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Discussion and decision
1 Introduction

A new work item on FeCoMP was approved in RAN#75 with focus on NC-JT schemes. During SI on FeCoMP, it has been shown that NC-JT schemes provide performance gain and increases system user experience. In [1], the work item aims to specify the enhancements identified during FeCoMP study item. The detailed objectives are as follows.

· 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 signaling enhancements to assist QCL,PDSCH REs mapping and resource allocation

· Support possible CSI feedback enhancement
This contribution considers CSI enhancement and feedback issues in FeCoMP. 
2 Discussions 
2.1 CSI enhancement schemes
Three potential schemes for CSI enhancement are specified in [2] as below:

· Scheme 1: using single CSI process with K>1 CSI-RS resources.  
· Scheme 2: using single CSI process with enhanced codebook and an aggregated CSI resource from multiple CSI-RS resources.
· Scheme 3: using multiple CSI processes with dependency among CSI processes.  
The precoding and scheduling of the coordinating TRPs depend on the CSI information acquired and feedback by the serving UE. When partial overlapping of the two CWs from two TRPs are allowed, interference characteristic will be frequency selective. For example partial overlapping might happen in NC-JT as shown in Figure 1. From TRP A perspective, at least three potential interference hypotheses should be considered when scheduling: 1) TRP B also allocates the same PRB to CW 2 and therefore interference from TRP B will be experienced when the UE decodes CW 1; 2) TRP B allocates the PRB to a different UE and therefore different interference will be experienced when the UE decodes CW 1; and 3) TRP B does not allocate this PRB and therefore the interference experienced by the UE is only from other TRPs. 
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(a)                                                                    (b)

Figure 1: NCJT resource allocation (a) overlapping (b) non-overlapping

When one PRB is overlapping PRB in TTI n, it does not mean this PRB will still be overlapping in the next TTI and vice versa. Overlapping or not depends on the scheduling decision of the coordinating TRPs. However, if the CSI feedback is only calculated based on the interference hypotheses currently experienced, it is not accurate enough for the TRPs to make appropriate scheduling decisions. For example, if the CQI is calculated based on interference hypothesis in Figure 1 (a) only, once TRP B decides not to allocate this PRB to any UE in the next TTI, which could happen when traffic fluctuates, the scheduling decisions could be too conservative with reduced interference level, leading to performance loss. The possible signal and interference hypotheses (or network coordination methods) to derive CSI are illustrated in Figure 2. In the figure, G1 and G2 respectively imply the time-frequency resource corresponding to the two TPs. Depending on the scheduling decision, MCS should be selected differently considering these different interference types. For example, eNB may apply NC-JT for UE 1 in one subframe, but the eNB may decide to use DPS for UE 1 in another subframe. In still other subframe, eNB may co-schedule UE 2 as well as UE 1. To cope with these various interference scenarios, the CSI feedback should be flexibly designed for feCoMP. For UE1’s feedback to facilitate NC-JT, 2 CSI-RS resources and three CSI-IM resources seem to be sufficient:

· A first CSI-RS resource to estimate the channel part of TP1;

· A second CSI-RS resource to estimate the channel part of TP2;

· A first CSI-IM resource to estimate the interference corresponding to interference types 1, 2 and 3;

· A second CSI-IM resource to estimate the interference corresponding to interference type 4;

· A third CSI-IM resource to estimate the interference corresponding to interference type 5;
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Figure 2: Signal and interference hypotheses corresponding to different network coordination methods
In schemes 1 and 2, K>1 NZP CSI-RS resources and M>1 CSI-IMs are configured within a CSI process. UE can be configured to report CSI based on various signal and interference hypotheses. For UE to measure CQI/PMI/RI based on a hypothesis involving in K>1 NZP CSI-RS, the specification needs to describe UE assumption on how to handle the multiple NZP CSI-RS for CSI estimation. For NC-JT hypothesis (i.e., hypothesis 1), support of multiple CQI/PMI/RI reports seem be simplest in specification points of view, in such a case, one report will be generated per NZP CSI-RS resource. When the multiple reports are generated, one report generation needs to take other reports as inputs if dependency is considered, which will increase the complexity of the system. In addition, it is an iterative procedure if dependency is considered and with increased number of coordinating TRPs, the processing latency will be increased and more importantly, convergence is not guaranteed. For the other hypotheses, a single CQI/PMI/RI seems to be sufficient. These different types of CQI/PMI/RI reports corresponding to different hypotheses are either jointly or separately generated by indication/configuration for periodic and aperiodic reporting. These reports can be used at the eNB for link adaptation according to the selected coordinated transmission configuration used for PDSCH transmissions. For the joint measurement of CQI/PMI/RI utilizing an aggregation of multiple NZP CSI-RS resources for the NC-JT hypothesis, a block-diagonal codebook seems to be necessary. Although the CSI is derived on an aggregation of N CSI-RS resources and the new codebook, the CSI feedback can still be grouped into separate N CQI/PMI/RI reports. It seems that scheme 1 & 2 are not mutually exclusive and indeed share more common features than different features. Hence, for allowing for CSI reporting on various hypotheses with a single CSI process, both scheme 1 and scheme 2 need to be supported. 

If scheme 3 adopted, multiple CSI processes are defined and as aforementioned when the inter-dependency among these CSI-processes needs to be explored, the system complexity and latency will increase. Additional signaling is also needed, e.g., each CSI process needs to keep a record of the rest of the CSI processes and the decides to when CSI process(es) it passes its calculated CSI. Even if the CSI calculation can be conducted in an iterative way by exploring the dependency, it may not be able to achieve the optimal solution since convergence is not guaranteed.
Proposal 1: UE should be able to generate and report N CQI/PMI/RI reports but no inter-dependency between CSI calculation and reports is supported when single scheme 1 or 2 is adopted and no inter-dependency between CSI processes is supported if scheme 3 is adopted in R15 feCoMP. 
Proposal 2: Schemes 1 and 2 need to be supported in Rel-15 feCoMP, which involves configuration of K>1 NZP CSI-RS resources and M≥1 ZP CSI-RS in a CSI process.

