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1. Introduction

At previous RAN1#69 meeting aperiodic reporting aspects of CoMP CSI feedback were discussed. The following agreements have been made [1]:

· 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 have provided our views on the remaining FFS issues of aperiodic CSI feedback for DL CoMP. 
2. Signaling details of aperiodic CoMP CSI report 
LTE supports periodic and aperiodic CSI feedback modes. In the periodic CSI feedback mode, UE periodically transmits CSI reports to eNB over the semi-statically configured uplink resources. In case of aperiodic CSI feedback mode, eNB may trigger CSI reporting from the UE on per-need basis using dynamic downlink control signalling. Compared to periodic CSI feedback modes, aperiodic CSI feedback is more dynamic and offers larger payload size, which is typically required for CoMP CSI feedback.
In LTE Rel-8 and Rel-9, aperiodic reporting is triggered by using 1-bit CSI request field in Downlink Control Information (DCI) Format 0. For LTE-A Rel-10 system with Carrier Aggregation, CSI request field was extended to 2-bits to accommodate CSI feedback triggering on multiple component carriers. Since LTE-A can support up to 5 component carriers, RRC signalling is used to configure two sets, which correspond to CSI triggers states "10" and "11" of DCI Formats 0 and 4 for eNB to have more flexibility on CSI reporting for carrier aggregation. The above aperiodic triggering procedure is flexible enough to support aperiodic CSI feedback on multiple component carriers. However, the above principles are not directly applicable in Rel-11 for DL CoMP, where each component carrier may be configured with multiple CoMP CSI processes (CSI reports) within a component carrier. It therefore needed to extend or re-define the existing aperiodic CSI triggering aspects to accommodate multiple CSI reporting for CoMP schemes.
A straightforward extension of Rel-10 aperiodic CSI reporting triggering procedure could be association of multiple CoMP CSI processes to three CSI processes sets via RRC signaling, e.g. by using a Rel-10 bitmap approach. In this case, similarly to LTE-A CA, a DCI-based CSI report set triggering can be defined as shown in Table 1.
Table 1: CSI triggers for multiple CSI processes sets
	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


For simultaneous CoMP and CA operation, CSI process assignment to CSI process sets could be carried out in more generic way across multiple component carriers. In this case the impact on DCI size is minimized, while eNB still gets flexibility in the configuration of multiple CSI processes sets between CoMP and CA. 
In the case of common search space, CSI request field is 1-bit and CSI reports corresponding to the lowest CSI process index in the 1st set of CSI processes are triggered.  
Proposal: 
· CoMP CSI processes (across component carriers in case of CA) are grouped into three sets by using trigger bitmaps signalled via RRC layer. Each CSI processes set is triggered for CSI reporting via 2-bits DCI signalling as shown in Table 1.

3. Channel coding and multiplexing of CoMP CSI reports
In Rel-10, a CSI report for multiple component carriers is the result of concatenating the CQI/PMI and RI reports for each component carrier in increasing order of cell index. The same principle can be applied in Rel-11, where CQI/PMI and RI reports corresponding to multiple CSI processes can be concatenated in the increasing order of CSI process index. If CoMP and CA are supported simultaneously, CSI concatenation procedure can be generalized by applying concatenation across component carrier cells in increasing order of CSI process index.
Proposal:

· CSI reports should be concatenated across component carrier cells in increasing order of CSI process index.
As discussed in [2] the CSI feedback components may be shared across multiple CSI processes for some CoMP scheme. In particular for JT CoMP scheme the RI reports and set of UE-selected sub-bands for PUSCH 2-x should be common across all transmission points. It is therefore necessary to introduce CSI report re-use option for the RI and UE-selected sub-bands CSI components from one CSI process to another. In order to reduce CSI feedback overhead in this case, the re-used CSI components should be dropped and not reported.
Proposal:
· RI and UE-selected sub-bands CSI components re-use from one CSI process to another should be supported. The re-used CSI components should not be included in the concatenated CSI report. 

