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1 Introduction

In RAN1#66bis, the following working assumption on the CSI feedback was agreed:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above.

Among all the feedback schemes, it was agreed in RAN1#67 that at least per-CSI-RS-resource feedback is used for CoMP CSI feedback.  In this contribution, we discuss aperiodic and periodic feedback modes to support per-CSI-RS-resource feedback.  In addition, we consider the design of feedback modes to support inter-point phase feedback and aggregated feedback for JT.
2 CSI feedback modes for CoMP
2.1 Framework of CoMP feedback
CoMP feedback at least uses multiple per-CSI-RS-resource CSI feedback which shares some commonalities with multi-cell feedback for CA defined in Rel-10.  So the CA feedback mechanism can be taken as a reference to design CoMP feedback.  As discussed in [7], CRS based CoMP feedback doesn’t seem necessary.   Therefore, the reference can be based on the feedback modes supported in transmission mode 9 which uses CSI-RS for channel measurement when RI/PMI is configured.  All PUCCH and PUSCH CSI reporting modes supported in transmission mode 9 should also be supported for per-CSI-RS-resource CSI feedback.  Like CA, all the existing signaling for CSI feedback configuration should be supported for each cell independently.
Proposal 1: All PUCCH and PUSCH CSI reporting modes supported in TM9 should also be supported for per-CSI-RS-resource CSI feedback.  All the existing related signaling for configuration of CSI feedback mode should be supported for each cell independently.
2.2 Relationship of aperiodic and periodic CSI feedback for CoMP
Hierarchical feedback framework should be supported to balance the performance and overhead. The coarse feedback on periodic feedback, e.g. per-CSI-RS resource feedback with assuming no interference from measurement set, should provide CSI for eNB to select the coordinating TPs and CoMP schemes.  It also allows UE fall back to a robust single-TP transmission from JT. On the top of it, feedback of some finer CSI, such as multiple CQIs with different interference hypotheses, inter-CSI-RS resource or aggregate CQI, can be triggered for aperiodic feedback on PUSCH which can accommodate more feedback overhead.
Like CA feedback, aperiodic feedback can be triggered using DL control signalling by CSI request field defined in DCI. Several sets of high layers configured CSI reports are associated with the two bits in CSI request field. Hence the reporting sets for aperiodic CSI feedback and periodic CSI feedback can be different.  In CoMP, it is also desirable that reporting sets for these two types of feedback is allowed to be different.  On top of it, one should allow different CSI-RS resource sets (e.g. different number of CSI-RS ports) for aperiodic CSI and periodic CSI to support flexible CoMP operation. The following is an example to make use of this feature:


                  Figure 1 Flow chart of an example of triggering different types of CQI

Step1 - Coarse CSI information is obtained by PUCCH based on per-point CSI feedback assuming no interference from measurement set.  e.g. eNB can use the periodic per-point CQIs of multi-cell feedback multiplexed in TDM to select the desired CoMP scheme and its corresponding coordinating points.  
Step2 - After looping through periodic feedback of all cells, the network has better idea on which CoMP scheme is suitable for the UE based on the periodic CSIs and current traffic situation.  
Step3 - When continuous traffic comes to this UE, the network side can trigger aperiodic CSI feedback on PUSCH using DCI to obtain more detailed CSI according to the desired CoMP scheme.    
· If the desired CoMP scheme is DPS, multiple CQIs with different interference hypotheses can be triggered. 
· If JT is the desired scheme, single cell feedback based on aggregated CSI can be used.  
· Another option for JT is multi-point feedback with frequency selective implicit inter-point phase information [6] with aggregated CQI can be triggered in aperiodic CSI report. Take 3 TPs measurement set as a example, 3bits for seven combinations of {1},{2},{3},{1,2},{1,3},{2,3},{1,2,3} is enough.
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Figure 2 Triggering aperiodic PUSCH report based on coarse PUCCH reports
· If we take interference hypothesis into consideration, combination of transmission point and interference hypotheses can be large.  To avoid too much overhead increase in the CSI request field in DCI format, RRC signaling can be used to down-select CQI reports with different signal and interference hypothesis to a limited number of combinations. As shown in figure 4, 4 CQI is selected by RRC signaling.  
	
