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1 Introduction
In RAN Plenary #71, the WI proposal for FD-MIMO has been approved. For the Rel-14 FD-MIMO discussion, it is requested that enhancements on CSI report are addressed for the efficient MU spatial multiplexing.
In this contribution, some views on CSI reporting are described for the support of UE pairing in the FD-MIMO MU transmission.
2 Discussion
2.1 Data channel orthogonality in MU transmission
In the Rel-13 FD-MIMO, although the number of available antenna elements significantly increases, thus improving the directivity and flexibility of the beams, it is considered that some improvements are still needed for the CSI feedback mechanism.

In the downlink MU spatial multiplexing, it is preferable that the data channel resources have sufficient spatial orthogonality between the UEs in order to ensure a good separation in the data transmission. For example, assuming that the feedback mechanism is class B CSI reporting of Rel-13 FD-MIMO, multiple CSI resources can be configured for each UE, as shown in Fig. 1. When two UEs are located in proximity with each other and multiple beams are configured for each UE with the use of multiple CSI resources, there can be some potential degradation of orthogonality between the channels in the data transmission due to the overlap of the beams. Moreover, in practice, such degradation of the beam orthogonality can arise from other factors, e.g. multipath etc., the choice of the beams has to be carefully performed in the MU pairing. 
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Figure 1 MU spatial multiplexing in FD-MIMO.

One way to improve the orthogonality of the MU spatial multiplexing is that the UE measures not only the best resource but also the interference levels of some of the other resources. This may allow the eNodeBs to receive more desirable pair of beams from the measurement results of the CSI resources, even for the above case of UEs.

2.2 Interference measurement with IMR

In the current specifications, one or more resources can be configured for a CSI process as IMR (interference measurement resource) in the type-B CSI reporting. These resources may be used for the measurement of the interference in the UEs, but in practice, they cannot provide effective information due to the large associated latency. In the class B CSI reporting, the UE chooses one resource out of the multiple CSI resources and provides the eNodeB with the CRI to indicate which CSI resource has been chosen. Then, the eNodeB subsequently tries to identify the interference using IMR after the reception of the CRI. The complexity of this procedure should lead to a significant latency in the measurement, which negatively impacts the overall quality of the interference measurement. 
Therefore, it should be desirable that the eNodeB can perform the interference measurement without the need of the CRI provided from other UEs.
Figure 2 illustrates the relation of the CSI resources for two UEs. The intersection includes the CSI resources that can be used for both UEs (UE A and UE B). With the resources in the intersection, a certain instant interference measurement may be possible using IMR because there is no need for the eNodeB to have CRI in this case. However, such scheme will require more IMR, which results in a lot more overhead for the MU paring. Therefore, it should be necessary that reduction of the overhead should be considered if such scheme is implemented.
Proposal 1: More IMR can be needed for the measurement of MU pairing.
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Figure 2 CSI resources for paired UEs.
2.3 CSI reporting for other UEs
In addition to the Rel-13 class B CSI reporting, as described in section 2.1, it should be beneficial that the UE indicates additional information, by which the eNodeB can identify the CSI resources suitable for other UEs.

In such a report of CSI resources, the UE measures the interference content of the CSI resources and reports the potential CSI resources, which should be allocated for other UEs. When the signal levels of CSI resources are low, they will not be preferable for the UE, but they may be the CSI resources that can be recommended for other UEs because they will not cause serious interference to the UE. 
Fig 3 illustrates the possible CSI resources observed at the UE. The CSI resources in the red area are the preferable resources for the UE, where one of the best resources should be indicated by CRI. The gray area shows the CSI resources that should be allocated for other UEs. With the additional feedback information, while the eNodeB can choose the best CSI resource for the UE from the red area, it can be also choose that the least interference resources, which should be allocated for other UEs.
Proposal 2: Multiple CRI reporting should be studied to enhance the interference-related issues on CSI resources.
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Figure 3　CSI resources with low interference 
2.4 Feedback information
When the data are intermittently transmitted, since the channel environment will always change, whether or not the specific UE is appropriate for MU transmission is changing. However, when the UE reports some of the least interference CSI resources as described above, there should be added complexity in the UE due to the increased feedback information. 

Therefore, it should be desirable that the amount of the feedback information is variable and should be adaptively configured. The eNodeB can also inform the UE of how many resources should be reported for in the feedback information.
Proposal 3: The size of feedback information should be adaptively configured.
3. 
Conclusions
In this contribution, the following proposals are made:
Proposal 1:  More IMR can be needed for the measurement of MU pairing.
Proposal 2:  Multiple CRI reporting should be studied to enhance the interference-related issues on CSI resources.
Proposal 3: The size of feedback information should be adaptively configured.
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