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1. Introduction
In RAN1#69 meeting, we have following agreement:

Agreement:

· 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 
It was also agreed that there should be email discussion until June 29 on the FFS items, which are to be decided in RAN1#70 meeting. Company inputs, including ours, have been summarized in [1] on key points of triggering aperiodic CSI reports on PUSCH, when CoMP is configured. By using the terminology proposed in [1], one “CSI process” is defined as the association of one channel part and one interference part. On top of such a definition, we discuss the RRC configuration assuming different number of CSI processes and state our views in details on the following aspects:
· Semi-static configuration of candidate sets of CSI processes
· Dynamic Signalling of the CSI request

· Simultaneous usage of the CSI request field for CoMP and CA
2. Semi-static configuration of candidate sets of CSI processes
For a small number of CSI processes, e,g, N<=4 for 2-point CoMP measurement set, it is possible to report all the configured CSI processes at same instances with tolerable feedback overhead. However, for a large number of CSI processes, e,g, N>4 for 3-point CoMP measurement set, we need the RRC configuration of different sets of CSI processes. Assuming CSI measurement set {point 0, 1, 2}, the combination of CoMP points include the 2-point coordination and 3-point coordination. Considering max 2-point CoMP can achieve most CoMP gain, 2-point coordination is prioritized. In addition, since non-CoMP transmission at serving cell should be always supported, the coordination including the serving point, such as {point 0, 1} and {point 0, 2}, are illustrated to calculate CSI assuming different hypotheses. 
Table 1 CSI processes for different CoMP reporting set
	CoMP reporting set
	w/o blanking
	w/ blanking
	Possible schemes

	{point 0, 1}
	CSI0, CSI1
	CSI01, CSI10
	non-CoMP, CS/CB, JT, DPS/DB, DPS/nDB

	{point 0, 2}
	CSI0, CSI2
	CSI02, CSI20
	non-CoMP, CS/CB, JT, DPS/DB, DPS/nDB


Table 1 shows the CSI processes to be configured for different CoMP reporting set and possible supportable CoMP schemes, where DPS/DB and DPS/nDB denote DPS with blanking and that without blanking, respectively. In Table 1, CSIi means the CSI process with the association between the signal power at point i and the interference outside point i; while, CSIij means the CSI process with the association between the signal power at point i and the interference outside {point i, point j}.
Without additional bits for CSI request field, three sets of CSI processes can be configured corresponding to the existing codepoints. For configuring the 3 sets of CSI processes, there may be two alternatives:

· Alt1: CSI processes of different cooperating points are triggered to reduce feedback overhead and/or considering traffic load
· Alt2: CSI processes for different CoMP schemes may be needed for different traffic situation
· CS/CB and DPS/nDB for high traffic load; 
· DPS/DB and JT for low traffic load (same per-point CSI for DPS/DB and JT)

Table 2 RRC configuration of CSI processes sets
	Index of CSI process set
	Alt1
	Alt2 

	0 
	CSI process for serving point 0 {CSI0}
	CSI process for non-CoMP {CSI0} 

	1 
	CSI processes for serving point 0 {CSI0, CSI01}
+ CSI processes for point 1 
{ CSI1, CSI10}
	CSI process for No CoMP {CSI0}
+ CSI processes for DPS/nDB {CSI1, CSI2}
and CSI processes for CS/CB 
{CSI1, CSI01, CSI2, CSI02} 

	2 
	CSI processes for serving point 0 { CSI0, CSI02}
+ CSI processes for point 2 { CSI2, CSI20}
	CSI process for No CoMP {CSI0}
+ CSI processes for DPS/DB and JT 
{CSI01, CSI10, CSI02, CSI20} 


Table 2 gives an illustration of RRC configuration for CSI process set by using Alt1 and Alt2, respectively. Assuming the CSI processes in Table 1, Alt1 is to define the CSI process set by fixing the cooperating points; Alt2 is to define the CSI process set by choosing the possible CoMP scheme(s) for different traffic load. Looking at the Table 2, the number of CSI processes in 1st or 2nd set of Alt1 is smaller than that of Alt2. Therefore, Alt1 is preferred for the sake of feedback overhead reduction. 

Furthermore, since different CoMP schemes may need different CoMP processes, the feedback to support dynamic switch among all kinds of CoMP schemes at the price of large number of overhead is not efficient. The RRC configuration may choose some CoMP scheme for a set of CSI processes to further reduce the feedback overhead. In Table 3, the RRC configuration of CSI process set by using Alt1 is given assuming different CoMP schemes. Comparing the set of Alt1 in Table 2 and Table 3, we can see that the number of CSI processes may be reduced assuming a particular CoMP scheme. For example, if DPS/nDB is assumed, the number of CSI processes decreases in the 1st and 2nd set from 4 to 2. 
Table 3 RRC configuration of CSI processes sets with Alt1 assuming different CoMP schemes
	Index of CSI process set
	Alt1 assuming non-CoMP and DPS/nDB 
	Alt1 assuming non-CoMP, DPS/DB and JT 
	Alt1 assuming non-CoMP and CS/CB 

	0
	CSI process for serving point 0 {CSI0}

	1
	CSI process for serving point 0 {CSI0}
+ CSI process for point 1 {CSI1} 
	CSI processes for serving point 0 {CSI0, CSI01}
+ CSI process for point 1 {CSI10} 
	CSI processes for serving point 0 {CSI0, CSI01}
+ CSI process for point 1 {CSI1} 

