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1 Introduction
In 3GPP RAN1 #69, the agreement regarding on CSI for CoMP were made as follow [1]:
· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC

· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 

· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

· Configuration of multiple CSIs

· IMRs associated with different CSIs can be configured independently

· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs

· FFS the maximum number of CSIs configurable for one UE 

· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

That is, Release 11 UE can be configured with multiple NZP CSI-RS resources and multiple interference hypotheses for which multiple CSI feedback configurations for both periodic and aperiodic CSI reports would be needed. In this contribution, Samsung’s view on how to configure periodic and aperiodic CSI reports for Release 11 CoMP is presented.
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 resource and the corresponding reporting mode for the periodic PUCCH feedback in a component carrier (CC). That is, the PUCCH reporting mode is configured in CC 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 reporting modes in Release 10.
	
	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


For Release 11 CoMP, supporting multiple NZP CSI-RS resources and multiple interference hypotheses in a CC would require the definition of a CSI process which was discussed on the email discussions [69-10] for periodic CoMP feedbacks. One CSI process is the association of one channel part (one NZP CSI-RS resource from CoMP measurement set) and one interference part (one interference hypothesis). For periodic CSI reporting, each CSI process may also be associated with one PUCCH reporting mode and the corresponding RRC parameters for the reporting timing such as cqi-pmi-ConfigIndex and ri-ConfigIndex. Since reporting CSI for all possible combinations of the configured NZP CSI-RS resources and interference hypotheses may be a big burden to a UE, eNB would need to down-select necessary combinations and configure the UE with one or more CSI processes associated to combinations by the down-selection. For example, if a UE receives three NZP CSI-RS resources {CSI-RS-1, CSI-RS-2, CSI-RS-3} and two interference hypotheses {IH-1, IH-2}, total six pairs of a NZP CSI-RS resource and an interference hypothesis can be distinguished. However, the UE would be configured to report CSI only for necessary four CSI processes such as in Table 2.
Table 2. Configuration of CSI processes.
	
	Channel part
	Interference part

	1st CSI process
	CSI-RS-1
	IH-1

	2nd CSI process
	CSI-RS-2
	IH-1

	3rd CSI process
	CSI-RS-3
	IH-1

	4th CSI process
	CSI-RS-3
	IH-2


One issue regarding multiple CSI processes is whether the general principle of multiple feedback configurations used for multiple CCs in carrier aggregation (CA) is still applicable for CoMP. As mentioned above, in Release 10 CA, CSI reports are independently configured in CC specific manner. Following this principle for CoMP, each CSI process would be configured together with its own PUCCH reporting mode and the corresponding RRC parameters for the reporting timing. As a result of this CSI-process specific feedback configuration, Release 11 can inherit the PUCCH reporting modes of Release 10 shown in Table 1 without an additional mode because one CSI process would only generate one set of CSI as in a single CC. In addition, a UE can be configured with one reporting mode with subband CQI and another reporting mode without subband CQI. Such flexibility in configuration of different reporting modes to one UE would give benefits to the network implementing CS/CB which may require different levels of CSI for the serving transmission point (TP) and the interfering TPs. 
Observation 1: CSI-process specific feedback configuration could give the following benefits:

· Release 11 can inherit the PUCCH reporting modes of Release 10 without additional reporting modes.
· Flexible feedback configuration is possible that allows different levels of CSI reports for different TPs depending on the network’s need.
As observed in a companion contribution [2], a feedback scheme with shared PMI/RI for multiple interference hypotheses can provide almost the same performance as the scheme with individual PMI/RI reports even though it requires smaller uplink feedback overhead for the case of CSI reports for the same NZP CSI-RS but different interference hypotheses. For example in Table 2, the 3rd and 4th CSI processes could share the same PMI/RI since they are associated to the same channel part but different interference parts. Such a feedback scheme with the PMI/RI commonality could be realized by adopting new RRC parameters to indicate a dependency among CSI reports for multiple CSI processes when CSI-process specific feedback configuration is used. 
An alternative way to realize such a feedback scheme with the PMI/RI commonality would be to adopt NZP CSI-RS-resource specific feedback configuration. In NZP CSI-RS-resource specific configuration, the PUCCH reporting mode and timing would be independently configured for different NZP CSI-RS resources while multiple CSI processes associated to the same NZP CSI-RS resource but different interference hypotheses would apply the same reporting mode and share the same PMI/RI. For example in configuring what is listed in Table 2, three PUCCH reporting modes for three NZP CSI-RS resources would be configured. The third NZP CSI-RS resource specific PUCCH reporting mode would include one common RI and PMI but two individual CQI for two interference hypotheses as shown in Table 3. It is worth to note that the CSI-RS-resource specific feedback configuration can also provide benefits to the network implementing CS/CB by configuring different reporting modes for different TPs without introducing a new RRC parameter to impose a dependency among CSI reports for multiple CSI processes. In short, the dependency between CSIs for different interference hypotheses can be implicitly indicated by the configuration of multiple IHs for a single CSI report as in the 3rd CSI report of Table 3.
Table 3. CSI-RS-resource specific feedback configuration.
	
