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1. Introduction
In 3GPP RAN #71 meeting, the work item on eFD-MIMO [1] has been approved. One of the objectives is to  
· As second priority, evaluate and, if needed, specify enhancement on … and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
In this contribution, the need for MU CSI reporting is explained and interference measurement is enhanced for MU transmission. 
2. Enhancement for MU transmission
2.1 CSI measurement in current specifications 
CSI measurement is important for reliable and efficient downlink transmission, where the estimated CQI/PMI/RI reflects the channel condition and interference situation in the system. 
Before Rel-10, the interference level measurement is not specified and is up to eNB implementation. In practice, interference is measured on CRS after the estimated RSs are substracted from the recieved signal on the corresponding REs. The interference level estimated on CRS may result in overestimation of interference since the neighbor cell CRS are always transmitted even when there is no transmission in neighboring cells.
In Rel-11, a CSI-IM resource is introduced for interference measurement to better support CoMP transmission. A UE in TM10 can be configured with one or more CSI processes per serving cell by higher layers where each CSI process is associated with a NZP CSI-RS resource and a CSI-IM resource. The NZP CSI-RS is used for channel measurement, and the CSI-IM is used for inter-cell interference measurement. In the CSI-IM resources, no signal is transmitted from the serving cell, so the total power estimated on them are the total interference plus noise level. By proper muting REs among multiple cells, CSI-IM may properly reflect interference condition for different CoMP hypothesis such as JT or CB.
In Rel-13, FD-MIMO provides better support for MU-MIMO transmission due to the large number of antenna arrays at eNB side. For example, the number of orthogonal DMRS ports are increased from 2 to 4 in Rel-13.  Although not explicitly determined, the multi-user scheduling and downlink MCS decisions at eNB highly depend on the reported CSI from UE side, where the interference among the co-scheduled  UEs has a great impact on the CSI. However, MU interference measurement has not been well optimized before Rel-13. This may result in inaccuracy of CSI estimation especially in the multi-user transmission scenario. Therefore, we propose that interference measurement and CQI calculating that take into account of co-scheduled multi-user interference should be supported in this release. 
Proposal 1: Interference measurement and CQI calculating based on MU transmission should be supported. It is suggested to specifically specify optimization for MU interference measurement.
2.2 Interference measurement enhancement for MU
As summarized in the previous section, interference measurement may be based on CRS or CSI-IM, depending on the UE is configured in TM1~9 or TM10, from which only total interference power or inter-cell interference can be measured. Support of MU interference measurement is not explcitly specified.
In Rel-13 FD-MIMO, UE-specific beamformed CSI-RS can be configured for short-term CSI feedback to reduce CSI ovehead. For a UE configured with UE-specific beamformed CSI-RS resources, the co-scheduled UE interference in the same serving cell can be measured by enabling the UE to measure the RSs on the REs configured as the beamformed  CSI-RS for that specific co-scheduled UE. Thus, multi-user interference can be obainted and further taken into account for more accurate CQI calculation. Therefore, we see the need to specify another new NZP  UE-specific beamformed CSI-RS for co-scheduled interference measurement, which is proposed as the CSI-co-scheduled interference measurement (CSI-CIM) resource. 
For users supporting MU transmission, a MU-CSI process can be configured, where one or more beamformed CSI-RS resources and one or more CSI-CIM resources. 
To illustrate more clearly, take UE 1 in Fig.1 as an example. UE 1 is configured of a MU-CSI process, including a NZP CSI-RS corresponding to the REs illustrated as ``A’’ in Fig.1, a conventional CSI-IM resource for inter-cell interference measurement and a CSI-CIM corresponding to the REs illustrated as ``B’’ in Fig.1. The REs configured as CSI-CIM for UE 1 are exactly the REs configured as CSI-RS for the co-scheduled UE 2 in the same cell. In this way, the interference generated to UE 1 by UE 2 can be estimated by demodulating RSs on RE ``B’' and vise versa. 
The number of configured CSI-CIM resources can be up to N-1, where N is the number of maximum co-scheduled users in the serving cell. Therefore, each user can have full knowledge of all the multi-user interference levels generated in the same cell. 
For UEs configured with MU-CSI process, they can have full understanding of the co-scheduled UE interference in the same serving cell. For more accurate CQI calculation, these co-scheduled interference information should further be used and the obtained CQI based on co-scheduled interference should be fedback to the eNB, so that the eNB can have a better selection of downlink MCS. However, considering feedback overhead, it is not possible for UE to feedback all possible CQI values taking into consideration of all possible combinations of the co-scheduled interference, thus one possible solution is to let eNB configure which co-scheduled interference should be taken in CQI calculation.
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Fig. 1  Illustration of new CSI-CIM resource
Proposal 2: Due to the introduction of UE-specific beamformed CSI-RS in R13, it is suggested to support multi-user interference measurement based on NZP UE-specific beamformed CSI-RS. The signal detected on the related NZP UE-specific beamformed CSI-RS is considered as interference when calculating CQI. 
3. Conclusion
In this contribution, the need for MU CSI reporting is explained and interference measurement is enhanced for MU transmission. The following proposals are proposed:
Proposal 1: Interference measurement and CQI calculating based on MU transmission should be supported. It is suggested to specifically specify optimization for MU interference measurement.
Proposal 2: Due to the introduction of UE-specific beamformed CSI-RS in R13, it is suggested to support multi-user interference measurement based on NZP UE-specific beamformed CSI-RS. The signal detected on the related NZP UE-specific beamformed CSI-RS is considered as interference when calculating CQI. 
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