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1 Introduction

       In the RAN#71 meeting a new study item “Further enhancements to Coordinated Multi-Point Operation (CoMP) for LTE” was approved [1]. The main objective of the study item is to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes:

· 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

       With the recent antenna advancements, coordinating multi-point transmission schemes are essential candidates for further enhancements. And the channel and interference measurements for CSI could be another area of the enhancements, where the overhead associated with the CSI measurement resources is currently limiting factor of supporting larger number of coordinating transmission points in the dense network. In this contribution, we provide our views on the possible CSI reporting and CSI-IM planning enhancements for larger CoMP clusters that may be considered to support CS/CB CoMP operation in FD-MIMO scenarios.
2 CSI reporting enhancements

      For CoMP in Rel-11 and Rel-12, a UE can be configured with multiple CSI processes. The CSI process is defined as combination of the NZP CSI-RS resource used for the channel measurements and CSI-IM resource used for interference measurements. UE should provide the CSI feedback using the channel and interference measurements. 

Multiple CSI processes can be extended to FD-MIMO for coordinated scheduling and beamforming with FD-MIMO. According to [2] the FeCMP may consider a larger CoMP cluster for CS/CB with FD-MIMO. However, the number of CSI processes configured to one UE is currently limited to maximum 4. It is possible to increase the number of CSI processes configured to one UE but this would significantly increase CSI measurement complexity and feedback overhead. Additionally, if both dynamic point selection (DPS) and dynamic point blanking (DPB) are configured for CSI reporting, the number of CoMP coordination set is limited by the number of CSI processes not by the number of NZP CSI-RS and CSI-IM resources. For example, assuming 3 NZP CSI-RS resources and 3 CSI-IMs and up to 4 CSI processes, the number of CoMP coordination cells is 3 if either of DPS or DPB is configured, and the number of CoMP coordination cells is only 2 if both DPS and DPB are configured.
For FD-MIMO Class B, one CSI process can be configured with K >1 NZP CSI-RS resources. CSI-RS resource index (CRI) feedback together with PMI feedback can give eNodeB full dimension channel information. Currently all the CSI-RS resources in a CSI process are assumed from the same serving cell, e.g., with same QCL assumption. If this restriction can be removed that each resource can be from different serving cells, CSI reporting for CoMP can be supported with a single CSI process. In such way, we can use one CSI process for CSI reporting for DPS and another CSI process for CSI reporting for DPB. In each CSI process the size of CoMP coordination set is determined by the number of configured NZP CSI-RS and CSI-IM resources. Even under the current assumption of maximum 4 CSI processes it is possible to support a larger CoMP cluster such as 4 for supporting both DPS and DPB.

Assuming K>1 NZP CSI-RS resources in a CSI process associated with M TPs, the K>1 CSI-RS resources can be divided into M groups each associated with one TP involved in the coordination. For CSI reporting, the legacy Rel-13 Class B CSI reporting mechanism can be reused, e.g., CRI and PMI/CQI/RI or UE can report a CRI and PMI/CQI/RI for each group. In such case M independent CSI each corresponding to one TP are reported. It is also possible to report a common RI for M groups to allow PDSCH transmission with dynamic point blanking on frequency domain. Based on the reported CSI, eNodeB can carry out coordinated beamforming by various means such as, avoiding the use of those reported PMI at non-serving TPs, zero forcing (ZF) and maximum signal to leakage ration (SLNR) coordinated beamforming algorithm, to mitigate the inter-cell interference. 

Another enhancement for consideration is to support CoMP for semi-open-loop transmission. In case of semi-open-loop MIMO it shall be allowed to apply the cycling transmission over the coordination set to improve the diversity. It is preferable to use single CSI process for CSI reporting for semi-open-loop CoMP if a joint CQI is reported assuming cycling over the CSI-RS resources corresponding to different TPs. 
Proposal 1: Coordinated scheduling/beamforming with FD-MIMO for larger CoMP cluster can be supported using single CSI process.

Proposal 2: Enhancements in coordinated scheduling/beamforming with FD-MIMO shall consider both closed-loop MIMO and semi-open-loop MIMO.

3 CSI-IM planning enhancements
With the introduction of FD-MIMO in Rel-13, MIMO streams from different TPs may be transmitted in a beam based way. FD-MIMO can support “full beams on” or “partial beams on” to serve UEs. With the more flexible beamforming support in FD-MIMO, support of the beam and scheduling coordination across the TPs would become more attractive. In this case, more patterns with CSI-IM resources (i.e., ZP CSI-RSs) are required to measure CSI and interference for multiple beams, which would lead to a large overhead of CSI-IM resources.

Besides, enhancements to larger CoMP clusters show promise to improve performance. In the channel and interference measurements for CSI, UE needs one NZP CSI-RS for its serving TP to perform CSI measurement while the other TPs should configure UE with ZP CSI-RS at the same position for an accurate measurement results to its serving TP. Thus, the CSI-IM resource overhead would be sufficiently large with more TPs involved for coordination. 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 CSI-IM planning approach for larger CoMP cluster to measure interference efficiently for coordinated scheduling/beamforming with FD-MIMO. 

Proposal 3: A new CSI-IM planning approach for larger CoMP cluster can be studied for coordinated scheduling /beamforming with FD-MIMO.  
4 Conclusion

In this contribution, potential CSI reporting and CSI-IM planning and overhead reduction enhancements for larger CoMP clusters with respect to coordinated scheduling/beamforming with FD-MIMO are provided. To summarize, the following proposals are given as below.  

Proposal 1: Coordinated scheduling/beamforming with FD-MIMO for larger CoMP cluster can be supported using single CSI process.

Proposal 2: Enhancements in coordinated scheduling/beamforming with FD-MIMO shall consider both closed-loop MIMO and semi-open-loop MIMO.

Proposal 3: A new CSI-IM planning approach for larger CoMP cluster can be studied for coordinated scheduling /beamforming with FD-MIMO.  
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