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1 Introduction
In 3GPP RAN1 #66bis and #67, the working assumptions of CSI feedback to support downlink CoMP were agreed as follow:
Working assumption from RAN1#66bis:

· 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.
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

In this contribution, we discuss the CSI feedback mode to support the DL CoMP transmission.
2 Feedback Mode for Periodic CQI/PMI/RI Reporting
In LTE Release 10, each UE is only capable of being configured with a single non-zero power CSI-RS and the corresponding reporting mode for the periodic PUCCH feedback. That is, the PUCCH reporting mode is configured in UE specific manner in Release 10. Table 1 shows the CQI and PMI feedback types for PUCCH reporting modes which are dependent on the frequency granularity of CQI and the existence of PMI in the configured CSI feedback.

Table 1: CQI and PMI Feedback Types for PUCCH Rel. 10 reporting Modes

	
	PMI Feedback Type

	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	Wideband

(wideband CQI)
	Mode 1-0
	Mode 1-1

	
	UE Selected

(subband CQI)
	Mode 2-0
	Mode 2-1


In order to support efficient CoMP operations, UEs in Release 11 should be able to measure CSI-RS resources from multiple transmission points (TP). In order words, UEs should be signalled with multiple CSI-RS resources in an UE specific manner and in turn they should be able to generate/feedback the channel conditions based on these multiple CSI-RS resources. Supporting multiple CSI-RS resources per UE would require the definition of a CoMP measurement set which would essentially be a set of TPs or CSI-RS resources for which feedback needs to be measured. One issue regarding on multiple CSI-RS resources and the corresponding CSI feedbacks would be whether the PUCCH reporting mode should be configured in CSI-RS-resource specific manner or UE specific manner.

It seems more natural for the reporting mode to be CSI-RS-resource specific than UE specific since the existence of PMI in a feedback is dependent on the number of CSI-RS ports. That is, each CSI-RS resource in a CoMP measurement set can have different number of antenna ports which leads the individual PUCCH reporting mode. For example, if the CoMP measurement set for a UE is {CSI-RS-1, CSI-RS-2} in which CSI-RS-1 and CSI-RS-2 have one and two antenna ports, respectively, the feedback for CSI-RS-1 would not include PMI as opposed to that for CSI-RS-2. 

Furthermore, if CSI-RS-resource specific reporting mode is adopted in Release 11, UEs can be configured with one reporting mode with subband CQI and another reporting without subband CQI. Such a configuration of different reporting modes to one UE can be beneficial in the network implementing CS/CB which does not require an elaborated CQI for interfering TPs. 

Based on the above discussion for PUCCH reporting mode, the following proposal is made:

Proposal 1: PUCCH reporting mode should be configured in CSI-RS-resource specific manner.
3 Feedback Mode for Aperiodic CQI/PMI/RI Reporting
In Release 10, the aperiodic CSI reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-layer signalling. The PUSCH reporting mode depends on the existence of PMI and the granularity of CQI/PMI. A Release 10 UE is configured with only one of the PUSCH reporting modes in Table 2. 
Table 2: CQI and PMI Feedback Types for PUSCH Rel. 10 reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


For Release 11 UEs, it was agreed that the multiple non-zero power CSI-RS resources are configured to support CoMP transmission and CSI feedback for CoMP uses at least per-CSI-RS-resource feedback. The CSI-RS from different TPs or cells could be different number of antenna port and the channel feedback by receiving CSI-RS could be based on the different assumptions whether PMI/RI reporting is configured or not. Therefore, PUSCH reporting mode should be configured per CSI-RS resource.

Proposal 2: PUSCH reporting mode should be configured in CSI-RS-resource specific manner.

A UE shall perform aperiodic CSI reporting using the PUSCH upon decoding an uplink DCI format if the CSI request field is set to trigger a report. For the aperiodic feedback for CoMP, the channel status information of CSI-RS resources in CoMP measurement set is expected to be reported to the network. 
One approach to specify aperiodic feedback for CoMP is to report the feedback for all TPs in the CoMP measurement set when the CSI request field is set to trigger. This approach is simple but the feedback overhead is linearly proportional to the size of the CoMP measurement set. Additionally, for such CoMP schemes as CS/CB, network might not require the CSI of all the TPs in the CoMP measurement set. Another approach similar to that of carrier aggregation is also possible. That is, network indicates the subset of CoMP measurement set for aperiodic feedback report and the UE consequently reports back their CSI. This approach can reduce the feedback overhead for CoMP and network can receive the feedback information of interest. The indication of subset of CoMP measurement set can be done by L1 control signalling. By increasing the CSI request field size, the feedback report is triggered according to the value of pre-configured RRC signalling. Table 3 is one example of CSI request field in the uplink DCI format. Furthermore, when the network wants to have specific feedback information such as inter-CSI-RS-resource feedback, aggregated feedback, and feedback based on different interference assumptions, the detailed description in the Table 3 can be modified accordingly.

Table 3: One example of CSI request field in the uplink DCI format for CoMP
	Value of CSI request field 
	Description 

	‘00’ 
	No aperiodic CSI report is triggered 

	‘01’ 
	Aperiodic CSI report is triggered for all CSI-RS resources in CoMP measurement set

	‘10’ 
	Aperiodic CSI report is triggered for a 1st set of CSI-RS resources configured by higher layers

	‘11’ 
	Aperiodic CSI report is triggered for a 2nd set of CSI-RS resources configured by higher layers


Proposal 3: The triggering method for aperiodic feedback should be considered to support feedback for multiple TPs in the CoMP measurement set.
4 Conclusions
This contribution discusses the CSI feedback mode in Release 11 for CoMP operation. The following proposals are made:
Proposal 1: PUCCH reporting mode should be configured in CSI-RS-resource specific manner.

Proposal 2: PUSCH reporting mode should be configured in CSI-RS-resource specific manner.
Proposal 3: The triggering method for aperiodic feedback should be considered to support feedback for multiple TPs in the CoMP measurement set.
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