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1. Introduction

CSI feedback for DL CoMP is one of the most important issues in specification of DL CoMP schemes. So far all previous discussions in RAN1 have focused on CQI and PMI parts of CoMP CSI feedback [1]. However the issue of RI feedback for DL CoMP has received a little attention. In this contribution we provide our views on the structure of RI feedback for various DL CoMP schemes and describe in high level the corresponding specification changes.
2. Rank Indicator feedback for various CoMP schemes
On RAN1#67 meeting per CSI-RS resource feedback have been agreed. Although the details of per CSI-RS resource feedback were not discussed yet, a straightforward approach could be extension of RI feedback for each CSI-RS resource of CoMP measurement set [2]. Separate RI reports for each CSI-RS resource is a reasonable assumption for DPS CoMP scheme, where different propagation characteristics (see Figure 1), antenna configurations on the transmitting points and resource blanking assumptions on the aggressor points may change the optimal value of RI feedback. 
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Figure 1. Illustration of typical propagation in HetNet scenario. 

To demonstrate the advantage of using separate RI feedback for each CSI-RS resource a system level simulations were carried out for dynamic point selection and blanking CoMP scheme in CoMP Scenario-4. The simulation results are summarized in Table 1. It can be seen that common RI feedback for all CSI-RS resources of CoMP measurement set has remarkable performance loss comparing to independent RI feedback option. The performance difference is explained by different propagation characteristics and SINR boost for CoMP UEs due to dynamic resource blanking applied at high power node.  It is expected that the performance gap will further increase when different antenna configurations at the high and low power nodes will be considered.
Table 1: Performance analysis of DPS scheme for different RI feedback assumptions

	CoMP scheme
	Average per point SE (bps/Hz)
	Cell Edge Thr. (kbps)

	Non CoMP
	1.73 (0.0%)
	312 (0.0%)

	DPS with common rank
	1.79 (+3.5%)
	369 (+18.2%)

	DPS with independent ranks
	1.80 (+4.0%)
	391 (+25.3%)


Proposal #1: Independent per CSI-RS resource RI feedback should be used to support DPS CoMP scheme. 

Independent RI feedback may also be a reasonable assumption for CSCB CoMP scheme, where beamforming coordination is usually accomplished on cooperating points by selecting the beamforming vectors orthogonal to the principle eigenvector of the channel to victim UE. In this case similar to single point MU-MIMO scheme a low rank PMI report (e.g. rank-1) is preferred for CSI-RS resources of cooperating points, since the low rank PMI report provides better approximation of the principle eigenvectors required for interference mitigation by beam forming nulling. However for the CSI-RS of the serving point the UE should still be allowed to select an appropriate transmission rank without any restrictions. To accomplish such per-CSI-RS resource rank restriction a conventional codebookSubsetRestriction parameter can be extended for each CSI-RS resource of CoMP measurement set. Then a higher rank feedback for cooperating points can be easily disabled by setting to zero the bits corresponding to PMI vectors of higher ranks.
Proposal #2: Per CSI-RS resource rank restriction should be supported e.g. via codebookSubsetRestriction parameter defined for each CSI-RS resource of CoMP measurement set. 

Another option of supporting CSCB CoMP, but keeping the common rank, is CSI feedback calculation conditioned on low rank CSI report as described in [3]. This feature offers promising performance gains for single cell MU-MIMO mode and potentially can be extended for CoMP.
It should be noted that multiple and independent RI feedback is not optimal option for JT CoMP, where the PDSCH transmission should have the same transmission rank across all transmission points. In order to avoid rank override issue due to independent RI reports for each CSI-RS resource, support of common rank feedback option should be also specified. A common RI feedback can be implicitly assumed when aggregated CQI or inter CSI-RS resource feedback is configured for the UE. Otherwise such restriction can be explicitly configured via higher layer signaling. 

Proposal #3: Common RI feedback should be implicitly assumed when aggregated CQI or inter CSI-RS resource feedback is used. 

Conclusions

In this contribution we have provided our views on the structure of RI feedback for various DL CoMP schemes and described in high level the corresponding specification changes. Our views are summarized in Table 2.

 Table 2: Summary of RI feedback configuration requirement for CoMP schemes

	CoMP scheme
	RI feedback requirements
	Specification impact

	DPS
	· Independent RI calculation for each CSI-RS resource
	· No (set by default)

	CSCB
	· Per CSI-RS resource rank restriction
	· codebookSubsetRestriction per each CSI-RS resource

	JT
	· Common rank for each CSI-RS resource


	- Implicit signaling, i.e. when aggregated CQI or inter-CSI-RS phase feedback is configured


Based on the summary above the following proposals were made: 

Proposal #1: Independent per CSI-RS resource RI feedback should be used to support DPS CoMP scheme. 

Proposal #2: Per CSI-RS resource rank restriction should be supported for CSCB CoMP e.g. via codebookSubsetRestriction parameter which should be defined for each CSI-RS resource of CoMP measurement set. 

Proposal #3: Common RI feedback should be implicitly assumed for JT CoMP when aggregated CQI or inter CSI-RS resource feedback is configured. 
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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 
	(2, 2)

	Maximum number of  feedback set
Tx node selection RSRP threshold

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

	Antenna configuration 
	eNB: 2 cross-polarized antennas

UE: 2 cross-polarized antennas 

	Transmission scheme
	SU-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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