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1. Introduction
In RAN1#69, the following conclusions were agreed for CoMP aperiodic CSI feedback modes [1].
· In the case of a single CC configuration where multiple CSIs are configured for COMP, 2-bit CSI request field will be used in DCI format 0 (if in UE SS) and DCI format 4 for triggering of aperiodic CoMP feedback 

· The candidate CSI reports are configured by RRC
· 1-bit CSI request remains in format 0 in the case of CSS

· FFS the payload content of the report 

· Multiple CSI feedbacks could be multiplexed within one report instance

· FFS how to configure these multiple feedbacks into one report instance

· FFS the semi-static and dynamic signaling details

· FFS if CSI request field is extended to other than 2 bits, by adding new bits or using existing code points
· FFS simultaneous usage of CSI request field for CoMP and Carrier Aggregation 
After RAN1#69 the email discussion was made after RAN1#69 about FFS aspects of aperiodic CSI feedback for CoMP [2]. In RAN1 #70, the following was agreed as a working assumption [3].

· 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
Other conclusions about CSI reporting modes, reporting types and dropping priority were also agreed for periodic CSI feedback for CoMP [3]. Based on these related conclusions, we further discuss triggering and reporting for CoMP aperiodic CSI feedback in this contribution. 
2. Aperiodic CSI triggering for CoMP
To reduce workload of standardization, the general CA principles could be reused for aperiodic triggering for CoMP. More specifically, the eNB configures multiple CSIs, each of which associates with one channel part and one interference part. Then, several sets of aperiodic CSI reporting are configured by RRC signaling with bitmap. The eNB could trigger the selected CSI reporting set by dynamic signaling. Considering limited UE processing capability, the maximal number of CSIs in one aperiodic reporting should be limited. To achieve better tradeoff between system performance and UE processing capability, configuration of at most 4 CSI processes could be supported in single carrier operation. For CoMP and CA operation, configuration of at most 6 CSI processes could be supported. In this case, it has slightly higher complexity compared with CA with 5 CCs.
Following a similar approach to CA, for DCI messages in the UE-specific search space, a 2-bit CSI request field is used in DCI format 0 or DCI format 4 for triggering aperiodic feedback when multiple CSIs are configured for CoMP [4-7]. One possible design detail for dynamic signaling is shown in Table.1. It can achieve good feedback flexibility with 3 reporting sets of CSI processes. This table could be used for both scenarios of CoMP with and without CA by proper high layer signaling. For the scenario of CoMP with CA, all possible reporting sets for CCs and CoMP CSIs may be jointly indicated by high layer signaling. Alternatively, Table.2 could be used to guarantee feedback for a fallback mode, which is more similar to the design of CA except the state ‘01’, where the CSI report for serving cell  is replaced by certain CSI hypothesis, e.g. the CSI process with the lowest index. Since “01” in Table 1 could be configured to be the same as “01” in Table 2 when the network needs a fallback mode, Table 1 could serve as a baseline for dynamic signalling design of CoMP aperiodic triggering with 2 bits.
Table 1 CSI Request field using 2 bits
	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


Table 2 CSI Request field using 2 bits with fallback guarantee
	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for the CSI processes with the lowest index

	‘10’
	Aperiodic CSI report is triggered for a 1st set of 

CSI processes configured by higher-layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of 

CSI processes configured by higher-layers


Proposal 1:   For 2 bit dynamic triggering for CoMP aperiodic feedback, one reporting set is triggered from 3 reporting sets of CSI processes configured by higher layer signaling. 
For DCI in the common search space, a 1-bit CSI request field is used in DCI format 0 for triggering aperiodic feedback when multiple CSI processes are configured for CoMP. Considering that RRC reconfiguration  is common DCI transmission in CSS, it is preferable to trigger only CSI of a single cell in order to reduce feedback overhead. From our point of view, the CSI with lowest index could be used for aperiodic CSI reporting with some restriction for configuring the first CSI. One possible design detail of dynamic signaling is shown in Table.3. Alternatively, a CSI process can be configured by RRC as the default CSI process in order to avoid ambiguity during CSI resource reconfiguration. This leads to the aperiodic CSI reporting as shown in Table.4. The default CSI process may correspond to the CSI process with the lowest index, or another required CSI process selected by the eNB for fallback transmission. With the default CSI process, the flexibility is increased for aperiodic reporting with 1 bit triggering. Thus, the robust transmission can be guaranteed with the design of Table.4.
Proposal 2:  For 1 bit dynamic triggering for CoMP aperiodic feedback, an aperiodic CSI report is triggered either for the CSI processes with the lowest index, or for the anchor CSI process.
Table 3 CSI Request field for 1 bit CSI request field
	Value of CSI request field
	Description

