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1. Introduction
In RAN1#69 meeting, we have following agreement on aperiodic CSI feedback for CoMP:
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 
In RAN1#70 meeting, the following working assumption was agreed for CSI feedback configuration and reporting for CoMP and CA.
Working assumption 

· 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
· Indexing scheme for CSI processes:

· Indexing is defined within a given CC
In this contribution, we state our views on the detailed triggering table of 1-bit/2-bit CSI request field for aperiodic feedback. In case of 2-bit CSI request field, we illustrate how to configure candidate sets of CSI processes for CoMP only and CoMP+CA scenarios, respectively, to further reduce feedback overhead.
2. CSI request field for various CoMP and CA scenarios
Following the agreement regarding aperiodic CSI reports in RAN1#69 and RAN1#70, the number of bits in a CSI request field could be defined as in Table 1. Scenario 1 and Scenario 2 have already been supported in Rel.10. Our target is to specify the configuration for Scenario 3 and Scenario 4 in Rel.11.
Table 1: The number of bits in the CSI request field for CA and CoMP scenarios

	Scenarios
	CoMP
	CA
	UE-specific CSI request field

	Scenario 1
	Off
	Off
	1-bit

	Scenario 2
	Off
	On
	2-bit

	Scenario 3
	On
	Off
	1-bit or 2-bit

	Scenario 4
	On
	On
	2-bit


In case of CoMP only, it is easy to use the 1-bit CSI request field to trigger all configured CSI processes on one configured serving CC as Table 2. In order to reduce the dynamic reporting overhead, the 2-bit CSI request field defined in Table 3 can be used for dynamically triggering only part of CSI processes, instead of reporting all CSI processes.

For CoMP and CA scenario, multiple CCs are separated into 2 sets of serving CCs and furthermore the CSI processes on each CC can be further separated into 2 sets of CSI processes. The definition of the 2-bit CSI request filed is useful to trigger their combinations as Table 3. Relying on semi-static RRC configuration of different sets, Table 3 is flexible enough to trigger different sets of CSI processes on different sets of configured CCs.

In RAN1#70, there are different alternatives for the definition of ‘01’. Instead of triggering all CSI processes same as ‘1’ in 1-bit CSI request field, we prefer to trigger the feedback of one CSI process with lowest index on the configured serving CC from the perspective of feedback overhead reduction. 
Proposal:
Table 2: 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 all
CSI processes on serving cell c configured by higher-layer


Table 3: 2-bit CSI request field

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for CSI process#0 on serving cell c configured by higher-layer

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

CSI processes on 1st set of serving cells configured by higher-layer

	
	

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

CSI processes on 2nd set of serving cells configured by higher-layer


In the following, we discuss how to configure the candidate sets of CSI processes for the 2-bit CSI request field for Scenario 3 and Scenario 4, respectively.
2.1 Scenario 3: CoMP only
We discuss the configuration of CSI processes for aperiodic feedback in cases of 2-point and 3-point CoMP measurement set, respectively.

1) In case of 2-point CoMP measurement set

We assume that a 2-point CoMP measurement set consists of TP0 and TP1, where TP0 is the UE candidate UE’s serving point. According to [2], Table 4 lists up an example of max X=4 CSI processes for the 2-point CoMP measurement set. For IMR, ‘Off’ means to mute off the transmit power of the TP; while, ‘On’ means not to mute off the transmit power.
Table 4: CSI processes for the 2-point CoMP measurement set

	CSI process Index
	NZP-CSI-RS
	IMR

	
	
	TP0
	TP1

	#0
	TP0
	Off
	On

	#1
	TP1
	On
	Off

	#2
	TP0
	Off
	Off

	#3
	TP1
	
	


The above CSI processes can be used for different CoMP schemes.
· Non-CoMP: {#0}

For non-CoMP transmission, a CSI process is configured as a fallback feedback.

· DPS/nDB: {#1}
For DPS without dynamic blanking (DPS/nDB), data is dynamically transmitted from different TP but the interference power is not muted off.
· DPS/DB, JT: {#2, #3}
For DPS with dynamic blanking (DPS/DB), data is dynamically transmitted from different TP and the blanking is used to mute off the interference from the neighbour cell. Such per-cell CSI processes can also be used for JT CoMP.
Therefore, not all CSI processes are required for one specific CoMP scheme. The feedback of all the CSI processes is neither efficient nor flexible. The RRC configuration may choose some CoMP scheme for a set of CSI processes to further reduce the feedback overhead. For example, we configure the 1st set of CSI processes in Table 3 as the CSI process for DPS/nDB. By triggering ‘10’ in CSI request field, only 1 CSI process will be reported by UE instead of all 4 CSI processes in RRC-configured CSI pool for CoMP. While, the 2nd set of CSI processes is configured to include the CSI processes for DPS/DB as well as JT, where 2 CSI processes of CSI pool will be triggered and reported by UE. For different traffic situation, the corresponding CSI processes for different CoMP schemes may be configured by using 2-bit CSI request field in Table 5.
Table 5 Illustration of the 2-bit CSI request field 
for the 2-point CoMP measurement set in Scenario 3: CoMP only
	Value of CSI request field
	CC index
	CSI process index

	’00’
	-
	-

	‘01’
	{CC#0}
	{#0} for CC#0

	‘10’
	{CC#0}
	{#1} for CC#0

	‘11’
	{CC#0}
	{#2, #3} for CC#0


2) In case of 3-piont CoMP measurement set

We assume that a 3-piont CoMP measurement set consists of TP0, TP1 and TP2, where TP0 is the UE candidate UE’s serving point with largest RSRP and the RSRP of TP1 is larger than that of TP2. Based on the discussion in [2], Table 6 gives an example of max X=4 CSI processes for the 3-point CoMP measurement set.
Table 6: CSI processes for the 3-point CoMP measurement set
	CSI process Index (Alt 2)
	NZP-CSI-RS
	IMR

	
	
	TP0
	TP1
	TP2

	#0
	TP0
	Off
	On
	On

	#1
	TP0
	Off
	Off
	On

	#2
	TP1
	
	
	

	#3
	TP2
	Off
	Off
	Off


The above CSI processes can be used for the following CoMP with different number of cooperating points.

