measurement enhancement
Inter-cell interference measurement issues have been consistently raised in RAN1. A recurring theme in these discussions has been that the current use of CRS may not provide an accurate interference measurement accuracy since the number of reuse patterns is limited to three in a synchronized network. 
The lack of CRS reuse patterns may cause a pessimistic CQI report, also this problem is much worse in small cell scenarios. The introduction of CSI-RS included the provision for a sufficient number of reuse patterns in Rel-10, and zero-power CSI-RS patterns as well. However it has been reported that the interference measurement using CSI-RS is relatively inaccurate, as compared with CRS, due to an insufficient sample space in the frequency domain [6]-[7]. Note that the 12RE spacing of CSI-RS may not allow the ability to clearly filter out the CSI-RS for interference measurements when used in a high delay spread channel such as ETU. Another approach we can study for interference measurements is to use the zero-power CSI-RS in Rel-11 since it provides an accurate intereference measurement performance, while also supporting a simple UE implementation [8]. Therefore, we recommend a study on interference measurement accuracy enhancements using either CSI-RS, and/or zero-power CSI-RS, in Rel-11.   
Proposal 4: Investigate interference measurement accuracy enhancements using either CSI-RS, and/or zero-power CSI-RS.

4
Conclusions

In this contribution, we discussed the potential candidates for single cell CSI feedback enhancements in Rel-11. We have provided the following proposals:

· Consider a new codebook design with lowest priority among the CSI feedback enhancement candidates.
· Study MU-MIMO specific CSI feedback designs which support a minimum specification effort. 
· Study support of PUSCH mode 3-2 in combination with MU-MIMO specific CSI feedback.
· Investigate interference measurement accuracy enhancements using either CSI-RS, and/or zero-power CSI-RS.
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