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1. Introduction 
An important aspect of support for advanced MIMO and COMP in LTE-A is the design of the Channel State Information (CSI) feedback (consisting of CQI and PMI). 
In order to make progress towards the necessary evaluation of LTE-A, in this contribution we address some basic principles which we propose to be adopted for the CSI feedback. Note that details of the exact scheme(s) can be agreed at a later date for the Stage 3 work for LTE-A.

2. Principles for CSI Feedback

A number of factors in the design of LTE-A indicate a need to modify the CSI feedback compared to Release 8. These factors include:
1. Use of COMP. Existing feedback codebooks for PMI are designed for linear arrays of eNB antennas. As already indicated in [1], different codebooks may be needed for COMP. In COMP scenarios, precoding may be applied across antennas which are arranged in different configurations, including being geographically-separated; new codebooks are then likely to be necessary in order to enable appropriate spatial granularity to be achieved for beamforming. 
2. Extensions to MU-MIMO. The theoretical bound on system capacity is achieved using MU-MIMO with full channel state information at the transmitter [2 – 4]. It is therefore of interest to consider ways of improving the accuracy of CSI feedback in order to enable LTE-A to achieve a system capacity which is closer to the theoretical upper bound than is possible with Release 8. 
3. Focus on optimisations for low-mobility. The greatest improvements for LTE-A, and the focus for optimisation, will be for low-mobility UEs. For such cases, when the channel coherence time is sufficiently long, and a low update rate is appropriate, it is possible to profit from greater accuracy for the CSI feedback, without a significant impact from any additional signalling overhead.
Taking these points into account, it is clear that new CSI feedback codebooks will be useful for LTE-A. Such codebooks could for example be downloadable in order to enable to be semi-statically reconfigurable. 
Proposal 1: New CSI feedback codebooks are specified for LTE-A. The Rel-8 feedback codebooks could be a subset of the available codebooks for LTE-A.
Considering the overhead of each CSI feedback report, it is probably not desirable to increase dramatically the number of bits per report (though a small increase could be acceptable), particularly for periodic reporting. 
In general the correlation between successive CSI instances can be exploited to save overhead. Therefore, feedback designed for example to provide additional information in successive reporting subframes can enable more accurate CSI information to be provided to the eNodeB, without significantly more bits per reporting subframe . The details of the approach (for example by means of changing the codebook in different reporting subframes, or other non-self-contained feedback methods) can be finalised at a later stage in the specification work for LTE-A, but some examples are given in [5 – 7].
Proposal 2: The CSI feedback reporting should be capable of exploiting time and/or frequency correlation.

Proposal 3: The use of coding techniques like different codebooks in different reporting subframes, or other non-self-contained feedback techniques, may be considered as means to enhance CSI accuracy. 
3. Conclusions

Some high-level principles of the CSI feedback for LTE-A to support advanced MIMO and COMP have been discussed.

It is proposed that the following two conclusions are adopted for the way forward for LTE-A and captured in TR36.814:

Proposal 1: New CSI feedback codebooks are specified for LTE-A. The Rel-8 feedback codebooks could be a subset of the available codebooks for LTE-A.

Proposal 2: The CSI feedback reporting should be capable of exploiting time and/or frequency correlation.

Proposal 3: The use of coding techniques like different codebooks in different reporting subframes, or other non-self-contained feedback techniques, may be considered as means to enhance CSI accuracy. 
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