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1. Introduction

In RAN1#69 meeting, several issues regarding aperiodic CSI feedback were discussed and the following agreement was made [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 codepoints 

· FFS simultaneous usage of CSI request field for CoMP and Carrier Aggregation 
In this contribution, we discuss the remaining details on aperiodic CSI feedback triggering according to the above agreement and email discussion [2]:
· The maximum number of CSI processes reported simultaneously by a single aperiodic report triggering
· Details on 2 bits  or 1 bit CSI request field
Moreover, we also consider the details on signaling for CoMP and CA in a broad sense:
· Signaling for simultaneous support of CoMP and CA
2. Discussion
2.1. Details on aperiodic CSI feedback triggering
· The maximum number of CSI processes reported simultaneously by a single aperiodic report triggering
As mentioned in the above, it remains to determine how many CSI processes can be simultaneously triggered via aperiodic CSI feedback when multiple CSI processes are configured for CoMP.  In Rel-10, it was decided that at most five CSI reports can be simultaneously reported by a single aperiodic feedback triggering, considering the maximum size of CCs is equal to five. Based on this decision, in the section of TBS determination in 36.213 [3] it was captured that the PRB size of PUSCH cannot exceed 4 PRBs for one serving cell, and 20 PRBs (i.e., 5 times 4 PRBs) for more than one serving cell, when only CSI is transmitted for the scheduled PUSCH without the UL-SCH transport block. Thus, if we decide the maximum number of CSI processes reported simultaneously by a single aperiodic triggering can be more than 5, the above PRB size related condition for CSI-only-triggering case should also be revised accordingly. Hence, it may be reasonable to set the maximum number of CSI processes reported simultaneously by a single aperiodic triggering is equal to five, considering also the limited time frame of Rel-11.
Proposal 1: The maximum number of CSI processes reported simultaneously by a single aperiodic triggering should be five.
· Details on 2 bits or 1 bit CSI request field

Most companies have an aligned view on the interpretation of ‘10’ and ‘11’ in the CSI request field: For state ‘10’ or ‘11’, aperiodic CSI report is triggered for a set of CSI processes that can belong to multiple components and it is indicated by RRC signaling. On the other hand, regarding the interpretation of ‘01’, there are mainly three different views as follows:

· Alt 1. CSI process index 0 of serving cell c
· Alt 2. Full set of reports for all the configured CSI processes of serving cell c

· Alt 3. 1st  set of CSI processes configured by higher-layers
In fact, all of three alternatives have an ambiguity in that CSI processes can be reconfigured by higher-layer especially in case when CoMP measurement set is changed. Furthermore, in the view of CA operation, the size of a set of CSI processes can be more frequently changed according to dynamic on/off of SCells. Therefore, it is preferred to avoid the ambiguous period by setting one of triggering state for serving cell c only. Hence, we prefer alt 1 and alt 2 in the above or alt 4 which is modified version of alt 3 as below.
· Alt 4. 1st  set of CSI processes of serving cell c configured by higher-layers
Proposal 2: Alt 1, Alt 2 or Alt 4 is preferred for the interpretation of ‘01’ state for 2 bit CSI request field.
In [2], it was also discussed how to define the payload content of the CSI report in the case of 1 bit CSI request field. In our perspectives, it is natural to set the content of 1 bit CSI request field same as ‘01’ with 2 bits state for trigger since it may apply in the CSS with single serving cell.
Proposal 3: The content of 1 bit CSI request field is same as ‘01’ state for 2 bits trigger.
2.2. Details on signaling for CoMP and CA

· Signaling for simultaneous support of CoMP and CA

There have been many discussions on quasi-co-location assumptions during RAN1 #69bis meeting and RAN1 #70 meeting and the following two behaviors are defined for quasi-co-location assumptions between RS of different types [4, 5]:
Behavior A: 

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

Behavior B: 

· CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {
Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}

For Behavior B, it was considered to indicate quasi-co-location assumptions between PDSCH DMRS and a particular CSI-RS resource by physical layer signaling, in that the transmission point of PDSCH DMRS can be dynamically changed, e.g., by DPS. More related issues are discussed in our companion contribution [6], and in this contribution we focus on the case when CoMP and CA is simultaneously supported. When CA operation is applied, existing CIF bit field can be used to jointly indicate both of CC index and the quasi-co-location assumption. For example, we assume that there can be at most three CSI-RS resources, each of which can be quasi-co-located with the scheduled PDSCH DMRS. Then, the combinations of five CC index and three CSI-RS resources can be represented with 4 bits field which can be obtained by adding 1 bit to existing 3 bits of CIF (Alt 1). On the other hand, three remaining states out of the eight states in 3 bits field of CIF can be used for the indication among three CSI-RS resources for quasi co-location information (Alt 2). Also, an additional 2 bits field for DL CoMP operation (including such quasi co-location and CRS rate matching information, and so on [6]) can be jointly indicated with the existing 3 bits of CIF, i.e., the 2 bits field for CoMP can be differently set per each CC, and jointly indicated by CIF and the new 2 bits field for CoMP (Alt 3). These three alternatives to indicate CC index and quasi-co-location information are illustrated as follows:
Alt 1. Joint coding for 4 bits extended CIF
Table 1.

	extended CIF
	CC index
	DMRS-to-CSIRS quasi co-location

	0000
	CC1
	CSI-RS1

	0001
	CC1
	CSI-RS2

	0010
	CC1
	CSI-RS3

	0011
	CC2
	CSI-RS1

	0100
	CC2
	CSI-RS2

	0101
	CC2
	CSI-RS3

	0110
	…
	…

	0111
	…
	…


Alt 2. Allocation of reserved three states for quasi-co-location information

Table 2.

	CIF
	CC index
	DMRS-to-CSIRS quasi co-location

	000
	CC1
	-

	001
	CC2
	-

	010
	CC3
	-

	011
	CC4
	-

	100
	-
	CSI-RS1 (CC5)

	101
	-
	CSI-RS2 (CC5)

	110
	-
	CSI-RS3 (CC5)

	111
	-
	-


Alt 3. CIF + new 2 bits field for quasi-co-location information
Table 3.

	CIF
	CC index
	
	2 bits field
	DMRS-to-CSIRS quasi co-location

	000
	CC1
	
	00
	CSI-RS1

	001
	CC2
	
	01
	CSI-RS2

	010
	CC3
	
	10
	CSI-RS3

	011
	CC4
	
	11
	-

	100
	CC5
	

	101
	-
	

	110
	-
	

	111
	-
	


It should be noted that alt 2 is only available when CoMP scheme is restricted to single CC (e.g., CC5 in this example) while alt 1 and alt 3 can be applied for CoMP scheme with multiple CC.
3. Conclusion
This contribution discussed aperiodic CSI feedback and simultaneous support of CoMP and CA. The following proposals were made based on the discussion: 
Proposal 1: The maximum number of CSI processes reported simultaneously by a single aperiodic triggering should be five.
Proposal 2: Alt 1, Alt 2 or Alt 4 is preferred for the interpretation of ‘01’ state for 2 bit CSI request field.

· Alt 1. CSI process index 0 of serving cell c

· Alt 2. Full set of reports for all the configured CSI processes of serving cell c

· Alt 3. 1st  set of CSI processes configured by higher-layers

· Alt 4. 1st  set of CSI processes of serving cell c configured by higher-layers
Proposal 3: The content of 1 bit CSI request field is same as ‘01’ state for 2 bits trigger.
______________________________________________________________________
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