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1. Introduction

The study item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#65 meeting [1]. Enhancement of CSI feedback for MU-MIMO is included in the objective of this study item.
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
It is the common understanding that MU-MIMO is essential to reap benefits provided by massive MIMO antennas. The added antenna elements give more opportunity to successfully pair users in MU-MIMO transmission. It may also leads to more frequent high order MU-MIMO transmission. Accuracy of CSI available at eNodeB is important for successful implementation of MU-MIMO. In this paper, enhancement on CSI feedback for MU-MIMO will be discussed. 
2. MU-MIMO CSI enhancement
2.1. Multiple CSI Process feedback
Up to LTE release 12, MU-MIMO transmission is implemented based on CSI provided by UE assuming SU-MIMO transmission. This incurs problem in dynamic switching between MU-MIMO and SU-MIMO. MU-MIMO favors low rank transmission, and in TM8/9/10 at most two layers is allowed for a UE to participate in MU-MIMO transmission. SU-MIMO, on the other hand, may benefit from high rank transmission. As selection of SU or MU-MIMO transmission is undetermined to UE when a UE is calculating CSI for feedback, it may lead to inconsistent between reported rank and actual rank for transmission. If a UE feedback CSI with rank higher than 2 and is scheduled MU-MIMO transmission, the performance may degrade due to PMI fallback.

To support CoMP transmission, multiple CSI processes feedback was introduced in TM10. A UE can be configured with multiple CSI processes, each of which is associated with an NZP CSI-RS and a CSI-IM. The NZP CSI-RS is used for channel estimation, and the CSI-IM is used for interference measurement.

To enable flexible SU/MU-MIMO switching, a UE could be configured with at least two CSI processes. Both CSI processes are associated to the same NZP CSI-RS and CSI-IM. That is, both the CSI processes are used to provide CSI for the same cell. The CSI processes can be configured with different codebook subset restriction parameters. One CSI process is restricted to feedback low rank CSI by disabling codeword with rank higher than 2, while the other CSI process is allowed to select rank freely. By this way, both rank free and rand limited CSI are made available at the eNodeB. As Rel-12 standard already support multiple CSI processes feedback, any enhancement on MU CSI shall provide justifiable gain.
Proposal 1:
· Multiple CSI processes based scheme should be the baseline for MU-CSI enhancement.
2.2. Interference measurement enhancement
By configuring rank limited CSI process, feedback of low rank CSI is achievable. But the CSI is still calculated assuming SU-MIMO transmission. The reported CSI does not reflect the impact of co-scheduled users in MU-MIMO transmission. This has major impacts on interference measurement and hence on CQI calculation. eNodeB has to device appropriate algorithm to adjust reported CQI taking into account interference between co-scheduled users. If further assistant from UE is available, accuracy of eNodeB adjustment could be improved. 
If UE can manage to infer inter-user interference when calculating CQI, accuracy of CQI reporting could be improved. Regarding how to incorporate inter-user interference into total interference, several possible approaches could be considered.
No inter-user interference

This is the way that inter-user interference is dealt with in previous releases of LTE. The task of predicting CQI after user pairing is left to eNodeB implementation. As stated above, the accuracy could be improved if further assistant from UE is available.
Estimating interference of co-scheduled users
In addition to inter-cell interference, UE manages to measure intra-cell interference as well. Intra-cell interference could be measured by properly configuring CSI-IM. An example is shown in Figure 1. Two users are considered in the system. CSI-IM configured for the two UEs are orthogonal. When UE1 measures interference on its configured CSI-IM, signal for UE2 are still transmitted on those REs in the CSI-IM. If UE2 is scheduled in the subframe containing CSI-IM of UE1, the UE1 could see the intra-cell interference from UE2. Based on the estimated interference, UE1 could derive accurate CQI which correctly incorporates interference from UE2. But if UE2 is not scheduled, the reported CQI from UE1 is still an SU-MIMO CQI. When UE2 is not scheduled, eNodeB could transmit an emulated interference signal to emulate interference from UE2.
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Figure 1: CSI-IM configuration for intra-cell and inter-cell interference measurement
Inferring interference of co-scheduled users
If the information about co-scheduled users is known in prior to CQI calculation, UE may appropriately infer inter-user interference while calculating CQI. Helpful information includes precoder and transmission power to be used by paired users. Actually, it is the statistical property of interference signal that is useful in calculating CQI. Covariance matrix of interference signal to transmit is one important interference signal statistical property and can be used to predict inter-user interference. However, as the CQI is calculated assuming certain user pairing, the performance might degrade if the paired users are not scheduled or other users are scheduled instead. As a solution, a UE may be configured to report multiple CQI with different interference hypothesis (e.g. with interference precoding hypothesis configured by higher layer). For example, a CQI without intra-cell interference (SU-MIMO CQI) is reported together with CQI assuming certain interference signal properties. If the scheduling results align with the assumption in deriving CQI, then the CQI could be used, otherwise SU-MIMO CQI is used with possibly eNodeB adjustment.
Proposal 2:

Mechanism enabling UE to predict inter-user interference shall be carefully considered in RAN1.
3. Conclusion
In this paper, CSI enhancement targeting MU-MIMO transmission is discussed. Based on the analysis, we have the following proposals:
Proposal 1:
Multiple CSI processes based scheme should be the baseline for MU-CSI enhancement.
Proposal 2:

Mechanism enabling UE to predict inter-user interference shall be carefully considered in RAN1.
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