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1. Introduction
Aperiodic CSI feedback to support CoMP transmission had been discussed for several meetings. During the email discussion after RAN1#69 meeting, some proposals are summarized from the views from companies [1]:
· Proposal 1: Higher layer configuration of CSI feedback for CSI processes for CoMP is based on the configuration of CSI feedback for serving cells in CA. FFS if the same CSI processes are configured for both periodic and aperiodic feedback.
· Proposal 2: The maximum number of CSI processes which can be configured for aperiodic CSI feedback is FFS. 
· Proposal 3: The triggering of aperiodic CSI is according to Table 1:

	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 configured by higher-layers

	‘10’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 3rd set of 

CSI processes configured by higher-layers


FFS whether the set for “01” should fixed (e.g. to be the CSI process with the lowest index, or all CSI processes). 
· Proposal 4: Multiplexing multiple aperiodic CSI reports for CoMP is similar to CA, with no compression.  Maximum number of CSI reports in a subframe is FFS.
· Proposal 5: The payload content of the CSI report in the case of 1 bit CSI request field is CSI for the 1st set of CSI processes (i.e. same as ‘01’ with two-bit trigger). Note: In this case the 1 bit field would only apply in the CSS. 
· Proposal 6 : The CSI request field is no larger than 2 bits in Rel 11
· Proposal 7: Simultaneous usage of the CSI request field for CoMP and Carrier Aggregation is FFS.
In this contribution, we discuss the remaining issues of aperiodic CSI feedback for better support of CoMP.
2. Discussion

2.1. Configuration of CSI processes for periodic and aperiodic feedback
For both periodic and aperiodic feedback, CSI processes are associated with single measurement set (maximal three NZP CSI-RS resources) and configured IMRs. To support different CoMP transmission schemes and its corresponding feedback, different NZP CSI-RS and IMRs can be configured for periodic and each aperiodic feedback with different CoMP hypothesises. For example, only one or two CoMP schemes are supported for periodic feedback considering feedback overhead, while more schemes can be supported for aperiodic feedback by triggering different sets. From this perspective, the candidate CSI processes for periodic feedback are usually the subset of that for aperiodic feedback. Also, the three sets of CSI processes in Table 1 are also the subsets of candidate CSI processes for aperiodic feedback. For simplification of RRC signaling, the same “CSI process superset” can be configured for both periodic and aperiodic feedback. Then independent CSI processes can be indicated for periodic feedback and each aperiodic feedback via bitmap or index within this superset.
Based on current proposals of email discussion, three/four sets of CSI processes can be configured by RRC signaling for different types of feedback as shown in Table 2. This signaling design can minimize the RRC signaling overhead, but also preserve the independence of aperiodic and periodic feedback. The signaling overhead of each set is determined by the size of the superset (9 candidate CSI processes as example in the table), which should be further studied.
Table.2 Example of RRC configuration of CSI processes for aperiodic and periodic feedback based on superset
	CSI process set 0
	the 1st set of CSI processes for aperiodic feedback (e.g.100000000)

	CSI process set 1
	the 2nd set of CSI processes for aperiodic feedback (e.g. 000111100)

	CSI process set 2
	the 3rd set of CSI processes for aperiodic feedback (e.g. 111000011)

	CSI process set 3 or CSI process index
	the set of CSI processes for periodic feedback (e.g. 111110000) or the index of each CSI process for periodic feedback (4bits each)


Proposal 1: The same RRC configured superset of CSI processes can be used for both periodic and aperiodic feedback.

Proposal 2: Independent CSI processes can be configured for periodic and aperiodic feedback via bitmap or index within the superset.
2.2. The number of CSI processes configurable for aperiodic feedback in one/multiple subframes
The number of CSI processes configurable for aperiodic feedback, which is the size of superset for CSI feedback as mentioned above, is associated with the supported CoMP transmission schemes for each TP. For example, if at most three CoMP hypothesises are supported for each NZP CSI-RS resource, then at least 9 CSI processes should be included in the superset. 
The maximal size of CSI processes in one triggered set should consider both the feedback payload and UE processing capability within the feedback latency. For aperiodic feedback, feedback payload will not be a big problem in most cases. If the processing complexity is acceptable for a UE, then no explicit limitation on the number of achieved CSI processes in a set is needed. Also, if processing capability report or a constraint to limit the UE processing requirements is defined, eNB can configure the CSI process set according to the UE capability constraint without other limitation.
Observation: UE processing capability is essential to confirm the maximal number of CSI reports in one subframe.
2.3. Definition of the state “01”
There were different views on how to define the content for the triggering state “01” during the email discussion. According to the design of CA in Rel-10, the CSI process with the lowest index, which is likely to be the CSI process of the serving cell, can be triggered by “01” to be the fallback configuration. To support dynamic switching among multiple CoMP transmission schemes, triggering all the CSI processes can also be considered for this state. Considering different motivations may lead to different design contents, it seems more appropriate to make this state configurable by eNB according to the requirement, e.g. fallback CSI or full CSI.
Proposal 3: The triggering content of the state “01” can be configured by higher layer.
2.4. Simultaneous usage of the CSI request field for CoMP and CA
So far, feedback for CoMP transmission is only discussed for single CC case. Though some companies see potential significant benefits to support CoMP transmission in multiple CCs, there is not enough time to prove these benefits and specify the details. Supporting CA+CoMP for aperiodic feedback may greatly increase the feedback payload, and also introduce additional signaling design, e.g. for indication of CSI processes in different CCs. Hence, it is preferred to fully study and optimize this mechanism in Rel-12 to derive more gain from CA and CoMP.
Proposal 4: Simultaneous usage of CoMP and CA is not suggested for aperiodic feedback in Rel-11.
3. Conclusions

In this contribution, we discuss the open issues on aperiodic feedback to support CoMP transmission in Rel-11. The signaling design for aperiodic feedback is analyzed in detail and some suggestions are proposed as follow. 
Proposal 1: The same RRC configured superset of CSI processes can be used for both periodic and aperiodic feedback.

Proposal 2: Independent CSI processes can be configured for periodic and aperiodic feedback via bitmap or index within the superset.
Proposal 3: The triggering content of the state “01” can be configured by higher layer.

Proposal 4: Simultaneous usage of CoMP and CA is not suggested for aperiodic feedback in Rel-11.
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