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1 Introduction

The design of the Channel State Information (CSI) feedback (including CQI and PMI) is an important aspect to support advanced MIMO and CoMP in LTE-A. The following way forward on feedback framework was agreed in RAN1#58:

· Individual per-cell feedback is the baseline for schemes that need feedback
· Complementary inter-cell feedback might be needed.
· The detailed explicit, implicit or SRS-based feedback designs, if any, are FFS

· Combinations of full or subset of above three are possible.
Feedback schemes exploiting frequency correlation are already used for CQI overhead reduction in Rel.8 by feeding back a wideband CQI and differentially encoded subband CQI. 

 Utilization of time and/or frequency correlation to reduce the overhead of the CSI feedback and/or increase the accuracy of the CSI reports have also been proposed for LTE-A, such as MDC and MLC [2], [3], [4]. In this document, we present some aspects of the differential feedback method for further discussion.
2 Differential Feedback of CSI

It makes sense to consider differential feedback of channel state information since the channel is in general correlated in time and/or frequency for the time-frequency channel sampling grid of interest. 
2.1 Outline of differential feedback 
The general idea of differential feedback is to track channel variation between adjacent feedbacks. The adjacency in general could be defined in the time or frequency domain, or both. Denote the time and frequency unit that a given report relates to as a channel block (i.e. this is the feedback granularity).

The principle of differential feedback of CSI is then outlined as

1. The UE feeds back an initial CSI to be used as a reference, using full feedback

2. The UE finds the perturbation with respect to the CSI in the referring channel block

3. The UE quantizes this perturbation using a differential codebook
4. The differential codebook index is reported to eNB

5. The eNB reconstructs the CSI using the index to the differential codebook. 
Due to channel correlation between two adjacent channel blocks, the perturbation term can be fedback with improved accuracy or lower overhead.
2.2 Practical aspects

The method on how to find the perturbation needs to be selected and known to both UE and eNB so that a correct CSI reconstruction can be performed.

As is well known, differential feedback methods suffer from error propagation. To minimize this effect, and to make each feedback report self-decodable (i.e. it can be interpreted without considering a history of feedback reports), the differential CSI feedback scheme is suitable for use in the frequency domain. The differential feedback in the frequency domain can further be combined with long term adaptive feedback [5] that works in the time domain. 

Furthermore, it should be investigated whether the existing codebook could serve well as the differential codebook or if a new codebook needs to be designed. Possibly a smaller codebook may be acceptable to reduce the overhead.

Also, when reporting the differential feedback for a certain channel block, the reference channel block must be carefully chosen. It could for instance be a wideband channel block, a given subband channel block or the channel block adjacent to the current report. Further studies are needed to analyze the performance and error propagation mitigation.  

3 Conclusion

In this contribution we have introduced the differential CSI feedback method and related practical design issues. The method allows the correlation to be exploited to either reduce feedback overhead or increase feedback accuracy or both. Further studies are needed on various topics and a performance analysis is needed. 
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