· 1-point transmission (Non-CoMP): {#0}

The 1-point transmission is regarded as non-CoMP transmission by default and the CSI process with lowest index is configured as a fallback feedback.

· 2-point CoMP transmission: {#1, #2}

Considering the high RSRP of point 0 and point 1, the CoMP for {point 0, 1} is prioritized for the 2-point CoMP transmission. The CSI processes with muted interference in table 6 can be directly used for DPS/DB and JT between {point 0, 1}; while, the CSI for other CoMP schemes has to be estimated by eNB scheduler.
· 3-point CoMP transmission: {#1, #2, #3}
The 3-poitn CoMP transmission requires at least 3 CSI processes for 3 corresponding points. Based on the selected CSI processes in Table 6, the eNB may estimate the CSI for specific CoMP hypothesis.
For further overhead reduction, the CSI processes for different number of cooperating points are separated into different sets of CSI processes and triggered by 2-bit CSI request field as Table 7. For example, the CSI processes for {point 0, 1} is configured as the 1st set of CSI processes in Table 3; and the CSI processes for {point 0, 1, 2} is configured as the 2nd set of CSI processes.
Table 7 Illustration of the 2-bit CSI request field 
for the 3-point CoMP measurement set in Scenario 3: CoMP only
	Value of CSI request field
	CC index
	CSI process index

	’00’
	-
	-

	‘01’
	{CC#0}
	{#0} of CC#0

	‘10’
	{CC#0}
	{#1, #2} of CC#0

	‘11’
	{CC#0}
	{#1, #2, #3} of CC#0


Proposal:
· In case of CoMP only scenario, the 1-bit or 2-bit CSI request field can be used.

· For feedback overhead reduction, the 2-bit CSI request field is configured to trigger different sets of CSI processes on the single CC for different CoMP schemes or different number of cooperating points.
2.2 Scenario 4: CoMP and CA
In RAN1#70 meeting, a consensus has been achieved for the employment of simultaneous CoMP and CA. As discussed in [2], we propose to use max 5 CSI processes on all configured CCs and at most X=4 CSI processes in one CC. For each configured CC, the set of CSI processes need to be configured independently. 

For example, we assume the employment of CoMP and CA with 2 configured CCs. As shown in Table 8, #CC0 and CC1 are configured for CA. We take the configured CSI processes {#0, #1, #2, #3}, in Table 5, on CC#0 as an illustration assuming 2-point CoMP measurement set; but non-CoMP is applied on CC#1 with only CSI process #0 configured. Altogether there are 5 CSI processes configured, 4 for CoMP on CC#0 and the other 1 for CC#1 respectively. The set of CSI processes are configured independently for each given CC. Considering the 1st set of CSI processes include less number of CSI processes than that of the 2nd set in Table 8, we let the CSI process #0 on CC#1 triggered together with the 1st set of CSI processes on CC#0 to keep the similar overhead of aperiodic feedback by triggering ‘10’ and ‘11’. Accordingly, the 1st set of configured CCs includes CC#0 and CC#1; the 2nd set of configured CCs includes CC#0 only.
Table 8 Illustration of the 2-bit CSI request field 
for the 2-point CoMP measurement set in Scenario 4: CoMP+CA
	Value of CSI request field
	CC index
	CSI process index

	’00’
	-
	-

	‘01’
	{CC#0}
	{#0} of CC#0

	‘10’
	{CC#0, CC#1}
	{#1} of CC#0; {#0} of CC#1

	‘11’
	{CC#0}
	{#2, #3} of CC#0


Proposal:
· In case of CoMP and CA scenario, the 2-bit CSI request field should be used and the 2 sets of CSI processes need to be configured independently for each configured CC

3. Conclusion

In this contribution, we illustrated the configuration for aperiodic feedback in case of CoMP only and CoMP+CA respectively. Our proposals are as follows.

Proposal:
· 1-bit or 2-bit CSI request field are defined respectively as  
	Value of CSI request field
	Description

	’0’
	No aperiodic CSI report is triggered

	‘1’
	Aperiodic CSI report is triggered for all
CSI processes on serving cell c configured by higher-layer


	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for CSI process#0 on serving cell c configured by higher-layer

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

CSI processes on 1st set of serving cells configured by higher-layer

	
	

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

CSI processes on 2nd set of serving cells configured by higher-layer


· In case of CoMP only scenario, the 1-bit or 2-bit CSI request field can be used.

· For feedback overhead reduction, the 2-bit CSI request field is configured to trigger different sets of CSI processes on the single CC for different CoMP schemes or different number of cooperating points.

· In case of CoMP and CA scenario, the 2-bit CSI request field should be used and the 2 sets of CSI processes need be configured independently for each configured CC
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