	Channel part
	Interference part
	Reporting mode
	Notes

	1st CSI configuration
	CSI-RS-1
	IH-1
	Mode 1
	One set of RI/PMI/CQI

	2nd CSI configuration
	CSI-RS-2
	IH-1
	Mode 2
	One set of RI/PMI/CQI

	3rd CSI configuration
	CSI-RS-3
	IH-1
	Mode 3
	One shared RI/PMI,
Two individual CQI

	
	
	IH-2
	
	


Observation 2: A feedback scheme with the shared PMI/RI for multiple interference hypotheses can be realized in two ways:
· Adopting new RRC parameters to indicate a dependency among CSI reports for multiple CSI processes in CSI-process specific feedback configuration

· CSI-RS resource specific feedback configuration

During the e-mail discussions [69-10] following RAN1#69, many companies considered compressing/multiplexing multiple CSI reports in the same reporting instance which might require new CSI reporting types in Release 11. If a report of multiple CQI in one reporting instance is supported, a new type for multiple CQI feedback should be introduced. In addition to this, a new type for the shared PMI/RI might be needed for the aforementioned feedback scheme with PMI/RI commonality. It would be meaningful for CoMP if a multiplexing/compressing scheme which can be supported by PUCCH format 2 is developed even though it requires a new reporting type. If PUCCH format 3 for multiple CSI reports is adopted in CA, it could also be used for CoMP and multiplexing/compressing rules for this case could be further studied. This would primarily be dependent on the agreements in the CA session. However, we currently do not see any reason for also supporting CSI reports based on PUCCH format 3 in addition to PUCCH format 2.
Observation 3: A multiplexing/compressing scheme supporting may require new CSI reporting types in Release 11.
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 number of PMI and the granularity of CQI. Release 10 UEs can be configured with only one of the PUSCH reporting modes shown in Table 4 on each CC. 
Table 4: 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

(wideband CQI)
	
	
	Mode 1-2

	
	UE Selected

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

	
	Higher Layer-configured

(subband CQI)
	Mode 3-0
	Mode 3-1
	


As discussed above for periodic PUCCH reporting, Release 11 UEs can be configured with multiple CSI processes for which aperiodic feedback configuration should be reconsidered. One issue on aperiodic feedback configuration would be whether or not the set of CSI processes for aperiodic CSI report is the same as that for periodic CSI report. The independent configuration of CSI processes for periodic and aperiodic CSI reports seems more flexible than the common configuration. With the independent configuration, it is possible that essential CSI reports can be done by periodic PUCCH reporting which has a small resources reserved in semi-static manner while CSI reports including additional CSI for CoMP are fed back by aperiodic PUSCH reporting which is triggered by eNB in dynamic manner. Table 5 shows that CSI reports for the first interference hypothesis are reported periodically but CSI reports for an additional interference hypothesis are only reported by aperiodic PUSCH reports.
Table 5. CSI processes for periodic and aperiodic CSI reports.
	
	Channel part
	Interference part
	Periodic CSI
	Aperiodic CSI

	1st CSI process
	CSI-RS-1
	IH-1
	O
	O

	2nd CSI process
	CSI-RS-2
	IH-1
	O
	O

	3rd CSI process
	CSI-RS-3
	IH-1
	O
	O

	4th CSI process
	CSI-RS-3
	IH-2
	X
	O


Proposal: Support independent configuration of CSI processes for periodic and aperiodic CSI reports for flexible management of periodic and aperiodic CSI reporting.
4 Conclusions
This contribution discusses the CSI feedback configuration in Release 11 for CoMP operation. The followings are observed:
Observation 1: CSI-process specific feedback configuration could give the following benefits:

· Release 11 can inherit the PUCCH reporting modes of Release 10 without an additional reporting mode

· A flexible feedback configuration is possible such that feedbacks with different granularities can be allocated to different TPs.

Observation 2: A feedback scheme with the shared PMI/RI for multiple interference hypotheses can be realized in two ways:

· Adopting new RRC parameters to impose a dependency among CSI reports for multiple CSI processes in CSI-process specific feedback configuration

· CSI-RS resource specific feedback configuration

Observation 3: A multiplexing/compressing scheme supporting may require new CSI reporting types in Release 11.

In addition, based on requirements of CoMP, the following proposals are made:

Proposal: Support independent configuration of CSI processes for periodic and aperiodic CSI reports for flexible management of periodic and aperiodic CSI reporting.
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