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1 Introduction

In RAN #75 plenary meeting, the new work item of FeCoMP was approved to specify the enhancements identified during FeCoMP study item. The detailed objectives are as follows [1].

· Specify enhancements to support non-coherent joint transmission (JT) schemes [RAN1]

· Support of a new QCL assumption for DM-RS antenna ports

· Support of control signalling enhancements to assist QCL,PDSCH REs mapping and resource allocation

· Support possible CSI feedback enhancement

· Specify higher layer support of enhancements listed above [RAN2]

In this contribution, we mainly discuss the CSI measurement and reporting for non-coherent JT.
2 Interference measurement enhancements 
For non-coherent JT case 1, since different CWs are transmitted from different transmission points (TPs) to one UE, the resource allocation may be fully overlapped, which will lead to inter MIMO layer interference between CWs. In order to obtain the accurate CSI, the inter-layer interference should be considered in CSI measurement. 
In the current specification, zero power CSI-RS resource is used as CSI-IM resource for interference measurement. Through such measurement, only power information could be obtained rather than channel matrix and precoding matrix. Therefore, if TP requires the CSI with inter-layer interference caused by coordinated TP’s directed beamforming, the coordinated TP needs to know the precoding information used for UE’s data transmission firstly. According to the existing specification, the CSI measurement of each TP’s transmission with inter-layer interference may need at least two CSI processes: one CSI process to measure the coordinated TP’s precoding information and the other process to measure the CSI with inter-layer interference, which includes a CSI-IM resource transmitted with the reporting precoding matrix by the coordinated TP. However, such approach may need more CSI processes and lead to time delay for CSI acquisition.
In study item of FeCoMP, NZP CSI-RS for interference measurement is mentioned in [2]. By using NZP CSI-RS resource, interference channel matrix can be obtained and the measurement over the NZP CSI-RS resource could also help UE to make one or multiple choices on precoding matrices with respect to different interference conditions. In this case, for the CSI measurement of each TP’s transmission with inter-layer interference, one CSI process is enough which includes a NZP CSI-RS resource used to measure channel matrix and the other NZP CSI-RS resource used to measure interference. Such scheme could enable less CSI processes compared to the current LTE specification and therefore reduce the overhead and time delay for CSI acquisition. 
Proposal 1: NZP CSI-RS resources used as interference measurement resources should be supported. 

For non-coherent JT, in order to improve the performance of data transmission from each TP, subband CSI measurement and reporting can be used to obtain the CSI, including PMI, CQI and so on. In this case, different PMIs can be used for data transmission in different subbands. Furthermore, for one CW, the interference from another CW in different subbands may be different. In the current specification, interference information is obtained by UE measurement in the whole bandwidth and then the interference is calculated as an average value [3]. In this scheme, the interference information is not accurate for inter-layer interference measurement. Therefore, subband-based interference measurement would lead to more appropriate CQI in each subband.  In this way, specification needs be enhanced to support interference measurement restriction in the frequency domain. The simple way is that the bandwidth of interference measurement based on NZP CSI-RS resource is the same as the bandwidth of channel measurement. 
Proposal 2: The bandwidth of interference measurement based on NZP CSI-RS resource should be the same as the bandwidth of channel measurement in one CSI reporting.
3 CSI process configuration
In order to obtain the CSI in non-coherent JT, there are two possible approaches of CSI process configuration.

· Scheme 1: using single CSI process with K>1 CSI-RS resources.
· Scheme 2: using multiple CSI processes with dependency among CSI processes.
For scheme 1, a possible example is as follows: one CSI process is configured and is associated with one NZP CSI-RS resource transmitted from TP1, and one NZP CSI-RS resource transmitted from TP2 and one CSI-IM resource for interference measurement. The CSI-IM resource is one 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 a single CSI process.
According to the current LTE specification, UE only reports one CSI corresponding to one CSI process. In order to realize the above solution that multiple CSIs corresponding to one CSI process, the new reporting scheme should be defined. Besides, with the increase of the CSI reporting information, the PUCCH/PUSCH resource and format may need to be changed. Considering the limited time allocation for FeCoMP WI, for one CSI process configuration approach with significant specification impact, there is not enough time to discuss about it thoroughly. Therefore, the scheme with less specification impact should be studied firstly.
For scheme 2, a possible example is that one of multiple CSI processes may be configured as the CSI-IM resource for another CSI process. As is shown in Figure 1, 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 resource for interference from TPs except TP1 and TP2; and the other part is the CSI process indication indicating the CSI process which includes NZP CSI-RS resource transmitted from coordinated TP. By such configurations, the UE can perform the CSI measurement and feedback as follows:
· For CSI process 1:

· Measure PMI1 from NZP CSI-RS resource 1 

· Measure PMI2 from NZP CSI-RS resource 2 in CSI process indication 2

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

· For CSI process 2:

· Measure PMI2 from NZP CSI-RS resource 2 

· Measure PMI1 from NZP CSI-RS resource 1 in CSI process indication 1

· Calculate 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 multiple CSI processes.
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Figure 1: multiple CSI process configurations for non-coherent JT
For this scheme, there is no specification impact of CSI feedback methods. UE can obtain one CSI corresponding to one CSI process and report multiple CSI results of multiple CSI processes simultaneously. To realize the CSI enhancements of non-coherent JT, it is only needed to change the CSI process configuration obtained by RRC signaling and extend the definition of CSI-IM resource. Therefore, the specification impact is very little.
Observation1: Multiple CSI processes configurations have smaller specification impacts compared with that of one CSI process configuration.

Proposal 3: Multiple CSI processes configurations with dependency should be supported. NZP CSI-RS resource in one CSI process can be used as CSI-IM resource for another CSI process.

4 Conclusions
In this contribution, we present our views on the CSI enhancements for non-coherent JT. According to our discussion, we have the following observation and proposals:

Observation1: Multiple CSI processes configurations have smaller specification impacts compared with that of one CSI process configuration.

Proposal 1: NZP CSI-RS resources used as interference measurement resources should be supported. 

Proposal 2: The bandwidth of interference measurement based on NZP CSI-RS resource should be the same as the bandwidth of channel measurement in one CSI reporting.
Proposal 3: Multiple CSI processes configurations with dependency should be supported. NZP CSI-RS resource in one CSI process can be used as CSI-IM resource for another CSI process.
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