· Maximum number of configurable K and M FFS

· UE should be able to generate and report N CQI/PMI/RI reports with an aggregation of N CSI-RS resources, generated according to a block diagonal codebook. 
2.2 CSI feedback
When UE is configured to generate N CSI reports on an aggregation of N CSI-RS resources, a codebook needs to be designed for the aggregation of antenna ports. Two different codebook designs can be considered as follows 
· Alt 1: A block diagonal codebook comprising multiple separate codebooks for individual CSI-RS resources 
· Alt 2: W1 and W2 are newly designed for jointly considering inter-TP relations
Alt 1 takes individual PMI codebooks jointly and a codebook is a block diagonal matrix illustrated as in the following in case of two-TP NC-JT:
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where Wa and Wb are for two CSI-RS resources belonging to two TPs, whose dimensions are N1xR1 and N2xR2 respectively, where N1 and N2 are the number of CSI-RS ports for the two TPs, and R1 and R2 are the rank considered for the CSI feedback for the two TPs. On the contrary, Alt 2 requires a new design of the codebook, which may not be feasible during this short WI considering the time constraints, and can be de-prioritized unless a simple design can be quickly agreed. 

Proposal 3: For NC-JT reporting involving two CSI-RS resources of N1 and N2 ports respectively, the codebook to be used for the generation of the two sets of PMI/CQI/RI is:
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where Wa and Wb are precoding matrices generated by N1-Tx codebook and N2-Tx codebook, and of size N1xR1 and N2xR2 respectively, where R1 and R2 are the rank values considered for the CSI feedback for the two CSI-RS resources. 
Considering the various interference hypotheses aforementioned, the CSI calculation and feedback should be configured depending on the number of interference hypotheses and flexible RRM solutions are needed to optimize the network performance. Considering CSI feedback signaling overhead, an alternative approach is that the CSI calculation and feedback is configured depending on one or multiple subsets of interference hypotheses so that the network can configure the UE to selectively feedback one or multiple subsets of the CSI reports. If the UE is configured to report a subset of the CSI reports only, the TRPs should have the capacity to infer/estimate the CSI reports for other interference hypotheses by exploring the correlation between the interference hypotheses/available CSI reports if needed. If multiple subsets of CSI reports are configured, the correlation between these CSI report subsets should be explored to reduce feedback signaling overhead. Other approaches can also be considered. For example, the cooperating TRP set can dynamically limits the NC-JT resource allocation (e.g. by allowing fully overlapped resource allocation only), to avoid some of the interference hypotheses, and, hence, reduce the required CSI-RS resources and feedback overhead.
Proposal 4: The TRPs should have the capability to infer/estimate additional CSI reports based on available CSI reports by exploring the correlation between the interference hypotheses/available CSI reports.
In any case, multiple interference hypotheses are needed to acquire accurate CSI to facilitate efficient radio resource management. Since large and more detail reporting is needed to support dynamic switching of NC-JT, aperiodic reporting is a more suitable solution. Aperiodic CSI reporting design may be considered in such a way that all CSI reports generated in all possible the hypotheses or only a subset or multiple subsets of the CSI reports. When reporting multiple subsets, the correlation between these subsets may be explored to reduce the CSI feedback reporting overhead. 
Proposal 5: At least aperiodic reporting should be supported in Rel-15 feCoMP. High layer configuration, DCI triggering bits design and feedback reporting overhead reduction are FFS. Support of periodic reporting FFS.

Based on local CSI measurements, recommendations can be made by UE to help the network understand the UE preference and perform transmission configurations and scheduling afterwards in a more efficient manner. 

Proposal 6: Introduction of UE recommendation feedback should be considered so that the network improves transmission configuration and scheduling efficiency.
3 Conclusions
In this contribution CSI enhancement for NC-JT is discussed. It can be summarized as below:
Proposal 1: UE should be able to generate and report N CQI/PMI/RI reports but no inter-dependency between CSI calculation and reports is supported when single scheme 1 or 2 is adopted and no inter-dependency between CSI processes is supported if scheme 3 is adopted in R15 feCoMP.  

Proposal 2: Schemes 1 and 2 need to be supported in Rel-15 feCoMP, which involves configuration of K>1 NZP CSI-RS resources and M≥1 ZP CSI-RS in a CSI process.

· Maximum number of configurable K and M FFS

· UE should be able to generate and report N CQI/PMI/RI reports with an aggregation of N CSI-RS resources, generated according to a block diagonal codebook. 

Proposal 3: For NC-JT reporting involving two CSI-RS resources of N1 and N2 ports respectively, the codebook to be used for the generation of the two sets of PMI/CQI/RI is:
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where Wa and Wb are precoding matrices generated by N1-Tx codebook and N2-Tx codebook, and of size N1xR1 and N2xR2 respectively, where R1 and R2 are the rank values considered for the CSI feedback for the two CSI-RS resources. 

Proposal 4: The TRPs should have the capability to infer/estimate additional CSI reports based on available CSI reports by exploring the correlation between the interference hypotheses/available CSI reports.
Proposal 5: At least aperiodic reporting should be supported in Rel-15 feCoMP. High layer configuration, DCI triggering bits design and feedback reporting overhead reduction are FFS. Support of periodic reporting FFS.
Proposal 6: Introduction of UE recommendation feedback should be considered so that the network improves transmission configuration and scheduling efficiency.
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