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1 Introduction

Important agreements and conclusions have been made at RAN1#67 and RAN1#68bis: 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.
Conclusion from RAN1#68bis:
· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11.
This contribution proposes the detailed CSI feedback modes for CoMP.
2 CSI Feedback Framework
The configuration of non-zero-power CSI-RS resources, interference measurement resources and feedback parameters, completely specifies the feedback for a UE. To simplify the standardization effort and UE complexity, a common CSI feedback framework based on per-CSI-RS-resource feedback should support JT, DPS/DPB, and CS/CB. Per-CSI-RS-resource feedback means that the CSI associated with one CQI is derived based on a single non-zero-power CSI-RS resource. It does not prevent multiple CQIs to reuse the same CSI-RS resource to derive different RI/PMI, for example when different interference measurement resources are associated with the same CSI-RS resource.
As explained in companion contributions on CoMP CQI definition [1] and interference measurements [2], a CSI process is the association of a transmission assumption (a CSI measurement resource) and an interference assumption (an interference measurement resource). 
Proposal 1: each CoMP CQI (i.e. CSI process) is RRC-configured by the association of
· One non-zero power CSI-RS resource from the CoMP Measurement Set
· One Interference Measurement Resource

· One CSI reporting mode (PUCCH or PUSCH)

· Other feedback-related parameters (e.g. codebook subset restriction)
3 CSI Feedback Modes
Following the principles of the feedback framework of section 2, a UE could support all the CSI reporting modes defined in Rel-10 and reuse the principles discussed for CA as much as possible. RRC signaling provides the linkage between each CSI process and the CSI reporting mode over PUCCH or PUSCH. Multiple CSI processes are naturally configured independently of each other, i.e. the processes could operate in different CSI reporting modes (e.g. wideband/subband, with/without PMI) and with different feedback-related parameters (e.g. codebook subset restriction). 
All PUSCH aperiodic CSI reporting modes should be supported for CoMP. The CSI request field for triggering aperiodic CoMP CSI reporting should be re-described. An example of 2-bit CSI request field is shown in Table 2, where the different sets of CSI processes are configured by higher layers. In order to avoid increasing the UL DCI size, simultaneous usage of the CSI request field for CoMP and CA may not be allowed in Rel-11. 
Table 2 CoMP CSI Request field for PDCCH with uplink DCI format
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for a 1st set of CSI processes for serving cell c configured by higher layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of CSI processes for serving cell c configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of CSI processes for serving cell c configured by higher layers


All PUCCH periodic CSI reporting modes should be supported for CoMP. The following items should be considered to enhance CSI reporting for CoMP: 
· UE is configured to report CSI processes in different subframes, as shown in the following figure.
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· Different CSI processes could collide in the same subframe: periodic CSI dropping rules should be defined, considering the priority of feedback content and CSI processes. 
· PUCCH format 3 can be considered to carry multiple CSI as shown below.
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· Multiplexing multiple CSI and CoMP HARQ-ACK in case of collision.
· PUCCH format 3 can be considered to carry multiple CSI + HARQ-ACK as shown below.
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Proposal 2: CSI reporting modes are configured independently for different CSI processes
· All existing aperiodic PUSCH reporting modes are supported, and the CSI request field for triggering aperiodic CoMP CSI reporting should be re-described
· All existing periodic PUCCH reporting modes are supported
· Rules for collisions of multiple reports in the same subframe should be defined, following the rules defined for CA as much as possible

· PUCCH format 3 can be considered to carry multiple CSI or multiple CSI + HARQ-ACK
4 Conclusions
This contribution gives Huawei’s views on CSI feedback modes for CoMP. The proposed feedback framework supports JT, CS/CB and DPS/DPB, based on per-CSI-RS-resource CSI feedback:
Proposal 1: each CoMP CQI (i.e. CSI process) is RRC-configured by the association of:
· One non-zero power CSI-RS resource from the CoMP Measurement Set
· One Interference Measurement Resource

· One CSI reporting mode (PUCCH or PUSCH)

· Other feedback-related parameters (e.g. codebook subset restriction)
The following is proposed for CSI reporting modes:
Proposal 2: CSI reporting modes are configured independently for different CSI processes
· All existing aperiodic PUSCH reporting modes are supported, and the CSI request field for triggering aperiodic CoMP CSI reporting should be re-described
· All existing periodic PUCCH reporting modes are supported

· Rules for collisions of multiple reports in the same subframe should be defined, following the rules defined for CA as much as possible

· PUCCH format 3 can be considered to carry multiple CSI or multiple CSI + HARQ-ACK
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