	2
	CSI processes for serving point 0 {CSI0}
+ CSI processes for point 2 {CSI2} 
	CSI processes for serving point 0 {CSI0, CSI02}
+ CSI processes for point 2 {CSI20} 
	CSI processes for serving point 0 {CSI0, CSI02}
+ CSI processes for point 2 {CSI2} 


Proposal:
· For a small number of CSI processes, e,g, N<=4 for 2-point CoMP measurement set, we may use the RRC configuration of only one set of CSI processes to report maximum 4 configured CSI processes at same instances 
· For a large number of CSI processes, e,g, N>4 for 3-point CoMP measurement set, we need the RRC configuration of different sets of CSI processes.
· 3 sets of CSI processes can be configured respectively assuming the coordination among different CoMP points
· For each set of CSI processes, the number of CSI processes may be reduced assuming a particular CoMP scheme.
3. Dynamic Signalling of the CSI request
We propose to reuse the existing 1-bit/2-bit CSI request field in UESS. Additional bits may help to increase the flexibility by configuring more sets of CSI processes. Considering limited timeline for Rel.11, extending CSI request filed more than 2 bits may be delayed to future release.
1) 1-bit CSI request field

Assuming small number of CSI processes, 1-bit CSI request field is enough to trigger the reporting of all CSI processes. The 1-bit CSI request field can be used to trigger the reporting of all CSI processes in case of small number of CSI processes, where the case of only 1 CSI process configured for no CoMP transmission can be regarded as a special case.
2) 2-bit CSI request field

Assuming large number of CSI processes, 2-bit CSI request field can be used to trigger different set of CSI processes, configured by RRC signalling as follows.
Table 4
	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-layer

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

CSI processes configured by higher-layer

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

CSI processes configured by higher-layer


Proposal:
· The 1-bit CSI request field can be used to trigger the reporting of all CSI processes in case of small number of CSI processes, e,g, N<=4 for 2-point CoMP measurement set
· The 2-bit CSI request field can be used to trigger max 3 sets of CSI processes in case of small number of CSI processes, e,g, N>4 for 3-point CoMP measurement set
4. Simultaneous usage of the CSI request field for CoMP and CA
We understand that simultaneous usage of CoMP and CA is targeted to cover all the possible scenarios, where CoMP only or CA only can be taken as a special case. However, the employment of CoMP on every configured CC is not practical. If the simultaneous usage of CoMP and CA is agreed, we should treat it with the clarification of specific application scenarios.
1) In case of CoMP only and CA only

In Rel. 10, the 1/2-bit CSI request field is used to trigger aperiodic CSI for CA. In Rel. 11, the 1/2-bit CSI request field is also to be used for CoMP. Thereafter, two tables for CSI request field definition for CA and CoMP respectively in Rel.11. The problem is how to separately use 2-bit CSI request field for CA and CoMP, respectively?
In order to avoid additional signalling, we propose to use implicit signalling to separate 1/2-bit field for CA and CoMP.
· The 1/2-bit field for CA when multiple serving cells for CA are configured  

· The 1/2-bit field for CoMP when single serving cell (primary CC) is configured but multiple processes or multiple sets of CSI processes are configured, where interference part is separately configured besides the signal part (UE may not know the CSI processes are configured for CoMP)

2) In case of simultaneous usage of CoMP and CA

Here, the 1/2-bit CSI request field is to be used for CoMP and CA simultaneously. Therefore, there is only single table of the CSI request field definition for CA+CoMP in Rel.11. Considering the feedback overhead and collision problem, it is impractical to apply CoMP at every CCs or several CCs. We think the scenario of applying CoMP at one of configured CCs should be considered as the starting point.

The configured CC for CoMP should be indicated for CoMP CSI measurement and reporting. How to indicate the configured CC index for CoMP CSI processes is a RAN2 issue.
According to the above discussion, we propose

Proposal:
· In case of CoMP only or CA only, implicit signalling should be used for separate 1/2-bit field for CA and CoMP
· In case of simultaneous usage of CoMP and CA, explicit signalling is needed for indicating the configured CC for CoMP CSI processes, where the details are left for RAN2 decision.
3. Conclusion

In this contribution, we discuss the aperiodic feedback in the perspective of the semi-static configuration of candidate sets of CSI processes and dynamic signaling of the CSI request. Also, we state our views on the issue of simultaneous usage of CoMP and CA. Our proposals are as follows.

Proposal:
· Semi-static configuration of candidate sets of CSI processes

· For a small number of CSI processes, e,g, N<=4 for 2-point CoMP measurement set, we may use the RRC configuration of only one set of CSI processes to report maximum 4 configured CSI processes at same instances
· For a large number of CSI processes, e,g, N>4 for 3-point CoMP measurement set, we need the RRC configuration of different sets of CSI processes.
· 3 sets of CSI processes can be configured respectively assuming the coordination among different CoMP points
· For each set of CSI processes, the number of CSI processes may be reduced assuming a particular CoMP scheme
· Dynamic Signalling of the CSI request

· In case of CoMP only or CA only, implicit signalling should be used for separate 1/2-bit field for CA and CoMP
· In case of simultaneous usage of CoMP and CA, explicit signalling is needed for indicating the configured CC for CoMP CSI processes, where the details are left for RAN2 decision
· Simultaneous usage of the CSI request field for CoMP and CA

· In case of CoMP only or CA only, implicit signalling should be used for separate 1/2-bit field for CA and CoMP
· In case of simultaneous usage of CoMP and CA, explicit signalling is needed for indicating the configured CC for CoMP CSI processes, where the details are left for RAN2 decision.
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