In LTE, the channel coding scheme for aperiodic CSI reports transmission depends on the CSI report size.  For example for CQI/PMI reporting the block coding or tail-biting convolution coding with 8-bits CRC may be used for CSI reports transmission depending on the total CSI feedback payload size. With CoMP and CA operation in Rel-11 it is possible that total CSI report size will further increase comparing to Rel-10, which therefore requires consideration of turbo coding scheme and 16-bits CRC for CQI/PMI report encoding.
Proposal:
· Support of CTC encoding and 16-bits CRC for CoMP and CA CQI/PMI reporting should be investigated.
4. Simultaneous operation of CA-CoMP and eICIC-CoMP
LTE-A carrier aggregation is primary targeting peak data rate throughput enhancements via aggregation of larger system bandwidth. Such improvements are typically needed regardless whether UE is located on the cell edge boundary or not. Therefore CoMP operation should be extended on the secondary carrier cells, which allow CA and CoMP complement each other for the particular UE.
Proposal:
· The aperiodic CSI feedback signalling design for CoMP schemes should support CoMP operation on the secondary carriers.
During CoMP SI phase [3] (see also Table 3) it has been found that eICIC schemes may be beneficial to address UE performance on the CoMP cluster boundaries. It is therefore preferable to enable joint CoMP and eICIC operation in Rel-11.
Table 3: CS/CB performance evaluation in HetNet

	Scenario
	UE dropping
	Avg. cell SE (bps/Hz)
	Cell-Edge User SE (bps/Hz)

	Non CoMP 
	Clustered
	12.19 (0%) (-1.1%) 
	0.079 (0%) (-33.1%) 

	eICIC 
	Clustered
	12.32 (+1.1%) (0%) 
	0.118 (+49.4%) (0%) 

	CSCB-05 
	Clustered
	12.54 (+2.9%) (+1.8%) 
	0.086 (+8.9%) (-27.1%) 

	CSCB-15 
	Clustered
	12.65 (+3.8%) (+2.7%) 
	0.100 (+26.6%) (-15.3%) 

	CSCB-05+ eICIC 
	Clustered
	12.5 (+2.5%) (+1.5%) 
	0.127 (+60.8%) (+7.6%) 

	CSCB-15 + eICIC 
	Clustered
	12.61 (+3.4%) (+2.4%) 
	0.132 (+67.1%) (+11.9%) 


Joint support of CoMP and eICIC can be accounted in CSI configuration, by including time-domain measurement resource restriction pattern in the interference part configuration of CSI process.

Proposal:
· The interference part configuration of CSI process definition includes IMR along with time-domain measurement resource restriction pattern to enable support of CoMP and eICIC schemes.
5. Summary and conclusions

In this contribution we have provided our views on the aperiodic CSI feedback aspect. The following proposals were made:
· CoMP CSI processes (across component carriers in case of CA) are grouped into three sets by using trigger bitmaps signalled by RRC layer. Each CSI processes set is triggered for CSI reporting via 2-bits DCI signalling as shown in table below
Table: CSI triggers for multiple CSI processes sets

	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


· In the case of common search space, the CSI request field is 1-bit and CSI reports corresponding to the lowest CSI process index in the 1st set of CSI processes are triggered.

· CSI reports should be concatenated across component carrier cells in increasing order of CSI process index.
· RI and UE-selected sub-bands CSI components re-use from one CSI process to another should be supported. The re-used CSI should not be included in the concatenated CSI report. 

· Support of CTC encoding and 16-bits CRC for CoMP and CA CQI/PMI reporting should be investigated.

· The aperiodic CSI signalling design for CoMP schemes should support CoMP operation on the secondary carriers.
· The interference part configuration of CSI process should include IMR along with time-domain measurement resource restriction pattern to enable support of CoMP and eICIC schemes.
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 Appendix
	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	(4, 2)

	Maximum number of  feedback set
Tx node selection RSRP threshold

Tx Point selection RSRP node/RSRP interference 
	(3, 10dB, -3dB) 

	Antenna configuration 
	eNB: 4 co-polarized antennas

UE: 2 co-polarized antennas 

	Transmission scheme
	MU-MIMO

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	2

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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