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1. Introduction
In RAN1#86, the following conclusion is drawn on interference measurement [2].
Conclusions:
· Whether the need of interference measurement enhancement in Rel-14 shall be decided in next meeting. 

· If needed, one or more schemes shall be supported in Rel 14.  Possible schemes are:

· Definition and configuration of a new type interference measurement 

· Interference measurement is based on cancellation of intended signals

· Both inter-cell and intra-cell interference should be captured

· FFS NZP CSI-RS or DMRS as CSI-IM or PDSCH

· Definition and configuration of a new type interference measurement

· Only intra-cell interference to be measured using NZP

· Aperiodic CSI-IM, based on 

· The existing CSI-IM

· The new CSI-IM type (see above, if specified).

· New UE measurement behavior for CQI reporting based on DMRS ports when corresponding PDSCH is transmitting.

· If needed, L1/RRC signaling to assist UE interference measurement

· Other schemes are not excluded.

In this contribution, we discuss enhancements of MU-CSI based on different types of IMR. 
2. MU-CSI
In order to achieve noticeable gain from MU-MIMO, accurate link adaptation and reliable dynamic switching between SU and MU-MIMO is important. For that, an accurate estimate of the CQI for MU-MIMO is necessary.  MU-CSI was discussed in Rel-12 [3] when 4Tx is introduced. One of the approaches is to support feedback of multiple MU-CQI offsets computed under MU-MIMO hypotheses. For example, best companion approach for single-cell is proposed for achieving better MU-CQI prediction. Orthogonal codewords in the current codebook have a much larger chance to be selected as a best companion. Hence, a UE can compute one or a set of best companion CQI based on the pre-assigned companion set(s).  However, it may be difficult for the UE to define pre-assigned companion set(s).  The network can signal the UE about the set(s) but it will cost additional signaling and there is signaling on delay if it is done via RRC.  It is expected standardization effort for this feedback mechanism is not small.

Starting from Rel-11, the UE can measure interference based on IMR. In Rel-13 FD-MIMO, measurement restriction on interference measurement is introduced.  With this feature, the UE measures interference only in a subframe. With MR, different interference hypothesis can be obtained in different subframes with the same IMR configuration so MR can be used to obtained different MU interference.  If MU CSI feedback is required from the network, the network can trigger the UE to report aperiodic feedback. At the same time, the network can generate interference signal from the serving TP on the IMR in the CSI reference resource. The interference signal can be decided by the serving TP itself based on the expected scheduling in the future subframes. Multiple UEs can share the same IMR if the same MU interferer is expected for these UEs.  If a different MU interfering precoder is expected for another UE, the network can do the same CSI triggering at some other subframe with transmission of interference with different precoder on the IMR as shown in the figure below.   
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Figure 1 Using IMR to measure MU-interference
Observation 1: MU interference can be measured from IMR with MR 
Based on the observation, we can consider the enhancement based on this.
Aperiodic CSI-RS is discussed with great progress in RAN1#86[2].  Together with aperiodic CSI-RS, aperiodic IMR can be introduced such that it increases the flexibility of measuring the desired MU interference only when it is needed.  Also, if IMR is flexibly placed in different subframes, it can measure the MU interference from the PDSCH of the targeted paired UE without using extra overhead. Figure 2 illustrates the case that the UE0 measures interference in the subframe where aperiodic IMR is located in the subframe where PDSCH of UE1 is scheduled. 
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Figure 2 Flexible aperiodic IMR to measure interference from scheduled PDSCH of the target paired UE
Another possible approach is to measure interference channel explicitly from NZP-CSI-RS e.g. beamformed CSI-RS.  Aperiodic IMR would provide flexibility of measuring desired interference in different subframes. 
Proposal 1: Introduce aperiodic IMR for greater flexibility and overhead reduction.
Further, for the aperiodic IMR based on ZP CSI-RS, the BS needs to configure resources for each UE predicted in the MU pairing. One potential enhancement to reduce CSI-RS overhead further is sharing resource pool among UEs based on NZP CSI-RS. The paired UEs in the MU hypotheses share a configured NZP CSI-RS resource pool for interference measurement, and the specific resources are indicated if triggered. More specifically, two detailed design options are given as follows.
Option 1: Sharing resource pool for interference measurement only
In this option, all the paired UEs in a MU prediction share the same NZP CSI-RS resource pool. The eNB indicates the particular resource used for IM upon triggering. Then the eNB transmits the NZP CSI-RS for all the paired UEs in one shared resource. Moreover, the BS needs to indicate the UEs which particular CSI-RS sequences are used, i.e., cell id and virtual cell id of the CSI-RS sequences. Then the UEs can perform interference estimation based on the advanced receivers, e.g., SIC receiver. For the estimation of inter-cell interference, the other eNBs also transmit NZP CSI-RS in this resource, and all the sequences used by the eNBs need to be signaled in order to achieve accurate interference estimation. In addition, for the interference caused by the cells outside the cooperation group, it can be measured by a single ZP CSI-RS resource configured for all the UEs.
Option 2: Sharing resource pool for both desired channel and interference measurement
In this option, the resource pool contains the NZP CSI-RS resources used for both desired channel and interference measurement. The eNB indicates the paired UEs which resources in the resource pool are used for channel measurement or interference measurement. UE acquires the CSI for its desired channel based on the channel measurement resource, and then subtract the CSI-RS power w.r.t. the desired channel in the interference measurement resource to obtain the interference power. 
Both the above options can be used to achieve accurate interference measurement in an efficient and flexible manner. More study is required based on these options.
Proposal 2: Aperiodic interference measurement based on different types of CSI-RS and sharing resource pool among UEs should be supported in Rel-14.
3. Conclusion
We give our views and proposals on MU-CSI considering CSI feedback with different types of IMR.  It is observed that MU interference can be measured from IMR with measurement restriction introduced in Rel-13.  Based on our analysis, we have the following observation and proposals:
Observation 1: MU interference can be measured from IMR with MR 
Proposal 1: Introduce aperiodic IMR for greater flexibility and overhead reduction.
Proposal 2: Aperiodic interference measurement based on different types of RS and sharing resource pool among UEs should be supported in Rel-14.
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