	Signal hypothesis
	Interference hypothesis

	CQI Report 1
	TP1
	IMR-1

	CQI Report 2
	TP2
	IMR-2

	CQI Report 3
	TP3
	IMR-3

	CQI Report 4
	TP1 & TP2
	IMR-4

	…
	…
	…

	CQI Report N
	TP1 & TP2 & TP3
	IMR-N



	DCI bits
	CQI report selection

	00
	CQI Report A

	01
	CQI Report B

	10
	CQI Report C

	11
	CQI Report D


Figure 4 Down-selection of CQI report by RRC signalling
Based on the above analysis, we have the following proposals:
Proposal 2: The reporting set and corresponding CSI-RS resources for aperiodic CSI feedback and periodic CSI feedback can be different.  
Proposal 3: CSI request field in DCI for CA can be extended to support triggering of aperiodic feedback for CoMP.  Selection of CQI reports for triggering of aperiodic feedback can be done by RRC signaling to reduce the overhead on DCI.
2.3 Support of transparent inter-point phase and aggregated CQI in feedback modes
1) Periodic feedback 
For periodic CSI feedback on PUCCH, there are number of potential enhancements for CoMP:
· Multiple per-point CSI should be multiplexed in TDM just like CA but dropping rules should be revisited and studied carefully for CoMP.

· Aggregated CQI can be reported by replacing the per-point CQI in the periodic report.  e.g. PMI3 corresponds to implicit inter-point phase which can be either transparent or non-transparent to UE as described in [6].
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Figure 3 Supporting aggregated CQI on PUCCH

2) Aperiodic feedback
For aperiodic CSI feedback on PUSCH, there are number of potential enhancements for CoMP:
· If implicit inter-point phase is configured, it can be more important for rank 1 and aggregated CQI can be more important for higher ranks. Considering that, we can switch subband report between inter-point phase and aggregated CQI based on the rank in one aperiodic feedback mode as illustrated in the following figure.
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Figure 4 Switching between subband PMI and subband CQI based on the rank
· Subband size can be reduced for aperiodic report for finer frequency granularity of aggregated CSI or inter-point phase.

Proposal 4: Aggregated CQI is reported together with transparent inter-point phase feedback in both periodic and aperiodic feedback modes.

3 Conclusion
This contribution discusses aperiodic and periodic CSI feedback modes for CoMP.  Our proposals are summarized as below:
Proposal 1: All PUCCH and PUSCH CSI reporting modes supported in TM9 should also be supported for per-CSI-RS-resource CSI feedback.  All the existing related signaling for configuration of CSI feedback mode should be supported for each cell independently.
Proposal 2: The reporting sets and CSI-RS resources for aperiodic CSI feedback and periodic CSI feedback can be different. 
Proposal 3: CSI request field in DCI for CA can be extended to support triggering of aperiodic feedback for CoMP.  Selection of CQI reports for triggering of aperiodic feedback can be done by RRC signaling to reduce the overhead on DCI.
Proposal 4: Aggregated CQI is reported together with transparent inter-point phase feedback in both periodic and aperiodic feedback modes.
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UE feeds back on PUCCH with per-point CQIs assuming no interference in measurement set.





   JT or DPS/CSCB?





eNB computes approximately CQIs for different CoMP schemes based on the per-point CQIs.  Then it can decide which TPs and which CoMP scheme is desired. 





eNB triggers UE for aperiodic feedback with the certain hypothesis of TX points and interference condition. Inter-point phase & aggregated CQI can be added to the aperiodic feedback.





eNB triggers UE for aperiodic feedback with the certain hypothesis of TX points and interference condition(s).  Multiple CQIs are obtained with multiple interference hypotheses.
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