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1. Introduction 
For DL MIMO in LTE Release 10, new channel state feedback will be defined in the form of a precoder specified by two matrices. This will provide the eNB with implicit information on the channel matrix. Previously there have been a number of proposals in RAN1 for explicit feedback of the channel matrix, based on the assumption that more complete channel knowledge will lead to better system performance (e.g. more flexibility in choice of precoders for dynamic scheduling of MU-MIMO, SU-MIMO or CoMP, and higher accuracy leading to precoders better matching the channel characteristics).  However, it seems likely that with further enhancements (not necessarily simply a larger codebook e.g. as discussed in [1]) the performance with implicit feedback can approach that obtainable with explicit feedback. This document considers how additional channel information intended to achieve this aim could be provided to the eNB.   
2. Discussion
2.1
FDD

In FDD deployments, the eNB will typically derive at least the short-term channel characteristics based on UE feedback. Whatever the exact form of the codebooks that the UE uses to report the preferred precoder (i.e. the one giving the highest data rate), we assume as a baseline that the eNB will be provided with at least a precoding matrix, a transmission rank and one or two CQI values (for one or two codewords). As in Release 8, the columns of the precoding matrix will define the precoding vectors for each of the spatial channels, up to the number of layers indicated by the reported rank. With a sufficiently large codebook (and with unconstrained constellation) this information could be understood to allow a similar degree of optimization of the precoder as would full (explicit) knowledge of the channel matrix. However, this would only be the case for the selected transmission rank. If it is desirable that the eNB should be able to use a different transmission rank, simply increasing the size of a Release 8 type codebook would on its own not be enough to provide the eNB with channel state information equivalent to that provided by explicit feedback. This is because the Release 8 feedback approach does not provide the eNB with any information on the phase differences between the columns of the precoding matrix. Indeed, such information is not required if the eNB follows the recommendation of the UE in terms of precoding matrix and transmission rank, since the layers corresponding to each precoding vector are assumed to be independently received at the UE, with no particular phase relationship. If the eNB requires some flexibility, for example in choosing a lower transmission rank (e.g. for possible scheduling of MU-MIMO), then additional information on the channel matrix, beyond simply a high rank PMI, would be required in order to design the optimum precoder (or even just a “good” one). In this document we examine how additional information might be determined and signaled. 
The UE measurement and reporting of channel coefficients could be based on the following: 
· CSI-RS: CSI-RS are likely to be provided at regular intervals and can be used by the UE to measure the channel transfer function over the full system bandwidth. One potential drawback of CSI-RS is that for tracking rapidly changing channels the frequent repetition of CSI-RS would result in significant overhead.  Some possible enhanced approaches for UE feedback based on CSI-RS measurements would be:

· Larger codebook: If based on Release 8 principles, the benefit may be limited, since as discussed above, important phase information is not captured. Depending on the codebook design, increased size may incur a high codebook search complexity. Effective codebook size could be increased by techniques such as successive refinement. In any case there would need to be more PMI bits, either in one subframe or spread over more than one subframe.  
· Codebook designed to include phase information: This is likely to require a larger codebook size, but would support flexibility in scheduling with different transmission ranks.  
· Feedback of PMIs for more than one transmission rank: This would require at least doubling the number of bits for PMI. The PMIs for different ranks could be provided in different subframes.
· Feedback of a PMI which is selected to give good performance with more than one rank (e.g. as proposed in [2]): This would not require any additional PMI bits.
· Explicit feedback of phase differences between precoding vectors in the PMI: This would require additional feedback bits for at least one phase value, or for ranks >2, a vector of phase values.
· CRS: The CRS have the advantage of being present in all subframes, but may only be provided for a limited number of ports (e.g. 1 or 2) and formed using antenna virtualization techniques. However, this would not prevent the UE making measurements and reporting these to the eNB (e.g. using Release 8 type feedback), where they could be used to supplement measurements made using CSI-RS. 
· DM-RS: The DM-RS would only be known to be present in the PRBs actually scheduled for the UE, but at least these PRBs would typically be those with good channel conditions, where more complete channel knowledge would be beneficial. In general, precoding would be applied, but without explicit signaling of the precoding weights to the UE. However, if necessary it may be reasonable for the UE to assume that the precoding recommended by the UE has been applied. Measurements reported to the eNB could include phase (or possibly amplitude) differences between the reference symbols received from the different DM-RS ports. This information would supplement that provided using CSI-RS.   
2.2 
TDD
Many of the possibilities discussed above for FDD would be relevant for TDD. Additionally, in TDD deployments the eNB can often assume channel reciprocity and derive useful channel state information from uplink channel sounding (e.g. based on SRS). This may allow operation without CSI-RS. In this case UE measurements based on CRS or DM-RS could be helpful to the eNB.
2.3
CQI
Multiple PMI reports for multiple ranks (or PMI related information which could be used for scheduling with different transmission ranks) should be supported by corresponding multiple CQIs (or information which would allow such CQIs to be derived). This could be done by increasing the size of a single feedback report (compared to Release 8), or sending different types of report in different subframes. Since the CQI values are likely to be correlated in magnitude, differential coding may be applicable. 
3. Conclusions
Based on the above discussion it appears feasible to provide the eNB with additional information on the channel matrix, based on feedback of a precoder by the UE, but beyond that which could be achieved by simply increasing the size of a Release 8-type codebook. One significant enhancement would be providing information on the correct phase between the columns of the precoding matrix indicated by a PMI. The improved channel knowledge at the eNB would allow more efficient scheduling of transmissions with a lower rank than recommended by the UE. Further study is needed to evaluate the practical merits of the possible schemes for providing such information.  
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