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1 Introduction

The further enhancement to coordinated multi-point operation (FeCoMP) study item proposal [1] was agreed at RAN#71 plenary meeting. The main objectives of FeCoMP are [1]: 

· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)

· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In order to achieve these objectives, CSI measurement including channel and interference measurements, and feedback may be a potential enhancement area for FeCoMP. In this contribution, we provide our views on the possible CSI measurement and feedback enhancements for FeCoMP.
2 CSI measurement and feedback for non-coherent JT
For CoMP in Rel-11 and Rel-12, a UE can be configured with multiple CSI processes and each CSI process is associated with CSI-RS resources for channel measurement and CSI-interference measurement (CSI-IM) resources for interference measurement. With this approach, the traditional CoMP schemes (e,g, DPS, DPB, JT, etc.) can be well supported. 
In [1], in order to further enhance the traditional CoMP in Rel-11 and Rel-12, one of the main objectives for FeCoMP is to support non-coherent JT, where MIMO streams may be transmitted from different transmission points (TPs).  In this case, signals from different TPs would be interference to each other at the UE side and the existing CSI measurement and feedback mechanism may not support the non-coherent JT in FeCoMP. 
For example, as shown in Figure 1, for the signals from TP1, the interference consists of two parts: the interference from coordination TP2, which is partial MIMO streams for the UE and other interference from non-coordination TPs.  The interference from non-coordination TPs can be easily obtained with the configuration of CSI-IM resource, which is same as the conventional interference measurement approach in Rel-11 and Rel-12 CoMP. However, for the primary interference, the streams from TP2 would directly affect the interference measurement and CQI calculation for TP1, which is not taken into account in existing CSI measurement and feedback mechanism. 
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Figure 1: Primary and other interference for TP1 MIMO layer streams. 

Thus, how to measure the interference and calculate the accurate CQIs for different TPs in a jointly way could be studied for FeCoMP.
Proposal 1: CSI measurement and feedback corresponding to non-coherent JT need to be studied for FeCoMP.  
3 CSI measurement and feedback for CS/CB with FD-MIMO
With the introduction of FD-MIMO in Rel-13 and the advancements of UE receiving capabilities, MIMO streams from different TPs may be transmitted in a beam based way. In this case, the CS/CB and other coordination approaches may be involved as kind of beam-directed coordination schemes. Among the received beams at the UE side, some of them are desired beam signals to the UE while others are interference that is not expected for the UE.
With FD-MIMO, by using the beamformed CSI-RS, the UE can obtain the beam interference situations and feedback it to the TP side. For example, the UE can measure the CSIs with beamfored CSI-RS and feedback its desired and unexpected beams to the TP side.  In this way, TPs can optimize the scheduling strategy according to the UE’s feedback. Consequently, the performance may be further enhanced for CS/CB extension.
Proposal 2: Beam interference measurement and feedback enhancement could be considered for CS/CB extension in FeCoMP.
4 CSI-IM overhead issue
In order to support non-coherent JT and extend the CS/CB, the measurement set with large number of coordinating TPs is required to obtain a more accurate CQI. In this case, more patterns with CSI-IM resources (i.e., ZP CSI-RSs) are required to measure CSI and interference for multiple TPs, which would lead to a large overhead of CSI-IM resources. For example, as is shown in Figure 2, two TPs are coordinated for one UE.  At least two CSI-IM resource (i.e., ZP CSI-RS) need to be configured at the UE side for TP1 and TP2 with respect to interference measurement from non-coordination TPs.  Furthermore, the UE also needs one NZP CSI-RS for TP1 to perform CSI measurement while the other TP should configure UE with ZP CSI-RS at the same position for an accurate measurement results to TP1 (as shown in Figure 2 in red and green). With more TPs involved for coordination, the CSI-IM resource overhead would be sufficiently large. And, this issue would be more severe in dense deployment scenarios as more TPs exist in one area than that in conventional or sparse scenarios. Thus, it is necessary to consider a new efficient measurement approach with NZP CSI-RS and/or ZP CSI-RS to measure interference for multiple TPs efficiently. 
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Figure 2 CSI-RS and CSI-IM configuration for two coordination TPs

Proposal 3: CSI-IM resources overhead reduction should be considered for FeCoMP.
5 Conclusion
In this contribution, potential CSI measurement and feedback enhancements with respect to non-coherent JT and CS/CB for FeCoMP are provided. To summarize, the following proposals are given as below.  
Proposal 1: CSI measurement and feedback corresponding to non-coherent JT need to be studied for FeCoMP.  

Proposal 2: Beam interference measurement and feedback enhancement could be considered for CS/CB extension in FeCoMP.
Proposal 3: CSI-IM resources overhead reduction should be considered for FeCoMP.
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