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1 Introduction
Regarding the issue on CSI processing for CoMP, the following two working assumptions were agreed in RAN1#69 and RAN1#70:
RAN1#69 [1]:

· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources

· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is

RAN1#70 [2]:

· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP

· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc 

In this contribution, Samsung’s view on the maximum number of CSI processes and IMRs so as to support not only CoMP in a single component carrier (CC) but also simultaneous CA and CoMP is presented.
2 Simultaneous CA and CoMP
Before discussing how to define the maximum number of CSI processes and IMRs in Release 11, one aspect that needs to be confirmed for CSI feedback is whether to support simultaneous carrier aggregation (CA) and CoMP (i.e. CA+CoMP). 
The objective of CoMP is to reduce the gap in service quality/experience between cell edge UEs and cell interior UEs. On the other hand, the objective of CA is to increase the maximum data rate by providing the UE with a larger bandwidth. Considering the objectives of the two key features, there seems no technical reason why the two features cannot coexist with each other. 
In addition, note that all the features in Release 10 and before can be applied in any combination if deemed beneficial. For example, the specification allows the simultaneous support for CA and eICIC, two key features of Release 10. Therefore, from a technical and specification point of view, there is no reason why a different approach needs to be taken for a CA-capable UE. Defining the following aspects in the specification would be sufficient to support CA+CoMP:

· Maximum number of CSI processes configurable to each UE

· CSI dropping rule for periodic PUCCH reporting (already agreed considering CA+CoMP)

· Mapping rule for aperiodic CSI request field

Proposal 1: Confirm the working assumption that Rel-11 supports the feedback operation of CA+CoMP.
3 Maximum Number of IMRs and CSI Processes

For Release 11 CoMP, TM 10 UEs would be configured with multiple NZP CSI-RS resources and multiple interference measurement resources (IMR) which result in multiple CSI processes for CSI feedback. As clarified in RAN1#70, each CSI process is associated with one channel part (NZP CSI-RS resource) and one interference part (IMR). One of the important issues to be determined in relation to the CSI process is the maximum number of CSI processes configurable to a UE.

In RAN1#69 meeting, it was decided that the maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources which implies that coordinated downlink transmission among up to three transmission points (TP) would be considered for specification support. Additionally, it would mean that the maximum number of CSI process should be at least 3. The question now is whether to support more than 3 CSI processes. In order to determine an adequate maximum number of CSI processes, coordination scenarios among 3 TP are investigated in Tables 1 through 3. As shown in the tables, three CSI processes can support all CoMP techniques, DPS, CS/CB, and JT among the three TPs. In the below tables, INT denotes interference from TPs other than TPs 1, 2, and 3. In short, INT denotes the interference from TPs outside the coordinating set of TPs. Note that it was shown in [3] and [4] that CQIs calculated under the same interference hypothesis could provide sufficient CoMP gain for JT. 
Table 1: Configuration of CSI processes for DPS
	
	Channel part
	Interference part

	CSI process 1
	TP 1
	TP2 + TP 3 + INT

	CSI process 2
	TP 2
	TP1 + TP 3 + INT

	CSI process 3
	TP 3
	TP1 + TP 2 + INT


Table 2: Configuration of CSI processes for CS/CB

	
	Channel part
	Interference part
	Note

	CSI process 1
	TP 1
	TP 2 + INT
	TP 2 ON, TP 3 OFF

	CSI process 2
	TP 1
	TP 3 + INT
	TP 2 OFF, TP 3 ON

	CSI process 3
	TP 1
	INT
	TP 2 OFF, TP 3 OFF


Table 3: Configuration of CSI processes for JT

	
	Channel part
	Interference part

	CSI process 1
	TP 1
	INT

	CSI process 2
	TP 2
	INT

	CSI process 3
	TP 3
	INT


Based on the above discussion, our preference for the maximum number of CSI processes is three. With the maximum size of 3, it is expected that CoMP performance can be sufficiently realized under a manageable UE complexity burden. Furthermore, if the maximum size of the CoMP measurement set is three, we do not see a benefit of having a maximum number of CSI processes that is larger than three. 

Having said that, the maximum number of IMRs also should be three in order to support all CoMP techniques, DPS, CS/CB, and JT among three TPs. Tables 1 and 2 show that DPS and CS/CB require three different interference hypotheses for different CSI processes, respectively.
Proposal 2: Support up to three CSI processes configurable to a UE in case of single CC.
Proposal 3: Support up to three IMRs configurable per CC.
Considering CA+CoMP operation, an overall limitation to the number of CSI processes configurable to a UE would be needed, as otherwise the UE would need to deal with carrier aggregation of up to 5 CCs leading up to 15 CSI processes. In this context, one possible choice for the maximum number of CSI processes in CA+CoMP operation would be five which is the minimum value corresponding to the case of a single CSI process for up to five CCs. As an alternative, if we consider more flexible configuration of CA+CoMP, the maximum number of CSI processes could be six which corresponds to three CSI processes in two CCs which is the most usual case in CA.

Proposal 4: The maximum number of CSI processes to a UE in the case of multiple CC may be decided between 5 and 6.
Finally, it is noted that UCI-only triggering conditions needs to be updated to reflect the decision of the number of CSI processes. In Rel-10 specifications, the threshold number of PRBs to trigger the UCI-only is 4 when an aperiodic CSI report on a single DL serving cell is reported. If the same condition is used for the single DL serving cell case and the aperiodic report carries CSI on more than one CSI process, the code rate for CQI/PMI on the CSI report may not be low enough for reliable decoding of the CQI/PMI on the UCI-only PUSCH [5]. 
4 Conclusions
This contribution discusses about remaining details on UE CSI processing for Release 11 CoMP operation. Regarding on CA+CoMP operation and the maximum number of CSI processes and IMRs, the following proposals are made:
· Proposal 1: Confirm the working assumption that Rel-11 supports the feedback operation of CA+CoMP.
· Proposal 2: The maximum number of CSI processes configurable to a UE is three in the case of a single CC.
· Proposal 3: The maximum number of IMRs configurable per CC is three.
· Proposal 4: The maximum number of CSI processes configurable to a UE in the case of multiple CC is either 5 or 6.
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