	’0’
	No aperiodic CSI report is triggered

	‘1’
	Aperiodic CSI report is triggered for the CSI processes with the lowest index


Table 4 CSI Request field for 1 bit CSI request field
	Value of CSI request field
	Description

	’0’
	No aperiodic CSI report is triggered

	‘1’
	Aperiodic CSI report is triggered for the default CSI process


3. Aperiodic CSI reporting for CoMP
To reduce the workload of standardization, the principle of multiplexing multiple RIs and CQI/PMIs for aperiodic reporting in CA could be reused for CoMP. To be specific, the RIs and CQI/PMIs for different CSI processes are concatenated before channel coding, modulation and resource mapping, respectively. The concatenation order is the same as the order of CSIs in the triggered RRC set. When both CoMP and CA are configured, the concatenation order for multiplexing can be the first CoMP CSIs followed by the CSIs of different CCs. The channel coding and resource mapping methods are similar to those in CA case. In particular, for channel coding of CQI/PMI, tail biting convolutional coding with adding 8 CRC bits is used when the number of concatenated information bit is larger than 11, and (32, O) RM coding without adding CRC bit is used in other cases. For channel coding of RI, dual (32, O) RM coding is used when the number of concatenated information bit is larger than 11, and single (32, O) RM coding is used when the number of concatenated information bit is less than 12 and larger than 2. Otherwise, repetition and simplex coding as in Rel.8 is used for RI coding when the number of concatenated information bit is 1or 2, respectively. 
Proposal 3:  Multiple RIs and CQI/PMIs are concatenated for CoMP aperiodic reporting, respectively. The concatenation order is the same as the order of CSIs in the triggered reporting set configured by high layer signaling.
Rank and subband constraints between CSI processes are proposed to optimize the feedback for coordination transmission [8]. Some CSI processes may be configured as a RI reference process and/or a subband reference process. They use the same RI and/or subband label as the reference process. For aperiodic feedback, the reference process may not be triggered in the same reporting instance. If the RI and/or subband label for the reference process are not reported, the eNB could not obtain the RI and/or subband label information from aperiodic reporting. There are many methods to solve this problem. The first method is linking the aperiodic RI and/or subband label with the nearest RI and/or subband label of periodic feedback. It is simple for UE reporting. However, the related feedback information may be not accurate because of the delay in updating. This will cause performance loss. The second method is applying the constraint for aperiodic feedback when the restriction is configured. That is, the related reference CSIs are required to be reported together with the triggered CSI processes. However, it will increase the feedback overhead when RI and/or subband label restriction are configured and eNB has no requirement for reference CSI reporting. For the third method, the reporting contents may be changed according to the triggered reporting set. If a CSI process is triggered together with its reference CSI process, only the RI and/or subband label information of reference process are reported. For another case, if a CSI process is not triggered together with its reference CSI process, the RI and/or subband label information needs to be reported with the value derived for the reference CSI process. Since both the UE and eNB know the reference relation of CSI processes and aperiodic reporting set, they could determine the feedback content without ambiguity. However, this method will increase the implementation complexity because the feedback content is related to the triggered reporting set. Based on the above discussion, we think the second or the third methods are the more suitable multiplexing methods from the viewpoints of system performance, feedback overhead and realization complexity.
Proposal 4:  Further discussion is required on the aperiodic reporting method when a reference RI and/or subband CSI process are configured.
4. Conclusions
Based on the above discussion, our proposals are made as follows:
Proposal 1:  For 2 bit dynamic triggering for CoMP aperiodic feedback, one reporting set is triggered from 3 reporting sets of CSI processes configured by higher layer signaling.
Proposal 2:  For 1 bit dynamic triggering for CoMP aperiodic feedback, an aperiodic CSI report is triggered either for the CSI processes with the lowest index, or for the anchor CSI process.
Proposal 3:  Multiple RIs and CQI/PMIs are concatenated for CoMP aperiodic reporting, respectively. The concatenation order is the same as the order of CSIs in the triggered reporting set configured by high layer signaling.
Proposal 4: Further discussion is required on the aperiodic reporting method when a reference RI and/or subband CSI process are configured.
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