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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 discussion on support of inter-point phase information feedback required for coherent MU-MIMO JT CoMP is still ongoing. One possible mechanism of supporting inter-point phase information feedback via per CSI-RS resource feedback was described in [2]. In this contribution we further discuss this approach and provide additional evaluation results.
2. Discussion on per-CSI-RS resource feedback for JT CoMP

Inter-point phase is important feedback information required to facilitate operation of MU-MMO JT. This information can be acquired by the UE either in explicit way by computing the relative phase information between the pair of CSI-RS resources after PMI precoding (so called inter CSI-RS resource feedback) or implicitly using per CSI-RS-resource feedback calculated on additional CSI-RS resource spanning the first antennas of two transmitting points (see Figure 1). For the implicit feedback the relative phase information will be encoded in the PMI report, so that the conventional mechanisms of calculating this information at the UE and delivering it to the eNB can be reused. Although some further optimizations are possible (e.g. CQI disabling) the current per CSI-RS resource feedback framework seems to be optimally enough to realize MU-MIMO JT CoMP in transparent for the UE way. On the other hand the explicit inter-CSI-RS resource phase feedback considered as another alternative to support MU MIMO JT CoMP is not transparent to the UE, requires more specification changes and practically doubles the number of supported feedback modes. The latter one may not be desirable from UE implementation perspective due to increased implementation complexity. 
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Figure 1: Illustration of per-CSI-RS resource feedback for MU MIMO JT CoMP
Acquiring the relative phase between the first antennas in the implicit feedback is justified by the fact that the phases for the transmitting antennas (other than first) are variables selected by the PMI search to compensate the phase difference with respect to the first antenna (see Figure 2). In this case using the relative phase between the first antennas of two points should provide similar result to the relative phase of inter CSI-RS resource feedback calculated after per point PMI processing.
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Figure 2: Simplified illustration of phase adjustments by the PMI search

The performance of the implicit feedback has been analyzed in [2] for co-polarized antenna configuration. It has been shown that implicit inter-point phase feedback shows similar performance to explicit. In this document the performance of implicit feedback is also analyzed for 2x2 cross-polarized antenna configuration. Similar to the previous analysis the relative phase information for implicit feedback was derived from PMI calculated for the first antennas of two points and assuming that CSI reports are restricted to rank one. The results of system level simulations are summarized in Table 1. It can be seen that similar to co-polarized antenna configuration the implicit feedback has not significant performance loss comparing to explicit inter-CSI-RS resource feedback and therefore should be considered as a promising candidate for specification. 

Table 1: Performance analysis of MU-MIMO JT COMP for different CSI feedback schemes

	Scenario
	Average per point SE (bps/Hz)
	Cell Edge SE,

(bps/Hz)

	MU-MIMO
	1.54
	0.049

	MU-JT, Explicit phase feedback
	1.66 (7.79%)
	0.055 (12.24%)

	MU-JT, Implicit phase feedback
	1.68 (9.09%)
	0.056 (14.29%)


As noted in [2] the standard impact is very limited for implicit inter-point phase feedback. In particular the most significant change is increase of the size of CoMP measurement set. However considering conclusions from [3], demonstrated that the CoMP measurement size is typically two for CoMP Scenario 1, only three CSI-RS resources should be sufficient to support MU-MIMO JT CoMP. 
Finally, the overhead growth from additional CSI-RS resources is not expected to be high. For example in CoMP Scenario-1 which is expected to be the main usage case of MU-MIMO JT CoMP the overhead increase is about 1% (2 (CSI-RS REs) * 3 (Points) / 420 (PDSCH REs)) which should not bias the gains of JT CoMP significantly. 
Given the discussion above we have the following proposal:
Proposal: Adopt implicit (per-CSI-RS resource) feedback as baseline assumption for inter-point phase feedback.

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. At the same time the proposed solution offers significant advantages in terms of specification changes and implementation complexity.
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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), uniform dropping

	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: cross-polarized antennas

UE: cross-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 
	1

	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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