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1 Introduction

In RAN#86bis meeting, the following agreement was achieved for non-coherent JT enhancements:

· At least the following enhancements should be studied for NCJT:

· Enhancement to QCL assumptions for DM-RS antenna ports

· e.g., non co-located DM-RS antenna ports

· Control signaling enhancements

· e.g., One DCI or multiple DCIs to support CW-specific resource allocation / MCS assignment / PDSCH RE mapping, more than one CSI-RS resource for QCL/ CW-to-layer mapping

· CSI enhancements

· e.g., CSI calculation for multiple CSI processes with dependency among CSI processes

· e.g., CSI calculation for single CSI process with codebook enhancement

· e.g., CSI calculation for single CSI process with dependency among K CSI-RS resource in Class B FD-MIMO

· e.g., Support of the CSI for advanced receivers

· Enhancement to channel/interference measurements

· e.g., interference measurements based on NZP CSI-RS 

· e.g., aperiodic CSI-IM

· e.g., measurement restriction in the frequency domain 
In this contribution, we mainly discuss the CSI enhancements for non-coherent JT.
2 Discussion
In FeCoMP, the non-coherent JT corresponds to the case where MIMO layers are transmitted from two or more transmission points (TPs) without adaptive precoding across the TPs and classification of non-coherent JT are classified as Case 1, Case 2a/2b [1]. Case 2a/2b with the same CW transmission can be considered as a diversity combining technique to improve the received signal quality, while Case 1 with different CWs transmission is aimed at exploiting the MIMO gains from spatial multiplexing. To fully utilize the performance benefits from the non-coherent JT, in this section, we discuss the related CSI enhancements for non-coherent JT.
In the existing specifications, a UE can be configured with multiple CSI processes and each CSI process is associated with CSI-RS resources for channel measurement and CSI-IM resources for interference measurement. The UE measures and reports the optimized CSI for single TP transmission or coherent JT from multiple TPs. Each reported CSI is optimized for corresponding CSI process and is independent of that for other CSI processes. By such approach, the traditional CoMP schemes (e.g., DPS, DPB, coherent JT, and etc.) can be well supported. However, it is not fully applicable to the non-coherent JT since the mutual interference caused by the layers from different TPs is not considered by the existing specification. 
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Figure 1: Interference for non-coherent JT.
For example, as is shown in Figure 1, TP1 and TP2 jointly perform the non-coherent JT. For the layers transmitted from TP1, the interference can be classified into two categories: one is caused by the layers transmitted from TP2, and the other is caused by other non-coordinated TPs. The interference from other non-coordinated TPs can be measured by configuring CSI-IM resources, while the measurement of the interference with certain beamforming from TP2 is not supported by the existing CSI measurement and feedback mechanism. Thus, the enhancements on CSI measurement and feedback for non-coherent JT should be considered in FeCoMP.
Proposal 1: The CQI calculation should take the interference from the coordinated TPs into account. 
In order to reflect both kinds of the interference into the reported CQI, UE needs to be aware of the potential coordinating TPs and their possible PMIs that may be used in the coordination. 
One approach is to configure both NZP CSI-RS resources and ZP CSI-RS resources as CSI-IM resources for interference measurement, where the NZP CSI-RS resources are used for the channel measurement of other TPs involved in non-coherent JT. An example of two TPs is given in Figure 2(a), one CSI process is configured by TP1 and associated with an NZP CSI-RS resource transmitted from TP1 and CSI-IM resources for interference measurement. The CSI-IM resources include two kinds of CSI-RS resources: one is NZP CSI-RS resource transmitted from TP2; and the other is ZP CSI-RS resource, by which the UE can measure the interference generated from TPs except TP1 and TP2. By such configurations, the UE can perform the CSI measurement and feedback as follows:
· Measure PMI1 and PMI2 from the NZP CSI-RSs transmitted from TP1 and TP2, respectively

· Calculate CQI1 and CQI2 for TP1 and TP2, respectively, where

· For CQI1, the interference is from TP2 using PMI2 and other TPs

· For CQI2, the interference is from TP1 using PMI1 and other TPs
In this way, the CSI measurement and feedback for non-coherent JT can be done by single CSI process. 

Another approach is to configure multiple CSI processes to be correlated, e.g., one of multiple CSI processes may be configured as the CSI-IM resources for another CSI process, where each CSI process is configured with NZP CSI-RS resources corresponding to each TP involved in the non-coherent JT. As is shown in Figure 2(b), CSI process 1 and CSI process 2 are configured for TP1 and TP2, respectively. The CSI-IM resources configured in each CSI process have two parts: one part is the ZP CSI-RS for interference from TPs except TP1 and TP2; and the other part is the CSI process-id indicating the CSI process configured for TP2. Through the process-id, the UE can measure the PMI2 for TP2. Then, the UE calculates the interference to TP1 by taking the PMI2 into account. Similarly, the PMI1 for TP1 can be used to calculate the interference to TP2. 
Note that the above two approach could be applied for both Class A and Class B CSI-RS.
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Figure 2: CSI configurations for non-coherent JT: 2(a) is for one CSI process, 2(b) is for multiple CSI processes.
Proposal 2: NZP CSI-RS resources can be configured in one or multiple CSI process(es) as interference measurement resources for channel measurement. 

Proposal 3: For multiple CSI processes configuration in non-coherent JT, multiple CSI processes with dependency should be supported.
For CSI reporting, the UE needs to report multiple CSIs (i.e., multiple CQIs/PMIs/RIs, etc.) to its associated TP, and each corresponding to one coordinated TP. For the single CSI process case, the UE can report multiple CSIs together at the next reporting request. For the multiple CSI processes case, UE can report the CSI of each TP separately, as is designed in the existing specification. However, as the number of coordinated TPs increases, the existing reporting mechanism would cause severe delay, and thus affect the scheduling efficiency and system performance. Furthermore, since the multiple CSI processes configured for the UE are correlated, reporting the CSIs corresponding to multiple TPs together is a more reasonable choice for non-coherent JT.
Proposal 4: For one CSI process configuration in non-coherent JT, multiple CSIs corresponding to multiple TPs should be reported in one CSI process.
3 Conclusions
In this contribution, we present our views on the CSI enhancements for non-coherent JT. According to our discussion, the following are proposed:

Proposal 1: The CQI calculation should take the interference from the coordinated TPs into account. 
Proposal 2: NZP CSI-RS resources can be configured in one or multiple CSI process(es) as interference measurement resources for channel measurement. 

Proposal 3: For multiple CSI processes configuration in non-coherent JT, multiple CSI processes with dependency should be supported.
Proposal 4: For one CSI process configuration in non-coherent JT, multiple CSIs corresponding to multiple TPs should be reported in one CSI process.
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