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1 Introduction

Implicit/explicit/SRS-based channel feedback in support of DL CoMP has been rigorously discussed in the past meetings. In this contribution, we focus on the high-level design principles for CoMP-related feedback in Rel-10 and attempt to propose a unified framework for CoMP and non-CoMP. 
2 Consideration on general feedback principles

The following design guidelines are noted.

· Rel-10 UEs should be able to operate in a Rel-8 network. In this case the DL transmission falls back to a single-cell non-CoMP mode (Rel-8 TX diversity, MIMO spatial multiplexing etc). As a consequence, Rel-8 CQI/PMI feedback framework/modes, at least a subset of them, should be supported in Rel-10 terminal to ensure proper functioning. 
· PMI-based (codebook-based) precoding feedback has been agreed as the baseline for Rel-10 SU-MIMO feedback [1]. Some commonality in feedback for SU-MIMO, MU-MIMO and CoMP will minimize the number of feedback formats which in turn reduces the implementation cost, and facilitate scheduling and switching between different transmission modes / schemes. It is therefore natural to consider implicit CQI/PMI as a starting point for SU, MU as well as CoMP for Rel-10. 

· Feedback for non-CoMP MIMO should be the baseline, and then generalized to the CoMP context. A CoMP-centric design approach is less natural in our view as it may unnecessarily restrict the non-CoMP solutions, which may be more critical in Rel-10.
3 Implicit Feedback for Advanced CoMP Schemes
Implicit feedback for SU-MIMO/MU-MIMO
For Rel-10 SU-MIMO, the baseline for single-cell single-user MIMO spatial multiplexing is codebook based precoding feedback [1]. As a result, the implicit CQI/PMI feedback framework in Rel-8 can be reused in Rel-10 SU-MIMO. 
Furthermore, it is possible to support Rel-10 MU operation with the same implicit feedback framework for SU-MIMO. More details are provided in [5-6]:
· UE report single-user CQI/PMI without assuming any co-scheduled user(s).

· eNB performs a transformation on the PMIs from different users to obtain the MU-beamforming vectors. Various beamforming algorithms are possible, including zero-forcing beamforming, block diagonalization and generalized eigenvalue based beamforming.  

· Given the specific MU beamforming algorithms, eNB scales/process the SU CQI to estimate MU CQI for link adaptation and UE scheduling.

In many aspects, the above processing at eNB is implementation specific and therefore not standardized. As a result, MU-MIMO in Rel-10 can be supported with the same feedback framework as SU-MIMO, with minimum specification impact. 

Implicit feedback for joint processing

Joint processing can be accommodated with single-cell CQI/PMI feedback.
· A disjoint single-cell CQI/PMI is reported for each cell in the CoMP reporting set. The CQI/PMI is obtained with the channel from the corresponding cell, and the noise / interference from all cells outside of the CoMP reporting set. Furthermore, one additional PMI (weighting factor) for the entire CoMP reporting set could be considered to combine the transmission from different points.
· A single joint PMI, if needed, can be reported assuming coherent joint transmission from all cells in the reporting set. A new joint precoding codebook will be necessary in this case. This may be feasible if the CoMP reporting/cooperation set is reasonably small (e.g. 2-3 points). However, this should be considered only if significant performance gain is demonstrated. 
· To facilitate coherent joint processing, a single joint CQI assuming joint transmission from the CoMP reporting set could be considered.

Implicit feedback for dynamic cell switching

For each cell in the reporting set, a disjoint single-cell CQI/PMI is fed back, where the reporting format/mode is same as in Rel-8/10 SU/MIMO CSI report. Upon receiving the CSI, the network chooses a single transmission point that achieves the optimal performance. 
Implicit feedback for coordinated beamforming/scheduling

A disjoint single-cell CQI/PMI is reported for each cell in the CoMP reporting set. 
· PMI for the serving cell is chosen to maximize the received signal strength, similar to Rel-8 SU-MIMO.

· PMI for the non-serving cells is chosen to minimize the interference signal strength. A number of PMIs (e.g. “the best companion PMI”) may be reported for the non-serving cell to assist more flexible CoMP scheduling.  As an alternative, UE may report PMIs that maximize the signal strength for every cell in the reporting set. The non-serving cell may avoid using such PMIs to avoid creating excessive interference to the serving cell, or use PMIs that are orthogonal / less correlated to the reported PMI to reduce the interference level.
4 Conclusions

In this contribution we provide some high-level guidelines on the design for SU, MU and CoMP related feedback in LTE-Advanced. It is noted that the implicit CQI/PMI reporting framework for single-cell SU-MIMO can be easily adapted to all MIMO related aspects in LTE-A. It extends naturally from legacy system and makes a common yet flexible design principle possible with minimum standard impact
Therefore, we propose that Rel-8 based implicit CQI/PMI feedback is used as baseline for CSI report for SU, MU and DL CoMP in LTE-Advanced. 

· Disjoint single-cell CQI/PMI for each cell is the baseline.

· Additional CQI/PMI for cross-correlation information among transmission points may be considered if significant performance benefits are demonstrated. 
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