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1. Introduction

On the RAN1#67 meeting the agreement on support of per-CSI-RS-resource feedback for DL CoMP was achieved [1]. However inter-CSI-RS resource feedback (relative phase information) [2] required for coherent MU-MIMO JT CoMP was not adopted. In this contribution we discuss an alternative solution that allows extracting the required inter-CSI-RS information using already agreed per-CSI-RS resource feedback framework. 
2. Per-CSI-RS resource feedback for JT CoMP

As discussed in several papers per-CSI-RS resource feedback is a promising scheme which can be used to support DPS and CS/CB CoMP schemes [3]-[5]. However, when CSI-RS resource is separately configured for each transmission point, per-CSI-RS resource feedback scheme alone is not suitable to support coherent MU-MIMO JT CoMP scheme due to uncertainty in inter-point phase information. A straightforward approach to solve this problem within per-CSI-RS resource framework is to configure additional joint CSI-RS-resource in the UE’s CoMP measurement set which spans antennas of two (or more) transmitting points [3]. In this case information on the relative phase information will be encoded in the PMI reported by UE. For example, for two coordinating points the joint CSI-RS-resource of two antenna ports can be configured at the UE as illustrated in Figure 1, where the 1st antenna port corresponds to the 1st antenna of the 1st coordinating point and the 2nd antenna port corresponds to the 1st antenna of the 2nd coordinating point. If the CSI report for this joint CSI-RS resource will be restricted to rank one, the relative phase information will be encoded in the second element of the reported PMI vector and quantized by 2 bits feedback message.
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Figure 1: Illustration of joint CSI-RS resource feedback

In order to demonstrate the efficiency of the joint CSI-RS-resource approach for coherent MU-MIMO JT CoMP a system level simulations were carried out for HetNet Scenario-3,4. The relative phase information was derived from PMI calculated on 2 antenna ports CSI-RS resource transmitted from the first antennas of two points. The other simulation assumptions are provided in the Appendix of this document. The results are summarized in Table 1. It can be seen that the joint CSI-RS resource feedback has not significant performance degradation comparing to inter-CSI-RS resource feedback and therefore can be considered as a promising alternative to inter-CSI-RS resource feedback. 
Table 1: Performance analysis of MU-MIMO JT COMP for different CSI feedback schemes

	Scenario
	Antenna configuration
	Average per point SE
	Cell Edge SE

	MU-MIMO
	||||
	2.06
	0.052

	MU-JT, Joint CSI-RS PMI
	||||
	2.24 (8.59%)
	0.066 (26.00%)

	MU-JT, Inter CSI-RS phase 
	||||
	2.29 (11.11%)
	0.070 (34.00%)

	MU-MIMO
	||
	1.57
	0.039

	MU-JT, Joint CSI-RS PMI
	||
	1.69 (7.64%)
	0.048 (23.08%)

	MU-JT, Inter CSI-RS phase
	||
	1.71 (8.92%)
	0.051 (30.77%)


Proposal #1: If inter-CSI-RS resource feedback is not agreeable consider suboptimal approach to support coherent JT CoMP using per-CSI-RS resource feedback framework.

It should be noted that the concept of joint CSI-RS resource has some implications on CSI-RS configuration associated with flexibility of random seed initialization for CSI-RS sequence and the maximum size of CoMP measurement set. Since the joint CSI-RS resource will be transmitted by multiple points the scrambling sequence seed of CSI-RS can’t be tied with Cell ID anymore and UE specific configuration of this parameter should be supported by standard. Additionally the maximum size of CoMP measurement set should be extended to account additional CSI-RS resources allocated for multiple transmitting points on which CSI feedback should be provided.
Proposal #2: Consider flexible UE-specific configuration of CSI-RS scrambling sequence seed.
Proposal #3: Consider extending the maximum size of CoMP measurement set to account feedback on additional joint CSI-RS resources.
Finally, it should be also noted that the joint CSI-RS resource has a drawback of additional overhead introduced by CSI-RS resources, which is growing with the number of cooperating points in CoMP coordination cluster. However assuming that Scenario-1 is the main usage scenario of coherent MU-MIMO JT CoMP [6] the additional overhead will be not significant and limited to two additional CSI-RS resources.
Conclusions

In this contribution a per-CSI-RS resource feedback was analyzed for coherent JT CoMP. It has been found that per-CSI-RS feedback can be exploited to support coherent JT CoMP with not significant performance loss comparing to inter-CSI-RS resource feedback. In order to enable this option in the standard a UE-specific configuration of CSI-RS scrambling sequence seed and extension of the maximum size of CoMP measurement set needs to be specified.
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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, 4)

	Maximum number of  feedback set
Tx node selection RSRP threshold

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

	Antenna configuration 
	eNB: co-polarized antennas

UE: co-polarized antennas 

	Transmission scheme
	SU-MIMO, 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 
	1 for MU-MIMO

2 for SU-MIMO

	Maximum number of UEs in MU-MIMO per node
	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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